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MM5309, MM5311, MM5312, .
MM5313, MM5314. MM5315

Clocks

For additional application information,
see AN-143 at the end of this section.

MM5309, MM5311, MM5312, MM5313,

MM5314, MM5315 digital clocks

general description \

These digital clocks are monolithic MOS integrated
circuits utilizing P-channel low-threshold, enhancement
mode and ion implanted. depletion mode devices. The
devices provide all the logic required to build several
types of clocks. Two display modes (4 or 6-digits)
facilitate end-product designs of varied sophistication.
The circuits interface to LED and gas discharge displays
with minimal additional components, and require only
a single power supply. The timekeeping function
operates from either a 50 or 60 Hz input, and the dis-
play format may be either 12 hours (with leading-zero

blanking) or 24 hours. Outputs consist of multiplexed -

display drives (BCD and 7-segment) and digit enables.
The devices operate over a power supply range of 11V
to 19V and do not require a regulated supply These
clocks are packaged in dual-in-line packages.

features
[ ] 5‘0 or 60 Hz operation

m 12 or 24-hour display format

® Leading-zero blanking (12-hour format)
- 7-segment outputs

® Single power supply

® Fast and slow set controls

= Internal multiplex oscillator

m For features of individual clocks, see Table |

applications

® Desk clocks .
®  Automobile clocks
® |ndustrial clocks

® Interval Timers

TABLEI.
FEATURES MM5309 MM5311 MM5312 MM5313 MM5314 MM5315
BCD Outputs X X X ‘ X X
4/6-Digit Display Mode X X X X X
Hold Count Control X X X X
1 Hz Output X X
Output Enable Control X X X
’ Reset . X X
connection diagrams (Dual-in-Line Packages)
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ke | - E e e En
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a2 —'H' DIGIT I 2w | oierr
e e
P 121 s1 o 1251
" Seament { 44 2 510 " Eowent 4 44 (2010
ouTRUTS {10 Esn/souzmpur ouTRUTS |, 10 1 5/60 He INPUT
o 18t ser PRil 1 st seT
o2 ) ,Esww seT (Rt U7 sow seT
12728 HouR secect S peser 12/24 HOUR SELECT 2 1 woLo
50/60 Hz SELECT 2 1 ves sueomaserect A4 i
TOP VIEW TOP VIEW
Order Number MM5309N Order Number MM5311N
See Package 23 See Package 23




absolute maximum ratings

Voltage at Any Pin
Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Vgs+ 0.3 to Vgg— 20V
—25°C to +70°C,

—65°C to +150°C

300°C

7

electrical characteristics T within operating range, Vgg = 11V to 19V, Vpp = OV, unless otherwise specified.

Order Number MM5314N
See Package 22

Order Number MM5315N

See Package 23

PARAMETER - CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Vgs (Vpp =0V) 11 19 \%
Power'SuppIy Current Vgs = 14V, (No Output Loads) 10 mA
50/60 Hz Input Frequency dc 50 or 60 60k Hz
50/60 Hz Input Voltaée )
Logical High Level Vgs—1 Vss Vss Vv
Logical Low Level VDD VpD Vgs—10 \Y
Multiplex Frequency Determined by External R & C 0.100 1.0 60 kHz
All Logic Inputs Driven by External Timebase de 60 kHz
Logical High Level Internal Depletion Device to Vsg Vss—'1 Vss Vss A
Logical Low Level VDD VpD Vgs—10 \
BCD and 7-Segment Outputs ’ )
Logical High Level Loaded 2 k€2 to VppD 20 20 mA source
Logical Low Level 0.01 mA source |
Digital Enable Outputs
Logical High Level 0.3 mA source
Logical Low Level Loaded 100 © to Vss 5.0 25 mA sink
connection diagrams (Continued) Dual-In-Line Packages (Top Views)
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MM5309, MM5311, MM5312,
MM5313, MM5314, MM5315

functional description

A block diagram of the MM5309 digital clock is shown
in Figure 1. MM5311, MM5312, MM5313, MM5314
and MM5315 clocks are bonding options of MM5309
clock. Table | shows the pin-outs for these clocks.

50 or 60 Hz Input: This input is applied to a Schmitt
Trigger shaping circuit which provides approximately
5V of hysteresis and allows using a filtered sinewave
input. A simple RC filter such as shown in Figure 10
should be used to remove passible line voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input: This input programs the
prescale counter to divide by either 50 or 60 to obtain a
1 Hz timebase. The counter is programmed for 60 Hz
operation by connecting this input to Vpp. An internal
depletion device is common to this pin; simply leaving
this input unconnected programs the clock for 50 Hz
operation. As shown in Figure 1, the prescale counter
provides both 1 Hz and 10 Hz signais, which can be
brought out as bonding options.

Time Setting Inputs: Both fast and slow setting inputs,
as well as a hold input, are provided. Internal depletion
devices provide the normal timekeeping function.
Switching any of these inputs (one at-a time) to Vpp
results in the desired time setting function,

The three gates in the counter chain (Figure 1) are
used for setting time. During normal operation, gate A
connects the shaper output to a prescale counter (+50
or +60); gates B and C cascade the remaining counters.
Gate A is used to inhibit the input to the counters for
the duration of slow, fast or hold" time-setting input
activity. Gate B is used to connect the shaper output
directly to a seconds counter (+60), the condition for
slow advance. Likewise, gate C connects the shaper
output directly to a minutes counter (+60) for fast
advance.

Fast set then, advances hours information at one hour
per second and slow set advances minutes information
at one minute per second.

12 or 24-Hour Select Input: This input is used to pro-
gram the hours counter to divide by either 12 or 24,
thereby providing the desired - display format. The
12-hour display format is selected by connecting this
input to Vpp. leaving the input unconnected (internal
depletion device) selects the 24-hour format.

Output Multiplexer Operation: The seconds, minutes,
and hours counters continuously reflect the time of day.
Outputs from each counter {indicative of both units
and tens of seconds, minutes, and hours) are time-
division multiplexed to provide digit-sequential access
to the time data. Thus, instead of requiring 42 leads to
interconnect a 6-digit clock and its display (7 segments
per digit), only 13 output leads are required. The multi-
plexer is addressed by a multiplex divider decoder,

which is driven by a multiplex oscillator. The oscillator
and external timing components set the frequency of
the multiplexing function and, as controlled by the 4 or
6-digit select input, the divider determines whether data
will be output for 4 or 6 digits. A zero-blanking circuit
suppresses the zero that would otherwise sometimes
appear in the tens-of-hours dispiay; blanking is effective
only in the 12-hour format. The multiplexer addresses
also become the display digit-enable outputs. The multi-
plexer outputs are applied to a decoder which is used

' to address a programmable (code converting) ROM.

This ROM generates the final output codes, i.e., BCD
and 7-segment. The sequential output order is from
digit 6 (unit seconds) through digit 1 (tens of hours).

Multiplex Timing Input: The multiplex oscillator is
shown in Figure 2. Adding an external resistor and
capacitor to this circuit via the multiplex timing input
(as shown in Figure 4a) produces a relaxation oscillator.
The waveform at this input is a quasi-sawtooth that is
squared by the shaping action of the Schmitt Trigger in
Figure 2. Figure 3 provides guidelines for selecting the
external components relative to desired multiplex
frequency.

Figure 4 also illustrates two methods of synchronizing
the multiplex oscillator to an external timebase. The
external RC timing components may be omitted and
this input may be driven by an external timebase; the
required logic levels are the same as 50 or 60 Hz input.

Resgt: Applying Vpp to this input resets the counters
to 0:00:00.00 in 12-hour format and 00:00:00.00 in
24-hour formats leaving the input unconnected (internal
depletion pull-up) selects normal operatign.

4 or 6-Digit Select Input: Like the other.control inputs,
this input is provided with an internal depletion pull-up
device. With no input connection the clock outputs data
for a 4-digit display. Applying Vpp to this input pro-
vides a 6-digit display.

Output Enable Input: With this pin unconnected the
BCD and 7-segment outputs are enabled (via an internal
depletion pull-up). Switching Vpp to this input inhibits
these outputs. (Not applicable to MM5312, MM5313,
and MM5315 clocks.)

Output Circujts: Figure 5a illustrates the circuit used
for the BCD and 7-segment outputs. Figure 5b shows
the digit enable output circuit.- Figure 6 illustrates
interfacing these outputs to standard and low power
TTL. Figures 7 and 8 illustrate methods of interfacing
these outputs to common anode and common cathode
LED displays, respectively. A method of interfacing
these clocks to gas discharge display tubes is shown in
Figure 9. When driving gas discharge displays which
enclose more than one digit in a common gas envelope,
it is necessary to inhibit the segment drive voltage(s)
during inter-digit transitions. Figure 9 also illustrates a
method of generating a voltage for application to the
output enable input to accomplish the required inter-
digit blanking.




functional description (Continued)

50/80 Hz .
seLecT© 10
HOLDO> v 1 - —_—
50/60 Hz a] sHaring o sam LU oo L . -
weut © - CIRCUIT A *50R=6 4“"* 10 > 14
f -~ l_ » .
SLOSETO. 1 PRESCALE COUNTI
FAST SET O= 1
RESET O
v } 4 2 ; P
SECONDS MINUTES | HOURS
Lpl  SUTE kb counten [~ STTF f-pd couwtem COUNTER O 1224 HOUR
. (+660) -60) (-120R24) SELECT
' : ZERD
e BLANKING
Vss O—d L
Voo ASREQ'D V ) ¥
l SECONDS, MINUTES, & HOURS MULTIPLEXER J
oUTPUT
4 ¥ O ennLe
: MULTIPLEXED
A |ProcrAM: BCD OUTPUTS
DECODER "::,:E MULTIPLEXED
4/6DIGIT o 7-SEGMENT
SELECT ¥ OUTPUTS
MULTIPLEX MULTIPLEX - 1 N
MULTIPLEX DIGIT ENABLE
TIMING O~ b DIVIDER/
oUTRUT OSCILLATOR DECODER OUTPUTS
FIGURE 1. MM5309 Digital Clock Block Diagram
t
Voo
[‘I 50/80 PPS
: OUTPUT OR
50/60 Hz MULTIPLEX
INPUT OR OSCILLATOR
MULTIPLEX g | Lowvyy ouTPUT
TIMING 100k
COMPONENTS _ s
Vss f Wy I
j S
: o ’C
— | 2
| £ .
£
>
w
: | F ik
| "
) | E Vg AS SHOWN
I = Vpp=0V .
oo L%
1>—-I HIGH Vyy* I 0.0001 0.001 .01 01
] i | €.~ CAPACITANCE (uF) WITH R = 220k
| Vss " :
L { 1 A 1 FIGURE 3. Multiplex Timing Component Selection Guide
lt_—__—o<\}—_____
rd :
1 Dotted components added to shaping -
Vgs circuit to form multiplex oscillator

*Effectively

FIGURE 2. 50/60 Hz Shaping Circuit/Multiplex Oscillator
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MM5309, MM5311, MM5312,
MM5313, MM5314, MM5315

functional description (Contirued)

c1

MUX TIMING M5 389

FIGURE 4a. Relaxation Oscillator

Vss

BASE

(INPUT OR QUTPUT}
R¥

FIGURE 4b. External Time Base

EXTERNAL ez I MULTIPLEX
TIME O = } TIMING INPUT

o EXTERNAL
WM5309 I l cLOCK

SIGNAL

2

[e]
Vpp

MULTIPLEX
TIMING INPUT M5309

FIGURE 4c. External Clock

Note. Free runnirlg frequency should be set to run slightly lower than system frequency
over temperature. External time base may be input or output.

* R=100k.

Vss

Vss

FIGURE 5a

FIGURE 4. Synchronizing or Triggering Multipiex Oscillators

=1

7-SEGMENT BCD OR 1ppg fi
OUTPUT
(GPEN DRAIN)

Voo

FIGURE 5. Output Circuits'

Vss

100

600

Vpp

FIGURE 5b

Vss

DIGIT ENABLE
QUTPUT




functional description (Continued)

MOS to Low Power TTL Interface

MOS to TTL Interface

Vgg =5V
Vss
ANY GATES
ANY TTL GATE Vgs = 5V
Vg =5V )
5Co s S0
MM5308 L = MMs309 » =
3, Vg =5V
b3 a0
L -
> .
<R L
o
Vop Vpp = -12v

For Vgg =5, Vpp =12, R = 10k
For Vgg = 10to 17V, Vpp = Gnd, R =3k

For Vgg =5, Vpp = —12, R=7.5k
Note. Digit select will drive TTL directly when

5,-12

FIGURE 6. Interfacing TTL

supplies are used.

sS! s§
)
B Vss 03 _% VS caL * 3008
TYPiCAL OR EQUIV. (X4 OR X6) SEGMENT OREQUIV. (X7)
DIGIT
ENABLE outeur | I 1L :
ouTPUT - Vg 15
]
Ry (x7) 17 TYPICAL LED
SEGMENTS
MM5303 TYPICAL LED MM5309 (COMMON-CATHODE)
SEGMENTS SUCH AS NSNT4R,
(COMMON-ANDDE) OR EQUIV.
SUCH AS
NSN71L, OR
EQUIV. ) - -
" Vss - Vop
TYPICAL 7
sEouENT A 2o s o
: - OR EQUIV. (X7 .
ourput | 1 0 (xn ENaBLEN ) — OR EQUIV. (X4 OR X6)
\_e Vop < Le Vop
4: 5.1k
Voo b Vop \ 4 -
Vss — Vpp VE 06V (Vss Vpp)/2 VE 1.5V
Rp=—— Ry = —————

N(Ig)
Where R|_as in kQ
And Vg = forward drop of LED
0.6V =~ voltage drop of transistors
N = number of digits in display
Ig =required average LED current

N{lg)

Where Ry_is in kQ

And VF = forward drop of LED
0.9V = voltage drop of transistors
N = number of digits in display

Ig = required average LED current

*Transistors may be replaced by DM75491, DM75492,
DM8861, DM8863 or equivalent segment/digit drivers.

FIGURE 7. Interfacing Common Anode LED Displays FIGURE 8. Interfacing Common Cathode LED Displays
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MM5309, MM5311, MM5312,

MM5313, MM5314, MM5315

- functional description (Continued)

ov) |
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DIGIT 270k
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SEGMENT 2N5087 (X7)
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INPUT l : |
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(s >
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(-15V) —& . - - -
MULTIPLEX TIMING AND
INTER-DIGIT BLANKING
-35v -——
—125v - -
FIGURE 9. Interface Panaplex I11* Neon Display Tube *TM of Burroughs Corp.
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FIGURE 10. MM5309 Driving Gas Discharge Display, Typical Applications
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MM5316 digital alarm clock

general description

The MM5316 digital alarm clock is a monolithic MOS
integrated circuit utilizing P-channel low-threshold,
enhancement mode and ion-implanted depletion mode
devices. It provides all the logic required to build several
types of clocks and timers. Four display modes (time, Al counters are resettable
seconds, alarm and sleep) are provided to optimize Fast and slow set controls

u AM/PM outputs
n
"
n
n
circuit utility. The circuit interfaces directly with 7- ® Power failure indication 1
.
»
-
n
n

Leading-zero blanking
24-hour alarm setting

} 12-hour format

segment fluorescent tubes, and requires only a single Blanking/brightness control capability |
power supply. The timekeeping function operates Elimination of illegal time display at turn on 1
Direct interface to fluorescent tubes :

from either a 50 or 60 Hz input, and the display for-

mat may be either 12 hours (with leading-zero blank- R
9-minute snooze alarm
Presettable 59-minute sleep timer

ing and AM/PM indication) or 24 hours. Outputs
consist of display drives, sleep (e.g., timed radio turn
off), and alarm enable. Power failure indication is . .
provided to inform the user that incorrect time is appllcatlons
being displayed. Setting the time cancels this indi- Alarm clocks
cation. The device operates over a power supply range Desk clock:

of 8—29V and does not require a regulated supply. Cles kc O;:.S
The MM5316 is packaged in a 40-lead dual-in-line ock racios

package. Automobile clocks
Stopwatches
features Portable clocks

® 50 or 60 Hz operation

® Single power supply

& | ow power dissipation (36 mW at 9V)

® 12 or 24-hour display format N

Photography timers
Industrial timers
Appliance timers

]
]
[
L]
[]
® |ndustrial clocks
n
]
[ ]
]
® Sequential controllers i

block and connection diagrams !
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MMb5316

absolute maximum ratings

Voltage at Any Pin

Operating Temperature

Storage Temperature

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

Vss +0.3 to Vgg — 30V
—25°C to +70°C

—65°C to +150°C
300°C

TA within operating range, Vgg = 21V to +29V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS ‘MIN TYP MAX UNITS
Power Supply Voltage Vss (Vpp = 0V) 21 29 A\
Power Supply Current No Output Loads |
Vss =8V 4 mA
Vgg = 29V 5 mA
Counter Operation Voltage 8 ‘29 \Y
50/60 Hz Input Frequency Voltage dc 50 or 60 10k Hz
Logical High Level Vgs—1 Vss Vss Y
Logical Low Level VpD VDD Vpp+1 \%
Blanking Input Voltage ’
Logical High Level Vgs—1.5 Vss Vss \%
Logical Low Level ~ VpbD VbD Vgs—4 \%
All Other Input Voltages
Logical High Level Vss—1 Vss Vss \%
Logical Low Level Internal Depletion Device to Vpp VDD VDD Vpp+2 \
Power Failure Detect Voltage (Vsg Voltage) 10 20
Output Currents, 1 Hz Display Vgg =21V to 29V,
Output Common = Vgg :
Logical High Level VOH = Vss — 2V 1500 MA
Logical Low Level, Leakage VoL=VpD 1 A
10’s of Hours (b & c), 10’s of Minutes
(a &d)
Logical High Level VOH =Vss — 2V 1000 MA
Logical Low Level, Leakage VoL =VpD 1 HA
All Other Display, Alarm and Sleep Outputs
Logical High Level VOoH = Vgs — 2V 500 MA
Logical Low Level, Leakage VoL=VDD 1 HA




functional description

A block diagram of the MM5316 digital alarm clock is
shown in Figure 1. The varicus display modes provided
by this clock are listed in Table 1. The functions of the
setting controls are listed in Table . Figure 2 is a
connection diagram. The foliowing discussions are based
on Figure 1.

50 or 60 Hz Input {pin 35): A shaping circuit (Figure 3)
is provided to square the 50 or 60 Hz input. This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt Trigger that is designed to provide about 6V of
hysteresis. A simple RC filter, such as shown in Figure 6,
should be used to remove possible line-voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input (pin 36): A programmable
prescale counter divides the input line frequency by
either 50 or 60 to obtain a 1 Hz time base. This counter
is programmed to divide by 60 simply by leaving pin 36
unconnected; pull-down to Vpp is provided by an
internal depletion device. Operation at 50 Hz is pro-
grammed by connecting pin 36 to Vgs.

Display Mode Select Inputs (pins 30-32): In the
absence of any of these three inputs, the display drivers
present time-of-day information to the appropriate
display digits. Internal pull-down depletion devices allow
use of simple SPST switches to select the display mode.
If more than one mode is selected, the priorities are as
noted in Table I. Alternate display modes are selected
by applying Vgg to the appropriate pin. As shown in
Figure 1 the code converters receive time, seconds, alarm
and sleep information from appropriate points in the
clock circuitry. The display mode select inputs control
the gating of the desired data to the code converter
inputs and uitimately {via output drivers) to the display
digits.

Time Setting Inputs (pins 33 and 34): Both fast and
slow setting inputs are provided. These inputs are
applied either singly or in combination to obtain the
control functions listed in Table Il. Again, internal
pull-down depletion devices are provided; application of
Vgg to these pins effects the control functions. Note
that the control functions proper are dependent on the
selected display mode. For example, a hold-time control
function is obtained by selecting seconds display and
actuating the slow set input. As another example, the
clock time may be reset to 12:00:00 AM, in the 12-hour
format (00:00:00 in the 24-hour format), by selecting
seconds display and actuating both slow and fast set
inputs. ‘

Blanking Control Input (pin 37): Cohnecting this
Schmitt Trigger input to Vpp places all display drivers
in a non-conducting, high-impedance state, thereby
inhibiting the display, (see Figures 3 and 4). Conversely,
Vgg applied to this input enables the display.

Output Common Source Connection (pin 23): All
display output drivers are open-drain devices with all
sources common to pin 23 (Figure 4). When using

fluorescent tube displays, VSS or a display brightness
control voltage is permanently connected to this pin.
Since the brightness of a fluorescent tube display is
dependent on the anode (segment) voltage, applying a
variable voltage to pin 23 results in a display brightness
control. This control is shown in Figure 6.

12 or 24-Hour Select Input (pin 38): By leaving this pin
unconnected, the outputs for the most-significant
display digit (10's of hours) are programmed to provide
a 12-hour display format. An internal depletion pull
down device is again provided. Connecting this pin
to Vgg programs the 24-hour display format. Seg-
ment connections for 10’s of hours in 24-hour mode
are shown in Figure 5b.

Power Fail Indication: If the power to the integrated

circuit drops indicating a momentary ac power failure.

and possible loss of clock, the power fail latch is set.
The power failure indication consists of a flashing of the
AM or PM indicator at a 1 Hz rate. A fast or slow set
input resets an internal power failure latch and returns
the display to normal. In the 24-hour format, the power
failure indication consists of flashing segments ¢’ and
£ for times less than' 10 hours, and of a flashing
segment "¢’ for times equal to or greater than 10 hours
but less than 20 hours; and a flashing segment ‘‘g" for
times equal to or greater than 20 hours.

Alarm Operation and Output (pin 25): The alarm
comparator (Figure 1) senses coincidence between the
alarm counters (the alarm setting) and the time counters
(real time). The comparator output is used to set a latch
in the alarm and sleep circuits. The latch output enables
the alarm output driver (Figure 4), the MM5316 output
that is used to control the external alarm sound gener-
ator. The alarm latch remains set for 59 minutes, during
which the alarm will therefore sound if the latch output
is not temporarily inhibited by another latch set by the
snoocze alarm input (pin 24) or reset by the alarm “OFF'’
input (pin 26). If power fail occurs and power comes
back up, the alarm output will be in high impedance
state.

Snooze Alarm Input (pin 24): Momentarily connecting
pin 24 to Vgg inhibits the alarm output for between 8
and 9 minutes, after which the alarm will again be
sounded. This input is pulled-down to Vpp by an
internal depletion device. The snooze alarm feature may
be repeatedly used during the 59 minutes in which the
alarm latch remains set.

Alarm “OFF” Input {pin 26): Momentarily connecting
pin 26 to Vgg resets the alarm latch and thereby silences
the alarm. This input is also returned to Vpp by an
internal depletion device. The momentary alarm “OFF"’
input also readies the alarm latch for the next compara-
tor output, and the alarm will automatically sound again
in 24 hours (or at a new alarm setting). If it is desired
to silence thé alarm for a day or more, the alarm “OFF"
input should remain at Vgs.

Sleep Timer and Output (pin 27): The sleep output
at pin, 27 can be used to turn off a radio after a

111
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MM5316

functional description (Continued)

desired time interval of up to 59 minutes. The time
interval is chosen by selecting the sleep display mode
(Table 1) and setting the desired time interval (Table ).
This automatically results in a current-source output
via pin 27, which can be used to turn on a radio
(or other appliance). When the sleep counter, which
counts downwards, reaches 00 minutes, a latch is reset

and the sleep output current drive is removed, thereby
turning off the radio. The turn off may also be
manually controlled (at any time in the countdown) by
a momentary Vg connection to the snooze input
(pin 24). The output circuitry is the same as the other
outputs (Figure 4).

Voo
50/60 HZ
INPUT OR
srankine > [ Lowvry* 50/60 Hz
INPUT CGUTPUT OR
BLANKING
Vss SIGNAL
*Effectively
—— [ HiHVry*
Vss
FIGURE 3. 50/60 Hz or Blanking Input Shaping Circuit
' *QUTPUT COMMON SOURCE BUS (PIN 23)
@ (DATA)
BLANKING
(FROM | OUTPUT
SHAPER) (OPEN DRAIN)
Vss
*Alarm and sleep output sources are connected to Vgs:
blanking is not applied to these outputs,
FIGURE 4. Output Circuit
PIN33 PINt g PIN4D  PIN2
1 Hz AM M b&c
PIN4D PIN1 PIN 2
m AM NC b&c N—!
|
i I -
a l a
ik I H
-B__— A
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{a) 12-Hour Display Format

(b) 24-Hour Display Format

FIGURE 5. Wiring Ten's-of-Hours Digit
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functional description (Continued)

ILESNIN

TABLE . MM5316 Display Modes

*SELECTED .
DISPLAY MODE DIGITNO. 1 DIGITNO.2 DIGIT NO. 3 DIGIT NO. 4 |
Time Display 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes i
Seconds Display Blanked Minutes 10's of Seconds Seconds ‘
Ailarm Display 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes
Sleep Display Blanked Blanked "10’s of Minutes Minutes 1

*|f more than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others), Alarm,
Seconds, Time {no other mode selected).

TABLE 1. MM5316 Setting Control Functions

SELECTED CONTROL i
F i
DISPLAY MODE INPUT CONTROL FUNCTION :
*Time Slow Minutes Advance at 2 Hz Rate ‘
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate ‘
Alarm Slow Alarm Minutes Advance at 2 Hz Rate !
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm, Resets to 12:00 AM (12-hour format)
Both Alarm Resets to 00:00 (24-hour format)
Seconds Slow Input to Entire Time Counter is Inhibited {(Hold)
Fast Seconds and 10’s of Seconds Reset to Zero Without
a Carry to Minutes
Both Time Resets to 12:00:00 AM (12-hour format) i
Both Time Resets to 00:00:00 (24-hour format) |
Sleep Slow Substracts Count at 2 Hz :
Fast Substracts Count at 60 Hz |
Both Substracts Count at 60 Hz :

*When setting time sleep minutes will decrement at rate of time counter, until the sleep counter reaches 00 minutes
(sleep counter will not recycle).

typical application

Figure 6 is a schematic diagram of a general purpose alarm clock using the MM5316 and a fluorescent tube display.
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MM5370, MM5371

MM5370, MM5371 digital alarm clocks

general description

The MM5370. and MM5371 digital alarm clocks are
monolithic MOS integrated circuits utilizing P-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. They provide all the logic
required to build several types of clocks and timers.
Three display modes (time, alarm and sleep) are pro-
vided to optimize circuit utility. The circuits interface
simply with 7-segment gas discharge displays. The
timekeeping function operates from either a 60 Hz
(MM5370) or 60 Hz (MM5371) input, and the display
format may be either 12 hours (with leading-zero
blanking and AM/PM indication) or 24 hours. Outputs
consist of display drives, alarm enable and sleep (e.g.,
timed radio turn off). Power failure indication is
provided to inform the user that incorrect time is being
displayed. Setting the time cancels this indication.
These clocks are packaged in 28-pin dual-in-line packages.

features

® Single power supply

® | ow power dissipation

B 12 or 24-hour display format
= Colondrive output

Clock’s

AM/PM drive output in 12-hour format
Leading-zero blanking in 12-hour format
24-hour alarm setting
All counters are resettable L
Fast and slow set controls
Power fail indication
Blinking colon—12-hour or 24-hour mode
Blinking AM/PM indicators—12-hour only
Brightness control capability
Simple interface to gas discharge display
Presettable 59-minute sleep timer
9-minute snooze timer

applications

Alarm clocks

Desk clocks
Clock/radios
Automobile clocks
Industrial clocks
Appliance timers

connection diagram ~

Dual-In-Line Package
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absolute maximum ratings

Voftage at Any Pin

Voltage at Any Display Output Pin
Operating Temperature

Storage Temperature

Legd Temperature (Soldering, 10 seconds)

Vgg + 0.3V to Vgg — 29V
Vgs + 0.3V to Vgg — 55V
—25°C to +70°C

—65°C to +150°C

~300°C

electrical characteristics Ta within operating range, Vss = 0V, Vpp = —21V to =29V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage
Functioning Clock No Output Loads —8.0 -25 -29 \
Outputs Driving Display -21 -29 A\
Power Supply Current No Output Loads, (See ‘‘Power 50 mA
i ‘ Supply’* Section) )
60 Hz (or 50 Hz) Input Frequency
MM5370 dc 30k Hz
MM5371 de 30k Hz
60 Hz (or 50 Hz) Input Voltage
Logical High Level Vss—1.0 Vss Vss \%
Logical Low Level VpD VDD VpD+1 \
Brightness Control Voltage
Logical High Level Vgs—2.0 Vss Vss \
Logical Low Level VDD VDD Vgs—4.0 SV
All Other Input Voltages =
Logical High Level Vss—-1.0 Vss Vss \'
Logical Low Level “Internal Depletion Load to VpD VDD VDD Vpp+2.0 \Y%
Mulfiplex Frequency Determined by Ext. RC . 500 60k Hz
. Driven by Ext. Time Base ~de 60k Hz
Power Failure Detect Voltage (VDD Voltage) | -30 -8.0 \
Output Currents Vpp =—21V to —29V, Vsg = OV
Digit Anode Outputs .
Logica High Level, ("ON"") VOH = Vs — 5V 8.0 mA
* Logical Low Level, ("OFF") VoL = Vss — 45V 40 MA
Segment Cathode Outputs :
Logical High Level, ("“OFF") VOH = Vss — 5V 2.0 ' mA
Logical Low Level, (“ON") VoL = Vss — 45V : 10 uA
Alarm and Sleep Outputs o
Logical High Level, (““ON") VoH = Vs — 2V 15 - mA
Logical Low Level, (“OFF") VoL=VpD *+ 2V -10 uA

functional description

A block diagram of the MM5370 and MM5371 clocks is
shown in Figure 1. The various display modes provided
by these clocks are listed in Table |. The functions of the
controls are listed in Table Il. A connection diagram for
these devices is shown on page 1. Unless indicated other-
wise, the following discussions are based on Figure 1.

Power Supply: Even though these clocks do not require
a regulated supply, and operate over a wide voltage
range, certain factors should be remembered. Power
supply voltages between - —8V and —21V will provide all

functions of the clocks  (proper counting, etc.) except
output drive capabilities. In_order to ensure proper
output levels and breakdown voltages it is necessary to
provide supply voltages between —21V and —29V. At
some point between —7V and -3V, the power fail
latch becomes ‘‘set”: All counters will then hold their
count at least 0.5V below this point. This ensures power
failure indication before any count is lost. For proper
power failure indication, power supply rise time should
not exceed 10 V/ms, since faster rise times may be
faster than propagation delays within the latch circuitry.
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MM5370, MM5371

functional description (Continued)

.Line Frequency Input (pin 12): A shaping circuit is

provided to square the 60 Hz (MM5370) or 50 Hz
(MM5371) input. This circuit allows use of a sinewave
input. The Schmitt Trigger shaper (Figure 2) is designed
to provide approximately 6V of hysteresis. A simple RC
filter, such as shown in Figure 8, should be used to
remove possible line-voltage transients that could cause
the clock to gain time or.damage the device. The shaper
output drives a counter chain which performs the time-
keeping function. A prescale counter divides the line
input frequency to obtain a 1 pps timebase.

Display Mode Select Inputs (pins 7 and 8): In the
absence of either of these inputs, the display drivers
output time-of-day information to the display. Internal
pull-down (to Vpp) depletion loads allow use of simple
SPST switches for connecting these inputs to Vgg,
thereby selecting alternate display modes. |f more than
one mode is simultaneously selected, the priorities are
are noted in Table |. As shown in Figure 1 the multi-
plexed code converter receives time, alarm and sleep
information from appropriate points in the clock
circuitry. The display mode select inputs control the
gating of the desired data to the multiplexed code
converter inputs and ultimately (via output drivers)
to the display.

Time Setting Inputs (pins 10 and 11): Both fast and
slow setting inputs are provided. These inputs are
applied either singly or in combination to obtain the
control functions listed in Table Il. Again, internal
pull-down depletion loads are provided; application of
Vgg to these pins effects the control functions. Note
that the control functions proper are determined by the
selected display mode. An optional hold-time control
function can be obtained as shown in Figure 8.

Reset Input (pin 9): Applying Vgg to this input results
in resetting the timekeeping function of the clock;
a pull-down depletion load is provided at this input.
Time is reset to 12:00 AM in the 12-hour format,
or 00:00 in the 24-hour format, See Table 1.

12 or 24-Hour Select Input (pin 13): By leaving this
pin unconnected, the clock is programmed to provide
a 12-hour display format. This format provides for

zero-blanking the most significant display digit (ten's of -

hours). An internal pull-down depletion load is again
provided; connecting this pin to Vgg programs the
24-hour display format. (See Figure 8).

Output Multiplexer Operétion: Depending upon the
selected display mode (see Table |}, outputs from the
appropriate internal counter are time division multi-
plexed to provide digit-sequential access to the data.
Thus, instead of requiring 28 leads to interconnect a
4-digit clock and its display (7-segments per digit),
only 11 output leads are required. Note that the
MM5370 and MM5371 actually provide 13 outputs
(4-digit anode drive outputs plus 9 “segment’ cathode
drive outputs). The two additional “‘segment” drives
are provided to accommodate displays which feature a
colon and/or AM/PM indication. (See sections on
pin 16 and pin 17). The multiplexed code converter and
output drivers are controlled by a multiplex oscillator.
The oscillator and external timing components set the

frequency of the multiplexing function. Each digit
anode is sequentially enabled for a time equal to the
period of one cycle of the multiplex oscillator frequency.

When driving gas discharge displays which enclose more
than one digit in a common gas envelope, it is necessary
to either (1) inhibit the segment drive voltage(s) for a
short time during inter-digit transitions, or (2) avoid
physically adjacent inter-digit transitions. The MM5370
and MMb5371 clocks utilize an interlaced output sequence
to eliminate the need for inter-digit blanking circuitry
and to prevent display arcing problems. The digit
sequence is: (1) digit no. 1 (ten’s of hours), (2) digit
no. 3 (ten’s of minutes), (3) blank for one digit time,
(4) digit no. 2 (unit hours), (5) digit no. 4 (unit min-
utes), (6) blank for one digit time, etc. The two blanking
intervals are provided to recharge level-translating
capacitors located in the display segment drive lines
(see Figure 8). Both segment data and digit enables are
blanked. Figuré 3 is a timing diagram which illustrates
output timing.

Multiplex Timing Input (pin 14): The multiplex oscil-
lator is shown in Figure 4. Adding an external resistor
and capacitor to this circuit via the multiplex timing
input produces a relaxation oscillator. The waveform at
this input is a quasi-sawtooth that is squared by the
shaping action of the Schmitt Trigger in Figure 4. Figure
5 provides guidelines for selecting the external com-
ponents relative to the desired multiplex frequency.
Figure 6 illustrates a method of synchronizing or driving
the multiplex oscillator with an external timebase. The
external RC timing components may be omitted and
this input driven by an external timebase; the required
logic levels are the same as the 60 Hz or 50 Hz input.

Output Circuits: All display output drivers are open-
drain devices with sources common to Vgg (pin 5),
see Figure 7. Figure 8 illustrates interfacing the clock
outputs and a gas discharge display.

Brightness Control Input (pin 15): Since display bright-
ness is a function of cathode segment current, a capa-
bility of interrupting this current for a variable per-
centage of the digit interval results in a brightness
control. Connecting this Schmitt Trigger input (see
Figure 2) to Vpp places all cathode segment drive
voltages at the high level, thereby inhibiting the display.
Conversely, Vgs applied to this input enables the
cathode segment drives. The Schmitt Trigger shaper
provides approximately 1V of hysteresis, which facili-
tates using a waveform such as a sawtooth with a variable
slope (or variable dc component) to effect the shaper
output duty cycle and, therefore, the display brightness.
The control waveform should be derived from the multi-
plex frequency; a circuit is included in Figure 8.

Alarm Operation and Output (pin 2): An alarm com-
parator (see Figure 7) senses coincidence between the
alarm counters (the alarm setting) and the time counters
(real time). The comparator output is used to set a latch
in the alarm and sleep circuits. This latch enables the
alarm output driver (see Figure 7), the output of which
is used to control the external alarm sound generator.
The alarm latch remains set for 59 minutes, during
which the alarm will sound if the latch output is not




functional description (Continued)

temporarily inhibited by another latch set by the snooze
input (pin 1) or reset by the alarm ““OFF" input (pin 3).
Alarm time setting and resetting are outlined in Table |1.
When initially powered, alarm is in “OFF"’ state.

Alarm “OFF” Input (pin 3): Momentarily connecting
this pin to Vgs resets the alarm latch and thereby
silences the alarm. This input is also returned to Vpp
by an internal depletion load. The momentary alarm
“OFF" input also readies the alarm latch for the next
alarm comparator output; the alarm will sound again in
24 hours (or at a new alarm setting). If it is desired to
silence the alarm for a day or more, the alarm input
should remain at Vgs.

Snooze Timer Input (pin 1): Momentarily connecting
this pin to Vgg inhibits the alarm output for between
8 and 9 minutes, after which the alarm will again be
sounded. This input is pulled to Vpp by an internal
depletion load. The snooze feature may be repeatedly

. used during the 59 minutes in which the alarm latch
remains set.

Sleep Timer and Output (pin 4): The sleep output at
pin 4 can be used to turn off a radio (or other
appliance) after a desired time interval of up to 59
minutes. The time interval is chosen by selecting the

sleep display mode (see Table |) and setting the desired
time interval (see Table Il). This automatically results
in a current-source output via pin 4 which can be used
to turn on a radio. When the sleep counter, which
counts downwards, reaches 00 minutes a latch is reset
and the sleep output drive current is removed, thereby
turning off the radio. This turn off also may be manually
controlled (at any time in the count-down) by a momen-
tary Vgg connection to the snooze input (pin 1). This
input is also returned to Vpp by a depletion load. The
output circuitry is the same as the alarm output (see
Figure 7).

AM/PM Cathode Output. (pin 16): Current with this
writing, gas-discharge clock displays are available with

~two types of AM/PM indications, (1) AM and PM

indicators common to digits 3 and 4 respectively; and

(2) a PM only indication common to digit 1. Figure 3

illustrates an AM/PM cathode drive output that is com-
patible with both display types. Note that this same
output also provides a non-blinking (steady) colon drive
common to digit two. Power failure is shown by turning
off this output at a 1 Hz rate.

Colon Cathode Output (pin 17): As an optional indica-
tion of clock operation, some users may prefer to
display a 1 Hz activity. As shown in Figure 3, a cathode
drive output is provided to facilitate a blinking colon.
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FIGURE 1. MM5370 and MM537 1 Digital Alarm Clock, Block Diagram
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MM5370, MM5371

functional description (Continued)

TABLE 1. MM5370 and MM5371 Display Modes

*SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGIT NO. 4
Time 10's of Hours Unit Hours 10’s of Minutes Unit Minutes
Alarm 10's of Hours' Unit Hours 10’s of Minutes Unit Minutes
Sleep Blanked ™™ Blanked 10’s of Minutes Unit Minutes

*1f more than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others), Alarm,
Seconds, Time (no other mode selected).
**E segment is lit in 12-hour display mode. This may be eliminated by using circuit shown in Figure 9.

Table Il. MM5370 and MM5371 Setting Contro! Functions

SELECTED CONTROL
DISPLAY MODE INPUT CONTROL FUNCTION

Time™ Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Reset Time Resets to 12:00 AM (12-hour format)
Reset Time Resets to 00:00 (24-hour format)

Alarm : Slow Alarm Minufes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (12-hour format)
Both Alarm Resets to 00:00 (24-hour format)

Sleep Slow Subtracts Count at 2 Hz Rate
Fast Subtracts Count at 60 Hz Rate
Both Subtracts Count at 60 Hz Rate

*When setting time sleep minutes will decrement at rate of time counter, until the sleep counter reaches
00 minutes (sleep counter will not recycle).

Vss
LINE HIGHER
FREQUENCY RIP-POINT
! INPUT OR SHAPED LINE
BRIGHTNESS ' FREQUENCY
CONTROL OR BRIGHTNESS

INPUT CONTROL SIGNAL

FIGURE 2. 60 Hz (or 50 Hz) Input (or Brightness Control Input) Shaping Circuit




functional description (Continued)

MULTIPLEX
TMING [
INPUT |

DIGIT NO. 1
10°S OF HOURS

1 %
LLESINN ‘OLESNIN

DIGIT NO. 3
10°S OF MINS.

]

T

DIGIT NO. 2
UNIT HOURS

|

[ L

DIGIT NO. 4
UNIT MINS.

ANY .
SEGMENT ' o OFF l I I | | I l
: ' . |
AMPM an cOLON NON-BLINKING : m COLON | 7M !
CATHODES COLON DRIVE i

]
]

et —— =

|
I
i
/=
|
|
|
f
i
I
I
o
|

COLON COLON 1-Hz BLINKING | coLon

CATHODES COLON DRIVE

FIGURE 3. Output Timing Diagram

MULTIPLEX 1
Vss  TIMING INPUT
VSS pigHER |
¢ TRIP-POINT |
EXTERNAL
1,000,000
TIMING OSCILLATOR 0000 |
COMPONENTS QUTPUT _ |
R = |
& 100,000 i
=
- 1
=1 |
Voo I .
£ 10000 i
> |
w i
g
= |
LOWER 3 1008 |
TRIP-POINT =
!
100 L !
10pF  100pF 1000 pF 0.01uF 0.1uF |
CAPACITANCE C (WITH R=100k) . !
Vsg |
FIGURE 4. Multiplex Oscillator Circuit FIGURE 5. Multiplex Timing Comp :
Selection Guide (Typical Only) :
v |
I
Vss i
L |
MM5370
,,25';" Note 1: For synchronizing, free running period
MU . should be set to run slightly longer than exter- !
ET’:LEE';':’;; TIMING nal timebase over temperature. |
IneuT Note 2: For driving, timing capacitor shouid
be deleted. |
{ ) |
>
b3
<R |
< i
|
. |
Vpp: ' |

FIGURE 6. Synchronizing or Driving Multiplex Oscillator |
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MM5370, MMb5371

functional description (Continued)

Vss

Vss
ALARM OR
SLEEP QUTPUT
a (DATA}:
TYPICAL DIGIT
Voo OR SEGMENT
ween oramy  OUTPYT
FIGURE 7. Qutput Circuits
Voo R Vss
>
> 55k
00154F >
Vss __,__I l___
: L
v AAA >
b0 W
100k
¥
MUX TIMING BRIGHTNESS CONT.
vss ALARM *  controus To
ALARM AND/OR
@—O~"0~ SLOWSET SLEEP RADIO CIRCUITS
@—0~"0~] FAST SET N
p—O—"0~ RESET
$—0~"0 ALaRM DISPLAY
100k (X8)
MM5370
p—O~"0~ aLARM OFF s "
p—O—"0 SNOOZE Tom b
. O~ SLEEP DISPLAY "
.? 10H
O 12/24 HOURS
10H H 1M M
m;;—L—— v > 5
oo S 33 GAS DISCHARGE
L >$SS DISPLAY
60 Hz € < <€ <
W LINE FREQ.
aw/ AW/
a b ¢ d e f g pMCOLON a b ¢ d e- f 3 PMCOLON
HOLD K M (x9)
: = AN
‘ 1 A
10k I '
AAA
1] VA~
|1 AAA
Vsg 11 VVV ~150V
11 n y
11 W —190v
1] AAA
11 W
I -
Vgg = OV |} I
Vpp = 21V 70 29V {1 AAA
11
> > 2 Qo e S 2 el 2
S S 82 s 9 R e
> 2 2 2 e T T 0.05,F
150V
40V to 45V (9}
[ —
20k (x9)
FIGURE 8. R ded Application
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MM5375XX series clocks

general description

MM5375X X series clock is a monolithic MOS integrated
circuit utilizing P-channel low threshold enhancement-
mode and ion-implanted depletion-mode devices. It
provides all the logic required to give a 4 or 6-digit
12-hour or 24-hour display from a 50 or 60 Hz input.
An auxiliary counter allows various options. Available
options have been listed under features. Power failure
indication is provided to inform the user that incorrect
time is being displayed. Setting time cancels this indica-
tion. MM5375XX is available in a 24-lead dual-in-line
epoxy package.

features

@ Single power supply
® | ow power dissipation

®  All counters resettable
® Fast and slow set controls

®m Power failure indication

Clocks

Brightness control capability

No illegal time display at turn-on

Simple interface to gas discharge displays and LED's
Internal digit multiplex oscillator

Leading zero blanking

Activity indicator

4 to 6-digit operation

Available optionsf

application

Alarm clocks

Desk clocks
Automobile clocks
Industrial clocks
Date clocks

Minute timer clocks
Seconds timer clocks

connection diagram

Dual-In-Line Package

available options tablef

2
TN — = 10sec
oIeIT OPTION NAME
B o }nmurs FEATURE FUNCTION AR [ AB | AC [ AD] AE ] AG | AR | AL [ AJ
oarr | 1M — Input Frequency 60 Hz o | e B ERIERE
uTPUTS 3 2 50Hz . bl B
HR — f=~ 8TH SEG OUT Time Display 12-Hour e | e . o | e
. 7 . 24-Hour . . ol e
10 HRS == ’— BRIGHTNESS CON | Auxitiary Counter Alarm Counter . L] . . .
Date Counter ° .
Von = 122 ux osc Minute Timer Y
Second Timer .
5 35 Alarm Signat Tone * . o | e |na|nN ml o |naj o | e
ois —4 LAY ignal one U /AL N U
AUX COUNTER - DC Level NA | NA A N/A
T " Alarm Output Modulated at 2 Hz : o e Inafnalnal @ [naf o] e
ALARM “OFF" == ¢ . Not Modulated nia | N | A N/A
8 17 Alarm at Power Failure | “ON" ° ® INA|NAINA] ® [NAJ @ .
ALARM OUTPUT == — A “OFF" N | Nia | A | NIA
9 16 SEGMENT | Segment OQutput Polarity | Vgg for Display [ ] o . [ ° -
SLOWSET —{ = O oureurs Vpp for Display . . .
0 15 AM of PM Indication | “OFF" During Time Display oo ina N/A N | NA
FAST SET — E Disptayed at All Times NA| ® I nA ® | o INA|NA
) " 8th Segment Blanked | Yes TSETARYN N/A
60 Hz INPUT —] — During Alarm Display | No @ | o |nafnafnal @ [najo ] e
1 13 . .
vgs 42 L= J *Tone is 1/6 multiplex frequency

TOP VIEW

Order Number MM5375XXN
See Package 22
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MM5375XX Series

absolute maximum ratings
Voltage at Any Pin

Voltage at Any Display Output Pin
Operating Temperature

Storage Temperature i

Lead Temperature (Soldering, 10 seconds)

electrical characteristics
T A within operating range, Vs = 0V, Vpp

Vgg + 0.3V to Vgg — 30V
Vgg + 0.3V to Vgg — b5V
-25°C 10 +70°C

—65°C to +150°C

300°C

=-21V to —29V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage (VpDD) Excluding Outputs ' ‘ -8.0 -29 \%
Qutputs Driving Displays —21 —29 A
Power Supply Current Excluding Outputs 8.0 mA
60 Hz Input
Frequency DC . b0o/60 30k Hz
Logical High Vgs—i.0 Vs Vss \Y
Logical Low ~ VDD ~ VpD Vpp+1.0 Y
Brightness Control Range Determined by External R and C, 0 95 %
% of Digit Time (Figure 2}
Multiplex Oscillator Frequency Input Determined by External R and C, DC 30 kHz
(Figure 2)
All Other Input Voltages
Logical High Level Vgs—1.0 Vss Vss \
Logical Low Level VDD VDD Vpp+2.0 \
Power Failure Detect Voltage (VDD Voltage) -1.0 -8.0
Output Current Vpp =—21V to 29V
Digit Select Outputs Vgg =0V
Logical High, Source VOH = Vgs— 5V ‘ 8.0 mA
Logical Low, Leakage VoL = Vgs — 45V 40 uA
Segment Outputs ’
Logical High, Source VQOH = Vgs — 5V 2.0 mA
Logical Low, Leakage VoL = Vss — 45V 10 MA
Alarm Output »
Logical High, Source VOH = Vss — 2V 1.5 mA
Logical Low, Sink VoL =Vpp+2V 1 ‘uA

- functional description

A block diagram of the MM5375XX series of clocks
is shown in Figure 7. The display modes are listed in
Table |. The functions of the setting controls are listed
in Table ll. The following discussions are based on
Figure 1.

60 Hz Input (Pin 11): A shaping circuit is provided to
square the 60 Hz input (50 Hz optional). This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide @bout 3V of
hysteresis. The shaper output drives a counter chain
which performs the timekeeping function.

Time Setting Inputs (Pins 9 and 10): The time setting
control functions are affected by the application of Vgg
to these 2 pins, which are internally pulled to the power

supply. Activating Fast Set {pin 10) causes the minutes
counter to advance at a 60 Hz rate, thus clocking the
hours counter at a rate of 1 hour per second. Slow Set
(pin 9) advances the minutes counter ata rate of 2.min-
utes per second. Activating either Fast Set or Slow Set
resets the seconds counter to zerc. When Fast Set and
Slow Set are activated simultaneously, all counters are
reset to 12:00 p.m. and remain in that count until Slow
Set is deactivated. The 2 time setting inputs affect only
the counters that are displayed (either the timekeeping
counters or the alarm counters).

8-Segment Test (Pin 24): For testing purposes, all
8-segment output lines may be activated by connecting
pin 24.{S10 digit output) to Vgs.




functional description (Continued)

Brightness Control (Pin 21): In LED applications,
brightness of the display may be varied by use of an
external time constant. This time constant is used in the
integrated circuit to control the pulse width or duty
cycle of the 6-digit enable outputs, (Figure 2). In gas
discharge applications, connect as shown in Figure 3.

Activity Indication (Pin 23): When all 6 digits are being
used, it is not necessary to blink the colon to indicate
operation of the clock, because the seconds digits pro-
vide this information. When only 4 digits are in use, the
S1 digit (pin 23) may be connected to Vsgs. In this case,
the colon flashes at a 1 Hz rate.

Multiplex Frequency (Pin 20): Applying an external
time constant to this pin allows the multiplex frequency

to be adjusted, (Figure 2).

Power Failure Indication: [f the power to the integrated

circuit drops, indicating a momentary ac power failure -

and possible loss of clock, the AM or PM and colon indi-
cator will flash at a 2 Hz rate. If power drops completely,
the clock will reset itself (on resumption of power) to a
legal state, and the AM or PM and colon indicators will
flash at a 2 Hz rate. In addition to the flashing AM or
PM ‘and colon indicator, if a power failure occurs when
alarm “OFF" (pin 7} is at Vpp (logical 0"}, the alarm
output will be activated (non-activated optional). A
logical ““1"" (Vgg) on pin 7 will deactivate the alarm
signal.

8-Segment Outputs (Pins 13—19 and 22): These outputs
contain multiplexed information for the display of
7-segment numerical readouts. The 8th segment is for
the activation of AM/PM and colon(s) as included in the
gas discharge displays for which these outputs are
designed.

4-Digit Operation: Connect pin 23 to VsS.

Digit Enable Outputs. (Pin 1—4, 23 and 24): These
outputs are used to select the 6 digits and are syn-
chronized with the segment outputs. If pin 23 is
grounded, segment outputs will be blanked during the
scanning of the seconds digits.

Auxiliary Coun;eri Alarm Counter Option: In this
option, the auxiliary counter is programmed and used as
an alarm counter. Pin 6 serves as both alarm display and
snooze input pin. Alarm counter is displayed when pin 6
is held at Vgs. Alarm setting (Table 1) is done using
alarm display, Fast Set (pin 10) and Slow Set (pin 9).
If the alarm ““OFF" input (pin 7) is open and whenever

the real time matches with the alarm time, the alarm
comparator sets the alarm latch. This latch activates the
alarm output (pin 8). The alarm will remain activated
until the alarm ““OFF” input is connected to Vgg
temporarily. This readies the alarm latch for next com-
parison. To deactivate the alarm output for more than
24 hours, the alarm “OFF” input is held at Vgg for
that long. When the alarm output is active, connecting
pin 6 to Vgg will interrupt the alarm signal for 6 to 8
minutes (snooze function).

Auxiliary Counter: Date Counter Option: In this option,
the auxiliary counter is programmed and used as a
month and day counter. The day counter counts up to
31 days and increments the month counter. The day
counter rolls over from 31 to 1. The month counter
counts up to 12 and rolls over to 1. The date counter
can be displayed by connecting date display (pin 6) to

Vgg. The effects of Fast and Slow Set controls are |

shown in Table Il. In this option, do not use the alarm
output (pin 8).

Auxiliary Counter: Timer Option: In this option, the
auxiliary counter is programmed and used as a timer
counter. When the display pin 6 is connected to Vgs,
the elapsed time from the previous setting is displayed.
The following sequence describes the use of the product
as a minute (or seconds) timer.

1. Hold display pin 6 at Vgs.

2. Hold both Fast and Slow Set controls at Vggs.
Note: This will reset the timer counter to 12:00 in
12-hour mode and 00:00 in 24-hour mode.

3. Release both the Fast and Slow Set controls simul-

taneously.
Note: The timer counter starts counting minutes
(or seconds).

4. If it is required to monitor elapsed time continuously,
retain the display pin 6 at Vgs. Otherwise, release
pin 6.

5. Elapsed time can be displayed any time by holding
pin 6 at Vgs.

In this option, the clock can be used for up to 12 hours
(12 minutes in seconds timer) of elapsed time in 12-hour
mode and 24 hours (24 minutes in seconds timer) of
elapsed time in 24-hour mode. The effect of Fast and
Slow Set controls are listed in Table Il. In these options,
do not use the alarm output (pin 8). :

Accuracy of Elapsed ‘Time: Elapsed time = displayed
time = 1 minute (or second).

TABLE I. Display Modes

SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGIT NO. 4 DIGIT NO.5 DIGIT NO.6
Time Display 10’s of Hours Units Hours 10's of Minutes | Units Minutes 10’s of Seconds | Units Seconds |
Alarm Display 10’s of Hours Units Hours 10’s of Minutes | Units Minutes [ ¢
Date Display Month Month Date Date ¢ @
Minute Timer Display 10’s of Hours Units Hours 10’s of Minutes | Units Minutes [ ¢
Second Timer Display | 10's of Minutes | Units Minutes | 1 0’s of Seconds | Units Seconds @ 3
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MM5375XX Series

functional description (Continued)

TABLE 1. Setting Control Functions

SELECTED DISPLAY CONTROL )
NTROL FUNCTION
MODE INPUT co
Time Display Slow Minutes advance at 2.0 Hz rate and seconds are
held at a reset (00) condition
Fast Minutes advance at 60 Hz rate and seconds are
held at a reset (00) condition
Both Time resets to 12:00:00 p.m. (12-hour mode)
: or 00:00:00 (24-hour mode)
Alarm Display Slow Alarm minutes advance at a 2.0 Hz rate
Fast Alarm minutes advance at a 60 Hz rate
Both Alarm resets to 12:00 p.m. (12-hour mode)
: or 00:00 (24-hour mode)
Date Display Slow - Date advances at a 2.0 Hz rate
Fast Date advances at a 60 Hz rate
Both Date counter resets to 12:00
Minute Timer Display Slow Minutes (auxiliary counter) advance at a
' 2.0 Hz rate
Fast Minutes (auxiliary counter) advance at a
60 Hz rate .
‘ Both Timer counter resets to 12:00 (12-Hour mode)
or 00:00 (24-hour mode)
Second Timer Display Slow Seconds (auxiliary counter) advance at a
2.0 Hz rate
Fast Seconds (auxiliary counter) advance at a
: 60 Hz rate
Both Timer counter resets to 12:00 (12-hour mode)
or 00:00 (24-hour mode)
Vss
o—>
Voo
. O—b
MULTIPLEX
TIMING
ANPUT MULTIPLEX
50/60 Hz OSCILLATOR
SELECT
50/60 Hz
INPUT . SHAPING . PRESCALE 1.0pps
CIRCUIT i COUNTER ; A 4
SLOW SET =
0 ) . N e 10’s HRS
FASTSET l »| seconos AL TIME 1o ) e s eIt
> > e 3
A?M—“D COUNTER ":ﬁﬁz{g coRs :‘I:‘:'"s ANooE
"“L__I'" . 1 l —> 10 sconps| UTPUTS
ALARM g:; ] - L | muteLexeo | seconos
Jout . — -
g comsmgtan o L3
. UTPUT ——»
DRIVERS ¢ MULTIPLEXED
b d 7SEGMENT
AUXILIARY - : b ¢ CATHODE
) cggﬁ{:c AUXILIARY COUNTER — — DRIVEDUTPUTS
O —>
prepp Bth
T 1
BRIGHTNESS
CONTROL -
g‘"” PULSEWIDTH
hd MODULATOR CIRCUIT

FIGURE 1. Block Diagram
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functional description (Continued)

150k
BRIGHTNESS CONTROL

INPUT OR MULTIPLEX
FREQUENCY INPUT

T

Vss
FIGURE 2
20k
150k
MAAET™H
200
ALARM -
8 BRIGHTNESS out AA
Vs - Vgg MUX. TIMING A
p—0—"T—] SLOW SET '
RESET
»—o—’O—‘ FAST SET Voo
$—O—C—] ALARM SET (AND DROWSE)
MMS5375AA
p—O—T— ALARM OFF
Voo > e ] 00 1
L MWH H 10M M 1S S
M= ‘& $3$ s s 3 GAS DISCHARGE blsnAv
LINE ammls S S S 5 S AM/PM
SOI60 Hz (N )y FREQ. COLON ) i b ¢ d et COLON
a |b e qd fe |t g r 100k (X6) LOMX 7T
1 i
1| AAA
i VWA
11 AAA
M
S | A
IR
Vgg =0V { } WA
Vpp =—21V to -29V L o
1B hi
I VA
1T
L o
L | 1 omsr 11 o
$ 3% s * $ % ¢ €150V (x0) Yy ¥ YYyvy ¥ y
-4VT0O h
My 20 008) 1N914 (X8)
. 33k ~150v 7O
4 ~190v
Note. LED interface — common cathode LED's (NSN74R) can
be interfaced with MM5375AB by using two DM75491 segment E
drivers, one DM75492 digit driver, eight 150 2, 1.0W resistors 1.04F/150V
and a 10V power supply. +| L
Vss,o——-l I

FIGURE 3. Typical Application
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LINE
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FIGURE 4. 50 or 60 Hz Shaping Circuit
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MM5375XX Series

functional description (Continued)

MULTIPLEX
TIMING INPUT

BRIGHTNESS
CONTROL
INPUT

DIGIT NO. &
UNIT SECS.

DIGIT NO. 4
UNIT MINS.

DIGIT NO. 2
UNIT HOURS

DIGIT NO.5
10°S OF SECS.

DIGIT NO.3
10°S OF MINS.

DIGIT NO. 1
10'S OF HOURS

ANY
SEGMENT

8TH
SEGMENT

1

[ 1

OFF I l

oem Jcoron] Jcovon] | am | | |

FIGURE 5. Output Timing Diagram
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general description
MMB376X X series clock is a monolithic MOS integrated m Brightness control capability }
circuit utilizing P-channel, low threshold, enhancement- m No illegal time display at turn-on . '
mode and ion-implanted depletion-mode devices. It ® Simple interface to gas discharge displays and LED's
provides all the logic required to give a 4 or 6-digit . | digi Jtiol illat |
12-hour or 24-hour display from a 50 or 60 Hz input. nten.‘la lgitmu t'? ex osciliator . |
An auxiliary counter allows various options. Available ® | eading zero blanking
options have been listed under features. Power failure ®  Activity indicator
indication is provided to inform the user that incorrect m 4 to 6-digit operation : B
t!me is being d:splayed. S.ettlng ;ttme cancels this |.nd;‘ca- = Available optionsT
tion. MMB376XX is available in a 24-lead dual-in-line
epoxy package. . .
application
= Alarm clocks
features
m Desk clocks
= 50 or 60 Hz operation = Automobile clocks
= Single power supply ® |ndustrial clocks
m | ow power dissipation m Two time zone clocks
m  All counters resettable ® Date clocks
® Fast and slow set controls ® Minute timer clocks
® Power failure indication . = Seconds timer clocks
connection diagram available options table!
I
OPTION NAME
Dual-In-Line Package FEATURE FUNCTION Al AB I AD| AE [AG] AN
1 . 28 Input Frequency 60 Hz [ [ ) [ [ ] . ) 1
1N —] r-—mstc} oI 50 Hz ele|efo]e]e
2 27 QUTPUTS |
10MN — : | 1sEC Time Display 12-Hour o |eo | o | e ,
uur%f‘g 1R = 125 g7u sec out 24-Hour . ‘
Ne 3 |25 N Auxiliary Counter Atarm Counter . L] . - I
5 " Date Counter .
10 HRS «adq }— BIRGHTNESS CON Minute Timer . }
vpp =4 |2 mux osc Second Timer . . ‘
AUX COUNTER DISP =1 2 8 ) Alarm Signal Tone® o | o [NA|NA] & | NA i
N 2 DC Level N/A} N/A N/A :
ALARM “OFF" ~— —c |
B 2 Alarm Output Modulatedat2Hz | ® | @ | NJA| NA| @ | N/A i
ALARM 0UT —~ — A ' Not Modulated NAL NA N/A |
stow seT <Y 12 o SEGMENT Alarm at Power Failure “ON" L] e | NA] N/Al o | N/A !
eastser 1 s . [ outeuts “OFF” NA[ NA N/A ;
S 2] LA . Segment Output Polarity Vgs for leplav . . . ) . .
- " Vpp for Display . . 1
SO/60 Hz SEL — F ‘ AM or PM Indication “OFF" During o] e N/A
v§-‘iq I_E_G J Time Display !
Displayed at e INAL @ .
TOP VIEW All Times i
Note 1: 50 Hz input at pin 12 connect pin 13 to Vpp. g‘h _Seg:r"t B::"kled ;es ol ://: ://: . :;: |
[] . .
Note 2: 60 Hz input at pin 12 connect pin 13 to Vgg. uring Alarm Display. :
*Tone is ‘16 multiplex frequency
Order Number MM5376 X XN '
See Package 23 |
|




MMb5376XX Series

absolute maximum ratings

Voltage at Any Pin

Voltage at Any Display Output Pin ‘

Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

Vgs + 0.3V to Vgg — 30V

Vgs + 0.3V to Vgg — 55V
—25°C to +70°C -

—65°C to +150°C

300°C

TA within operating range, V§g = 0V, Vpp = —8V to =29V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Current Excluding Outputs 8.0 mA
50/60 Hz Input Frequency DC 60/50 10k Hz
“Logic High Vgs—1.0 Vss \%
Logic Low Vpbp |Vss—15.0 \%
Brightness Control Range % of Determined by External R and C 0 95 . %
Digit Time ' (Figure 2)
Multiplex Oscillator Frequency Input Determined by External R and C DC 10 kHz
- (Figure 2)
All Other Input Voitages . ' ) )
Logic High Level Vss—1.0 Vss Vss \%
Logic Low Level VDD Vgs—-15.0 \
Power Failure Detect Voltage (VDD Voltage) -1.0 -8.0 \
Output Current Levels Vpp = ~21V to —29V ' )
Digit Select Outputs Vgs =0V
Logic High, Source VOH = Vsg —.5.0V 8.0 mA
Logic Low, Leakage VoL = Vss — 45V 40 MA
Segment Outputs ' } ‘
* Logic High, Source VQOH = Vsg — 5.0V 20 ) - mA
Logic Low, Leakage VoL = Vgs — 45V 10 MA
Alarm Output .
Logic High, Source VOH = Vsg — 2.0V 15 . mA
Logic Low, Sink VoL =Vpp + 2.0V 1.0 nA

functional description

A block diagram of the MM5376XX series of alarm
clocks’is shown in Figure 1. The two display modes are
listed in Table I. The functions of the setting controls
are listed in Table Il. The following discussions are
based on Figure 1.

50 or 60 Hz Input (Pin 12): A shaping circuit is pro-
vided to square the 50 or 60 Hz input. This circuit

allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide-about 3.0V
of hysteresis. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select (Pin 13): 50 or 60 Hz input at pin
12 is selected by pin 13. 50 Hz operation is selected by
connecting pin 13 to Vpp {pin 6) and 60 Hz operation
is selected by connecting pin 13 to Vgg (pin 14).




functional description (Continued)

Time Setting Inputs (Pins 10 and 11): The time setting
control functions are affected by the application of Vss
to these two pins, which are internally pulled to the
power supply. Activating Fast Set (pin 11) causes the
minutes counter to advance at 50 or 60 Hz rate, thus
clocking the hours counter at a rate of one hour per
second. Slow Set (pin 10) advances the minutes counter
at a rate of 2 minutes per second. Activating either Fast
Set or Slow Set resets the seconds counter to zero. When
Fast Set and Slow Set are activated simultaneously, all
counters are reset to 12:00 p.m. and remain in that
count until Slow Set is deactivated. The two time setting
inputs affect only the counters that are displayed (either
the timekeeping counters or the alarm counters).

8-Segment Test (Pin 28): For testing purposes, all 8-
segment output lines may be activated by connecting
pin 24 (S10 digit output) to VsS.

Brightness - Control (Pin 24): In LED applications,
brightness. of the display may be varied by use of an
external time constant. This time constant is used in the
integrated circuit to control the pulse width or duty
cycle of the 6-digit enable outputs (Figure 2J. In
gas discharge applications, connect as shown in Figure 3.

Activity Indication (Pin 27): When all 6 digits are being
used, it is not necessary to blink the colon to indicate
operation of the clock, because the seconds digits
provide this information. When only 4 digits are in use,
the S1 digit (pin 27) may be connected to Vgs. In this
case, the colon flashes at a 1.0 Hz rate. :

Multiplex Frequency (Pin 23): Applying an external
time constant to this pin allows the multiplex frequency
to be adjusted. See Figure 2.

Power Failure Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, the AM or PM and colon
indicator will flash at a 2.0 Hz rate. If power drops

. completely, the clock will reset itself (on resumption of

power) to a legal state, and the AM or PM and colon
indicators will flash at a 2.0 Hz rate. In addition to the
flashing AM or PM and colon indicator, if a power
failure occurs when alarm “OFF” (pin 8) is at Vpp
(logic ““0"'), the alarm output will be activated (non-
activated optional). A logic “1”.(Vgg) on pin 8 will

- deactivate the alarm signal.

8-Segment Outputs (Pins: 15—17, 19—22 and 26): These
outputs contain multiplexed information for the display

of 7-segment numerical readouts. The eighth segment

is for the activation of AM/PM and colon(s) as included
in the gas discharge displays for which these outputs are
designed. )

4-Digit Operation: Connect pin 23 to Vgs.

Digit Enable Outputs (Pins 1-3, 5, 27 and 28): These
outputs are used to select the 6 digits and are synchron-
ized with the segment outputs. If pin 27 is grounded,
segment outputs will be blanked during the scanning of
the seconds digits.

Auxiliary Counter, Alarm Counter Option: In this
option, the auxiliary counter is programmed and used as
an alarm counter. Pin 7 serves as both alarm display and
snooze input pin. Alarm counter is displayed when
pin 7 is held at Vgg. Alarm setting (Table Il) is
done using Alarm Display, Fast Set (pin 11) and Slow
Set (pin 10). If the alarm “OFF” input (pin 8) is.open
and whenever the real time matches with the alarm time,
the alarm comparator sets the alarm latch. This latch
activates the alarm output (pin 9). The alarm will
remain activated until the alarm “OFF" input is con-
nected to Vgg temporarily. This readies the alarm
latch for next comparison. To deactivate the alarm
output for more than 24 hours, the alarm “OFF" input
is held at Vgg for that long. When the alarm output is
active, cannecting pin 7 to Vgg will interrupt the alarm
signal for 6 to 8 minutes (snooze function).

TABLE I. Display Modes

SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 i DIGIT NO. 3 DIGIT NO. 4 DIGIT NO.5 DIGIT NO. 6
Time Display 10's of Hours Units Hours 10's of Minutes | Units Minutes 10's of Seconds | Units Seconds
Alarm Display 10's of Hours Units Hours 10's of Minutes | Units Minutes ? [
Date Display Month Month Date . Date o) ¢
Minute Timer Display 10’s of Hours Units Hours 10's of Minutgs Units Minutes | ¢ ¢
Second Timer Display 10's of Minutes Units Minutes | 10's of Seconds | Units Seconds ) ¢
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MM5376XX Series

functional description (continued)

TABLE 1. Setting Control Functions

SELECTED DISPLAY | CONTROL i
N FUNCTION
.MODE INPUT CONTROL o
Time Display Slow Minutes advance at 2.0 Hz rate and seconds are
held at a reset (00) condition
5 Fast Minutes advance at 60 Hz rate and seconds are
held at a reset {00) condition
Both Time resets to 12:00:00 p.m. (12-hour mode)
or 00:00:00 { 24-hour mode)
Alarm Display Slow Alarm minutes advance at a 2.0 Hz rate
Fast Alarm minutes advance at a 60 Hz rate
Both Alarm resets to 12:00 p.m. (12-hour mode)
or 00:00 (24-hour mode)
Date Display Slow Date advances at a 2.0 Hz rate
Fast Date advances at a 60 Hz rate
Both Date counter resets to 12:00
Minute Timer Display Slow Minutes (auxiliary counter) advance at a
2.0 Hz rate
Fast . Minutes (auxiliary counter) advance at a
60 Hz rate .
Both Timer counter resets to 12:00 (12-Hour mode)
or 00:00 (24-hour mode)
Second Timer Display Slow Seconds (auxiliary counter) advance at a
2.0 Hz rate
Fast Seconds (auxiliary counter) advance at a.
60 Hz rate
Both Timer counter resets to 12:00 {12-hour mode)
or 00:00 (24-hour mode)
Vss
Oo—>
Vop .
O—b
MULTIPLEX
INPUT .
win e,
SELECT
e
. 1.0 pps.
O—————1 Thtun > CouwTen v
SLOWSET
O— ppp 10's HRS
K 1.0 pph p— HRS
e, I—> pravirsd 2| wares | nouss TG e
ALARM COUNTER COUNTER s DRIVE
ouTPUT l 1 L 10% seconos| VTS
AL‘“I”I‘F’I’"F’ MULTIPLEXED p—3p SECONDS
CODE — ]
Re— coupaRAToR cowverren [0
’ BDI:JDEPEII'ITS ‘ MULTIPLEXED
T T —> d 7SEGMENT
AUXILIARY — CATHODE
°,',’,‘;’;{§3 AUXILIARY COUNTER —> l—p ¢ ORIVE QuTPUTS
o—2 — .
l—» o
T 3
BRIGHTNESS
- CONTROL
'c""” . PULSEWIDTH
b MODULATOR CIRCUIT

FIGURE 1. Block Diagram
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functional description (Continued)

150k

BRIGHTNESS CONTROL
INPUT OR MULTIPLEX
FREQUENCY INPUT

T

Vss
FIGURE 2
20k
vy
T ums X
ALARM .
8 BRIGHTN! ouT AAA
Vs D Vg MUX. TIMING ESS i A—
p—O——T—] SLOW SET
RESET
b—O—0— FAST SET
p—O——0—{ ALARM SET (AND DROWSE)
MMS5376AA
p—O—0— ALARM OFF
Voo T e - |
| L 10 H 1M M 105 S
o = $ 33 ‘E s 3 GAS DISCHARGE DISPLAY
N AAA LINE ammis S S S S ¢ 3 AM/PM
SO/G0 Hz I J—AvM ° FREQ. COLON 1 ) a b c 4 e f COLON
b © d e f [}
50/60 Wz a ¥ 100k (X6) Lo x7
suscr> ™ 1T VWA
11 A
1t VWA
| AA
il
Il AAA
1 VWA
Vgg = 0V 1 = AA
Vpp =~21V to —29V ' T )
R} i
11 AAA
11 W
L 1t
© 005uF
> > > >
S %; $ 3333 ¢ @150V (x8) YYYYYYYY
-4V TO O
e - P 1N914 (X8)
Note. LED interface — common cathode LED’s (NSN74R) can
be interfaced with MM5376AB by using two DM75491 segment
drivers, one DM75492 digit driver, eight 150 £2, 1.0W resistors 1.04F/150V
and a 10V power supply. L
vso— |

FIGURE 3. Typical Application

. ‘
S8 HIGHER

.~ TRIPPOINT
O

LINE

FREQUENCY O - SHAPED
INPUT

LINE
FREQUENCY

LOWER
Vpp  TRIP POINT

FIGURE 4. 50 or 60 Hz Shaping Circuit
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MM5376 XX Series

functional description (Continued)

MULTIPLEX
TIMING INPUT

BRIGHTNESS
CONTROL
INPUT

DIGIT NO.6
UNIT SECS.

DIGIT NO.4
UNIT MINS.

DIGIT NO. 2
UNIT HOURS

DIGIT ND.5
10°S OF SECS.

DIGIT NO.3
10°S OF MINS.

DIGIT NO. 1
10'S OF HOURS

ANY
SEGMENT

8TH
SEGMENT

/ *K/\/\/\/\/\/\

|

1

oN

OFF l_____]

1w | Jeowon[ Teoron] | [ 1m [

FIGURE 5. Output Timing Diagram
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MM5377 auto clock

general description

The MM5377 Auto Clock is a monolithic MOS integrated
circuit utilizing P-channel low-threshold, enhancement
mode and ion-implanted depletion mode devices. The
circuit interfaces directly with liquid crystal 4 digit
displays and fluorescent tubes. The display format is
12 hours with leading-zero blanking and colon indication.
A voltage sensitive output is provided that drives an
energy storage network which performs as a voltage
doubler/regulator. The circuit uses a 2 MHz crystal
oscillator as the reference time base and is packaged in
a 40 lead dual-in-line package.

features

m. Crystal controlled oscillator (2.097152 MHz)
® 12 hour display format
8 Colon output

- Clocks

® |Leading zero blanking

® Hours and minutes set controls

m Crystal tuner output

8 Voltage doubler control output

® Elimination of illegal time display at turn-on
= Direct interface to liquid crystal display
®» Direct interface to fluorescent tubes

m Low standby power dissipation
applications

® Automobile clocks

® Desk clocks

® Portable clocks

m High accuracy clocks

block and connection diagrams

VOLTAGE CONVERTOR CONVERTOR
MONITOR  CONTROL DRIVE

Fosc/2
0o

VOLTAGE
CONVERTOR

osc1

+2,087,152
0st 2 09

Dual-In-Line Package

1

SET MINUTES O SET L
SETHOURS O———p{ LOGIC ]

+60MIN }———Ql +12 HDURSJ

LX BACKPLANE 50 GniTion inpuT
10 HOURS =t f— SET HOURS
HOURS Al — % Voo
HOURS FI —— b— SET MINUTES
HOURS GI ==t 155 mooe seLect
HOURS EI == }— 7imE TEST INPUT
HOURS DI == — osc1
HOURS C! —=d 7 0se2 -
HOURS BY — — Fosc/2’
COLON il 31 VOLTAGE CONVERTER
1 30 CONTROL
10 MINUTES A2 ===t — Voo
10 MINUTES F2 ===l 125 CONVERTER DRIVE
10 MINUTES 62 —=d 12 ne

IGNITION|
IGNITION |

% .
" I 10 MINUTES D2 === —2;- VOLTAGE MONITOR

10 MINUTES €2 == " NC

17 24
10 MINUTES B2 == -;3— MINUTES D3

MINUTES F3 ===l P—— MINUTES C3

]\/l 10 MINUTES E2 = 122 v

RO
22
TEST O MODE MINUTES G3 _20' T MINUTES B3
S0t o “Noeic | DUTPUT BUFFERS MINUTES E3 —] b MINUTES A3
' Bt I
BACKPLANEO—I lllllllllllllllllllll i
COLON
Vs O :
v:.:o-—— "n,}‘:‘io‘——‘aneupfgancd=|g.b:¢,¢g : Order Number 5377N
Yoo HOURS 10°S MIN MINUTES See Package 24
SEGMENTS SEGMENTS SEGMENTS
FIGURE 1. FIGURE 2.
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MM5377

absolute maximum ratings

Voltage at Vg Pin Vss + 0.3V to Vgg — 30V
Voltage at Any Pin ) Vss +0.3V to Vgg — 24V
Operating Temperature —40°C to +85°C
Storage Temperature . —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
“i'A within operating range, Vgg = +9V to +20V, Vpp =0V, Vgg = —10V, unless otherwise specified.

I £

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage (Vgg) Outputs and OSC Operational 8 18 20 \Y
Power Supply Voltage (Vgg) Outputs and OSC Operational -6 -8 -10 \Y
Power Supply Voltage (Vgg) No Loss of Time Memory 5 18 20 Vv
Power Supply Voltage (Vgg) ' Ignition Open 7 [¢] : 20 \Y
Power Supply Voltage (Vgg) Igﬁition Open | 0 \%
Power Supply Current (lgg) Ignition Open 1 3 5 mA
Input Frequency 0SC1 DC 1 2.097152 21 B MHz

Frequency of Outputs Liquid Crystal Display 32 Hz
. fin = 2.097152 MHz

OUTPUT CURRENTS

Display Segments Vsg = +18V )
-Source Current Vout = Vgs — 1V 200 HA
Sink Current Vout = Vgs — 17V 200 MA
Display Colon and 10’s Hours Vgs = +18V
Source Current Vout =Vsgs — 1V 400 MA
Sink Current VouT = Vgs — 17V 400 HA
Display Backplane Vss = +18V
Source Current Vout = Vgg — 1.2V 4 ‘ mA
Sink Current VguT = Vss — 16.8V 4 mA
Convertor Drive Output Vgg = +10V
~ Source Current VouTt = Vgs — 6V . 500 MA
Sink Current Vout = Vgg — 8V 100 MA
FOSC/2 Source Current Vgg = +18V .
) Vout =Vss —2V 200 . HA
Voltage Monitor Zener = 16V .
Source Current . . : 100 MA
Trip Point : 17 18- 19 \%
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functional description

A block diagram of the MM5377 auto clock is shown in
Figure 1. A connection diagram is shown in Figure 2.
Unless otherwise indicated, the following discussions are
based on Figure 1.

Oscillator 1 (Pin 34) and Oscillator 2 (Pin 33)

A quartz crystal, resonant at 2.019752 MHz, two
capacitors and one resistor, together with the internal
MOS circuits form a crystal controlled oscillator as
shown in Figure 3. Varying one of the capacitors
allows precise frequency setting. For test purposes, OSC
1 is the input and OSC 2 is the output of an inverting
amplifier.

FOSC/2 (Pin 32)

FOSC/2 is the output of the first divide-by-two stage.
This output allows frequency tuning of the crystal

oscillator without adding any additional capacitance to

the oscillator circuit.

Set Hours (Pin 39) and Set Minutes (Pin 37)

Set Hours will advance the hours at a 1 Hz rate when
the input is held at Vo p . While setting hours, the minute’s
counter may also advance the hours count. Set Minutes
will advance the minutes at a 1 Hz rate, hold the internal
seconds counter reset and cause the colon to blink at
1 Hz rate when the input is held at Vpp. Depressing
both switches at the same time shall cause the clock to
initiate a hold and not advance until the switches are
released.

Mode Select (Pin 36)

Mode Select determines the shape of the output wave
form as shown in Figure 4. With the input open or at
Vpp, the output wave form is a 32 Hz square wave.
Segments to be energized have the 32 Hz square wave
180° out of phase with respect to the backplane 32 Hz
square wave. Segments not to be energized have their
outputs in phase with the backplane output. With the
mode select input at Vgg, the outputs are at a constant
level. Segments to be energized are at Vg, and segments
not to be energized are at Vpp.

Time Test Input (Pin 35)

Time Test Input causes the circuit to cycle through a
12 hour period using an internal clock of 65536 Hz
instead of 1 Hz to increment the seconds counter when
the input is at Vgs. The input also causes the mode of
the outputs to change from 32 Hz square wave to
constant levels.

Ignition Input (Pin 40)

The Ignition Input enables setting of the clock using the
set hour or set minute inputs, and enables the drive to
the ‘display and the voltage doubler. When the input is
at a voltage greater than 50 percent of the Vgg supply
the time set, display and voltage doubler are enabled.
When the input is open circuited or at Vpp, the time set,
display and voltage doubler are disabled. The display
outputs and backplane drive are held to Vpp when the
display is disabled. This input does not affect the accu-
racy of the time keeping logic in any manner.

Voltage Converter Control (Pin 31)

The Voltage Converter Control input enables the voltage
doubler to operate regardless of the state of the ignition
input when it is at Vpp. When the input is open
circuited or at Vgg, the voltage doubler is controlled by
the ignition input.

Output Circuits

The Converter Drive output and all display outputs are
push-pull stages with sources common to Vgg (Pin 27)
and drains common to Vpp (Pin 38) as shown in
Figure 5. FOSC/2 output is a open-drain stage with the
source common to Vgg as shown in Figure 6. Figure 8
illustrates the interfacing between the clock and a liquid
crystal display and the clock and fluorescent tubes.
When driving fluorescent tubes, Vgg can be connected
to Vpp- :

Converter Drive (Pin 29) and Voltage Monitor (Pin 26)

The Converter Drive output oscillates at 65.636 kHz.
The duty cycle of the wave depends on the state of the
Voltage Monitor input pin as shown in Figure 7. With
Vss on the input pin, the duty cycle of the output wave
is 50%, which enables the voltage doubler. Once the
input pin is a few volts above the zener breakdown
voltage of its’ zener diode (Figure 8), the duty cycle of
the output is 0% or held at Vpp, which disables the
voltage doubler. Therefore, the duty cycle of the output
wave form varies from 50% to 0% as the voltage at the
voltage monitor input pin varies. Therefore, the voltage
to the chip is regulated about 2V above the zener break-
down voltage.

Colon Output (Pin 10)

The colon output indicates the clock is counting by

blinking at a 1/2 Hz rate. When setting minutes, the .

colon blinks at 1 Hz rate.
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MM5377

typical applications

O v
_si_l MOS CIRCUIT
I To
DIVIDER
= s | ) CIRCUITS
L
(Y Vop
L M
T |

FIGURE 3. Crystal Oscillator

LX BACKPLANE Vss —
(32 Hz SQUAREWAVE) m

Vss
MODE SELECT I

Vgg —————

Vss _l I'—‘ r“"‘l
OFF SEGMENT

FIGURE 4. Output Timing Diagram

n

0 (DATA) ——i

(PUSH-PULL)
TYPICAL
SEGMENT

Voo

FIGURE 5. Push-Pull Output Circuit

Q(DATA)

Fosc/2
Voo QUTPUT
(OPEN DRAIN)

FIGURE 6. Open Drain Output Circuit
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typical applications (con’t)

LLESNIN

Ves .
VOLTAGE .
MONITOR Voo LOGIC ONE M N

Vss
IGNITION |

INPUT

Voo

Vgg ———
CONVERTER DRIVE
OUTPUT (65 kHz) .
Voo

FIGURE 7. Operation of Converter Drive
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FIGURE 8. Typical Application
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MM5378, MM5379

MM5378, MMb5379 auto clocks

general description

The MMb5378 and the MM5379 auto clocks are
monolithic MOS integrated circuits utilizing P-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. The MM5378 circuit interfaces
with vacuum fluorescent 4-digit displays. The MM5379
circuit interfaces with gas-discharge 4-digit displays.
The display format is 12 hours with leading-zero
blanking and colon indication. The time keeping
function operates from a 2 MHz crystal controlled or
externally applied source.

features

®m Crystal-controlled oscillator (2.097152 MHz)
= 12-hour display format
= Blinking colon output

Clocks

Leading-zero blanking

Hours and minutes set controls

Brightness control capability

No illegal time display at turn-on

Simple interface to vacuum fluorescent and gas
discharge displays

® | ow standby power dissipation

applications

= Automobile clocks
® Desk clocks

® Portable clocks

® High accuracy clocks

connection diagram

Dual-In-Line Package

1 L J 18
b =] 4
MULTIPLEXED 2 1 ‘
SEGMENT { © = —¢ | MULTIPLEXED
OUTPUTS B 15§ SEGMENT
a— =t | outeuts
4 15
coLoN —f [~
5 1
S wmsisor 4
0st 2 MM5379 SWITCH IN
1] 13
0sC 1 — —Vop
BRIGHTNESS _7] 112
INPUT DIGIT ENABLE
wt 1 0g [ OUTPUTS
DIGIT ENABLE _g -
OUTPUTS 1 h1a L~ Vs
TOP VIEW

Order Number MM5378N
or MM5379N
See Package 20

block diagram

ez oo ]

+2,087,152 h +60 SED =60 MIN 12 HOURS
mi

MULTIPLEXER piGiT O M0
- outuT Ly
—O H10
O—b a
SWITCH SWITCH
N DECODE .
—0 ¢
SEGMENT [—O ¢
Row | e X
<: —O
=09
BRIGHTNESS LEVEL -
INPUT ETECTOR| I o
Vss O—p
Vpp O—»

FIGURE 1.
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absolute maximum ratings

Voltage at Any Pin
Voltage at Any Display Output or
Switch Input Pin (MM5379 Only)
Operating Temperature
Storage Temperature
Lead Temperature (Soldering, 10 seconds)

Vgg + 0.3V to Vgg — 26V
Vgs + 0.3V to Vgs — 55V

—40°C to +85°C
—65°C to +150°C
300°C

electrical characteristics Ta within operating range, Vgs = 9V to 20V, Vpp = 0V, unless otherwise specified.

PARAMETER | CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage (VsS) Qutputs and Osc. Operational 9 20 \
Power Supply Voltage (Vsg) No Loss of Time Memory 5 25 A
Power Supply Current (Igs) No Output Loads 1 5 mA
Input Frequency (Osc. 1 or Osc. 2) ‘ " dc 2.097152 2.1 MHz
Oscillator Input Voltage (Note 1)
Logical High Level Vgs—1.5 Vss \%
Logical Low Level Vgs—5.5 \%
Switch In Voltage (MM5378)
Logical High Level Internal Depletion Device to Vgs—1.5 Vss Vss \Y
Logical Low Level Vss VDD Vss—5 \Y
Switch In Voltage (MM5379)
Logical High Level Internal Depletion Device to Vgs—b Vss \%
Logical Low Level Vss Vss—25 \Y
Output Currents (MM5378)
Digit Outputs
Logical High Level VOH =Vss — 1V 8.0 mA
Logical Low Level VoL = VDD 40 UA
Segment Outputs
Logical High Level VOH = Vss — 1V 20 mA
Logical Low Level VoL =VpD 10 HA
Output Currents (MM5379)
Digit Anode Outputs
Logical High Level VOH = Vsg — BV 8.0 mA
Logical Low Level VoL = Vss — 45V 40 HA
Segment Cathode Outputs
Logical High Level VoH = Vss — BV 2.0 mA
Logical Low Level VoL = Vss — 45V 10 uA

Note 1: These are the input levels required if an external oscillator input is preferred, using Osc. 2 (pin 5) as the input while holding Osc. 1 (pin 6)

to Vss.

functional description

A block diagram of the MM5378 and the MM5379
auto clocks is shown in Figure 1. Connection diagrams
for these devices are shown on the front page. Unless
otherwise indicated, the following discussions are based
on Figure 1.

Crystal Oscillator: A quartz crystal, resonant at
2.097152 MHz, two capacitors and one resistor, together

with the internal MOS circuits form a crystal-controlled

oscillator as shown in Figure 2. Varying one of the
capacitors allows precise frequency setting. For test
purposes, Osc. 1 is the input and Osc. 2 is the output
of an inverting amplifier. :

Time Setting: Time setting is accomplished via the
switch input pin. If this input is a logic high during the
M1 digit time, the minutes counter will advance at a
2 Hz rate with no carry to hours counter and will also
cause seconds counter to reset. If the switch input is a
logic high during the M10 digit time, the hours counter
will advance at a 2 Hz rate, minutes and seconds counter
will continue in real time. If the switch input is a logic
high during H1 digit time, seconds, minutes, and hours

_ counters will reset to 12:00:00. If this input is a logic

high during H10 digit time, a test mode will exist in
which the minutes counter will advance at a 65.536 kHz
rate with carry to hours counter. (see Figure 3). An
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MM5378, MM5379

functional description (Continued)

| s

° 5} 4 MOS CIRCUIT -

% |
17T B
= 3
- '

- 54 Voo

R M

T !

FIGURE 2. Crystal Oscillator

internal pull-up resistor to Vgg provides normal time-
keeping.

Output Multiplex Operation: Outputs from the appro-
priate internal counter are time division multiplexed at
a 2048 Hz rate. The MM5378 and MM5379 provide
12 outputs (4 digit-ariode drive outputs plus 8 segment-
cathode drive outputs). The additional “segment” drive
is provided to accommodate displays which feature a
colon. The colon output is switched at a 1/2 Hz rate to
provide a blinking colon as a short-time indication that
the clock is operating.

When driving vacuum fluorescent displays which enclose
more than one digit in a common gas envelope, it is
necessary to either (1) inhibit the segment drive

DIGIT ENABLE

UNIT MINS ﬂ

voltage(s) for a short time during inter-digit transitions,
or (2) avoid physical adjacent inter-digit transitions.
The MM5379 auto clock utilizes an interlaced output
sequence and inter-digit blanking circuitry to prevent
display arcing problems. The digit sequence is: (1) digit
no. 4 (unit minutes), (2) digit no. 2 (unit hours), (3) digit
no. 3 (ten’s of minutes), (4) digit no. 1 (ten’s of hours),
etc. Blanking intervals are provided to recharge level-
translating capacitors located in the display segment
drive lines (Figure 6). Both segment data and digit
enables are blanked. Figure 4 is a timing diagram which
illustrates output timing for the MM5379. Figure 5 is a
timing diagram which illustrates output timing for
the MM5378. ’

Brightness Control: Since display brightness is a func-
tion of cathode segment current, a capability of inter-
rupting this current for a variable percentage of the
digit interval results in a brightness control. Depending
on the magnitude of the voltage applied, the digit
“ON" time will vary from 0% to 100% of its possible
period in 8 1/3% increments. . This is illustrated in
Figures 4 and 5.

Output Circuits: All display output drivers, both digit
and segment outputs, are open-drain enhancement
devices (Figure 6). Thus, all outputs are capable of
sourcing currents while external pull-downs are required
to sink currents. Figure 7 illustrates method of inter-
facing these outputs to gas discharge displays.

DIGIT ENABLE

g

UNIT HOURS
DIGIT ENABLE
TEN'S MINS mio
DIGIT ENABLE
TEN'S HOURS H10
SELECTED MODE FUNCTION
switcHin VH e e e SETMINOTES o » MINUTES COUNTER ADVANCES AT 2 Hz RATE.
WAVEFORM v, HOURS COUNTER UNAFFECTED. COLON HELD “ON .
|« a88ys
switcHin VH Ce e . RESETe - - TIME SET AND HELD AT 12:00:00.
WAVEFORM COLON HELD “ON *.
=— 366us
v
switcHIN 1 l | et e e o SETHOURS » » HOURS COUNTER ADVANCES AT 2 Hz RATE.
WAVEFORM MINUTES COUNTER UNAFFECTED. COLON BLINKING.
| 122
swiTcHIN VH I e TEST e . MINUTES COUNTER ADVANCES AT 65.536 kHz RATE WITH COMPLETE
WAVEFORM I _ CARRY. COLON HELD “ON" AT 65.536 kHz RATE.
Vi —
SWITCH IN X NORMAL TIME KEEPING.
WAVEFORM v MORE THAN ONE “ s oo REALTIME © « COLON BLINKING.
Vi .
SWITCHIN 1 HELD AT Vg C e« REALTIME - - NORMAL TIME KEEPING.
WAVEFORM. COLON BLINKING.
v )
switcHIN B e TIME SET AND HELD AT 12:00:00.
WAVEFORM COLON HELD "ON ",
HELD ATV,

FIGURE 3. MM5378, MM5379 Setting Control Functions
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functional description (Continued)

Vg — ‘
vsf | M1 |
—] | a88ys
Vvs_s u |
— [t— 366us
‘:f’f | mo |
—o 12248
Vgg .
- | wio | .
v h
ss 100%
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"33 m L
1 oN n “UI onN II OU RIGN'J
Vss 33.3%
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DIGIT.NO.

1
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DIGIT NO.

2

UNIT HOURS

DIGIT NO.

3

TEN'S MINS

DIGIT NO.4
TEN'S HOURS

ANY

¢ COLON

ON ON <
H :
FIGURE 4. MM5379 Output Timing Diagram
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~
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—| te—122us
v
H10 88
v
- = Vg5
oFe_| ow L| on o T
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[ ov 1] uu_u ON |rom_ Pl

L.
33.3%
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FIGURE 6. Output Circuits

1

FIGURE 5. MM5378 Output Timing Diagram
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MM5378, MM5379

functional description (Continued)
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Clocks

MM5382, MM5383 dig‘ital calendar clock radio circuits

general description

The MM5382 and MM5383 digital calendar  clock
circuits provide the timing, control, and interface
Tircuitry for a minimum-cost, solid state, digital clock
radio.

The timekeeping function operates in either a 12-hour
or a 24-hour mode. The MM5382 is the 12-hour version,
and has amonth-date format;the MM5383 is the 24-hour
version, and has a date-month format.

Outputs consist of a presettable 59-minute sleep timer
{e.g., a timed radio turn-off) and an alarm tone. A power
failure indication warns the user that the time displayed
may be in error.

Other features include: alarm display; brightness control;
24-hour alarm set; PM indication; fast and slow set
controls; and a 9-minute snooze alarm. (The MM5383
has an alarm “ON” indicator.) Both circuits provide
open drain outputs for the direct drive of LED displays
to 15 mA.

features

® 50 or 60 Hz operation

® 12 hour, month-date (MM5382) or 24 hour, date-

month (MM5383) display
® PM indication (MM5382)

® | eading zero blanking
24-hour alarm setting

Power failure indication (the word “OFF"" is displayed
in MM5382 and all “ON" digits blink in MM5383

Brightness control

Date display (4 year calendar)
"Presettable 59-minute sleep timer

Alarm display

Fast and slow set sleep and alarm

9 minute snooze alarm

Blinking colon

Alarm ““ON" indication (MM5382 only)
Alarm tone output

No illegal time or date display at turn-on

applications

Alarm clock

Desk clock

Clock radios

Stop watch

Industrial clock
Portable clock

Timer

Sequential controllers

connection diagrams
Dual-In-Line Package

1
NC— 12010 RS - b
m—z- LI
f B
NET —3-7-NR ~e
BRIGHTNESS REF. QUTPUT —=—t 3—mz ~d
ALARM QUTPUT — bR —C
ol 35
SLEEP DUTPI.IT—]- —:“fHR -q
50/60 Hz DRIVE—— —I;B—HR -b
50/60 Hz SELECT—T Tz-"n-l
Vg e b HR —
vss 2 2 coton
007 MM5382
DATE DISPLAY/ADVANCE——4 f—10 MINS - b
ALARM ON/OF F e f—10 MINS -2
ALARM DISPLAY, SET/SNO QZE =ms %m MINS —
" SEQUENCE/SLEEP DISPLAY == r-;-m MINS — g
BRIGHTNESS REF. INPUT ] =10 MINS — ¢
ALARM “ON ' INDICATOR == b—10MINS —d -
N MIN — f o 10 MINS — ¢
MIN - a—m- F—MIN - ¢
MIN — b e b MIN - d
20
MIN — g =t e MIN — ¢
TOP VIEW
Order Number MM5382N
See Package 24

Dual-In-Line Package

10 HBS - emr] 120 10 ups -
10 HRS — g~eme 122 0 ums —c
10 HRS - 2=l LI
10 HRS — b=y LW
BRIGHTNESS REF. 0UTPUT— EUN
ALARM QUTPUT— LR,
SLEEP QUTPUT— X
50/60 Hz DRIVE = EIEN
50/60 Hz SELECT = 32 R -t
vssl‘- L covon
vm,i G383 —10 MINS b
DATE DISPLAY/ADVANCE=~ F—10 MINS - a
ALARM ON/OFF=——] ;10 MiNS -t
ALARM DISPLAY, SET/SNOOZE— 36—10 MINS — g
SEQUENCE/SLEEP DISPLAY = =10 MINS — e
BRIGHTNESS REF. INPUT —— f—10 MINS - d
MIN - f=—r] L2 0 Mins - c
MIN - a=—=d L2 v - e
MIN - b=t o MIN — d
MIN — g == lMIN -t
TOP VIEW
Order Number MM5383N

See Package 24

FIGURE 1
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MM5382, MM5383

absolute maximum ratings

Voltage at Any Pin except Segment,

Colon, and PM

Voltage at Segment, Colon, and PM

Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Maximum Power Dissipation
Electrical Characteristics
Ta within Operating Range

Functional Clock Voltage

electrical characteristics

Vss +0.3V to Vgg —28V

Vgg +0.3V to Vgs —10V
—25°C to +70°C

—65°C to +150°C

300°C

1 Watt

Vgg = +18V.to +26V, Vpp =0V,

with specified output drive
unless otherwise specified
Vgs = +8V to +26V, Vpp =0
(No output drive spec)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Current No ohtput levels
. Vss =8V 4 mA
Vgs = 26V 5 mA
50/60 Hz Input
Frequency DC 50 or 60 30k Hz
Voltage Vgs =18V
Logical High Level Vgg—1 Vss Vgs
Logical Low Levet VDD VpbD Vpp+1
Switch Input Voltages
(Date, Sequence, Alarm
Enable, Alarm Display)
Logical High Level Vgs—1 Vss Vss
Logical Low Level (1) Nominal Floating Level Vgs—3 Float Vgs—6 \%
Logical Low Level (2) VDD VDD Vpp+2 \%
All Other Input Voltages .
Logical High Level Vgs—1 Vss Vss
Logical Low Level Internal Depletion Load Vgs—15
to Vpp
Power Failure Detect Voltages (Vgs Voltage) 1.0 8.0 \
Output Currents: Vgs =18V to 26V, Vpp = 0V
All Segments and Colon
Logical High Level, Source VOH = Vgs —2V 15 mA
Logical Low Level, Leakage VoL = Vgs —10Vv 10 MA
PM Indicator and Alarm Indicator
Logical High Level, Source -VQH = Vgs —2V 15 mA
Logical Low Level, Leakage VOH = Vgs —10V 10 MA
Alarm and Sleep Outputs
Logical High Level, Source VQH = Vgs —2V 2 mA
Logical Low Level, Sink VOH = Vgg —15V 500 MA
Alarm Output Tone Vgs = 18V to 26V 400 2000 Hz
»Frequency Modulated with 2 Hz
Total Power Dissipation Vsg =26V, Vpp = 0V 830 mwW

lQuUT (25 Segments) = 15 mA
T=70°C
VouT = Vss 2V
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block diagram

SLEEP 50/60 Hz 50/60 Hz
ouT DRIVE SELECT
Vgs O
VDDO_-
SHAPING .
|~ CIRCUIT H +50DR =60
1PPS TIME
b PM
ALARM DISPLAY,
SET OR SNODZE M TIME \—b DiGITA
SECONDS MINUTES HOURS
oISPLAY COUNTER COUNTER COUNTER cope P DiGIT3
AND : CONVERTER
SEQUENCE OR
—p]  SET AND —>
SLEEP DISPLAY CONTROL ) oo COLON
LOGIC \ 4 DRIVER | miiT 2
—[ ALARM COMPARATOR * J MONTH AL
DATE DISPLAY COUNTER L
OR ADVANCE ] oG
ALARM
® INDICATOR
ALARM ALARM
INTERNAL OSCILLATOR DOWN MINUTES HOURS
LED LED
ALARM TONE CURRENT  REF
oUTPUT CONTROL OUTPUT
FIGURE 2.
TABLE I. Display Modes and Setting Control Functions
DATE DISPLAY/ ALARM DISPLAY — SEQUENCE/SLEEP
F ION TE
UNCTIO STEP ADVANCE SET/SNOOZE DISPLAY
Display Time 1 Float Float Float
Set Time 1 Float Float Momentary connect to VpD
for each step of setting time
and calendar
2 VpbD Float Float
Display Alarm ~ 1 Float Connect to Vpp Float
for < 2 seconds
Set Alarm:
2 Hz Rate 1 Float Connect to Vpp Float
for.> 2 seconds
60 Hz Rate 2 VpD VDD Float
Display Sleep 1 Float Float Connect to Vgg for <2
seconds
Set Sleep:
2 Hz Rate 1 Float Float Hold Vgg for > 2 seconds
(Advances at 2 Hz Rate)
60 Hz Rate 2 VpD (Advances at 60 Hz Rate) Float Vss

functional description ,

Connection diagrams for the MM5382 and the MM5383
Digital Clock Radio Circuits are shown in Figure 1.
A block diagram of these devices is shown in Figure 2.
Unless otherwise indicated, the following discussions
are based on Figure 2. Figure 3 shows the general
purpose alarm clock and procedure to set the time,
month, day, alarm and.sleep counters. Table | shows
the display modes and setting control functions.

50 or 60 Hz Drive: A shaping circuit is provided to
square the 50 or 60 Hz input. This circuit allows use of a
filtered sinewave input. The circuit is a Schmitt trigger
that is designed to provide about 4V of hysteresis. A
simple RC filter should be used to remove possible line-
voltage transients that could either cause the clock to
gain time or damage the device. The input should swing
between Vgg and Vpp. The shaper output drives a
counter chain which performs the timekeeping function.

50 or 60 Hz Select Input: A programmable prescale
counter divides the input line frequency by either 50 or
60 to obtain a 1 Hz base. This counter is programmed
to divide by 60 simply by leaving the pin unconnected; a
pull-down to Vpp is provided by an internal resistor.
Operation at 50 Hz is programmed by connecting this
input to Vgs.

Alarm Operation: The internal alarm comparator senses
coincidence between the alarm counters (the alarm
setting) and the time counters (real time). The comparator
output is used to set a latch in the alarm and sleep cir-
cuits. The alarm latch remains set for 59 minutes during
which time the alarm or radio will sound if the latch
outputs are not temporarily inhibited by another latch
set by the snooze input or reset by the alarm “OFF"
input.

1-45
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MM5382, MM5383

functional description (Continued)

Alarm ON/OFF/RADIO Input: Momentarily leaving this
input unconnected resets the alarm latch and thereby
silences the alarm. This input is also used to determine
if the alarm or the sleep output will be enabled when the
alarm latch is set. By connecting the input pin to Vpp,
both the alarm output and the sleep output (radio) are
enabled when the alarm latch is set. If the input pin is
connected to Vgg, only the sleep output (radio) is
enabled when the alarm latch is set. Momentarily leaving
this pin unconnected also readies the alarm latch for the
next comparator output, hence, the alarm will auto-
matically sound again in 24 hours (or at a new alarm
setting). If it is desired to silence the alarm for a day or
more, the Alarm ON/OFF Radio input pin should re-
main unconnected.

Alarm Qutput: The alarm output signal is a tone of from
400 Hz to 2000 Hz, which is gated on and off at a
2 Hz rate.

Alarm Display, Set/Snooze: Momentarily connecting this
pin to Vpp when the alarm and sleep outputs are dis-
abled displays the alarm setting for 1.5 to 2 seconds. The
display shows the hours and minutes of the alarm setting,
a constant colon and a PM indication if the clock is in
the 12 hour mode. If. the input pin is held to Vpp for
longer than 2 seconds, the minutes of the alarm counter
start to advance at a 2 Hz rate. To increase the rate that
the alarm counter is set at, also connect the Date/
Advance input pin to Vpp. The minutes of the alarm
counter will now advance at a 60 Hz rate. By momen-
tarily connecting the input pin to VpD when the alarm
or sleep output is enabled, snooze is enabled for 8 or 9
minutes. Snooze inhibits the alarm output for between
8 and 9 minutes, after which the alarm output is enabled
again. Snooze has no effect on the sleep output. The
snooze feature may be repeatedly used duringthe 59
minutes in which the alarm latch remains set. Momen-
tarily connecting this input pin to Vpp when the clock
is in the power failure mode stops all power failure
indications and displays alarm. If this pin is connected to
Vsg and date advance pin is connected to Vgsg, the clock
is in a test mode. All outputs are enabled and time and
alarm are set to 12:00 AM, the date is set to the 12th
month and the 1st day, and the sleep counter is set to
00 minutes. If the Alarm Display, Set/Snooze is at Vgg,
all outputs and inputs are disabled except 50/60 Hz
Select and 50/60 Hz Drive.

Sleep Timer and Output: The sleep output can be used
to turn off a radio after a desired interval of up to 59
minutes. The time interval is chosen by selecting the
sleep display mode and setting the desired time interval.
This automatically results in a current-source output,
which can be used to turn on a radio (or other appliance).
When the sleep counter, which counts downwards, reaches
00 minutes, a latch is reset and the sleep output current
drive is removed, thereby turning off the radio. This
turn-off may also be manually controlled (at any time in
the countdown) by a momentary VDD connection to
the Alarm Display, Set/Snooze input. . .

Sequence/Sleep Display and Set: If left open, time or
the counter to be set is displayed. Momentarily con-
necting this pin to Vgg displays the sleep counter for
1.6to 2 seconds. If after 2 seconds the pin is still at Vss,
the sleep counter will decrement at a 2 Hz rate. To

increase the rate at which the sleep counter is decre-
mented, also connect the Date/Advance pin to VDD.
The sleep counter will now decrement at a 60 Hz rate.
Momentarily connecting the Sequence pin to Vpp steps
the clock through its set modes. There are 6 states; they
are real time, set hours, set minutes, set month (12 hour
mode), set day (12 hour mode), and the holding state.
When real time is displayed, a momentary connection
to Vpp advances the clock to the set hours state. In this
state, hours are displayed, minutes are blanked, the colon
is constant, and an A or P.is displayed in the unit minutes
position if the clock is in the 12 hour mode. To set
hours, the Date/Advance pin is connected to Vpp. The
next time the Sequence pin is connected to VDD, the
clock is advanced to the set minutes state. In this state,
the minutes are displayed, the hours are blank, the colon ‘
is constant and the PM indication is displayed if the
clock is in the 12 hour mode and set for PM. The next
state the clock advances to is the set left state. In the
12 hour mode, this is a month set state. For the 24 hour
mode, this is a day set state. In this state, the left two
digits of the display are shown, the colon and the right
two digits of the display are blank. The next state the
clock advances to is the set right state. In this state,
the day in the 12 hour mode or month in the 24 hour
mode is displayed in the right two digits of the display.

PM DOT
.
ACOH AR o o R —
— coLoN . | [
. 1 2 s 3 4

HOURS MINUTES

MM5382 MONTH DATE

MM5383 DATE MONTH

SET HOURS

o O
S—
]
| S —

L1

{— SET MINUTES
O H
| —
H SET MONTH
MM5382
1
H U SET DATE
— MM5383
H H
SET DATE
: MM5382
| —
SET MONTHR
H l:l:l MMS363
C ——
I e 0l
A A —3 {E— HOLD
C )

Time and Date Display Format in ‘Set” Mode
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functional description (Continued)

The left two digits and colon are blank. The next transi-
tion on the Sequence input displays real time if the
minutes were not set. If the minutes counter was set,
the next state the clock advances to is the holding state.
In this state the time and the colon are blinking at a
2 Hz rate and held to the set time. To leave the holding
state, the Sequence Input is connected to Vpp momen-
tarily. If the clock remains in any state except the
holding state for more than 10 seconds without being
set, the clock will automatically advance to real time or
the holding state if minutes were set.

Note: Time set mode should not be initiated while in
alarm or sleep display 2 second time out. Time set mode
should be sequenced only when the clock displays real
time.

Date/Advance Input: If left open, this input has no
effect on the clock. Momentarily connecting this pin to
VpD displays the date for 1.5 to 2 seconds if the clock
was not in a set state. If after 2 seconds the input pin is
still at Vpp, the date remains displayed until the input
pin is released. If the Date/Advance pin is connected to
Vpp when the clock is in a set mode, the counter dis-
played will advance at a2 Hz rate until the pin is released.
Connecting this input pin to Vpp when the sleep. counter
or the alarm counter is displayed advances the displayed
counter at a 60 Hz rate. If the Date/Advance pin is con-
nected to Vgg, the seconds counter is bypassed and
minutes counter advances at a 1 Hz rate.

Colon: The colon output blinks at a 1 Hz rate in the run
mode. ‘It is constant during set hours and minutes, and
alarm display. The colon is blank for date display. The
colon blinks at a 2 Hz rate in the holding state.

REAL TIME AND
DATE SETTINGS

SEQUENCE

HOUR DISPLAY
10 SECONDS =1
{ADVANCE FLOATING) gy

E
1

& seauence
10 SECONDS| MINUTE DISPLAY

’ (ADVANCE FLOATING)
==

“ADVANCE”
AT Vpp
SEQUENCE SETS AT
10 SECONDS| 2 Hz RATE
(ADVANCE FLOATING)|  LEFT DISPLAY [
| MONTH MM5382
l SEQUENCE

10 SECONDS
(ADVANCE FLOATING)]  RIGHT DISPLAY
: MM5382 DAY

HOLDING STATE
SEQUENCE TIME

BLINKS AT

2 Hz RATE

Time and Date Set Flow Chart
MM5382, 12-Hour Mode

Alarm Indication Output: Whenever the alarm is enabled,
the Alarm Indicator output is turned on. It is used to
indicate to the user that the alarm has been set.

PM Output: The PM Output is available only in the
MM5382. This output is enabled only when time or
alarm are displayed.

Power Failure Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of the correct time, in the MM5382
the word ‘OFF’ is displayed blinking at a 2 Hz rate, in
the MM5383 all the ‘ON’ segments blink at 2 Hz rate
and the colon is blank. Momentarily connecting the
Alarm Display Set/Snooze input to Vpp displays first
the alarm for 1.5 to 2 seconds and then real time. In
addition, if the alarm was “ON" the Alarm “ON/OFF"
input should also be momentarily connected to VppD.

LED CURRENT CONTROL INPUT AND
REFERENCE OUTPUT

Pin (15) MM5382, pin (16) MM5383 controls the gate
voltage at all the display outputs and the reference device.
The output drives can be disabled by connecting pin 15
MM5382, 16 MM5383 to Vss. This wire-OR capability
allows the display to be used for other functions (e.g.,
temperature). The output current can be controlled two
ways; 1) driving the output in saturated mode; 2) driving
the output in linear mode. (Refer to Figures 4 and 5.)

1. The reference device pins (4, 15) MM5382 (5, 16)
MM5383 are connected as diodes and an external
resistor is used to set the desired current in these
diodes (see Figure 4). The segment drivers of all
digits are connected as current mirrors. The drain

REAL TIME AND
DATE SETTINGS

SEQUENCE
HOUR DISPLAY
10SECONDS [ | 7 »
(ADVANCE FLOATING)| | [ =
OR [~
=
e -
 seauence
10 SECONDS [ MINUTE DISPLAY
(ADVANCE FLOATING)
— - 0
: -
244 “ADVANCE”
ATVpp
‘szuusnca SETS AT
10 SECONDS 2Hz RATE
(ADVANCE FLOATING)|  LEFT DISPLAY [
" DAY MM5383
lssuuence
10 SECONDS
(ADVANCE FLOATING)|  RIGHT DISPLAY
MM5383 MONTH
HOLDING STATE
SEQUENCE TIME
BLINKS AT
2 Hz RATE
Time and Date Set Flow Chart

MM5383, 24 Hour Mode
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MM5382, MM5383

functional description (Continued)

voltage V1 of the segment drivers is selected such
that these devices operate in saturation mode.
Since the drain current variation in saturation
mode operation of the MOS device is relatively
constant, the segment drive current does not vary
significantly, even though -V1 is increased con-
siderably. However, as the voltage across the output
buffers increases, average power dissipation also
increases linearly. This technique of current control
is recommended to be used only with low current
LEDs (1—=7 mA).

2. The high current drive requirement of large LED
displays can be accomplished by operating the
segment drivers in the linear mode. The circuit
for high current LED drivers is shown in Figure 5.
The reference output device is used in series with
a reference LED, diode and current setting resistor.
A high beta PNP transistor provides the current
drive for all the segments. A reference voltage V3
is developed which compensates for variations in
MOS' process parameters and the variations in the
voltage drop across the LED. The resistor sets the
current in the reference LED which sets the
reference voltage V3 which in turn sets the current
in the LEDs equal to resistor current minus the
base current of the transistor. Variation in second
supply voltage does not vary the LED currents so
long as the PNP transistor is kept operatingin the
linear mode. Full wave rectified power supply
without any filtering can be used as a second
supply voltage V2. The LED brightness can be
varied by using a variable resistor.

Figure 6 shows a LED drive circuit which uses a single
resistor. The resistor controls the total current flowing
through all the segments. Brightness shall vary depending
on number of segments that are “ON"’ at that time:

\
Radio Frequency Interference: All display outputs in-
clude circuitry to slow up the switching transition time
to minimize radio frequency interference.

Clock Set Up Procedure: (MM5382)

1. Connect 110V supply.

2. Blinking ‘OFF’ displayed.

3. Momentarily connect alarm display set/snooze pin
(13) to Vpp which removes “OFF” and displays
first the alarm for 1.5 to 2 seconds, then real time.

4. Momentarily connect alarm “ON/OFF” to Vss.

5. Wait till the colon starts blinking. (Approximately
2 seconds.)

6. Time setting

a. Momentarily connect sequence pin (14) to Vpp
display shows hour and AM or PM. Connect
advance pin (11) to Vpp to advance hour.

b. Connect pin (14) momentarily to Vpp display
shows minutes, connect pin (11) to Vpp and
set minutes.

c. Connect pin (14) momentarily to Vpp display
shows month, connect pin (11) to Vpp and
set month.

d. Connect pin (14) momentarily to Vpp dispiay
shows date, connect pin (11) to Vpp and set
date.

e. Connect pin (14) momentarily to Vpp and the
real time is displayed at 2 Hz rate.

f. Connect pin (14) momentarily to Vpp again
and real time is displayed continuously.

7. Alarm setting
a. Connect alarm display pin (13) to Vpp and

hold it for more than 2 seconds. Alarm minutes
will advance at slow rate.

b. Connecting pin (11) and pin (13) to Vpp
simultaneously will advance the alarm time at a
fast rate.

c. Set the desired alarm time.

8. Sleep time setting
a. Connect, sleep display, pin (14) to Vgs and

hold it for more than 2 seconds. Sleep time will
decrement at slow rate.

b. Connecting pin (11) and pin (14) to Vpp
simultaneously will decrement the sleep time at
a fast rate.

c. Set the desired sleep time.
9. Connect pin 12 to Vpp to activate alarm.

Note: Time and date setting must be done only in the
real time display mode.

Voo

© Vi
'— SEQUENCE 33

|'§LEEP
- CONTROL T
5.6k

ﬂ EARPHONE
5000

50/60 Hz
SELECT
ALARM OUTPUT

SLEEP QUTPUT

vsso i
R ALARM l
T‘STl mspuw ALARM © / DISPLAYO
ADVANCE urr/ o |
1HzRATE Anvancs‘r snooze§ :
5.6k 1
v 1
1
W 50/60 Hz
T INPUT
0.014F T
¢ Voo MM5382
| "““"T L__ LED CURRENT
¢ = CONTROL
4 =
MV 1 f Vss LEnuErEnenczomur
s0H: JC TR
o /2
9
9
C
¢

COMMON

e R

CATHODE
* BRIGHTNESS CONTROL W SOF HDI.IR UNITHOUR

10°S DF MINUTE TNt MIMUTES

FIGURE 3. Calendar Alarm Clock Using the MM5382 and a LED Display‘
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functional description (Continued)
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BRIGHTNESS V) gp SUPPLY 1 | I ]
CONTROL DC OR TFAT .
RESISTOR oUTPUT 2 Voo -8V
- DRIVER +
IR=ILED ?'R OPERATING =
T REGION £ BRL
ILep & T 4
H /|T/]IV ”{ X
v -
=
| ILED a — 1—
A R=43k2 Vssl |
Vss g T { | I
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CONTROL -3 -5 -7 -9 n
LOGIC ) v (v)

FIGURE 4(a). Low Current LED Drive Control Circuit (1—7 mA) FIGURE 4(b). Segment Current vs V|

Voo
BRIGHTNESS CONTROL RESISTOR

Vi gp SUPPLY
DEOR o

IREFERENCE

LED = Ig - Iygq
—==="qw
SEGMENT
LEDS
b
‘Vss Vss Vss

ouTPUT

DRIVER
OPERATING

REGION

ILep

FIGURE 5(a). High Current LED Drive Current Circuits (7—15 mA)

(Vpp at —18V) (Typical Output Characteristics)
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FIGURE 5(b). Rgn vs Vpp (Vpg at—1V)
(Typical Output Characteristics)
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FIGURE 6. Simple LED Drive Circuit
. Input Depletion Load Characteristics)
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MM5384

Clocks

MM5384 LED display digital clock radio circuit

general description

The MM5384 digital clock radio circuit is a monolithic ® 24-hour alarm setting
MOS integrated circuit utilizing P-channel low-threshold, ® All counters are resettable
enh_ancement n'.lode and |on-u.'nplant'ed depletfon mode ® Fast and slow set controls
devices. It provides all the logic required to build several _— fail indicati
types of clocks and timers. Four display modes (time, oweu: al u'te indication o
seconds, alarm and sleep) are provided to optimize = Blanking/brightness control capability
circuit utility. The circuit interfaces directly with 3 1/2 = Elimination of illegal time display at turn-on
digit 7-segment LED displays. The timekeeping function ® Direct interface to 0.5’ LED displays
operates from either a 50 or 60 Hz input, and the ® O-minute snooze alarm
display format is 12 hours (with leading-zero blanking . .
s . B Presettable 59-minute sleep timer
and AM/PM indication) or 24 hours. Qutputs consist of 5 ! pt
display drivers, sleep (e.g., timed radio turn-off), and
alarm. enable. Power failure indication is provided to i ti
inform the user that incorrect time is being displayed. appiications
Setting the time cancels this indication. The device
& Ajarm clocks
operates over a power supply range of 8—26V and does
not require a regulated supply. The MM5384 is packaged ® Desk clocks
in a 40 lead dual-in-line package. ® Clock radios
= Automobile clocks
features ® Stopwatches
. ® Industrial clocks
® 50 or 60 Hz operation )
S . ® Portable clocks
s Sj :
ingle power supply & Photography timers
® 12 or 24 hour display format ® Industrial timers
® AM/PM outputs n i i
i (o] ' } 12-hour format Appllan(‘:e timers
® | eading-zero blanking ® Sequential controllers
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absolute maximum ratings

Voltage at Any Pin Except Segment Outputs Vgg + 0.3 to Vgg — 30V

Voltage at Segment Qutputs
Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

Vgg + 0.3 1o Vgg — 15V
—25°C to +70°C

—65°C to +150°C
300°C

TA within operating range, Vgs = 24V to 26V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Qutput Driving Display 24 26 \Y
Functional Clock 8 26 Vv
Power Supply Current No Output' Loads
Vgs =8V 4 mA
Vgs = 26V 5 mA
50/60 Hz input Frequency Voltage Vgs = 8V to 26V dc 50 or 60 10k Hz
Logical High Level Vgg—1 Vss Vss Y
Logical Low Level VpD VpD Vpp+2 \Y
50/60 Hz Input Leakage 10 MA
‘Blanking Input Voitage
Logical High Level Vgs—1 Vss Vss \
Logical Low Level VpD Vpp Vss—5 \Y
Blanking Input Leakage 10 uA
All Other Input Voltages
Logical High Level Vgs—1 Vss Vss \
Logical Low Level Internal Depletion Device to Vpp VDD VDD Vgs—6 \Y
Power Failure Detect Voltage (Vsg Voltage), (Note 2) 1 8 \'
Count Operating Voltage 8 26 \Y
Hold Count Voltage (Note 2) 26 \Y
Output Current Levels Vsg = 24V to 26V,
Output Common = Vgg
10’s of Hours (b &c), 10's of
Minutes (a & d)
Logical High Level, Source VoH=Vss — 7V 10 - mA
Logical Low Level, Leakage VoL =Vss — 14V 10 MA
1 Hz Display
Logical High Level, Source VOH=Vss -7 15 mA
Logical Low Level, Leakage VoL =Vss— 14 10 MA
All Other Displays
Logical High Level, Source VOH=Vsg -7V 5 2 mA’
Logical Low Level, Leakage VoL =Vss — 14V 10 uA
Algrm and Sleep Outputs Vgg = 24V
Logical High, Source VOH=Vgs —2 500 MA
Logical Low, Sink VoL=VpD+2 1 uA

Note 1: Segment Output Current must be limited to 6 mA maximum by user; power dissipation must be limited to 900 mW at 70°C and 1.2W

at 256°C.

Note 2: Power fail detect voltage is 0.25V or more above the hold count voltage. The power fail latch trips into power fail mode at least 0.25V
above the voltage at which data stored in the time latch is lost.
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MM5384

functional description

A block diagram of the MM5384 digital clock radio
circuit is shown in Figure 1. The various display modes
provided 'by this clock are listed in Table I. The
functions of the setting controls are listed in Table II.
Figure 2 is a connection diagram. The following dis-
cussions are based on Figure 1.

50 or 60 Hz Input: A shaping circuit (Figure 3} is pro-
vided to square the 50 or 60 Hz input. This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide about 6V of
hysteresis. A simple RC filter such as shown in Figure 5,
is recommended in order to remove possible line-voltage
transients that could either cause the clock to gain time
or damage the device. The shaper output drives a counter
chain which performs the timekeeping function.

50 or 60 Hz Select Inputs: A programmable prescale
counter divides the input line frequency by either
50 or 60 to obtain a 1 Hz time base: This counter is
programmed to divide by 60 simply by leaving 50/60 Hz
select unconnected; pull-down to Vpp is provided by an
internal depletion device. Operation at 50 Hz is pro-
grammed by connecting 50/60 Hz select to Vss..

Display Mode Select Inputs: In the absence -of any of
these three inputs, the display drivers present time-of-
day information to the appropriate display digits. Inter-
nal pull-down depletion devices allow use of simple
SPST switches to select the display mode. If more than
one mode is selected, the priorities are as noted in
Table I. Alternate display modes are selected by applying
Vgg to the appropriate pin. As shown in Figure 1 the
code converters receive time, seconds, alarm and sleep

information from appropriate points in the clock .

circuitry. The display mode select inputs control the
gating of the desired data to the code converter inputs
and ultimately (via output drivers) to the display digits.

Time Setting Inputs: Both fast and slow setting inputs
are provided. These inputs are applied either singly or in
combination to obtain the control functions listed in
Table tl. Again, internal pull-down depletion devices are
provided; application of Vgg to these-pins affects the

control functions. Note that the control functions pro- -

per are dependent on the selected display mode. For
example, a hold-time control function is obtained by
selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM, by selecting seconds display and actua-
ting both slow and fast set inputs.

B
Blanking Control Inputs: Connecting this Schmitt

" Trigger input to Vpp places all display drivers in a non-

conducting, high-impedance state, thereby inhibiting the
display. See Figures 3 and 4. Conversely Vgg applied to
this input enables the display. This input does not have
internal pull-down device.

Output Common Source Connection: All display output
drivers are open-drain devices with all sources common

(Figure 4). Common source pin should be connected
to Vss. :

12 or 24-Hour Select Input: By leaving this pin uncon-
nected, the outputs for the most-significant display digit
(10's of hours) are programmed to provide a 12-hour
display format. An internal pull-down depletion device
is again provided. Connecting this pin to Vgg programs
the 24-hour display format. See Figure 6 for 24-hour
application.

Power Fail Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, the AM or PM indicator will
flash at 1 Hz rate. A fast or slow set input resets an inter-
nal power failure latch and returns the display to nor-
mal.

Alarm Operation and Output: The alarm comparator
(Figure 1) senses coincidence between the alarm count-
ers (the alarm setting) and the time counters (real
time). The comparator output is used to set a latch in
the alarm and sleep circuits. The latch output enables
the alarm output driver (Figure 4), the MM5384 output
that is used to control the external alarm sound genera-
tor. The alarm latch remains set for 59 minutes, during
which the alarm will therefore sound if the latch output
is not temporarily inhibited by another latch set by the
snooze alarm input or reset by the alarm off input..

Snooze Alarm Input: Momentarily connecting snooze to
Vgs inhibits the alarm output for between 8 and 9
minutes, after which the alarm will again be sounded.
This input is pulled-down to Vpp by an internal deple-
tion device. The snooze alarm feature may be repeatedly
used during the 59 minutes in which the alarm latch
remains set.

Alarm Off Input : Momentarily connecting alarm off to
Vgg resets the alarm latch and thereby silences the
alarm. This input is also returned to Vpp by an internal
depletion device. The momentary alarm off input also
readies the alarm latch for the next comparator output,
and the alarm will automatically sound again in 24 hours
(or at a new alarm setting). If it is desired to silence the
alarm for a day or more, the alarm off input should
remain at Vgg.

Sleep Timer and Output: The sleep output at pin 14 can
be used to turn off a radio after a desired time interval
of up to 59 minutes. The time interval is chosen by
selecting the sleep display mode. {Table 1) and setting
the desired time interval (Table I1). This automatically
results in a current-source output via pin 14, which can
be used to turn on a radio (or other appliance). When
the sleep counter, which counts downwards, reaches 00
minutes, a latch is reset and the sleep output current
drive is removed, thereby turning off the radio. This
turn-off may also be manually controlled (at any time in
the countdown) by a momentary Vgg connection to the
Snooze input. The output circuitry is the same as the
other outputs (Figure 4).
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functional description

. ‘ 50/60 HZ
INPUT OR

BLANKING

INPUT

(Continued)

R Vss

—] [ 16 vy

50/60 Hz
OUTPUT OR
BLANKING
SIGNAL

FIGURE 3. 50/60 or Blanking Input Shaping Circuits

* QUTPUT COMMON SOURCE BUS (PIN 18)

@ (DATA)

BLANKING
(FROM
SHAPER)

QUTPUT
(OPEN DRAIN)

FIGURE 4a. Segment Outputs

Vss

FROM ALARM/SLEEP
COMPARATORS

ouTPUT

= Voo

FIGURE 4b. Alarm and Sleep Outputs

TABLE |. MM5384 Display Modes

*SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGITNO. 3 DIGIT NO. 4
Time Display 10’s of Hours & AM/PM Hours 10's of Minutes Minutes
Seconds Display Blanked Minutes -~ 10“s of Seconds Seconds
Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes
Sleep Display Blanked Blanked 10’s of Minutes Minutes

*If more than one display mode input is applied, the display priorities are in the order of Sleep (over-
rides all others), Alarm, Seconds, Time (no other mode selected).
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MM5384

functional description (Continued)

v

TABLE |1. MM5384 Setting Control Functions

SELECTED CONTROL
DISPLAY MODE INPUT CONTROL FUNCTION
*Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Stow Alarm Minutés Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (12-hour format}
Both Alarm Resets to 00:00 {24-hour format)
Seconds Slow Input to Entire Time Counter is Inhibited {Hold)
Fast Seconds and 10’s of Seconds Reset to Zero Without
. a Carry to Minutes
Both Time Resets to 12:00:00 AM (12-hour format)
Both Time Resets to 00:00:00 (24-hour format)
Sleep Slow Substracts Count at 2 Hz
Fast Substracts Count at 60 Hz
Both Substracts Count at 60 Hz -

*When setting time sleep minutes will decrement at rate of time counter, until the
sleep counter reaches 00 minutes (sleep counter will not recycle).

A R R IR R I
AR AR U AR AR U R

» ALARM

ViED
SUPPLY

BRIGHTNESS
CONTROL

r——-

FIGURE 5. A Schematic Diagram of a General Purpose Alarm Clock
(12-Hour Mode) using the MM5384 and a 3 1/2-Digit LED Display
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functional description (Continued)

. . M
3—- 100-200
[
1Hz 10HRb & SLEEP

DISPLAY

- O— g Switch A must be ganged with

Sleep display switch as shown.

FIGURE 6. 24-Hour Operation: 10’s of Hours Digit Connections
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MM5385, MM5386,
MM5396, MM5397

Clocks

MM5385, MM5386, MM5396, MM5397 digital alarm clocks
features

general description

The MM5385, MM5386, MM5396 and MM5397 digital
alarm clocks are monolithic MOS integrated circuits
utilizing P-channel low-threshold, - enhancement mode
and ion-implanted depletion mode devices. MM5385 or
MM5396 and MM5386 or MM5397 have display formats
of 12 hours and 24 hours respectively, with 24-hour
alarm display capability. They provide all the logic
required to build several types of clocks and timers.
Four display modes (time, seconds, alarm and sleep)
are provided to optimize circuit utility. The circuit
interfaces directly with 7-segment light emitting diodes
and requires two power supplies. The timekeeping
function operates from either a 50 or 60 Hz input.
MM5385 or MM5396 displays 12 hours with colon
flashing at a one second rate and a PM indication.
MM5386 or MM5397 displays 24 hours with leading
zero blanking. Outputs consist of display drives, sleep
fe.g., timed radio turn off), and alarm enable. Power
failure indication is provided to inform the user that
incorrect time 'is being displayed. The power failure
indication consists of flashing of all the ““ON" digits at
a 1 Hz rate. Setting the time cancels this indication.
The device operates over a power supply range of
18—26V and LED supply voltage of 4—7V.

The MM5396 and MM5397 are reverse lead-bend versions
{mirror image) of the MM5385, MM5386 (respectively)
ideally suited to facilitate PC board layouts when
designing an ‘'L’ shaped clock ‘“‘module” (vertical
display, horizontal component board); the MM5385,
MMb5386 are better suited for applications where the
display and IC are mounted on a PC board in the same
plane. All four versions are supplied in a 40-lead dual-in-
line package.

50 or 60 Hz operation
Low power dissipation

PM outputs in 12-hour format with a colon flashing
at a one second rate ((MM5385 and MM5396 only)

Leading zero blanking

24-hour alarm setting

All counters are resettable

Fast and slow set controls

Power failure indication

Blanking/brightness control capability

Direct interface to light emitting diode (LED) with
forward current of 3—15 mA ‘

Individual drivers for each segment of each digit
9-minute snooze alarm

Presettable 59-minute sleep timer

Radio frequency interference eliminating slow up
circuitry at the outputs

®  Available in standard (MM5385, MM5386) or reverse

lead-bend version (MM5396, MM5397)

applications

block diagram
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1
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¥

® Alarm clocks
® Desk clocks
B Clock radios
= Stopwatches
® Industrial clocks
® Portable clocks
®m Photography timers
® Industrial timers
= Appliance timers
B Sequential controllers
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absolute maximum ratings

Voltage at Any Pin Vgg + 0.3 to Vgg — 28V
Voltage at Any Output Pin Vgs + 0.3 to Vgg — 7.5V
Operating Temperature : -25°C to +70°C
Storage Temperature —65°C to +150°C .
Power Dissipation . 1w
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
TA within operating range, Vgs = 18V to 26V, Vpp = 0V, unless otherwise specified.

PARAMETER CONDITIONS ~ MIN TYP MAX UNITS
Power Supply Voltage (Vgs) ‘ Output Driving Display 18 26 \Y
Functional Clock 8 ' 26 . \Y%
Power Supply Current No Output Loads, Vgs = 26V 5 mA
50/60 Hz Input Frequency Voltage . de 50 or 60 10k Hz
Logical High Level Vss—1 Vss \
Logical Low Levei. VDD Vpp+1 A
All Other Input Voltages (Note 2)
Except Sleep/Seconds Display
Logical High Level Vgs—1 o Vss \
Logical Low Level Internal Depletion VDD Vpp+7 Vv
Device to Vpp
Power Failure Detect Voltage (Vgg Voltage) (Note 1) 1. 7.5 \)
Output Currents - Vgs= 18V to 26V,

Vpp = 0V. Current Measured
in Individual Segment Driver
‘with 0 Current in Remaining
Segment Driver, LED Current
Control Connected to Vpp

All Segment Drivers

Logical High Leve! VOH = Vss — 2 15 . mA

Logical Low Level VoL =Vss — 6 10 MA
Alarm and Sleep Outputs |

Logical High Level VOH = Vgs — 2V 500 MA

Logical Low Level VoL=VpDp +2 1 uA
LED Refe’rence Output LED Current Control

Connected to Vpp,

Vgs = 18V, All Segment
Driver O Current .
Logical High Level ' VOoH=Vss—2 ° 15 mA
Logical Low Level VoL =Vss —6 10 HA

Note 1: The power-fail detect voltage is 0.5V or more above the hold count voltage. The power-fail latch trips into the power-fail mode at least
0.5V above the voltage at which data stored in the time latch is lost.

Note 2: Sleep/seconds display (pin 11 on MM5385 and MM5386, pin 30 on MM5396 and MM5397). Connect pin to Vgg for Sleep display.
Connect pin to Vpp for Seconds display. Leave pin open for normal time display.
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MM5385, MM5386,
MM5396, MM5397

functional description

A block diagram of the MM5385, MM5386, MM5396
and MMb5397 digital alarm clock is shown in Figure 1.
The various display/setting modes are listed in Table |
and Table Il shows the setting control functions. The
following description is based on Figure 1; for simplifi-
cation, pin numbers in the text are shown only for

the MM5385 and MM5386, but pin connections for the

MM5396 and MM5397 may be cross-referenced from the
diagrams in Figure 2.

50 or 60 Hz Input (pin 8): A shaping circuit (Figure 3)
is provided to square the 50 or 60 Hz input. This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt Trigger that is designed to provide about 6V of
hysteresis. A simple RC filter, such as shown in Figure 7,
should be used to remove possible line-voltage tran-
sients that could either cause the clock to gain time or
damage the device. The input should swing between
Vgs and Vpp. The shaper output drives a counter
chain which performs the timekeeping function.

50 or 60 Hz Select Input (pin 7): A programmable
prescale counter divides the input line frequency by
either 50 or 60 to obtain a 1 pps time base. This counter
is programmed to divide by 60 simply by leaving pin 7
.unconnected; pull-down to Vpp is provided by an
internal. depletion load. Operation at 50 Hz is pro-
grammed by connecting pin 7 to VgS.

Display Mode Select Inputs (pins 11 and 17): In the
absence of any of these two inputs (i.e., pin open),
the display drivers present time-of-day information to
the appropriate display digits. Snooze/alarm display
input has an internal pull-down depletion load to Vpp.
Sleep/seconds display input has an internal voltage
control which allows this input to assume three input
states. The sleep time can be displayed by connecting
pin 11 to Vgs and seconds can be displayed by con-

necting pin 11 to Vpp, and if pin 11 is left open, .

normal time is displayed. If more than one mode is
selected, the priorities are as noted in Table I. As shown

4HR | 12HR
1 20
10sHR | 10sHR b4 ——d |— HR 13
2 39
10HR | 10HR cd— — HAs3
10sHR a§ |=—r PM—"— THRaJ
105HR d4 | =—— COLON=—— 2 R b3
10sHR ed [=—— COLON—o — HR a3
WsHR g8 |~——  TH2 —— HR 3
7
50/60 Hz SELECT ~——i f— HR ¢3
50/60 Hz INPUT = 1o mins 12
5 32
FAST SET = oS g2
i 1
SLOW SET —— - 10MINS 32
SLEEP/SEC DISPLAY =i MMSI85 —12ZHOUR L 1gyyns g2
12 MM5386 — 24 HOUR | 29
Voo = b— 10 MINS b2
Vs = k— 10mins e2
SLEEP OUTPUT — L 10mins c2
ALARM “OFF* — L MiN 1
ALARM 0UTPUT —2 L2 vin o1
- 17
SNOOZE AND ALARM DISPLAY ~—== et
LED CUR CONTROL —] — win b1
1
LED REF OUTPUT —— — minet
MIN o1 — win a1

TOP VIEW

Order Number MM5385N or MM5386N
See Package 24

in Figure 1 the code converters receive time, alarm and
sleep information from appropriate points in the clock
circuitry. The display mode select inputs control the
gating of the desired data to the code converter inputs
and ultimately (via output drivers) to the display digits.

Time Setting Inputs (pins 9 and 10): Both fast and slow
setting inputs are provided. These inputs are applied either
singly or in combination to obtain the control functions
listed in Table Il. Again, internal depletion loads to Vpp
are provided, application of Vgg to these pins affects
the control functions. Note that the control functions
proper are dependent on the selected display mode.
For example, a hold-time control function is obtained
by selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM (midnight), in the 12-hour format
(0:00:00 in the 24-hour format), by selecting seconds
display and actuating both slow and fast set inputs.

Alarm Operation and Output (pin 16); The alarm com-
parator (Figure 1) senses coincidence between the alarm
counters (the alarm setting) and the time counters
(real time). The comparator output is used to set a latch
in the alarm and sleep circuits. The latch output enables
the open drain alarm output driver to control the
external alarm sound generator. The alarm latch remains
set for 59 minutes, during which the alarm will therefore
sound if the latch output is not temporarily inhibited
by another latch set by the snooze alarm input (pin 17)
or reset by the alarm “OFF " input (pin 15).

Snooze/Alarm Display (pin 17): Momentarily connecting
pin 17 to Vgg inhibits the alarm output for between
8 and 9 minutes after which the alarm will again be
sounded and-display alarm time. This input is pulled-
down to Vpp by an internal depletion load. The snooze
alarm feature may be repeatedly used during the 59
minutes in which the alarm latch remains are set; con-
necting pin 17 to Vgg displays alarm time. ‘

HR 13—y i 10sHR | 10sHR
HRgZ-—Z-“ b 10sHR | 10sHR
HE 23— ELe | 10sHR a2
R na—ﬁ 2L coon —— | 10sHR o
HR d3==i —CoLON —= | 10sHRed
HA c3=d b—1 Hz — | 10sHR g4
HR e % s0/60 Hz SELECT
10 MINS 12— 32 s0/60 He mpUT
10 MINS g2t £ AST SET
10 MINS a2mrd t‘smw SET
10w 2— mgggg:g :gﬂ: ~ - SLEEP/SEC DISPLAY
10 MINS b2— Voo
10 MINS 2] Evsg
10 MINS c2=—] —steep outPur
WIN f1—i [ —aLaRM “0FF"
MIN 51— f—ALARM 0UTPUT
MIN 21— |—snooze anD ALARM DISPLAY
MIN b1eed |=Leo cur conTroL
N e1m] %LED REF OUTPUT
MIN gt f—ttn c1

TOP VIEW

Order Number MM5396N or MM5397N
See Package 24
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functional description (continued)

Alarm ““OFF”" Input (pin 15): Momentarily connecting
pin 15 to Vgg resets the alarm latch and thereby silences
the alarm. This input is also returned to Vpp by an
internal depletion load. The momentary alarm "“OFF”
input also readies the alarm latch for the next comparator
output, and the alarm will automatically .sound again in
24 hours (or at a new alarm setting). If it is desired to
silence the alarm for a day or more, the alarm “"OFF""
input should remain at Vgs.

Vop

50/60 Hz

INPUT 50/60 PPS

ouTPUT

HIGH Vyy* *EFFECTIVELY
TH
Vss

FIGURE 3. 50/60 Hz Input Shaping Circuits

Sleep Timer and Output (pin 14): The sleep output at
pin 14 can be used to ‘turn off a radio after a desired
time interval of up to 59 minutes. The time interval is
chosen by selecting the sleep display mode (Table 1)
and setting the desired time interval (Table 1l). This
. automatically results in a current-source output via pin

14, which can. be used to turn on a radio (or other
appliance). When the sleep counter, which counts down-
wards, reaches 00 minutes, a latch is reset and the sleep
output drive is removed, thereby turning off the radio.
This turn off may also be manually controlled (at any
time in the countdown) by a momentary Vgs connec-
tion to the snooze input (pin 17).

Segment Outputs (pins 1—6 and 20—40): All segment
outputs are open drain devices with all sources con-
nected to'Vgg. Each segment cutput may source direct
current of 15 mA at 2V on the output device. Figure 5(b)
shows the output resistance (RQN) of segment driver
with respect'to Vpp. .

Power Failure Indications: Power failure indication is
shown by the flashing of all “ON"’ digits at 1 Hz rate.
A fast or slow set input resets an internal power failure
latch and returns the display to normal. The power
failure latch trips into the power failure mode prior
to the loss of data stored in the time latches. When
powered up, alarm and sleep outputs will be in the
“OFF"” state. In order to assure guaranteed power
fail indication, power supply rise time should not exceed
10 V/ms.

-LED CURRENT CONTROL INPUT AND REFERENCE
OUTPUT (PINS 19 AND 18)

Pin 18 controls the gate voltage at ali the display outputs
and the reference device. The output drivers can be
disabled by connecting pin 18 to Vgs. This wire-OR
capability allows the display to be used for other func-
tions (e.g., temperature, -radio frequency wavelength).

TABLE |. MM5385, MM5386, MM5396, MM5397 Display Modes

*SELECTED
NO. 1 . . .
DISPLAY MODE DIGIT NO. DIGIT NO. 2 DIGITNO. 3 DIGIT NO ‘4
Time Display 10's of Hours & AM/PM Hours 10’s of Minutes Minutes
Seconds Display Blanked Minutes 10’s of Seconds Seconds
Alarm Display 10's of Hours & AM/PM Hours 10’s of Minutes Minutes
Sleep Display Blanked Blanked 10’s of Minutes Minutes

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides
all others), Alarm, Seconds, Time (no other mode selected).

TABLE Il. MM5385, MM5386, MM5396, MM5397 Setting Control Functions

SELECTED CONTROL
ON
DISPLAY MODE INPUT CONTROL FUNCTION
*Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Slow Alarm Minutes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (Midnight) (MM5385, MM5396)
Both Alarm Resets to 0:00 (MM5386, MM5397)
Seconds Slow Input to Entire Time Counter is Inhibited (Hold)
Fast Seconds and 10’s of Seconds Reset to Zero Without
a Carry to Minutes
Both Time Resets to 12:00:00 AM {Midnight) (MM5385, MM5396)
Both Time Resets to 0:00:00 (MM5386, MM5397)
Sleep Slow Subtracts Count at 2 Hz
. Fast Subtracts Count at 60 Hz
Both Subtracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the sleep
counter reaches 00 minutes (sleep counter will not recycle).
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MM5385, MM5386,
MM5396, MM5397

functional description (Continued)

The output current can be controlled two ways:
1) driving the output in saturated mode; 2) driving
the output in linear mode. (Refer to Figures 4 and 5).

1) The reference device (pins 18 and 19) is connected
as a diode, and an external resistor is used to set the
desired current in this diode (see Figure 4). The seg-
ment drivers of all digits are connected as current
mirrors. The drain voltage V1 of the segment drivers
is selected such that these devices operate in saturation
mode. Since the drain current variation in saturation
mode operation of the MOS. device is relatively
constant, the segment drive current does not vary
significantly, even though V1 is increased considerably.
However, as the voltage across the output buffers
increases, average power dissipation also increases
linearly. This technique of current control is recom-
mended to be used only with low: current LEDs
(1—7 mA).

2) The high current drive requirement of large LED

-displays can be accomplished by operating the segment

drivers in the linear mode. The circuit for high current
LED drivers is shown in Figure 5. The reference output
device is used in series with a reference LED, diode and
current setting resistor. A high beta PNP transistor
provides the current drive for all the segments. A refer-
ence voltage V3 is developed which compensates for
variations in MOS process parameter and the variations
in the voltage drop across the LED. The resistor sets the -
current in the reference LED which sets the reference
voltage V3. This in turn sets the current in the LEDs
equal to resistor current less the base current of the
transistor. Variation in second supply voltage does not
vary the LED currents so long as the PNP transistor is
kept operating in the linear mode. Full wave rectified
power supply without any filtering can be used as a
second supply voltage V2. The LED brightness can be
varied by using a variable resistor.

7
20 griGHTNESS Vigp SUPPLY 12 I [ I
CONTROL o€ 0R T ) L
RESISTOR ouTPUT 4 PIN 1-6 AND 20-40
DRIVER E 10 Vop - 18V B
' ILeo OPERATING <
: REGION - ]
musz;::nana T'lsn £ . e .
= |
* 2 W) -
"eo o I I]_i-
oV g ¢ —}ﬂf‘ﬂ‘r?- 1] v
=
(=
[ 1
v— # ISR
cou;‘nnt 4 “—w.._]——] l ‘ l [
LOGIC
-3 -5 -1 -9 -1
Vi (v)

FIGURE 4(a). Low Current LED Drive Control Circuit (1—7 mA)

FIGURE 4(b). Segment Current vs V)|
(Vpp at —18V) (Typical Output Characteristics)

Voo . .
BRIGHTNESS CONTROL RESISTOR
Vi gp SUPPLY 120
, ! 0 OR xxr ] l
'REFERENCE
LED = 1g - Iyqy b3 g:mfg 100 | |
1 QPERATING Q1urmA
REGION 8 125 :n A
g T\
2 60 [— PIn1-5AND 20-a0 16.6 mA
_____ v3 S — -~
ILED « = T‘ SEGMENT m -
SEGMENT 40 |- Top L.ORVER - 20 mA
LEDS
w
13 PINS 1-6 AND ) 20 — Ves = _fv""
20-40 I 4

_'| 0 L I L

0 -5 -10 -15 -20 -25 -30

Vss Vs Vss Vpp (V) (REFERENCED TO Vgg)

FIGURE 5(a). High Current LED Drive Control Circuit (7—15 mA)

FIGURE 5(b). Rgn vs Vpp (Vpg at —1V)
(Typical Output Characteristics)




functional description (Continued)

Figure 6 shows a LED drive circuit which uses a single
resistor. The resistor controls the total current flowing
through all the segments. Brightness shall vary depending
on number of segments that are on at that time.

Vigp SUPPLY

CURRENT
A LIMITING

Voo RESISTOR

PIN 1-6 AND
. 20-40
CONTROL
Vss LOGIC Vss Vss

FIGURE 6. Simple LED Drive Circuit

Radio = Frequency Interference: All display outputs
include circuitry to slow up the switching transition
time to minimize radio frequency interference.’

100
C
32 / PINDS,10,15,17 |
= // w T
v JTZ ! a n
/ T Voo
voo ! B
n L]
Vpp Vss
Viy (V)

FIGURE 7. I}y vs V| (Typical
Input Depletion Load Characteristics)
Vop -
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FIGURE 8. General Purpose Alarm Clock Using the MM5385 or MM5396 and I;ED Display
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Clocks

MMS5387AA, MM53108 dngltal alarm clocks

general descnptuon , features

The MM5387AA, MM53108 digital alarm clocks are
monolithic MOS integrated circuits utilizing P-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. They provide all the logic
required to build several types of clocks and timers
with up to four display modes (time, seconds, alarm
i and sleep) to maximize circuit utility, but are specifi-
’ cally intended for clock-radio applications. Both devices
will directly-drive -7-segment LED displays in either a
12 hour format (3% digits) with lead-zero blanking,
AM/PM indication and flashing colon, or 24 hour
‘ format (4 digits) through hard-wire pin selection; the
i timekeeping function operates from either a 50 or
60 Hz input, also through pin selection. Outputs consist
‘ of display drivers, sleep (e.g., timed radio turn-off), and Presettable 59-minute sleep timer

alarm enable. A power-fail indication mode is provided Available in standard (MM5387AA) or mirror image
to inform the user of incorrect time display by flashing (MM53108) pin-out

all ““ON" digits at a 1 Hz rate, and is cancelled by

simply resetting time. The device operates over a supply

range of 24-26V which does not require regulation.

50 or 60 Hz operation

Single power supply

12 or 24 hour display format
AM/PM outputs
Leading-zero blanking
24-hour alarm setting
All counters are resettable

Fast and slow set controls

Power failure indication

Elimination of illegal time display at turn “ON"
Direct interface to LED displays

9-minute snooze alarm

MM5387AA, MM53108

} 12 hour format

The MM53108 is electrically identical to the applications

MMB387AA, but with mirror-image pin-out to facilitate ® Alarm clocks ® Portable clocks
PC board layout when designing a “module’” where the ® Desk clocks = Photography timers
LED display and MOS chip are mounted on the same - . . . L
X . X Clock radios L] |
side; the MMb387AA is more suited for “L’ shaped - k X Indus.tna t'.mers
" module designs (vertical LED display, horizontal com- Automobile clocks ® Appliance timers
ponent board). Both devices are supplied in a 40-lead ® Stopwatches ® Sequential controllers
dual-in-line package. ® [ndustrial clocks
block diagram
E%wg: 23(18)
SOURCE
12/24 HOUR 38 (3
SELECT j !
35 (6) . .
o e e ey N .
50/60 H2 36 (5) + 40 (1) = PM | TO10'S
SELECT 1PPS 1 a0 |~ am gIFGl'l:S
TIME 2 (39) [ b&c
SoumTER couNTER _mm) cone
ALARM OUT | vémrens
ALARM OFF Ano

) 39
ouTRUT
_-—_I-'> 0 HAS
DRIVERS | phrisi
(32-38)
10-15 1010
(i I e §1215
o

ALARM &
SLEEP
CIRCUITS

24 (17)

SNQOZE O ALARM COMPARATOR

| SLEEP OUT

ALARM ALARM
MINUTES HOURS
COUNTER COUNTER

| 1M 15-22 )
I sueep i o N 70 Mins
aLarm ois 02112 - e

32(9)

SECONDS DIS O-
@
NC O

33 (8]
SLOW SET O_"L—‘F

20(12) Note. MM53108 pin connections shown in parenthesis

FIGURE 1
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<
absolute maximum ratings 2
Voltage at Any Pin Except Segment Outputs = Vgg + 0.3 to Vg~ 30V 8
Voltage at Segment Outputs Vgg + 0.3 to Vgg— 16V 8
Operating Temperature —25°C to +70°C >
Storage Temperature —65°C to +150°C >
Lead Temperature (Soldering, 10 seconds) = 300°C T
<
<
(4]
electrical characteristics w
T within operating range, VSS = 24V-26V, Vpp =0V, unless otherwise spectfled 8
PARAMETER CONDITIONS MIN TYP MAX ) UNITS
Power Supply Voltage Output Driving Display 24 26 \Y
Functional ‘Clock -8 26 \Y
Power Supply Current No Qutput Loads n
' Vs =8V 4 mA
Vgg =26V 5 mA
50/60 Hz Input ' ‘ o ,
Frequency Voltage Vgg = 8V to 26V de 50 or 60 10k Hz
Logical High Level o Vgs—1 Vss Vss \Y
Logical Low Level VDD ‘Vpp | Vbp*2 \Y
Input Leakage 100 uA
All Other Input Voltages
Logical High Level o : - Vgs—1 Vss Vss \%
Logical Low Level ) Internal Depletion Load to VpD VDD ~VpD. Vgs—6 \%
Power Failure Detect Voltage (Vg Voltage), (Note 2) 1 7.5 \2
Count Operating Voltage 8 : 26 \%
Hold Count Voltage (Note 2) 26 \%
Output Current Levels Vgs = 24V to 26V,
Output Common = Vgg
10's of Hours (b & ¢}, 10’s of Minutes
(a &d) |
Logical High Level, Source VOH = Vss — 4V 16 mA ‘
Logical Low Level, Leakage VoL = Vss — 14V 10 HA ‘
1 Hz Display o
Logical High Level, Source VoH=Vss — 4 24 mA !
. Logical Low Level, Leakage VoL=Vss— 1 10 HA :
I
All Other Displays : o ‘
Logical High Level, Source VOH = Vss — 4V ) 8 (Note 1) mA |
Logical Low Level, Leakage VoL =Vss— 14V 10 HA |
Alarm and Sleep Outputs Vgg = 24V C ‘
Logical High , Source VOH = Vss — 2 500 UA !
Logical Low, Sink VoL =Vss—2 1 HA |
Note 1: Segment output current must be limited to 11 mA maximum By aser; power dissipation must be limited to 900 mW at 70°C and 1.2W }
/at25°C. ’ ) . R
Note 2: The power-fail detect voltage is 0.5V or more above the hold count voltage. The power-failAIatch trips into power-fail mode at least 0.5V ‘
; above the voltage at which data stored in the time latch is’lost. o : . ‘
|
: |
I
i
|




MM5387AA, MM53108

functional description

A block diagram of the MM5387AA, MM53108 digital
clock radio circuit is shown in Figure 7. The various
display setting modes are listed in Table I, and Table 11
shows the 'setting control functions. The following
description is based on Figure 7 and refers to both
devices as they are electrically identical.

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro-
vided to square the 50 or 60 Hz input. This circuit
allows use of a filtered sinewave input. The circuit is a

“Schmitt trigger that is designed to provide about 6V of

hysteresis. A simple RC filter such as shown in Figure 7,
should be used to remove possible line-voltage tran-
sients that could either cause the clock to gain time or
damage the device. The shaper output drives a counter
chain which performs the timekeeping function,

50 or 60 Hz Select Input: A programmable prescale
counter divides the input line frequency by either
50 or 60 to obtain a 1 Hz time base. This counter is
programmed to divide by 60 simply by leaving 50/
60 Hz select unconnected; pull-down to VDD is pro-
vided by .an internal depletion load. Operation at 50 Hz
is programmed by connecting 50/60 Hz select to Vss.

Display Mode Select Inputs: In the absence of any of
these three inputs, the display drivers present time-of-
day information to the appropriate display digits.
Internal depletion pull-down devices allow use of simple
SPST switches to select the display mode. If more than

one mode is selected, the priorities are as noted in

Table 1. Alternate display modes are selected by apply-
ing Vsg to the appropriate pin. As shown in Figure 1
the code converters receive time, seconds, alarm and
sleep information from appropriate points in the clock
circuitry. The display mode select inputs control the

connection diagrams

Dual-In-Line Package‘

AMOUTPUT —; u 2 pm outpuT
10HRS ~b& e —= F— COLON (1 Hz)
HRS ~ . = = 12/24 HR SELECT
HRS — g == — NC
5 36

HRS -2 — [— 50/60 Hz SELECT
HRS — b ——t b= 50/60 Hz INPUT
HRS — d =— b— FAST SET INPUT
HRS — ¢ e l— SLOW SET INPUT
HRS - ¢ = f—— SECOND DISPLAY INPUT

10 MINS — f +': 3L \LARM DISPLAY iNPUT

10 MINS — g et — SLEEP DISPLAY INPUT

TOMINS —a & o =— EVDD

10 MINS — b = b Vgg

10 MINS = & el L2 steep oureur

10 MINS — ¢ ——i f— ALARM “OFF" INPUT
MINS = f wmad b— ALARM OUTPUT
MINS - g —] }— SNOOZE INPUT
MiNS - a = |— OUTPUT COMMON SOURCE
MINS b =] e MINS — ¢
MINS - e ' b— MiINS - d

TOP VIEW

Order Number MM5387AAN
See Package 24

FIGURE 2(a). MM5387AA

gating of the desired data to the code converter inputs

and ultimately (via output drivers) to the display digits.

Time Setting Inputs: Both fast and slow setting inputs
are provided. These inputs are applied either singly or
in combination to obtain the control functions listed in
Table Il. Again, internal depletion pull-down devices
are provided; application of Vsg to these pins affects
the control functions. Note that the control functions
proper are dependent on the selected display mode.
For example, a hold-time control function is obtained
by selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM, by selecting seconds display and actu-
ating both slow and fast set inputs. .

Output Common Source Connection: All display out-
put drivers are open-drain devices with all sources
common (Figure 4a). The common source pin should
be connected to Vgs.

12 or 24 Hour Select Input: By leaving this pin uncon-
nected, the outputs for the most-significant display
digit (10’s of hours) are programmed to provide a
12-hour display format. An internal depletion pull-
down device is again provided. Connecting this pin to
Vsg programs the 24-hour display format. Segment
connections: for 10°s of Hours in 24-hour mode are
shown in Figure 6.

Power Fail Indication: If the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, all “ON” segments will
flash at 1 Hz rate. A fast or slow set input resets an
internal power failure latch and returns the display to
normal.,

Dual-In-Line Package

1
PM OUTPUT Y U

40
L— AM OUTPUT

COLON (1 Hz) == -3-—10 HRS -b&c
12/24 HRSELECTT %—HHS—'
NC —-5- T HRS —g
50/60 Hz SELECT == -F HRS-1
50/60 Hz INPUT ~—— '-M— HRS b
FAST SET INPUT.==d p=— HRS —d
SLOW SET INPUT weaimer . —3— HRS —¢
SECOND DISPLAY INPUT =l p— HRS — &
ALARM DISPLAY INPUT —" i 10 MINS -
SLEEP DISPLAY INPUT"—' p—— 10 MINS - g
VDDT P 1OMINS -a & d
Vss —;T : fueeee 10 MINS — b
SLEEP QUTPUT == poeeme 10 MINS — &
ALARM “OFF" INPUT weeed o 10 MINS — ¢
ALARM QUTPUT == -i MINS - f
SNOOZE INPUT = pe MINS ~ g
QUTPUT COMMON SOURCE sl e MINS — 2
MINS — ¢ —— &M"‘S—b
MINS —d e MINS — &
TOP VIEW
Order Number MM53108N
See Package 24

FIGURE 2(b). MM53108 (Mirror Image Pin-Out)
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functional description (Continued)

Alarm Operation and Output: The alarm comparator
(Figure 1) senses coincidence between the alarm count-
ers (the alarm setting) and the time counters (real time).
The comparator output is used to set a latch in the
alarm and sleep circuits. The latch output enables the
alarm output driver (Figure 4b) which is used to
control the external alarm sound generator. The alarm
latch remains set for 59 minutes, during which the alarm
will therefore sound if the latch output is not tempor-
arily inhibited by another latch set by the snooze alarm
input or reset by the alarm “OFF’’ input.

Snooze Alarm Input: Momentarily connecting snooze
to Vgg inhibits the alarm output for between 8 and 9
minutes, after which the alarm will again be sounded.
This input is pulled-down to Vpp by an internal deple-
tion device. The snooze alarm feature may be repeatedly
used during the 59 minutes in which the alarm’ latch
remains set.

Alarm “OFF” Input: Momentarily connecting alarm
“OFF” to Vgg resets the alarm latch and thereby

|_|

silences the alarm. This input is also returned to Vpp by
an internal depletion device. The momentary alarm
“OFF"” input also readies the alarm latch for the next
comparator output, and the alarm will automatically
sound again in 24 hours (or at a new alarm setting).
If it is desired to silence the alarm for a day or more,
the alarm “OFF’’ input should remain at Vgs.

Sleep Timer and Output: The sleep output can be used
to turn “OFF” aradio after a desired time interval of up
to 59 minutes. The time interval is chosen by selecting
the sleep display mode, (Table 1) and setting the desired
time interval (Table I‘I)'. This automatically results in a
current-source output which can be used to turn “ON" a
radio (or other appliance). When the sleep counter,
which counts downwards, reaches 00 minutes, a latch
is reset and the sleep output current drive is removed,
thereby turning “OFF’ the radio. This turn “OFF"
may also be manually controlled (at any time in the
countdown) by a momentary VsS connection to the
Snooze input. The output circuitry is the same as the
other outputs (Figure 4b).

50/60 Hz

Vop

vss

’ Voo
*
INPUT — %LOW VTH
Vss

HIGH Vpp*

50/60 Hz
QuTPUT

* Effectively

FIGURE 3. 50/60 Hz Input Shaping Circuit

COMMON SOURCE BUS

Vss
oUTPUT
(OPEN DRAIN)

¢ FIGURE 4(a). Segment Outputs

. Vg
FROM
ALARM DR SLEEP
COMPARATOR
OUTPUT
Voo

FIGURE 4(b). Alarm and Sleep Outputs
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MM5387AA, MM53108

functional description

(Continued)

TABLE 1. MM5387AA, MMS53108 Display Modes

*SELECTED ..

DISPLAY MODE : DIGIT NO. 1 DIGIT NO. 2 DIGITNO. 3 DIGIT NO. 4
Time Display 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes
Seconds Display Blanked Minutes 10’s of Seconds Seconds
Alarm Display " 10’s of Hours & AM/PM Hours 10’s of Minutes Minutes
Sléep Display Blanked Blanked 10’s of Minutes Minutes

*1f more than one display mode input is applied, the display priorities are in the order of Sleep (overrides

all others), Alarm, Seconds, ije (no other mode selected).

TABLE Il. MM5387AA, MM53108 Setting Control Functions

SELECTED CONTROL >
DISPLAY MODE INPUT -CONTROL FUNCTION
*Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
'Both Minutes Advance ‘at 60 Hz Rate
Alarm Slow Alarm Minutes. Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60-Hz Rate
Both Alarm Resets to 12:00 AM {Midnight) {12-Hour Format)
Both Alarm Resets to 00:00 (24-Hour Format)
Seconds Slow lnput to Entire Time' Counter is Inhibited (Hold)
Fast Seconds and 10's of Seconds Reset to Zero Without
a Carry to Minutes
Both Time Resets to 12:00:00 AM (Midnight) (12-Hour Format)
Both Time Resets to 00:00:00 (24-Hour Format)
Sleep Slow Subtracts Count at 2 Hz
Fast -Subtracts Count at 60 Hz
Both Subtracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the sleep
counter reaches 00 minutes (sleep counter will not recycle).

T
| vsg=2ev

Vpp=0 /

PM

100-200

0 1 2 3 4 5
OUTPUT (DRAIN) VOLTAGE BELOW Vgg

OUTPUT CURRENT {nA)
© 4N W e oo N = w®

FIGURE 5. Typical Output Current
Characteristics of MM5387AA, MM53108

AM =

A ouTPUT
COMMON
SOURCE

— rN::—

1Hz 10HRb&¢c SLEEP
DISPLAY

-+

*LFL

Switch A must be ganged with Sleep display as shown.

FIGURE 6. 24-Hour Operation:
10’s of Hours Digit Connections
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typical applications

Figure 7 is a schematic diagram of a general purpose alarm clock circuit (12-hour modé) using the MM5387AA or

MM53108 and a 3 1/2-digit LED display.
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> ALARM
= DRIVE
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INPUT out ::27[
SLEEP .:;:'ﬁ 4.7 L sieep
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FIGURE 7
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MM5402, MM5405

MM5402, MM5405 digital alarm clocks .

general description

The MM5402, MM5405 digital alarm clocks are mono-
lithic MOS integrated circuits utilizing N-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. They provide all the logic
required to build several types of clocks and timers
with up to four display modes (time, seconds, alarm
and sleep) to maximize circuit utility, but are specifi-
cally intended for clock-radio applications. Both devices
will directly-drive 7-segment LED displays in either a
12-hour format (3 1/2 digits) with lead-zero blanking,
AM/PM indication and flashing colon, or 24-hour
format (4 digits) through hard-wire pin selection; the
timekeeping function operates from either a 50 or
60 Hz input, also through pin selection. Outputs consist
of display drivers, sleep {e.g., timed radio turn-off), and
alarm enable. A power-fail indication mode is provided
to inform the user of incorrect time display by fiashing
all ““ON” digits at a 1 Hz rate, and is cancelled by
simply resetting time. The device operates over a supply
range of 7V—11V which does not require regulation..

features

® 50 or 60 Hz operation
® Single power supply

® 12 or 24 hour display format

AM/PM outputs
Leading-zero blanking
24-hour alarm setting

Power failure indication

9-minute snooze alarm

{MM5405) pin-out

[

All counters are resettable
Fast and slow set controls

Clocks

hour format

Elimination of illegal time display at turn “ON”
Direct interface to LED displays

Presettable 59-minute sleep timer
Available in standard (MMS5402) or mirror-image

The MMS5405 is electrically identical to the MMsa02,  aPplications
but with mirror-image pin-out to facilitate PC board ® Alarm clocks ® Portable clocks
Iayout when designfng‘a “module” where the FED ® Desk clocks ® Photography timers
display and MQS chlp»an'a mounte’(f ?In the same side; w Clock radios ® Industrial timers
the MM5402 is more suited for ‘L shaped module . A bile clock - ) X
designs (vertical LED display, horizontal component utomobiie clocks Apphanc.:e umers
board). Both devices are supplied in a 40-lead dual-in- = Stopwatches ® Sequential controllers
line package. ® [ndustrial clocks
block diagram
) ouTPuT . 23018)
COMMON
1212 38 (3)
fam o2 )
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i |5 e 117, [ e e
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[
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Note. MM5405 pin connections shown in parenthesis.
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absolute maximum ratings (Note 1)

Voltage at Any Pin Vgs to Vgs +12V Lead Temperature (Soldering, 10 seconds) 300°C
Operating Temperature ~25°C to +70°C Segment Output Current Note 1
Storage Temperature —65°C to +150°C
electrical characteristics Ta within operating range, Vpp = 7V to 11V, Vgg = OV, unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage Output Driving Disptay 9 11 \Y%
Functional Clock 7 11 \Y%
Power Supply Current No Qutput Loads
Vpp =7V 4 mA
Vpp = 11V 5 mA
50/60 Hz Input . v
Frequency Vbp =7V to 11V dc 50 or 60 10k Hz
Logical Low Level Vss Vss Vgs+0.5 \%
Logical High Level Vpp—3 VpD Vbbb Vv
Input Leakage 100 HA
All Other Input Voltages
Logical Low Level Vss Vss Vgs+0.5 Vv
Logical High Level Internal Depletion Load to Vpp Vpp—3 VDD VpD \4
Power Failure Detect Voltage (VpD Voltage), (Note 2) 1 5 \%
Count Operating Voltage 7 " \Y
Hold Count Voltage (Note 2) 1 \
Alarm and Sleep Outputs Vpp =11V
Logical High, Source VOH = Vgs +2 1 HA
Logical Low, Sink VoL =Vss+2 5 mA
Output Current Levels Vpp =9V to 11V
Output Common = Vgg
Common Anode (Figure 5a)
10’s of Hours (b & c), 10's of Minutes
(a &d)
Logical High Level, Leakage VOH = VDD 10 HA
Logical Low Level, Sink VoL =Vss +2V 24 mA
1 Hz Display
Logical High Level, Leakage VOH = VDD 10 . uA
Logical Low Level, Sink VoL =Vss+ 2V 36 mA
All Other Segment Displays
Logical High Level, Leakage VOH = VDD 10 WA
Logical Low Level, Sink VoL = Vgs + 2V 12 mA
Output Current Levels Vpp =9V to 11V {Note 1)
Output Common = Vgg + 4
Common Cathode (Figure 5b)
10’s of Hours (b & c), 10’s of Minutes
(a &d)
Logical High Level, Source VOH = Vgs + 1.5V 20 mA
Logical Low Level, Leakage VoL = Vss 10 HA
1 Hz Display .
Logical High Level, Source VOH = Vgs + 1.5V 30 mA
Logical Low Level, Leakage VoL = Vss 10 HA
All Other Segment Displays
Logical High Level, Source VOH = Vgs + 1.5V 10 mA
Logical Low Level, Leakage VoL = Vss 10 MA

Note 1: Segment output current must be limited to 15 mA maximum b

at 25°C.

Y user; power dissipation must be limited to 900 mW at 70°C and 1.2W

Note 2: The power-fail detect voltage is 0.25V or more above the hold count voltage. The power-fail latch trips into power-fail mode at least
0.25V above the voltage at which data stored in the time latch is lost.
Note 3: Power supply voltage should not exceed a maximum voltage of 12V under any circumstances, such as during plug in, power up, display
“ON"'/"OFF", or power supply ripple. Doing so runs the risk of permanently damaging the device.
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MM5402, MM5405

functional description

A block diagram of the MM5402, MM5405 digital
clock radio circuit is shown in Figure 1. The various
display setting modes are listed in Table I, and Table 11
shows. the setting control functions. The following
description is based on Figure 1 and refers to both
devices as they are electrically identical.

50 or 60 Hz Input: A shaping circuit (Figure 3) is pro-
vided to square the 50 or 60 Hz input. This circuit
allows use of a filtered sinewave input. The circuit is a
Schmitt trigger that is designed to provide about 0.8V
hysteresis. A simple RC filter such as shown in Figure 7,
should be used to remove possible line-voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input: A programmable prescale
counter divides the input line frequency by either
50 or 60 to obtain a 1 Hz time base. This counter is
programmed to divide by 60 simply by leaving 50/
60 Hz select unconnected; pull-up to Vpp is pro-
vided by an internal depletion load. Operation at 50 Hz
is programmed by connecting 50/60 Hz select to Vss.

Display Mode Select Inputs: In the absence of any of
these three inputs, the display drivers present time-of-
day information to the appropriate display digits.
Internal depletion pull-up devices allow use of simple
SPST switches to select the display mode. If more than
one mode is selected, the priorities are as noted in
Table I. Alternate display modes are selected by apply-
ing Vgs to the appropriate pin. As shown in Figure 1
the code converters receive time, seconds, alarm and
sleep  information from appropriate points in the clock
circuitry. The display mode select inputs control the
gating of the desired data to the code converter inputs
and ultimately (via output drivers) to the display digits.

connection diagrams (Top Views)

Dual-In-Line Package

' ’ 40
) pme= PM QUTPUT
39

AM QUTPUT —%—
10HRS ~b& ¢ —] f— COLON (1 H2)
HRS —f = b 12/24 HR SELECT
HRS —g = j— 10 HR b (24-HR)
5 36
HRS —3 —] b— 50/60 Hz SELECT
HRS b === | 50/60 Hz INPUT
HRS — d e f— FAST SET INPUT
HRS — ¢ ; b— SLOW SET INPUT
HRS — & ==t L— SECOND DISPLAY INPUT
10MINS - § +':- L ALARM DISPLAY INPUT
TOMINS - g —— o SLEEP DISPLAY INPUT
10MINS —a & d === — Vpp
10MINS — b e 28 Vss
10MINS — ¢ =t 27 St eep outeuT
10 MINS — ¢ == L5 ALARM “OFF” INPUT
MINS — f == L5 LaRM OUTPUT
MINS — g =—— L2 snooze wput
MINS — 2 s L2 gureur common
MINS —b — 22 s -
MINS — ¢ o 2 ins - o

Order Number MM5402N
See Package 24

FIGURE 2(a). MM5402

Time Setting Inputs: Both fast and slow setting inputs
are provided. These inputs are applied either singly or
in combination to obtain the control functions listed in
Table 1. Again, internal depletion pull-up devices
are provided; application of Vgg to these pins affects
the control functions. Note that the control functions
proper are dependent on the selected display mode.
For example, a hoid-time control function is obtained
by selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM, by selecting seconds display and actu-
ating both slow and fast set inputs.

Output Common: All display output drivers are open
drain devices with all the sources connected to output
common pin. This pin can be used as a common source
or a common drain. When used as a common source,
this pin is connected to Vgg and when used as a com-
mon drain, this pin is connected to Vpp. This allows
the use of either common anode or common cathode
LED’s for. displays. Figure 5 shows these connections.

12 or 24 Hour Select Input: By leaving this pin uncon-

‘nected, the outputs for the most-significant display

digit (10’s of hours) are programmed to provide a
12-hour display format. An internal depletion puil-
up device is again provided. Connecting this pin to
Vgs programs the 24-hour display format. Segment
connections for 10°s of hours in 24-hour mode are
shown in Figure 6.

Power Fail Indication: |f the power to the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, all “ON” segments will
flash at 1 Hz rate. A fast or slow set input resets an
internal power failure latch and returns the display to
normal. -

Dual-In-Line Package

PM OUTPUT —171 U % AM QUTPUT
COLON (1 Ha) = RS -bge
12/26 HR SELECT == — HRS — 1
10 HR b (20-HR) — b HRS - g
50/60 Hz SELECT = | — tRs—1
50/60 Hz INPUT =1 |— HRS - b
FAST SET INPUT ~= - HRS - d
SLOW SET INPUT —= - HAS ¢
SECOND DISPLAY INPUT == b— HRS -~ ¢
ALARM DISPLAY INPUT === ElNprywvar
SLEEP DISPLAY INPUT — — 10 MINS g
Vpp i b 10MINS —2 & d
VSST:% - 1MINS b
SLEEP OUTPUT = f— 10 MINS — ¢
ALARM “OFF” INPUT =— L5 o mins - ¢
ALARM QUTPUT === 25 wins - 1
SNOOZE INPUT ===y . 22 wins - g
QUTPUT COMMON —— L2 mins -
MINS — ¢ = 22 wins -
MINS ~ ¢ ~—i MINS — e

Order Number MM5405N
See Package 24

FIGURE 2(b). MM5405 (Mirror-lmage Pin-Out)
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functional description [Continued)

Alarm Operation and Output: The alarm comparator>

(Figure 1) senses coincidence between the alarm count-
ers (the alarm setting) and the time counters (real time).
The comparator output is used to set a latch in the
alarm and sleep circuits. The latch output enables the
alarm output driver (Figure 4b) which is used to
control the external alarm sound generator. The alarm
latch remains set for 59 minutes, during which the alarm
will therefore sound if the latch output is not tempor-
arily inhibited by another latch set by the snooze alarm
input or reset by the alarm “OFF " input.

Snooze Alarm Input: Momentarily connecting snooze
to Vgg inhibits the alarm output for between 8 and 9
minutes, after which the alarm will again be sounded.
This input is pulled-up to Vpp by an internal deple-
tion device. The snooze alarm feature may be repeatedly
used during the 59 minutes in which the alarm latch
remains set.

Alarm ‘“OFF’" Input: Momentarily connecting alarm
“OFF"” to Vgg resets the alarm latch and thereby

silences the alarm. This input is also returned to Vpp by

an internal depletion device. The momentary alarm
“OFF"” input also readies the alarm latch for the next

. comparator output, and the alarm will automatically
sound again in 24 hours (or at a new alarm setting).
If it is desired to silence the alarm for a day or more,
the alarm "“OFF "’ input should remain at Vgs.

Sleep Timer and Output: The sleep output can be used '

to turn ““OFF” a radio after a desired time interval of up
to 59 minutes. The time interval is chosen by selecting
the sleep display mode, (Table 1) and setting the desired
time interval (Table 11). This automatically results in a
current sink output which can be used to turn “ON" a
radio (or other appliance). When the sleep counter,
which counts downwards, reaches 00 minutes, a latch
is reset and the sleep output current drive is removed,
thereby turning “OFF” the radio. This turn "“OFF"”
may also be manually controlled (at any time in the
countdown) by a momentary Vsg connection to the
Snooze input. The output circuitry is the same as the
other outputs (Figure 4b).

Voo
50/60 Hz
»——l LOW Vyy*
INPUT 50/60 Hz
} OUTPUT
Vss
Voo
| weH v
Vss
FIGURE 3. 50/60 Hz Input Shaping Circuit
Vs
QUTPUT COMMON BUS FROM
ALARM OR SLEEP
COMPARATOR
> ouTPUT
oUTPUT
(OPEN DRAIN)
Voo

FIGURE 4(a). Segment Outputs

‘FIGURE 4(b). Alarm and Sleep Outputs
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MM5402, MM5405

functional description (Continued)

TABLE I. MM5402, MM5405 Display Modes .

*SELECTED
. D1 . . .
DISPLAY MODE DIGIT NO‘1 »GIT NO. 2 DIGITNO. 3 DIGIT NO. 4
Time Display 10's of Hours & AM/PM Hours 10’s of Minutes Minutes
Seconds Display Blanked Minutes 10’s of Seconds Seconds
Alarm Display 10's of Hours & AM/PM Hours 10’s of Minutes Minutes
Sleep Display Blanked Blanked 10's of Minutes Minutes

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides
all others), Alarm, Seconds, Time (no other mode selected).

TABLE Il. MM5402, MM5405 Setting Control Functions

SELECTED CONTROL
TIOl
DISPLAY MODE INPUT CONTROL FUNC . N
*Time Slow Minutes Advance at 2 Hz Rate
Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate
Alarm Slow Alarm Minutes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (Midnight) (12-Hour Format)
Both Alarm Resets to 00:00 (24-Hour Format)
Seconds Slow Input to Entire Time Counter is Inhibjted {Hold)
Fast ’ Seconds and 10’s of Seconds Reset to Zero Without
a Carry to Minutes ,
Both Time Resets to 12:00:00 AM {Midnight) (12-Hour Format)
Both | Time Resets to 00:00:00 (24-Hour Format)
Sleep Slow Subtracts Count at 2 Hz
Fast Subtracts Count at 60 Hz
Both Subtracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the sleep counter
reaches 00 minutes (sleep counter will not recycle).

DUTPUT vgg+4
COMMON ) -
PIN

10 HR b (24 HR)
Vpp [e]

COMMON ANODE

_‘I SEGMENT
PIN
LED
SEGMENT
LED

COMMON CATHODE "—{ /_

ouTPUT
COMMON
PIN

Vss ]
— [
. 1Hz 10 HR
= b&c
FIGURE 5(a). Common FIGURE 5(b). Common FIGURE 6. 24-Hour Operation:
Anode Application Cathode Application 10°s of Hours Digit Connections




typical applications

Figure 7 is a schematic diagram of a general purpose alarm clock circuit (12-hour mode) using the MM5402 or MM5405
and a 3 1/2-digit LED display.

° ® °

(60H2)  (12HR) I—— I— '— I— "— '— l—
I T T v 7 7T 7 7 7
S0/60Hz  12/24HR  SLOW  FAST  ALARM SECONDS SLEEP  ALARM  SNOOZE
ET  DISPLAY
SELECT  SELECT SET s DISPLAY DISPLAY  OFF BLANKING <
Vss L
. <
DUTPUT COMMON g
—p ALARM
DRIVE
50/60 Hz ' aamm| AT
ot MM5402 OR MM5405 v S
b S
4.7k
SLEEP i sLEEp
out >
Vpp 10 OF HOURS UNIT HOURS 10°S OF MINUTES UNIT MINUTES DRIVE
—— - )
1HzPM AM  b&c d e f a b g ¢ e fa&db g ¢ d e f a b g ¢ 4
rrrrrrrvrrrr1v1r1rii I I
T l ! ! ANE |
AAA V(D)n
P
220 F o a a 2

{ -
a coLon
—0 — — —
| d d d LED DISPLAY
o—¢—0 o —o
1 COMMON ANODE
S S 7
. | I
[— Iomum
o | " contaol |
Lep
SUPPLY | |
Lo
FIGURE 7
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Clocks

USING NATIONAL CLOCK INTEGRATED CIRCUITS IN TIMER APPLICATIONS

INTRODUCTION b

The following is a description of a technique which

allows the use of ‘the National MM5309, MM

MM5312 and MM5315 clock integrated circuits as

timers in industrial and.consumer applications.
will be presented is the basic technique along with

. simple circuitry and applications.

BASIC TECHNIQUE

When first approaching the problem of using clock

for timers, the most obvious technique is to attempt to

An easier method is to use one or more demultiplexed
BCD lines as control waveforms whose edges determine
timer data. In Figure 1 we examine the 1-bit of the BCD

5311,

What data of the units second time.
some
From this waveform we observe a one second wide pulse
every two seconds. If we look at the 4-bit of the 10
chips minutes digit we find a pulse which is 20 minutes wide

and occurs once each hour.

compare the display data with preset BCD numbers.

large number of components.

0 1 2 3

-Because of the multiplexing and number of data bits
this technique, while possible, is unwieldy and requires a

Figure 3 is a chart showing the various pulses and their
widths for all digits and the useful BCD lines.

LU HLL

1 Second Pulse Every 2 Seconds

UNIT SECOND
DIGIT TIME
BCD 1
1SEC
2SEC—|

FIGURE 1.

[ 2 3
10 MINITE DIGIT
TIME
BCD 1

40 MIN————=1=-20 MIN-»{

FIGURE 2. 20 Minute Pulse Every Hour




BCD PULSE RATE PULSE WIDTH BCD PULSE RATE PULSE WIDTH
1 Sec Digit ) 10 Sec Digit
1 1 every 2 sec 1sec” 1 1 every 20 sec 10 sec™
2 2 1 every min 20 sec
4 1 every 10 sec 4 sec 4 1 every min 20 sec
8 1 every 10 sec 2 sec 8
1 Min Digit 10 Min Digit
1 1 every 2 min 1 min* 1 1 every 20 min 10 min*
2 2 1 every hr 20 min
4 1 every 10 min 4 min 4 1 every hr 20 min
8 1 every 10 min 2 min 8-
Units Hrs Digit (12 Hr Mode) Units Hrs Digit (24 Hr Mode)
1 1 every 2 hrs 1hr” 1 1 every 2 hrs 1hr*
2 2
4 1 every 12 hrs 4 hrs 4
8 1 every 12 hrs 4 hrs 8
10 Hrs Digit (12 Hr Mode) 10 Hrs Digit (24 Hr Mode)
1 1 1 every 24 hrs, 10 hrs
2 1 every 12 hrs 9 hrs 2 1 every 24 hrs 4 hrs
4 1 every 12 hrs ~ 9 hrs:
8 1 every 12 hrs 9 hrs
*Square waves
FIGURE 3

SIMPLE DEMULTIPLEXING

In the simple case where, for example, a four hour wide
pulse each day is desired, perhaps to turn on lights in the
-evening, a simple demultiplexing scheme using one diode
is shown in Figure 4. When power is applied, the internal
multiplex circuitry will strobe each digit until the digit
with the diode connected is accessed. This digit will
sink the multiplex charging current and stop the multi-
plex scanning. Thus, the BCD outputs now present the
data from the selected digit. The waveforms as previously
discussed are presented at the BCD lines. Note that these
pulses are negative true for all BCD outputs.

An advantage of this type of timer over mechanical
types is the elimination of line power drop outs. The
circuit shown in Figure 5 will maintain timing to within
a few percent during periods of power line failure, but
automatically return to the 60 Hz line for timing as soon
as power is restored.

MORE COMPLEX APPLICATIONS

Where it is desired to maintain the display, or in more
complex timing of the “10 seconds every two hours”
variety, external demultiplexing shown in Figure 6 can
be used. In this figure the BCD lines are demultiplexed
with MM74C74 flip-flops. Examining the waveforms of
these circuits we see two edges which allow the 10
second each two hours timing. These are differentiated
by the NAND and INVERTERS and the first edge sets
and the second resets the S-R flip-flop. The output of the
flip-flop is ten seconds wide every two hours. By exam-
ining the edges of the Figure 3 entries any combination
of timings can be obtained with the circuit of Figure 6.

LOW FREQUENCY WAVEFORM GENERATION
The asterisked BCD lines in Figure 3 are those wave-

forms which are symmetric. By the use of the simple
diode demultiplexing scheme previously discussed we
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2__ | BCOLINES

4 FOR SELECTED
= | DIGIT
L.
O
Voo
FIGURE 4
[ > L
1000.Fd % Voc
b3
< 100k x N914
M7 Vae 1 " 1 :
+ ¢
200uFd —v
I —— NICAD
- - = ouTPUT
Vss ENABLE
MM74C02
60 Hz
INPUT BCD 2
MM5309
MuXx H10
TIMING Voo BIGIT 16
™M 100k 100k I I
SETTO0 — \N—
60 Hz
WITH LINE 0.01

UNCONNECTED

/ FAST
- /ReseT SET

NG9S

FIGURE 5. Fail-Safe Automatic Lights Timer. Four Hours Each 24 Hours

easily obtain square waves with periods of two seconds,
two minutes, twenty minutes and two hours. In other
cases, where the waveforms are asymmetric, a simple
flip-flop can square, while dividing by two, these wave-
forms producing other low frequency square waves as
long as one per two days.

SUMMARY

We have shown some simple low cost timer and waveform
generating examples using National clock integrated

circuits. Because of the vast number of timing applica- -
tions possible, this can in no way be looked at as the *
limit of clock-timer circuits. Use of the Reset on the
MM5309 and MM5315 or the use of clocks in conjunction
with programmable counters such as the MM74C161
allows other possibilities to meet specific applications.
Also the clock chips themselves can run on frequencies
other than 50 or 60 Hz (actually from dc to 10 kHz)
which can allow scaling of the waveforms presented in
Figure 3 to different timing rates.
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BCD1 )
112744 T
A M741
74c04 MM74C00 . -
= 2 :
cLK ot . i

UNIT HRS . I . i
L

DIGIT

BCD1 ]

10k 1/2 Ml\:74ﬁ74

= [
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e\ .

_ ) i
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FIGURE 6. More Universal Demultiplexing Technique i
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MM5307

Counters/Timers

MM5307 baud rate generator/programmable divider

general description

The National Semiconductor MM5307 baud rate = External frequency input pin
generator/programmable divider is a MOS/LSI P-channel

enhancement mode device. A master clock for the device ® Internal ROM allows generation of other frequencies
is generated either externally or by an on-chip crystal on order

oscillator (Note 4). An internal ROM controls a divider
circuit which produces the output frequency. Logic
levels on the four control pins select between sixteen-
output frequencies. The frequencies are chosen from
the following possible divisors: 2N, for 3 < N < 2048; - 1 MH . :
2N + 1 and 2N + 0.5 for 4 < N < 2048. Also one of the z master clock frequency
sixteen frequencies may be gated from the external

frequency input. The MM5307AA is supplied with the

® Bipolar compatibility

®  0.01% accuracy (typ) exclusive of crystal

divisors shown in Table 1. applications
features = DAR/T clocks
®  On-chip crystal oscillator ®  System clocks
® Choice of 16 output frequencies from 1 crystal . Electrically programmable counters

schematic and connection diagrams

ROM |

c >___|_ Dual-In-Line Package
pu—

[ 1 - U 1
EXTERNAL FREQ, ~=—d e ¢0UT
ne =2 11 ReseT
RESET ) PROGRAVMABLE |—P|  yy Tipexen [~ OUTPUT QUTPUT = 2y,
VIDER ! s s
Vg 1L A
E KNS § EXT. EXTERNAL _5 10
FRED. cLOCK
6 9
CRYSTAL — £

D——‘—b souT CRYSTAL = LIPS
EXTERNAL cLOCK
cLOCK >—" GENERATOR TOP VIEW

Order Number MM5307N
See Package 18

OSCILLATOR

[

Ve Voo Vss
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absolute maximum ratings

LOESWIN

Voltage at Any Pin With Respect to Vsg +0.3V to Vgs — 20V |
Power Dissipation 700 mW ‘
Storage Temperature Range —65°C to +150°C

Operating Temperature 0°C to +70°C ‘
Lead Temperature (Soldering, 10 seconds) 300°C - ‘

dc electrical characteristics |
T within operating range, Vgg = 5V 5%, VGG = —12V +5%, unless otherwise specified. )

PARAMETER CONDITIONS MIN TYP MAX UNITS |

All Inputs (Except Crystal Pins) ‘ |

VIH Logical High Level : Vgs—1.6 Vgs+0.3 \% }
ViL Logical Low Level Vgs—18 Vgs—4.2 \Y '
Leakage VN = =10V, Ta = 25°C, 0.5 HA .
All Other Pins GND E
Capacitance VIN =0V, f=1 MHz, 7.0 pF
All Other Pins GND, (Note 1) |
External Clock Duty Cycle "40% 60%
Capacitance Measured Across f=1 MHz, (Note 3) 5.0 pF
Crystal Pins I
Output Levels 1
VOH Logical High Level ISOURCE = —0.5 mA Vgs—2.6 Vss \Y
VoL Logical Low Level ISINK = 1.6 mA ‘ Vsgs—4.6 \%
IGG Power Supply Current f=1MHz 4 35 mA

ac electrical characteristics
T within operating range Vgs =5V #6%, VGG = —12V £5%, unless otherwise specmed

PARAMETER CONDITIONS MIN TYP MAX UNITS ‘

- |

Master Frequency 0.01 1.0 MHz |

tA Access Time Cp =50 pF, (Note 2) 16 us

tRD Reset Delay Time f = Master Clock Frequency 500 + 4/f : ns ‘

Rpw Reset Pulse Width 500 + 4/f ns

toD Output Delay From Reset ’ ‘ 500 + 4/f ns |
Output Duty Cycle = 0.5T £ 1/f T = Qutput Period 0.5T—1/f 0.5T+1/f

f = Master Frequency ;

Note 1: Capacitance is guaranteed by periodic measurement.

Note 2: Access time is defined as the time from a change in control inputs (A, B, C, D) to a stable output frequency. Access time is a function of
frequency The following formula may be used to calculate maximum access time for any master frequency: Tp =2.8us + 1/f x 13, f isin MHz.
Note 3: The MM5307 is designed to operate with a 1 MHz parallel resonant crystal. When ordering the crystal a value of load capacitance (Cp)
must be specified. This is the capacitance “‘seen” by the crystal when it is operating in the circuit. The value of C_should match the capacitance
measured at the crystal frequency across the crystal input pins on the MM5307. Any mismatch will be reflected as a very small error in the
operating frequency. To achieve maximum accuracy, it may be necessary to add a small trimmer capacitor acro$s the terminals.

Note 4: If the crystal oscillator is used Pin 5 (external clock) is connected to Vgg. If an external clock is used Pin 7 is connected to Vss.
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MM5307

control table

Input Freq: 921.6 kHz Master Clock

typical applications

1
EXT FREQ ———p—

CONTROL PINS NOMINAL BAUD RATES
(OUTPUT FREQUENCY/16) |DIVISOR
A B c D AA AB _ FAG |TORAA
0 0 0 1 50 50 50 1162
0 0 1 0 75 20C 75 768
0 0 1 1 110 110 110 524
0 1 0 0 134.5 1345 1345 428.5
0 1 0 1 150 150 150 384
0 1 1 o | 300 300 300 | 192
0 1 1 1 600 600 600 96
1 0 0 0 900 900 1050 64
1 0 0 1 1200 1200 1200 48
1 0 1 0 1800 1800 455 32
1 0 1 1 2400 2400 2400 24
1 1 0 0 3600 3600 56.9 16
1 1 0 1 4800 4800 4800 12
1 1 1 0 7200 75 66.7 8
1 1 1 1 9600 9600 9600 6
0 0 0 0 EXTERNAL FREQ
Positive Logic: 1=V
o=V
Internal Oscillator External Clock
[ sour EXT FREQ emep—11
13 Vgs (TO OPERATE) _2
_'v:s (TO RESET) ne
(12 oo QUTPUT ]
LU 4
i EXT CLOCK IN = 5
L _8
t_o L

12 sour

13 Vgs (TO OPERATE)
Vgg (TO RESET)
12

[~ Vee
L

c

Vss
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timing diagram

@ T T T T T T e e T e e e e e e e e e e e e ety

a0 y
A.B,CorD T00% -
X‘ 0% & .
XX X X
1ST PULSE GUTPUT MAINTAINS
CURRENT STATE
OF CORRECT 'RD DURING THIS TIME
Ta | LENGTH <——l
90%
RESET 10% 10%

application hints

APPLICATION NOTES

" The external clock is brought in on pin 5 and pin 7 is
tied to Vg to enable the external clock input. Pin 6
can be left open.

1) To use the MM5307 with an external clock, hook
it up as follows:

Vss

I TIEPIN 7 TO Vgg TO ENABLE
NOR GATE

; -‘Do-tll—Do_

T

EXTERNAL CLOCK

2) To use a crystal directly:

TOROTEL =X-01793

30 pF 9216 kHz 180 pF
Vs —”—0—||]|—'\M—0—| '— vss
xTaL
15M
—WW——
7
6 CLOCK TO INTERNAL
CIRCUITRY

T0 Vgg TO ENABLE XTAL
OSCILLATION

3) Reset (pin 13) must be at Vgg to operate. It may be
necessary to take this to GND or Vg@ to reset the
ROM select circuit. An option is to tie ¢ out (pin 14)
to external Freq In (pin 1), if not otherwise used.

4) An interesting application might use two MMb5307's
in series to-generate additional frequencies, i.e., with
one programmed from the 921.6 kHz to 800 Hz out,
a second could divide that by 16 to give a 50 Hz
crystal controlled signal. -

5) MM307AA divisors are on the data sheet. AB divisors

are the same as the AA except: 1) Code 0010 is -

divided by 288 — 32 kHz out, 200 baud; 2)¢Qo'de

1110 is divided by 768 - 1.2 kHz, 75 baud. T
The MM5307 does not always generate an output when
the power is up, even though the oscillator seems to be
operating properly. In order to eliminate this problem,
it is necessary to reset the chip at power “ON"’. This can
be done manually, with a reset signal by a .host system,

or automatically by using R/C timing. elements. The .

reset is done .internally, when program inputs change.
When using an R/C combination for auto resetting,
the time constant must be several times larger than
that of the power supply. For example, most lab power

supplies take at least 0.5 sec for the voltage to reach

90% of full level. A 10 kS resistor and 300 uF capacitor
combination should be adequate for most applications.

2:5
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MM5307

application hints (Continued)

Vpp

Vop

6 7
EXTERNAL 13
CLOCK  RESET J)
5
T 300uF
Vss
POWER SUPPLY TIMING
AT POWER UP
; VOLTAGE
/ R/C TIMNG
© ~2V RESET
THRESHOLD
 ~0.5SEC
TIME
FIGURE 1

MANUAL
RESET
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Counters/Timers

69ESNIN

MM5369 17-stage programmable oscillator/divider

general description ‘ features

The MM5369 is a CMOS integrated circuit with 17 ® Crystal Oscillator
binary divider stages that can be used to generate a
precise 60 Hz reference from commonly available high

. N QOutput 1 cyrstal frequen
frequency quartz crystals. An internal pulse is generated P Y quency

Two buffered outputs

by mask programming the combinations of stages 1 Output 2 full division
through 4, 16 and 17 to set or reset the individual stages. High speed (4 MHz at Vpp = 10)
The programmable number the circuit will divide by can Wide supply range 3—15V

vary from 10000 to 98000. The MM5369 is advanced Low Power

one count on the positive transition of each clock pulse. Fully static operation

Two buffered outputs are available: the crystal fre-
quency for tuning purposes and the 17th stage 60 Hz
output. Mask options are available for use with com-
monly available, low cost, high frequency crystals. Standard MM5369N Only
Therefore, this design can be ‘“‘customized’’ by special
order to design specific programmable divider limits
whereby the maximum divide-by can be 98,000 and
the minimum divide-by can be 10,000. The MM5369 is
available in an 8-lead dual-in-line epoxy package.

8 lead dual-in-line package
Low current

@ 3.58 MHz (color TV oscillator) input frequency
®m 60 Hz output frequency

connection diagram ‘ block diagram

Dual-In-Line Package

TURNER
Vop  OUTPUT OSCOUT OSCIN

8 7 & 5
osc out
OSCIN=——{ 0SC —o—>
17 STAGE DIVIDER > ER 33’,‘.‘.‘.,‘{‘
TUNER l l l l l
=i BUFFER
OUTPUT RESET PULSE GENERATOR I T T
Vss Voo
1 2 3 4
FIGURE 2.
DIVIDER  Vgg c Ne

(60 Hz)
OUTPUT TOP VIEW

FIGURE 1.

Order Number MM5369N
See Package 17
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MM5369

absolute maximum ratings

Voltage at Any Pin
Operating Temperature
Storage Temperature

—0.3V to Ve +0.3V.
0°C to +70°C
-65°C to +150°C

Package Dissipation 500 mW
Maximum V¢ Voltage 16V
Operating V¢ Range 3V to 15V
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

T a within operating temperature range, Vgs = GND, 3V < Vpp < 15V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Quiescent Current Drain Vpp= 15V 10 MA
Operating Current Drain Vpp= 10V, fjy = 4.19 MHz 1.2 2.5 mA
Frequency of Oscillation Vpp= 10V DC 4.5 MHz

Vpp= 6V DC 2 MHz
Output Current Levels Vpp= 10V
Vour =5V
Logical 1" Source 500 ' MA
Logical ““0" Sink 500 MA
Output Voltage Levels Vpp= 10V
‘ o =10 uA
Logical 1" 9.0 \Y)
Logical “0” 1.0 Y,
functional description
A connection diagram for the MM5369 is shown in DIVIDER

Figure 1 and a block diagram is shown in Figure 2.
TIME BASE

A precision time base is provided by the interconnection
of a 3,679,545 Hz quartz crystal and the RC network
shown in Figure 3 together with the CMOS inverter/
amplifier provided between the OSC IN and the OSC
OUT terminals. Resistor R1 is necessary to bias the
inverter for class' A amplifier operation. Capacitors C1
and C2 in series provide the parallel load capacitance
required for precise tuning of the quartz crystal.

The network shown provides > 100 ppm tuning range
when used with standard crystals trimmed for C_ =
12 pF. Tuning to better than 2 ppm is easily ob-
tainable.

A pulse is generatéd when divider stages 1 through 4, 16
and 17 are in the correct state. By mask options, this
pulse is used to set or reset individual stages of the
counter, thus varying the modulus of the counter from
10000 to 98000. Figure 4 shows the relationship
between the duty cycle and the programmed modulus.

OUTPUTS

The Tuner Output is a buffered output at the crystal
oscillator frequency. This output is provided so that the
crystal frequency can be obtained without disturbing the
crystal ‘oscillator. The Divide Output is the input fre-
quency divided by the mask programmed number. Both
outputs are push-pull outputs. A typical apphcatmn of
the MM5369 is shown in Figure 5.
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functional description (cont.)

OSC IN =—me 0sc ouT

| D |

10
3.579545 MHz

Cp=12pF

——L c

T 5-36 pF
Vpp OR Vss —@

FIGURE 3. Crystal Oscillator Network

10

100

90

80

60

70 |—"STANDARD" MM5369N

50

40

/’

DIVIDE-BY (X103)

30

20
10

l/
=

10 20

30 40 50 60 7
DUTY CYCLE (%)

FIGURE 4. Plot of Divide-By Vs Duty Cycle

l l l l l JE— b3
~ ok b o :
q LR 5 ALARM
I BRIGHTNESS » DRIVE
s 2 1 CONTROL 49
" Voo FAST  SLOW  ALARM SLEEP ALARM ALARM e
15 Ve =160 Hz SET SET OFF  DISPLAY DISPLAY out :m
60 Hz MM369 5385 4.7k
\"2 SLEEP 4.7k
I out A > Dhve
—— 11 MM T
> 4
20 an
A — —
3.58 MHz
'-l[]l-ﬂ mo | Ll | [ Bk - S vip
I, 6.380F 305F — — r—|—( —
AN )| 1 ) |
VWA - -
FIGURE 5. Clock Radio Circuit with Battery Back-Up
25
,‘
20 /'
5 15 et va
ia |1 Voo = 10‘{/
o
a 1.0 :
- 26,875 32,784
= P COUNTS T COUNTS
0.5 — El 59,659 COUNTS
. = =
= Vo= 5V
r |
0 1 2 3 4 5
MHz

FIGURE 6. Typical Current Drain Vs Oscillator Frequency

*To be selected based on xtal used

FIGURE 7. Output Waveform for Standard MM5369
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MM5865

MM5865 universal timer
general description

The MM5865 Universal Timer is a monolithic MOS
integrated circuit utilizing P-channel low-threshold,
enhancement mode and ion-implanted depletion mode
devices. The chip contains all the logic required to
control the two 4-digit counters, blank leading zeros,
compare the two counters and to cascade with another
MM5865. Input pins start, stop, reset and set the
counters, determine which of the 7 functions is per-
formed, the resolution of the display (0.01 sec, 0.1 sec,
1 sec, or external clock) and what modulo the counters
divide by. Outputs include the comparator output,
multiplexed BCD outputs and digit enables. The BCD
outputs interface directly with MM14511, a BCD to
7-segment decoder, which interfaces with a LED display.
The digit enable outputs of 2 cascaded MM5865’s
interface directly with a DM8863 LED 8-digit driver.
A DS8877 or DS75492 Hex Digit Driver may be used
with a single MM5865. The digit enable outputs inter-
face directly with a DM8863, a LED digit driver. The
7 functions include start-stop with total elapsed time,
start-stop with accumulative event time, split, sequential
with total elapsed time, rally with total elapsed time,
program up count and program down count. The circuit
uses a 32.8 kHz crystal or an external clock and is
packaged in a 40-lead dual-in-line package.

applications

® Stop watch

Kitchen timer

Oven timer

Event timer/counter
Rally timer
Navigational timer
Industrial timer/counter

Counters/Timers

For additional application information, see
AN-168 and AN-169 at the end of this section.

features

m Function 1:Standard Start-Stop with total elapsed
time memory
® Function 2:Standard Start-Stop with total accumu-

lative event time
m Function 3:Sequential with total elapsed time
memory

® Function 4: Standard split

m Function 5: Rally with total elapsed time memory
Function 6: Programmable up ceunt. Repeatable
upon command

® Function 7: Programmable down count

® Comparator output

m Crystal controlled oscillator (32.8 kHz)

m  External clock input (option)

® Provides external clock

m Select resolution

L] Seleét count up or down

m Select modulo 6 or 10 for digits 2, 3 and 4

® Blanking between digits

m | eading-zero blanking

= Multiplex rate output

® External multiplex rate input (option)

® Can be cascaded

® Waiting state indicator

= Simple interface to LED display

m Elimination of illegal time display at turn-on

m Wide power supply range 7V—20V

block and connection diagrams

Dual-In-Line Package

PROGRAM— CONTROL
UNTER
0IGITS 1-4 co ' crout DIVIDE SCALER 1 ; U 20
39_pROGRAM DIGIT 1/
SEALER :> DIVIDE SCALER 2 — 35 LATCH CONTROL
DIVIDE SCALER 3 —— - PROGRAM DIGIT 2
FUNCTIONS COMPARATOR ENABLE == I— PROGRAM DIGIT 3
1-1 COMPARATOR, BCD FUNCTION | = 36 PROGRAM DIGIT 4/
DISPLAY SELECT, ouTRUTS 3 o WAITING STATE
CONTROL CONTROL LATCHES, MULTI. FUNCTION 2 — == CONTROL C1 IN
I L06IC b 6 igIT 7 3
PLEXER AND LEADIN - FUNCTION 3 — L— CONTROL €1 OUT
CONTROL __,} ZERO BLANKING OUTPUTS )
A FUNCTION § —] 5 eeot
RESET -———>] FUNCTION § ] o2
1 1
START/STGP ———| FUNCTION 6 —— o o0 4
FINAL EVENT ———> courenz CONTROL FUNCTION 7 —] o8
COMPARATOR c2out FINAL EVENT STOP/ 20
o1 COMPARATOR OUT 131 Jo DIBIT
RESET — —olir2
START/STOP — -l 0iiT3
2
MULTIPLEX €LOCK IN/0UT —] — 16T 4
out osCIL- 0S¢ IN 16 25
- MULTIPLEXER 18:STAGE DIVIDER et ascour , RESOLUTION SELECT 1 — - CONTROL C2 0UT
TIPLEX IN = 4
Mot i RESOLUTION SELECT 2 —1 L= conTroL c2 1N
Ve BLANKING —] {— muLTIPLEX IN
Voo 05C IN =— == MuLTIPLEX OUT
> | 0SC 0UT = — Voo
bt egtaron] [ o o sianens
TOP VIEW
1 t
RESOLUTION I Order Number MM5865N
SELECT 2 See Package 24

FIGURE 1.

FIGURE 2.
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absolute maximum ratings

Voltage at Any Pin Vgs + 0.3V to Vgg — 25V

Operating Temperature —25°C to +70°C
Storage Temperature —65°C to +1 50°C4
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
Ta within operating range, 7V < Vgg < 20V, Vpp = 0V, unless otherwise specified.

G98SININ

PARAMETER CONDITIONS MIN TYP MAX UNITS
Ipp Power Supply Current 7 15 mA
Input Frequency at OSC IN dc 32.8 80 kHz
'Multiplex Frequency Vgs 2> 10V dc 0.4 ‘ 80 kHz
Blanking Frequency dc 0.8 10 kHz
Clock Frequency Vgs =7V dc 0.1 10 kHz
Vgs = 10V de 100 kHz
input Levels
Input Logic Low Internal Resistor Vob Vpp+1 Vv
Input Logic High ~100k to Vpp Vgs— 1 Vss \
. OUTPUT CURRENTS
Digit and BCD Outputs Vgs =7V
Source Current VouT = Vss 72V 1 mA
Sink Current VouT = Vgs — 6.3V 1 MA
‘Blanking Output "Vgg =7V
Source Current VouT = Vs — 2V 1 mA
Sink Current Vout =Vgs —6.3V 1 MA
Multiplex Output Vgs =7V
Source Current Vout = Vs — 2.5V 500 uA
Sink Current Vout = Vss — 6.3V 8 . MA
Clock Output Vgs = 7V
Source Current VouTt = Vss —4V 10 MA
Sink Current VouTt = Vgs — 6.3V 5 MA
Control C1, C2 Outputs Vgg =7V
Source Current Vout = Vgs — 2.5V 500 MA
Control C1, C2 inputs Vgg =7V
Sink Current VN = Vgs 6.3V 8 HA
Comparator Output Vgs =7V
Source Current VouTt = Vss — 2V 1 mA
Sink Current VouTt = Vgs — 6.3V 1 MA
Waiting State Indicator Vgs =7V
Source Current VouTt = Vgg — 2V 1 mA
Sink Current Vout = Vgs — 6.3V 1 MA
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MM5865

functional description

A block diagram of the MM5865 Universal Timer is
shown in Figure 1. A connection diagram is shown in
Figure 2. Unless otherwise indicated, the following
discussions are based on Figure 1.

Function 1

In Function 1, counters 1 and 2 count up beginning
with a transition on the Start-Stop pin from Vpp to
Vgg. Counter 2 is shown counting. A second transition
from Vpp to Vgg on the Start-Stop pin inhibits the
clock pulses to counter 2, stores and displays the con-
tents of counter 2. Counter 1 continues to count. The
third transition from Vpp to Vgg on the Start-Stop
pin resets counter 2, enables clock pulses to counter 2
and displays counter 2 counting. Subsequent Start-
Stop transitions repeat this sequence, all this time
counter 1 continues to count. At the conclusion of
the last event to be timed, a Final Event Stop transition
from Vpp to Vgg inhibits the clock to both counters
and displays counter 2. A’Start-Stop transition from

POWER-ON.

Vpp to Vgg switches the display from counter 2 to
counter 1. Repetitive Start-Stop transitions switch the

display between counter 2 and counter 1.

Function 2

In Function 2, counter 1 and 2 count up beginning with
a transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
inhibits the clock pulses to both counter 1 and counter
2, stores and displays the contents of counter 2. The
third transition on the Start-Stop pin resets counter 2,
enables the clock to both counters and displays counter
2 counting. Subsequent Start-Stop transitions repeat
this sequence. At the conclusion of the last event to be
timed, a Final Event Stop transition inhibits the clock
to both counters and displays counter 2. A Start-Stop
transition switches the display from counter 2 to
counter 1. Repetitive Start-Stop transitions switch the
display between counter 2 and counter 1.

POWER-ON

RESET

FORCES T0 ——Jp|
THIS STATE

RESET

FORCES T0 ——pp|.
THIS STATE

POWER ON RESET
DISPLAY BLANK

POWER ON RESET
DISPLAY BLANK

COUNTER 1 COUNTING
COUNTER 2 RESET + COUNTING
DISPLAY COUNTER 2

COUNTER 1 COUNTING
COUNTER 2 INHIBITED
DISPLAY COUNTER 2'S LAST COUNT]

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 1

Flow Chart for Function 1

COUNTER 1 COUNTING
COUNTER 2 RESET + COUNTING
DISPLAY COUNTER 2

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2'S LAST COUNT|

COUNTER T INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2

COUNTER 1INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 1

Flow Chart for Function 2
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FORCES T0 mmeip
THISSTATE

functional description (con’t)
Function 3

in Function 3, counter 1 and 2 count up beginning with
a transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
stores and displays the contents of counter 2, resets
counter 2, and initiates a new up-count in counter 2;
however, the new up-count is not displayed. Counter 1
continues to count. A transition on the Latch Control
pin will display counter 2:counting until another transi-
tion on the Start-Stop pin. A Final Event Stop transition
inhibits the clock pulses. to both counters 1 and 2 and
displays the contents of counter 2, A Start-Stop transi-
tion after the Final Event transition switches the display
from counter 2 to counter 1. Repetitive Start-Stop
transitions switch the display between counter 2 and
counter 1.

POWER-ON

Reser POWER ON RESET

DISPLAY BLANK

COUNTER 1 COUNTING
COUNTER 2 COUNTING
DISPLAY COUNTER 2 COUNTER 1 COUNTING
COUNTER 2 INHIBITED
[DISPLAY COUNTER 2°S LAST COUNT|

COUNTER 1 COUNTING
COUNTER 2 COUNTING
[DISPLAY COUNTER 2'S LAST COUNT)|

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2

COUNTER 1 INIBITED

COUNTER 2 INHIBITED
DISPLAY COUNTER 1

Flow Chart for Function 3

Function 4

In Function 4, counter 2 counts up beginning with a
transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
stores and displays the contents of counter 2. Subse-
quent Start-Stop transitions update the display of
counter 2. A transition on the Latch Control pin will
display counter 2 counting until a transition on the
Start-Stop pin. A Final Event Stop transition inhibits the
clock pulses to counter 2 and displays the contents of
counter 2.

POWER ON

POWER ON RESET
DISPLAY BLANK

RESET
FORCES TO
THIS STATE

Vo

Flow Chart for Function 4

COUNTER 2 COUNTING COUNTER 2 INHIBITED
DISPLAY COUNTER 2 UPDATE DISPLAY COUNTER 2
4 Y
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MM5865

functional description (con’t)
Function 5

In Function 5, counter 1 and 2 count up beginning with
a transition on the Start-Stop pin. Counter 2 is displayed
counting. A second transition on the Start-Stop pin
inhibits the clock pulses to counter 2, and the contents

- of counter 2 are displayed. Counter 1 continues count-

ing. The third Start-Stop transition enables the clock
pulses to counter 2 and counter 2 is displayed counting.
Subsequent Start-Stop transitions repeat this sequence,
all the time counter 1 continues counting. At the conclu-
sion of the last event to be timed, a Final Event Stop
inhibits the clock pulses to both counters 1 and 2, and
displays counter 2. A Start-Stop transition switches
the display from counter 2 to counter 1. Repetitive
Start-Stop transitions switch the display between counter
2 and counter 1.

POWER-ON

POWER ON RESET
DISPLAY BLANK

RESET
FORCES TO
THISSTATE

COUNTER 1 COUNTING
COUNTER 2 COUNTING
DISPLAY COUNTER 2

COUNTER 1 COUNTING
COUNTER 2 INHIBITED
DISPLAY COUNTER 2'S LAST COUNT

COUNTER 1 INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2

COUNTER 1INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 1

Flow Chart for Function 5

Function 6

In Function 6, counter 1 is displayed at power-on or
reset. Counter 1 is set to a specific count by Program
Digit 1—4 pins. Then the comparator is enabled: Counter
2 is displayed counting up beginning with a transition
on the Start-Stop pin. When counter 2 is coincident with
counter 1, the clock pulses to counter 2 are inhibited,
the contents of counter 2 are displayed and the Com-
parator Output is enabled. Upon the transition of Reset,
counter 1 is again displayed with the time that was set,
and the Comparator- Qutput is disabled. Counter 1 can
be reprogrammed by the Program Digit 1—4 pins if
desired. A Start-Stop transition repeats the sequence.

_If the Comparator Output pin is connected to the

Reset pin, Automatic Reset will occur; however, this
connection must be broken during digit programming.

POWER ON

11y

POWER ON RESET
DISPLAY COUNTER 1,
SET COUNT IN COUNTER 1
ENABLE COMPARATOR

COUNTER 1 INHIBITED
COUNTER 2 COUNTING UP
DISPLAY COUNTER 2

NO
COMPARATOR

OUTPUT

COUNTER 1INHIBITED
COUNTER 2 INHIBITED
DISPLAY COUNTER 2
COMPARATOR OUTPUT ENABLED

! ‘ 0]

RESET COUNTER 2
DISPLAY COUNTER 1

'
YES
NO

Flow Chart for Function 6




functional description (con‘t)
Function 7

In Function 7, counter 1 is displayed all the time.
Counter 1 is set to a specific count by Program Digit
1—4 pins. Then the comparator and Control C1 In
are enabled. Pin 4 and pin 35 must be floating or con-
nected to Vpp during digit programming. Counter 1
counts down from the set count beginning with a
transition on the Start-Stop pin. When counter 1 counts
down to zero, the clock pulses to counter 1 are inhib-
ited and the comparator Output is enabled. This is not
repeatable without setting a new count into counter 1.
The comparator and Control C1 In must be inhibited
and a reset pulse must occur before the new count
may be entered.

POWER ON

1| l !

POWER ON RESET
DISPLAY COUNTER 1,
SET COUNT IN COUNTER 1
ENABLE COMPARATOR

COUNTER 1 COUNTING DOWN
DISPLAY COUNTER 1

COUNTER 1 INHIBITED
DISPLAY COUNTER 1 .
COMPARATOR QUTPUT ENABLED

Flow Chart for Function 7

Reset

This input will reset all logic and counters in Functions
1-5 and Function 7. In Function 6, Reset will reset
logic but not counter 1. Reset is internally pulled to
Vpp. or a logic zero. Fora reset to occur, the Reset pin
must be held to Vgg, a logic one. )

Start-Stop

This input is used to control the counters. How it affects
the counters is explained in each function. For Start-

Stop to affect the counters, it must be held to Vgg,
a logic one. Logic zero results when the pin is tied to
Vpp or left floating (internal pull-up to Vpp).

N

Final Event Stop/Comparator Output

This pin is used to indicate to the circuit that no more
events will be timed or counted. Final Event Stop affects
the circuit when it is held to Vgg. There is an internal
pull-up to Vpp. This pin is also an output pin, Vg
indicates comparison between the two counters.

Divide Scale Inputs

These three inputs are used to determine whether the
counters will count in Modulo 6 or Modulo 10. Table |
shows the code for which digit will count in Modulo 6
or Modulo 10. A logic one is when the pin is held to
Vgs. When the pin is tied to Vppor left floating (inter-
nal pull-up to Vpp), a logic zero results.

TABLE |. Divide Scaler Code

DIVIDE

SCALER COUNTER 1 COUNTER 2

1 2 3 D4 D3 D2 D1 D4 D3 D2 DI
0 0 o0 10 10 10 10 10 10 10 10
1 0 0 6 10 10 10 6 10 10 10
o 1 o0 10 6 10 10 10 6 10 10
11 0 10 10 6 10 10 10. 6 10
0o 0 1 16 10 10 10 10 10 10 10
10 1 10 10 10 10 6 10 10 10
0 1 1 10 10 10 10 10 6 10 10
L 1 10 10 10 10 10 10 6 10

Comparator. Enable

This input enables the comparator. To enable the com-
parator, the pin is held to Vgg or logie one. To disable
the comparator, the pin is tied to Vpp or left floating
(internal pull-up to Vpp).

Resolution Select Inputs

These two inputs are used to select the frequency of the

clock pulses to the counters, Table Il shows the code for |

each frequency. A logic one is when the pin is held to
Vgs. A logic zero results when the pin is tied to Vpp or
teft floating (internal pull-up to'Vpp).

' TABLE ll. Resolution Select Code

R | ansoeney | oy
1 2 COUNTERS RESOLUTION
0 0 100 Hz 0.01 sec
0 1 10 Hz 0.1 sec
1 0 1 Hz 1sec
1 1 External

G98SININ




MM5865

functional description (con‘t)
Clock In/Out

This pin is either an input or output depending on the
code at the Resolution Select inputs. If the pin is used as
an output pin, it will output the clock frequency the
Resolution Select inputs have selected. When used as an
input, an external clock is used to clock the counters.

Blanking Output

This output is used to blank the display at the beginning
and end of each digit time to allow for internal delay
between two cascaded chips, see Figure 3, The display
is blanked when the Blanking Output is at Vpp.

f 10m f—t-125ms
DIGIT 1 Vss
CHIP 1 VWJ 1 I
DIGIT1 |
CHIP 2
DIGIT2
CHIP 1 [ -
DIGIT2 1
CHIP2
DIGIT3 ™
CHIP1
0IGIT 3 ! N
CHIP2
DIGIT 4

CHIP1

DIGIT 4
CHIP2

i

BLANKING Vss
OUTPUT Voo

i

- - a152ms

1
i g

125ms

URBRNRI
Ty
Il,lJ3lm—“1LL1>

- - 0122ms

FIGURE 3. Blanking Output
Oscillator In and Out

A quartz crystal, resonant at 32.8 kHz, two capacitors’
and one resistor, together with the internal MOS circuits
form a crystal controlled oscillator as shown in Figure 4.
Varying one of the capacitors allows precise frequency
settings. For test purposes, OSC IN is the input and OSC
OUT is the output of an inverting amplifier.

Vss

| MOS CIRCUIT |
| 19 I
. TO DIVIDER

6.25pF
{ | r > circurts
328 kHz E] = :: 2o
i 1T
1 | Voo
LZD
-
|

FIGURE 4. Crystal Oscillator

Multiplex Input and Output

The Multiplex Input pin allows an external multiplex
rate to be used in the chip. The multiplex rate inside the
chip is one fourth the Multiplex Input and Multiplex
Output rate. When using the Multiplex Input pin, the
Multiplex Output pin must be tied to Vgg. The Multi-

plex OQutput pin is four times the internal multiplex
rate. To use the Multiplex Output pin, the Multiplex
Input pin must be tied to Vpp. The Multiplex Input
must be used if the oscillator pins are not used. If the
Multiplex Input pin is used, OSC IN, OSC OUT and the
blanking output are not used.

Control C1,C2 In and Control. C1, C2 Out

These four input pins are used to cascade two chips
together. When the Control C1 In pin is floating (inter-
nal pull-up to Vpp) or tied to Vpp, the clock pulses to
counter 1 are inhibited. When Control C1 In is at Vgg,
counter 1 is enabled. Control C1 Out is at Vgg when
counter 1 is at its maximum count, and it is floating
at all other times. The Control C1 In pin must be
floating  (or connected to Vpp) while digit program-
ming in Function 7. Control C2 pins operate on counter
2 in a similar manner, ’

Program Digits 1—-4

These four input pins are used to program or set any
count desired in counter 1 in Functions 6 and 7. When
Program Digit 1 is at Vgg, the least significant digit of
counter 1 advances at a 2.5 Hz rate. There is no carry-
over from digit to digit. Program Digit 1 has no effect if
tied to Vpp or left floating (internal pull-up to Vpp).
Only one Program Digit input may be held to Vgg at
atime.

Program Digit 1/Latch Control

This input has two functions; besides setting a count in
digit 1 of counter 1 in Functions 6 or 7, it also affects

Functions 3 and 4. In Functions 3 and 4, this input

allows the display to show counter 2 counting as des--
cribed in Functions 3 and 4.

Program Digit 4/Waiting State Indicator

This input besides setting a count in digit 4 of counter 1
in Functions 6 and 7, also indicates that the chip has
been reset and-is in the stand-by mode at power-on. In
Functions 1-5, the Waiting State Indicator is at Vgg
until a Start-Stop transition has occured. Once a Start-
Stop transition has occured, the output remains at Vpp.

Leading Zero Blanking

In Functions 1-5, leading zeros are blanked for both
counters 1 and 2. In Functions 6 and 7, counter 2 has
leading zero blanking. At power-on, the display is blank
in Functions 1--5, and all zeros are displayed in Func-
tions 6 and 7. .

Output Circuits

.For BCD and Digit Outputs, Vgg is a logic one. Figure 5

illustrates the circuit used for all outputs except for
Control C1, C2 Qut. The Control C1, C2 Out circuit is
illustrated in Figure 6. Figure 7 illustrates the simple
interface needed for an 8-digit stop-watch. Figure 8
illustrates the MM5865 being used to count how many
events occur in a specified time. Figure 9 shows the
MMB865 as a simple industrial counter when the input

clock is a constant frequency above 400 Hz.
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functional description (con’t)

Vss
0 (DATA) o—{>0———|:
Voo

FIGURE 5. Output Circuit

CONTROL C1
0uTPUT

Vss
ouTPUT Q (DATA)
PAD

FIGURE 6. Control C1 Out Circuit
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FIGURE 7. Stop Watch Application
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MM5865

functional description (con’t)

GND O~

TIME

EVENT

I
U]

Tano e
—

caoT oo~
 —— |
c—
I

150 NL e
m$3$S3S
16
MM14511

171

DM8863

+10V O——4¢

J&“ I | 30 | I 21

MM5865

TTTTT Jul I'T 2

I‘“Illl | B

MM5865

DTTTTTTTT ol

[TTa

EVENT

—L START/STOP
—0 ©

{CLOCK IN)

20M
A
328 kHz

-0

XL L.
6-25 pF 25pF
T™T

Display 15 events have occured in 1 minute
Maximum events 99,999,999
Maximum Time 98m §9s
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MM53107

'MM53107 17-stage oscillator/divider

general description

The MM53107 is a low threshold voltage CMOS
integrated circuit with 17 binary divider stages that can
be used to generate a precise 60 Hz reference from a
2.097152 MHz quartz crystal. An internal pulse is
generated by the combinations of stages 1—4, 16 and
17 to set or reset the individual stages. The number
the circuit will divide by is 34,952. The MM53107 is
advanced one count on the positive transition of each
clock pulse. One buffered output is available: the 17th
stage 60 Hz output. The MM53107 is available in an
8-lead dual-in-line epoxy package.

Counters/Timers

features

Divides by 34,952

Input frequency—2.097152 MHz
Output frequency—60 Hz

Crystal oscillator

High speed (2 MHz at Vpp = 2.5V)
Wide supply range 2—6V :
Low power (0.5 mW @ 2 MHz/2.5V)
Fully static operation

8-lead dual-in-line package

block and connection diagrams

Dual-In-Line Package
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typical performance characteristics

Order Number MM53107N
See Package 17
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Oscillator Frequency

600

[ *cRvsTAL [ /;
550
F A 74
500 4MH1//
o 480 7/
8- /7
2 30 //, /
g / 7 A
2 /S
< 0 ——3.5MH1*/ /
150 / / /| )\wmuz'*-l
' 4 I]/HM‘H'z*
100 [—2.0 MHz* .
oo M N
0.1 2 3 4 5 & 7
Vpp (V)
2-20




absolute maximum ratings

—0.3V to Vg + 0.3V
0°C to +70°C

Voltage at Any Pin

Operating Temperature
Storage Temperature —65°C to +150°C
Package Dissipation 500 mW
Maximum Vg Voltage - ) 6V
Operating Vg Range 2.5V to 6V
Lead Temperature (Soldering, 10 seconds) 300°C

LOLESININ

electrical characteristics
T A within operating temperature range, Vgs = Gnd, 2.5V < Vpp < 6V unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Quiescent Current Drain Vpp= 6V ' 10 MA ‘
Operating Current Drain Vpp=2.5V, fiN = 2.1 MHz 200 uA
Frequency of Oscillation Vpp= 2.4V dc 2.1 © MHz i
- VDp= 6V de 4.0 MHz
Output Current Levels ) ’ .
Logical "1 " Source Vpp =4V, 100 . MA j
Logical “0, " Sink VouT =2V 100 uA ?
Output Voltage Levels : :
Logical 1" Vpp=6V ) . 5.0 \ |
Logical “0" 10 = 10 uA 1.0 v !

functional description ' ‘

The network shown provides > 100 ppm tuning range
when used with standard crystals trimmed for Ci =
12 pF. Tuning to better than 2 ppm is easily obtainable. |

A connection diagram for the MM53107 is shown in
Figure 2 and a block diagram is shown in Figure 1.

DIVIDER ]

TIME BASE A pulse is generated when divider stages 1—4, 16-and 17

A precision time base is provided by the interconnection-
of a 2,097,152 Hz quartz crystal and the RC network
shown in Figure 3 together with the CMOS inverter/
amplifier provided between the Osc In and the Osc Qut
terminals. Resistor R1 is necessary to bias the inverter
for class' A amplifier operation. Capacitors C1 and C2
in series provide the parallel load capacitance required
for precise tuning of the quartz crystal.

are in the correct state. This pulse is used to set or reset
individual stages of the counter, the modulus of the
counter is 34,952,

OUTPUT

The Divide Output is the input frequency divided by
34,952, The output is a push-pull output. A typical
application of the MM53107 is shown in Figure 5.
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functional description (Continued)
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MM5865 Universal Timer Applications

introduction

A single chip universal counter and timer is now available
from National Semiconductor Corporation - through
distributors of their products.

The MM5865 universal timer contains, in one 40-pin
package, two 4-digit counters, oscillator, 18-stage divider,
multiplexer, and all the logic required to control the
counters, blank leading zeros, compare the two counters,
program one of the counters, and. cascade two MM5865
integrated circuits.

The MMbB865 provides input pins for seven modes of
timing and/or counting operations. When the chip is
used as a timer, two input pins may be programmed to
provide a display resolution of 0.01 second, 0.1 second,
1 second, or external clock. In addition, the modulo by
which the counters divide may be programmed using
three divide scaler input pins.

The outputs include the comparator output, multiplexed
BCD segment outputs, and digit enable. The BCD seg-
ment outputs interface directly with the MM14511
(CD4511), a BCD to 7-segment latch/decoder/driver
which interfaces with an LED display. The digit enable,
outputs of cascaded MM5865s interface directly with a
‘DS8863 (DM8863), an MOS to LED 8-digit driver. A
single MM5865 interfaces directly with a DS8877 or
DS75492 6-digit driver.

When a suitable crystal is used with the MM5865 oscil-
lator, the counters of a single chip (or those of two chips
cascaded) may be used as timers with the following
functions:

1. Counter 2: Start-Stop timing
Counter 1: Total elapsed time

2. Counter 2: Start-Stop timing
Counter 1: Total accumulated time

3. Counter 2: Sequential event timing
Counter 1: Total elapsed time
4. Counter 2: Split-timing with total elapsed time
Counter 1: Not actively used
5. Counter 2: Total accumulated time
Counter 1: Total elapsed time
6. Counter 2: Up counter
Counter 1: Programmable counter

7. Counter 2: Programmable down counter
Counter 1: Not actively used

Counters/Timers

Therefore, one or two MMb5865s along with two other
integrated circuits and a 4- or 8-digit display may be
used in the following applications:

1. Photographic enlarger timer, with each digit indi-
‘vidually programmable

. Stopwatch

. General purpose timer
. Event timer/counter

. Rally timer

. Navigational timer

N O s W N

. Industrial timer/counter

The MM5865 may also be used as a frequency counter,
or it may be used as the time reference of a larger
frequency counter. The maximum oscillator frequency
of the MM5865 is 80kHz; the maximum clock input
frequency is 100kHz.

how the MMb865 operates

As can be assumed from the brief description above, the
MM5865 is a very powerful integrated circuit, capable
of many applications. Therefore, in order to fully stim-
ulate the imagination of readers, its repertoire will be
presented in detail.

A block diagram of the MM5865 universal timer is shown
in Figure 1, and the connection diagram is shown in
Figure 2. As nearly as possible, all technical terms in the
following discussion conform to definitions presented
in the Radio Shack Dictionary of Electronics, edited by
Rudolf F. Graf.

Multiplexer

Because of the internal multiplexer, only one BCD to
7-segment latch/decoder/driver need be used to inter-
face one or two MM5865s to a suitable display. The
multiplexer may be controlled in three ways.

An externally generated multiplex frequency may be
applied to the Multiplex Input pin of the MM5865. An
external clock is then applied to the Clock Input pin.
(For example, an LM555C may be used as a square-wave
oscillator to provide the necessary input to pin 23.)
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Figure 1. Internal block diagram of the MM5865 Universal Timer.
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MULTIPLEX IN
MULTIPLEX OUT

Voo

Figuravz. MM5865 connection diagram.

When an external multiplex rate is applied to the Multi-
plex Input pin, the Multiplex Output pin must be con-
nected to Vgs, and the Oscillator In, Oscillator Out, and
Blanking pins .should be floating. The multiplex rate
inside the chip is one fourth the frequency applied to
the Multiplex Input pin. In this mode of operation two -
MM5865s may not be cascaded. In fact, to make use of
the Multiplex Output pin, the Multipiex Input pin must
be connected to Vpp. The frequency at the Multiplex
Qutput pin is the same as that applied to the Multiplex
Input pin.

The multiplexer may also be con‘trolled by using internal
MOS circuits to form a crystal controlled oscillator. To
form. the oscillator a crystal, two capacitors, and one
resistor must be added externally. One of the capacitors
should be variable to allow precise frequency settings.
When these external components are connected to the
Oscillator Input and Oscillator Qutput pins, the Multi-
plex input pin must be connected to Vpp.

When the input clock is at a constant frequency above
400Hz the Multiplex Input pin may be connected to the
Clock ‘Input pin. In this mode of operation the input
clock which is being counted is also used as the exter-
nally generated multiplex frequency. The multiplex
rate inside the chip will be one fourth the clock input
frequency as described above.

224




Oscillator

Figure 3 shows how external components. may be
connected to the Oscillator Input and Output pins. A
frequency counter used to adjust the frequency of the
oscillator may be connected to the Oscillator Output pin
through a 50pF capacitor. '

Vss
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Iy
T
119
c1 1 X
1 T0
DIVIDER
i : CIRCUITS
1AL = <SR -
-
[}
I
: Vpo
20
® 4
\
EXTERNAL = | INTERNAL
c2

°
Figure 3. Crystal oscillator connections.

Divider }

The divider stages produce the blanking output by
dividing the oscillator input frequency by 41. This
output is used to blank the display at the beginning and
end of each digit time to allow for internal delay between
two cascaded chips. The display is blanked when the
Blanking Output is at Vpp.

The divider stages then divide the blanking output by 2
to generate the Multiplex Output. The frequency which
appears at the Multiplex Qutput pin is further reduced in
frequency by the divider stages so that the Resolution
Select pins may be used to program the resolutian of the
display. Table | shows how these two inputs are used to
select the frequency of the internal clock pulses to be
applied to the two counters. The frequencies and display
resolutions for an oscillator frequency of 32.8kHz are
given.

Table |. Resolution Select Code. A zero indicates that the pin is
feft floating (or connected to Vpp); a one indicates that the pin
is connected to Vgg. Note that when an external clock is applied
to pin 15, pins 16 and 17 must be connected to Vgs.

»

Resolution Select | Frequency of . .
Pin 16 | Pin 17 |Clock to Counters Display Resolution
0 0 100Hz 0.01sec
0 1 10Hz 0.1 sec
1 0 1Hz 1  sec
1 1 External —

The Clock Input/Output pin is either an input or an out-
put depending on the code at the Resolution Select input
pins. If the pin is used as an output it will output the
clock frequency selected by the program applied to pins
16 and 17. When it is used as an input an external clock
must be used to clock the counters.

Control Logic

The block labeled ““Control Logic’’ contains the logic
required to select one of the seven functions, reset all
logic and counters, start and stop the counters, indicate
that a final event has occurred, and display counter 2 in
Functions 3 and 4.

The selection of a function is accomplished by connect-
ing one of the seven function pins to Vgg; the other six
function pins are left floating.

The Reset Input will reset all logic and counters in
Functions 1-5 and Function 7. In Function 6, Reset
will reset logic and counter 2, but not counter 1. For
reset to occur the Reset pin must be momentarily
connected to Vgs. Internal control {ogic provides power-
on reset, however, to insure proper power-on resetting
of all logic and the counters a 10uF, 35V Solid Tantalum.
Capacitor (Allied # 852-5680) should be used across the
Vgs - Vpp power busses.

In Function 6, the Reset Input pin may be connected
to the Comparator Output pin in order to automatically
reset logic and counter 2. When this connection is made,
a Start/Stop transition is all that is needed to repeat the
up count of counter 2. .

The Start/Stop Input is used to control the counters by
momentarily connecting pin 14 to Vgg. The manner in
which this input affects the counters during the execu-
tion of each function will be explained as the descrip-
tions of the functions are given.

The Final Eyent Stop/Comparator Output pin is used to

indicate to the circuit that no more events will be timed
or counted. Final Event Stop affects the circuit when it
is momentarily connected to Vgg. When this pin is used
as the comparator output, a Vgg level at the pin indicates
comparison between the two counters. -

Additional Control Logic

The three Divide Scaler inputs permit the counters to
be programmed to count in Modulo 6 or Modulo 10.
Table Il shows the possible codes which may be applied
to the Divide Scaler pins. A zero indicates that the pin
is left floating (or connected to Vpp); a one indicates
that the pin is connected to Vgg.

<

Table 11. Divide Scaler Code

Divide Modulo
Scalers Counter 1 Counter 2
Pin Digit Digit

1 2 3 4 3 2 1 4 3 2 1
0 0 0 10 10 10 10 10 10 10 10
1 0 0 6 10 10 10 6 10 10 10
0 1 0 10 6 10 10 10 6 10 10
11 0 10 10 6 10 10 10 6 10
0 0 1 10 10 10 10 10 10 10 10
1 0 1 10 10 10 10 6 10 10 10
0 1 1 10 10 10 10 10 6 10 10
11T 10 10 10 10 10 10 6 10

A zero indicates that the pin is left floating (or connected to
Vpp); a one indicates that the pin is connected to Vgg.

’
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For example, if the Resolution Select pins are program-
med to give a 1 second display resolution (code “10”) in
a stopwatch application, and if the Divide Scaler code is
“110,”" then the maximum possible count for both
counters 1 and 2 would be 9959 (99 min, 59 sec). This
means that the unit minutes display will advance by one
digit every 60 seconds. -

Connecting pin 4 to Vgg enables the comparator. In
functions 1-5 the Comparator Enable pin must be left
floating (or connected to Vpp). In function 6 the
Comparator Enable pin must be connected to Vgg after
digit programming; if the Comparator Enable pin is con-
nected to Vgg (comparator enabled) at power on, the
Reset pin must be momentarily connected to Vgg before
a Start/Stop transition will begin the counter 2 count-up.

In function 7, if the Comparator Enable pin is floating
(or connected to Vpp) when power is applied to the
chip, or when the function switch is switched to func-
tion 7, the Comparator Enable pin must be connected to
Vgs after digit programming as in function 6; however,
in function 7, if the Comparator Enable pin is connected
to Vgg (comparator enabled) at power on {or when the

function switch is switched to function 7), the compara-
tor must be disabled by 1) disconnecting the Comparator
Enable pin from Vgg, and 2) momentarily connecting
the Reset pin to Vgg; this must be done before the digits
are programmed. This is necessary, of course, because
connecting the Reset pin to Vgg after digit programming
will simply reset counter 1 to ““0000.” In function 6, a
Reset transition after digit programming does not reset
counter 1 to “0000.”" .

In addition, the Control C1 In pin (pin 35) must be
floating (or connected to Vpp) during digit programming
in function 7. After digit programming, the Control C1
In pin must be connected to Vgg before the count-down
begins. A DPDT, Center “OFF" switch connected as
shown in Figure 4, may be used to control both the
Comparator Enable pin and the Control C1 In pin. In
one position the DPDT switch connects the Control C1
In pin to Vgg for functions 1-5. Digit programming may
be accomplished in function 7 by placing the switch in
the Center “OFF’ position. In the third position both
the Comparator Enable and the Control C1 In pins are
connected to Vgg for functions 6 and 7.
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Figure 4. S /Timer licati howing the ions for a single MM5865. Two cascaded MMS5865s may also be used, as

described in the text.
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Pins 36-39, the Program Digit 1-4 pins, are used to
program a desired count into counter 1 when using
functions 6 and 7. When any of the four Program Digit
pins are connected toVgg, the display digit of counter 1
associated with that pin advances at a 2.5Hz rate (assum-
.ing the oscillator frequency is 32.8kHz). The Program
Digit 1 pin advances the least significant digit of counter
1; the Program Digit 4 pin advances the most significant
digit. There is no carry over from digit to digit, and only
one Program Digit Input may be connected to Vgg at
a time. :

The Program Digit 1 pin also functions as a counter 2
latch control in functions 3 and 4. In functions 3 and 4,
momentarily connecting the Program Digit 1/Latch
Control pin to Vgg permits the display to show counter
2 counting.

The Program Digit 4 pin also serves two purposes; in
functions 1-5 this pin indicates that the chip has been
reset and is in the standby mode at power-on. Visual
. indication of this condition may be accomplished by
connecting a transistor between the Program Digit 4/
Waiting State Indicator pin and the Segment DP Anode
of a multiplexed display. With the transistor connected
as shown in Figure 4, the Waiting State Indicator pin will
be at Vgg at power-on until a Start/Stop transition
occurs. After a Start/Stop transition occurs, the Waiting
State Indicator pin will remain at Vpp until power is
removed from the chip.

Leading Zero Blanking

In functions 1-5, leading zeros are blanked for both
counters. In functions 6 and 7, counter 2 has leading
zero blanking but counter 1 does not. At power-on the
display is blank (or all decimal points if the Waiting
- State Indicator pin is used) in functions 1-5; all zeros
are displayed in functions 6 and 7.

Control C1, C2 In and Control C1, C2 Out

These four pins are ‘used to cascade two chips together.
In this mode of operation the primary MM5865, which
is directly controlled by the crystal oscillator, connects
to another MM5865 in the following manner: the
"Control 'C1 In pin of the primary chip is connected
to Vgg except during digit programming in function 7;
the Control C1 Out pin connects to the Control C1 In
pin of the other MM5865; the Control C2 In pin of the
primary chip is connected to Vgg: the Control C2 Out
pin connects to the Control C2 In pin of the othér
MM5865; the Control C1 Out and the Control C2 Out
pins of the second chip are left floating.

When the Control C1 In pin is floating (or connected
to Vpp), the clock pulses to counter 1 are inhibited.
When the Control C1In pin is connected to Vgg, counter
1 is enabled. Control C1 Out is at Vgg when counter 1 is
at its maximum count, and it is floating at all other
times. The Control C2 pins affect counter 2 in a similar
manner.

Other possible connections between the two chips are:
1) all function pins connected together, 2) pins 12, 13,
14, and 15 connected together, 3) all BCD pins con-
nected together, and 4) pins 39 connected together in
functions 1-5 only.

When two MMb5865s are cascaded as described above,
eight momentary switches or individual electrical signals

must be provided if every digit of the display is to be
programmable. In addition, another switch would have
to be provided to break the pin 39 connection between
the two chips in functions 6 and 7. Of course, all of the
switching action could be  provided by one ganged
rotary switch if desired; even the function 6 Reset to
Comparator Out connection could be accomplished if
the proper switch were used.

Electrical Characteristics

The maximum supply voltage which may be connected
between Vgg and Vpp (Vpp = 0V) is 20V. National
specifies that the minimum voltage at which the chip
will operate is 7V; however, some chips will operate well
down to Vgg = 5V. With a 9V transistor battery used as
the power supply, and display inhibited, the power
supply current will be approximately 7mA to 15mA for
a one-chip stopwatch.

The maximum input frequency at the oscillator is 80kHz;
however, the oscillator and dividers are designed for stop-
watch applications using a 32.8kHz crystal. (A
32.768kHz crystal, available from Quest Electronics,
P.0. Box 4430E, Santa Clara, CA 95054, may be used
without much loss in accuracy.)

Drivers must be provided for the Digit and BCD Outputs.
Two MMB5865s interface directly with the MM14511
Segment Driver and the DS8863 Digit Driver. A DS8877
or DS75492 Hex Digit Driver may be used with a single
MM5865. S

The Seven Functions

The one-chip circuit shown in Figure 4 indicates all

connections necessary to employ the MM5865 as a 4-

digit stopwatch/timer. The seven available functions will
be described using this figure, in which the desired
function is selected by switching S5. When necessary,
refer also to Figures 1 through 3.

Function 1

In function 1, at power-on (S1 closed) four decimal
points are visible on the display, indicating that the
counters have been reset, but not necessarily all logic.
If the Comparator Enable pin is connected to Vgg (S3
in Function 6-7 position) at power-on, a Start/Stop
transition {obtained by momentarily closing S12) will
cause the decimal points to disappear from the display;
however, the chip will not begin counting. First it is
necessary to place $3 in the Functions 1-5 position,
then to reset the logic (by momentarily closing S11).

Once all logic is reset {either by applying power with S3
in the Functions 1-5 position or by the method dis-
cussed above), a Start/Stop transition will cause both
counters to begin counting up. The up-count of counter
2 is displayed, the least significant digit advancing at a
1Hz rate. A second Start/Stop transition inhibits the
clock pulses to counter 2 and stores and displays the
contents of counter 2; however, counter 1 continues to
count. A third Start/Stop transition resets counter 2,
enables clock pulses to counter 2 and, again, displays
counter 2 counting up. Subsequent Start/Stop tran-
sitions repeat this sequence. Counter 1 continues to
count, from the time of the first Start/Stop transition,
until the occurrence of a Final Event Stop transition
(obtained by momentarily closing S10). A Final Event
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Stop transition inhibits the clock pulses to both counters
and displays counter 2. After this Final Event Stop
transition has occurred, a Start/Stop transition switches
the display from counter 2 to counter 1. Each subse-
quent Start/Stop transition alternately displays one of
the counters.:

To summarize, in function 1 both counters start counting
up with an initial Start/Stop transition. Counter 1
continues to count (recording total elapsed time) until
a Final Event Stop transition. Counter 2 (alternately)
starts, then stops counting with each Start/Stop transi-
tion (timing as many intervals as desired), until a Final
Event Stop transition. Any time a Reset transition
occurs both counters are reset to ‘0000 and the display
blanks.

Fynction 2

The only difference between functions 1 and 2 is that in
function 2, whenever a Start/Stop transition inhibits the
clock pulses to counter 2, the clock pulses to counter 1
are also inhibited. Start/Stop transitions which reset
counter 2 and enable clock pulses to counter 2 also
enable clock pulses to counter 1; counter 1 does not
reset, however. The up-count in counter 1 resumes at the
stored count; therefore, counter 1 records total accumu-
lated time.

Function 3

In function 3 the power-on conditions are the same as
those in functions 1 and 2. Once all logic is reset a Start/
Stop transition causes both counters to begin counting
up Counter 2 is displayed counting. A second Start/Stop
transition stores and displays the contents of counter 2,
resets counter 2, and initiates'a new up-count. However,
the new up-count is not displayed. Counter 1 continues
to count. The initial count remains. displayed until a
third Start/Stop transition. This third Start/Stop transi-
tion and subsequent Start/Stop transitions repeat the
sequence described above, indicating the length of time
between successive Start/Stop transitions.

The occurrence of a Latch Control transition. (obtained
by momentarily closing Sb) any time after the second
Start/Stop transition will cause counter 2 to be displayed
while counting. The count will continue to be displayed
until a Start/Stop transition. This Start/Stop transition
also stores and displays the contents of counter 2 and
then resets counter 2. As before, counter 1 continues to
count, but counter 2 begins a new count.

A Final Event Stop transition inhibits the clock pulses
to both counters and displays the contents of counter 2.
A Start/Stop transition occurring after the Final Event
Stop transition switches the display from counter 2 to
counter 1. Repetitive Start/Stop transitions switch the
display between counter 2 and counter 1. Any time a
Reset transition occurs, both counters are reset to
0000’ and the display blanks.

Function 4

In function ‘4 the power-on conditions are the same as
those in functions 1-3..Once all logic is reset a Start/
Stop transition causes counter 2 to begin up-counting.
Counter 2 is displayed counting. A second Start/Stop

transition stores and displays the contents of counter 2.
Subsequent Start/Stop transitions update the display of
counter 2. A Latch Control transition will display
counting until the occurrence of a Start/Stop transition.
This Start/Stop transition, following the Latch Control
transition, does not reset counter 2 as it does in function
3. Rather, counter 2 continues to count up. A Final
Event Stop transition inhibits the clock pulses to
counter 2 and displays the contents of counter 2. A
Reset transition at any time resets counter 2 to ““0000.”

Function 5

Again, in function 5 the power-on conditions are the
same as those in functions 1-4. Once all logic is reset a
Start/Stop transition causes both counters to begin
counting up. Counter 2 is displayed counting. A second
transition on the Start/Stop pin inhibits the clock pulses
to counter 2, and the contents of counter 2 are dis-
played. Counter 1 continues to count. A third Start/
Stop transition enables the clock pulses to counter 2;
counter 2 resumes counting where itleft off, and counter
2 is displayed countlng ; .

Subsequent Start/Stop transitions re eat this sequence
with counter 1 counting continuously. A Final Event
Stop transition inhibits the clock pulség to both counters’
and displays counter 2. A Start/Stop transition switches
the display from counter 2 to counter 1. Repetitive
Start/Stop transitions switch the display between
counter 2 and counter 1. A Reset transition at any time
resets both counters to “0000.”

Function 6

At power-on in function 6, counter 1 is displayed with
“0000.”" If the comparator is enabled (S3 in the
Function 6-7 position) at power on, a Reset transition
(obtained by momentarily closing S11) is necessary"
before a Start/Stop transition can begin the counter 2
count-up.

Counter 1 is programmed to the desired count by
holding each of the four Digit Programming Switches
Closed in turn. The comparator must then be enabled by
placing S3 in the Function 6 -7 position (unless it was
already enabled at power-on). Counter 2 is displayed
counting up beginning with a Start/Stop transition.
When counter 2 is coincident with counter 1, the clock
p‘ulses to counter 2 are inhibited, the contents of
counter 2 are displayed, and the Comparator Output is
enabled. A Reset transition after the counter 2/counter 1
coincidence  disables the Comparator Output and
displays counter 1 with the programmed time. The Reset
transition can be obtained either by momentarily
closing S11 or by connecting the reset Input pin to the
Comparator Output pin after Digit Programming so that
logic and counter 2 are reset automatically whenever
counter 2 is coincident with counter 1.

After each Reset transition, subsequent Start/Stop
transitions repeat the sequence. Counter 1 may be re-
programmed after any Reset transition, if desired. If a
Reset transition occurs while counter 2 is counting up,
the clock pulses to counter 2 are inhibited, counter 2
is reset, and counter 1 is dlsplayed with the programmed
time.
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If a Start/Stop transition occurs while counter 2 is
counting up, the clock pulses to counter 2 are inhibited
and counter 1 is displayed with the programmed time.

With the next Start/Stop transition, counter 2 resumes

counting where it was stopped.

If the Reset Input pin is not connected to the
Comparator Output pin and if a Final Event Stop tran-
sition occurs while counter 2 is counting up, the clock
pulses to counter 2 are inhibited and the contents of
counter 2 are displayed. The next Start/Stop transition
displays counter 1 with the programmed time. Repeti-
tive Start/Stop transitions switch the display between
. counter 2 and counter 1. A Reset transition followed by
a Start/Stop transition starts the counter 2 up-count
sequence again:

In function 6, and also in function. 7, the digit which is
preprogrammed to count in Modulo 6 cannot, of course,
be programmed to a digit greater than 5.

Function 7

In function 7 counter 1 is displayed with “0000" at
power-on. If S3 is in the Function 6-7 position at
power-on, it must be placed in the “OFF’’ position;
then S11 must be momentarily closed. Counter 1 is
set to a specific count by holding each of the four Digit
Programming Switches closed in turn; then the
Comparator must be enabled by placing S3 in the
Function 6 - 7 position.

Counter 1 counts down from the set count beginning
with a Start/Stop transition. When counter 1 counts
down to zero the clock pulses to counter 1 are inhibited
and the Comparator Qutput is enabled. This is not
repeatable without a new count being entered into
counter 1. A Final Event transition halts the counter 1
down-count, and subsequent Start/Stop transitions have
no effect on counter 1 or counter 2, A Reset transition
resets counter 1 to “0000.”

Peripheral

The other components shown in Figure 4 consist of
input/output interfaces between the user and the
MM5865. The crystal used in this stopwatch/timer
circuit is a watch crystal cut to oscillate at 32.768kHz.
(A 32.8kHz trystal would be best.) This means that the
blanking frequency -is 799.2Hz, the multiplex frequency
is 399.6Hz, and the clock frequency to the counters is
0.99902Hz.

The oscillator frequency may be adjusted by connecting

output drive capability of 26mA. The DS8863 is an
8-digit driver; each driver is capable of sinking up to
75mA. The MM14511 may be operated at supply
voltages up to 15V; however, the DS8863 cannot be
operated with supply voltage greater than 10V. For
operation with supplies up to 18V, the DS8963 is a
direct replacement for the DS8863. '

The NSA398 is a 9-digit common cathode LED numeric
display with a 1/8-inch character height. Eight inputs
are provided for selection of the appropriate segments
and decimals. (anodes) and nine inputs for digit

(cathodes) selection. The anodes are internally inter-

connected for multiplexing. The NSA398 has a red
faceplate which provides excellent visual contrast and
ease of visibility over a wide angle. Figure 5 shows the
physical dimensions and pin connections of the NSA398.

practical applications of the
stopwatch/timer

Now that the basic operation of the MM5865 has been
presented, it is possible to examine practical applications
of the seven function universal timer shown in Figure 4.
This timer, as shown, has a maximum timing capability
of 99 minutes, 59 seconds. If another MM5865 is added
to -the circuit, this timing capability may be extended to
99 hours, 59 minutes, 99.99 seconds. For very accurate

-timing, the crystal should be cut to oscillate at 32.8kHz,

and the oscillator frequency should be precisely tuned
to 32.8kHz, )

When the stopwatch/timer is being used to time any

~event, the display should be disabled with S2 as much

a counter to pin 20 of the MM5865 through a 50pF . -

capacitor and then varying the capacitance of C3. Any
attempt to alter the values of R1, C2,.or C3 will probably
fail; that is, the oscillator. will probably not oscillate.

Most of the switches which control the MM5865 are
momentary push-buttons which are available from many
sources. The function switch, however, is a very small
8-position switch in a TO-5 package; it is available from
James Electronics, P.O. Box 822, Belmont, CA 94002.

The 2N4400 (a 2N3904 can also be used) drives the
decimal point anode of the display and is itself driven
by the Waiting State output of the MM5865.

The MM14511 provides the functions of a 4-bit storage
latch, an 8421 BCD-to-seven segment decoder, and an

as possible so that battery power -will be conserved.

Function 1 may be used to time two events occurring
simultaneously in the following manner. A driver often
travels from his home to a city some hours away. On the
way. he passes a small town about halfway between his
home and the city. He wishes to know how long it takes
him to travel from his home to the small town, how long
it takes to travel from the town to the city, and finally,
how long it takes him to travel from his home to the
city.

At the beginning of the trip the driver presses the Start/
Stop switch. The display begins to record the time
accumulating in counter, 2. As he passes through the
small town he presses the Start/Stop switch again and
records the traveling time from his home to the town.
Then he presses the Start/Stop switch again. As he
arrives at the city he presses the Final Event Stop switch
and records the time shown in the display as being the
traveling time from the town to the city. He then
presses the Start/Stop switch and sees in the display .the
traveling time from his home to the city.

Function 2 may be used to record the total accumulated
time of several events while each event is being timed
individually. For example, a television repairman spends
his day ordering parts, talking to customers, and repair-
ing televisions on the bench. He wants to record the time
he spends repairing each set so that customers may be
properly billed, and he wishes to record his total bench
time for the day.
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and pin 1s of the NSA398.

At the beginning and end of every bench job he presses
the Start/Stop switch to record the time for each job. At
the end of his day he presses the Final Event Stop switch,
then the Start/Stop switch to record his total bench
time.

As an example of a function 3 application, consider an

assembly line position at which a worker must fasten
three parts to a piece of equipment. A supervisor wishes
to record the time it takes the worker to fasten each part
and the amount of time the equipment spends at this
position.

As the worker receives the piece of equipment, the
supervisor presses the Start/Stop switch. The display
begins counting up. As the worker finishes with the
first part, the supervisor presses the Start/Stop switch.
This time will remain in the display until the next Start/
Stop transition; the supervisor therefore has a chance to
record the first event time.

As the worker finishes with the second part, the super-
visor presses the Start/Stop switch again and records the
time of the second event. After the worker finishes with
the ‘third part the supervisor presses the Final. Event
Stop switch. The display will show the third event time.
The supervisor can then press the Start/Stop switch to
record the totat time this worker handled the equipment.

With function 4, the total time of an event may be
+accumulated, -and the display may be updated while
counter 2 is accumulating the total time. For example,
a long distance runner desires to pace himself over a 5-
mile run. As he starts out he presses the Start/Stop
switch. Then, as he passes known checkpoints, he presses
the Start/Stop switch to update the display and note the
time of arrival at each check point. At the end of the 5-
mile run he presses the Final Event Stop switch to
record the total time for the run.

Function 5 may be used to record both total accumu-
lated time and total elapsed time. As an example of an
application of function 5, consider a pilot who wants to
record total flying time as well as total trip time.

As the pilot starts out he presses the Start/Stop switch.
He then presses the Start/Stop switch each time he lands
and each time he resumes flying. At the end of his trip
he presses the Final Event Stop switch and records total
flying time. He then presses the Start/Stop switch to
record total trip time.

With proper interfacing, function 6 can be used as an
enlarger timer. A photographer’ programs the desired
printing time into the display with the Digit Programming
switches, closes the Comparator Enable switch, and
closes the Automatic Reset switch. For each print he
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Figure 6. The MM5865 used in a simple counting circuit.

simply presses the Start/Stop switch to turn on the
enlarger for the desired length of time.

It is not necessary to enable the display while operating
the timer. The display must be enabled only to program
counter 1. The Reset switch may be pressed at any time
to turn off the enlarger. The enlarger may be turned on
for adjusting negatives by pressing the Start/Stop switch
without enabling the comparator.

With proper interfacing, function 7 may be used as a
down-count timer for many applications, including
cooking and washing. The desired time is simply pro-
grammed into counter 2, the comparator is enabled,
and then the Start/Stop switch is pressed. Counter 2 will
count down to zero and turn off the appliance.

A few applications (some for which two MM5865s are
required) have been presented to illustrate the utility
of the MM5865. The Stopwatch/Timer discussed above
is but one general application for which the MM5865
may be used.

Figure 6 shows a simple manual counting circuit in
which the MM5865 is used to count the closures of a
manual switch. Of course, the manual clock could be
replaced by electrical pulses.

The 74C00 in this circuit debounces the switch used as a
clock, S3. An LM555 is used to provide a multiplexer
input frequency of 233 Hz.

The MM5865 is operating in function 5, and displays the
up-count of counter 2. After an initial Start/Stop transi-
tion, each closure of the manual switch advances the
displayed digits by one count. A Reset transition resets
counter 2 to “0000.”"

conclusion

The emphasis of this presentation has been on the
general timing and programmable capabilities of the
MM5865 rather than on specific applications. Because
so many functions are available in one package, it is
possible to use the MM5865 as a general purpose chip;
adding another MM5865 when it is necessary. In most
applications only one or several of the seven functions
need be used; however, because of its general purpose
nature, the MM5865 lends itself well to the concept of
quantity purchasing.
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A final note: Unless the start pulse is externally synchro-
nized to the clock (available at pin 15 of the MM5865, if
the internal oscillator is used), the amount of time which
will elapse between the arrival of the start pulse at pin 14
of the MM5865 and the appearance of the first digit in
the'display will not be equal to the programmed display
resolution. It is possible to develop a start pulse that is

synchronized to the clock using an MM74C221 Dual
Monostable Multivibrator as shown in Figure 20. The
time constant of R1-C1 should be equal to the display
resolution, the time constant of R2-C2 should be less
than the programmed display resolution, and the time
constant of R3-C3 should be less than the time constant
of R2-C2. :
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Figure 21. Start-Pulse Synchronizer. Time constant of R1-C1 =
display resolution. Time constant of R2 -C2 < display resolution.
Time constant of R3 -C3 < time constant of R2 - C2.
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A 4-Digit, 7-Function Stopwatch/Timer

introduction

-This construction article is the second of a series which
is to concentrate on applications of the MM5865 uni-
versal timer. The first article, “"MM5865 Universal
Timer Applications,” presented in detail the program-
mable and functional characteristics of the MM5865.

This second article illustrates the construction and use
of a 4-digit, 7-function stopwatch/timer in which the
display resolution and counter modulo may be pro-
grammed with printed circuit board jumper wires.

Other than switches, all components of the stopwatch/
timer are mounted on a glass-epoxy or glass-polyester
board which is laminated with 1-ounce copper foil on
one side. The board is mounted in the attractive instru-
ment/clock case = available from James Electronics.

This instrument/clock case has provisions for the display,
precut holes for four calculator-type switches, and a
precut line cord hole. In addition, the case is sold with
a red display bezel, four rubber feet, and a flip-top to
conceal the four switches which may be assembled in
the precut holes.

A display resolution of 1 second, 0.1 second, or 0.01
second may be programmed by on-board jumpers or a
suitable switch. Furthermore, the counters may be
programmed to count in modulo 6 or modulo 10.

When used as a photographic enlarger timer or as an
appliance timer, each digit is individually programmable
with one of four pushbutton switches. The comparator
output of the timer may be coupled to an enlarger/
appliance control circuit that can be permanently
mounted to the enlarger or appliance.

Applications for the stopwatch/timer include, but are
not limited to, the following:

e Laboratory reaction and interval timer

e Photographic enlarger and chemical processing timer
* Stopwatch

e Event timer

e Appliance timer

A simple listing of possible applications for the timer
does not adequately describe the enormous power of
the instrument. A tabulation of the seven functions
which includes a break-out of the functions performed
simultaneously by counters 1 and 2 of the MM5865 is
much more revealing, and is presented below:

1. Counter 2:
Counter 1:
2. Counter 2:
Counter 1:

3. Counter 2:
Counter 1:

Start-stop timing

Total elapsed time
‘Start-stop timing

Total accumulated time
Sequential event timing
Total elapsed time

Counters/Timers

4. Counter 2:
Counter 1:

Split-timing with total elapsed time
Not actively used

Total accumulated time
Total elapsed time

5. Counter 2:
Counter 1:

6. Counter 2:
Counter 1:

7. Counter 2:
Counter 1:

Up counter
Programmable counter

Programmable down counter
Not actively used

operation

The switches which control the operation of the stop-
watch/timer are visible on top of the case shown in the
photographs of Figures 1a and 71b. Each switch is
indicated in the schematic drawing of Figure 2.

In Figure 1a, the switch in the rear right hand corner of
the case is a 7-position rotary Function Switch (F). At

the front of the case the switches are, from left to right, '

Digit 4 Programming Switch (D4), Digit 3 Programming
Switch (D3), Comparator Switch (C), Digit 2 Program-
ming Switch (D2), and Digit 1 Programming (D1)/
Latch Control (LC) Switch. Digit 1 is the least significant
digit (LSD); Digit 4 is the most significant digit (MSD).

There are four switches under a center flip-cover. These
are shown in Figure 7b. From left to right they are
Final Event Switch (FE), Reset Switch (R), Start/Stop
Switch (SS), and Automatic Reset Enable Switch (ARE).

The ARE switch is used only in function 6; it must be
OFF for all other functions. The C switch has three
positions: Comparator/Count Enable (CCE), used for
functions 6 and 7; Program Enable (PE), used: for
function 7; and Count Enable (CE), used for functions
1 through 5. The D1/LC switch is a dual purpose switch;
for functions 3 and 4 it serves as the latch control switch,
and for functions 6 and 7 it serves as the Digit 1 program-
ming switch. There'is no ON-OFF switch. Power is
applied to the stopwatch/timer by plugging the line cord
into a 120VAC/60Hz outlet.

Table / is a tabulation of the abbreviations used for the
switches and the functions to which they apply. If the F
switch is set to any of the stop watch functions (1
through 5) when power is initially applied to the
stopwatch/timer, the display will remain blank. See
“MM5865 Universal Timer Applications’” for information
on using pin 39 as a power on indicator.

To operate the stopwatch/timer in any of the stopwatch
functions, rotate the. F switch to one of the stopwatch
function positions, place the ARE switch in the OFF
position, place the C switch in the CE position, and press
the R switch.
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Figure 1. External Photographs of Stopwatch/Timer. a) View of F ion Switch, Comparator Switch, and Digit Programming Switches.
b) With flip-cover raised, four additional switches are seen. The flip-cover is designed so that a press of the closed cover closes the Start/
Stop Switch. ¢) A miniature jack is mounted at the rear of the case so that a cable may be run to the appliance control box.
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Figure 2. Schematic Diagram of the 4-Digit, 7-Function Stopwatch/Timer. As drawn, the display resolution is 1 second. A SPST switch
may be included between pin 16 of IC2 and Vgg to provide a display resolution of 0.01 second or 1 second. Another option, shown in
the figure, is the Display Control Switch, which may be used to inhibit the display.

Table 1. Switch Abbreviations

Abbreviation Switch Functions
ARE Automatic Reset Enable 6
C Comparator 1-7
D1 1.SD Programming 6,7
D2 Digit 2 Programming 6,7
D3 Digit 3 Programming 6,7
D4 MSD Programming 6,7
F o Function 1-7
FE Final Event 1-5
LC Latch Control | 3,4
R Reset 1-7
SS Start/Stop 1-7
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Table 11. Resolution Select Code. A zero indicates that the pin '

is left floating (or connected to Vpp); a one indicates that the
pin is connected to Vgg. Note that when an external clock is
applied to pin 15, pins 16 and 17 must be connected to Vss.

Resolution Select |  Eroquency of

Pin 16 | Pin 17 | Clock to Counters Display Resolution
0 0 100Hz 0.01sec
0 1 10Hz . 0.1 sec
1 0 1Hz 1  sec
1 1 External =

Table Iil. Divide Scaler Code

Divide Modulo
Scalers Counter 1 Counter 2
Pin Digit Digit

1 2 3 4 3 2 1 4 3 2 1
0 0 0 10 10 10 10 10 10 10 10
10 0 6 10 10 10 6 10 10 10
0O 1 0 10 6 10 10 ) 10 6 10 10
1 1.0 10 10 6 10 10 10 6 10
0 0 1 10 10 10 10 10 10 10 10
T 0 1 10 10 10 10 6 10 10 10
o 1 1 10 10 10 10 10 6 10 10
11 1 10 10 10 10 10 10 6 10

A zero indicates that the pin is left floating (or connected to )

Vpp): a one indicates that the pin is connected to Vss.

Press the SS switch to initiate a sequence of timing
series. Press the SS switch again to end a serial (functions
1, 2, 3, 5) and simultaneously initiate a new serial while
freezing the display (function 3), or to freeze the display
during a continuous count sequence (function 4). :

Press the SS switch a third time to initiate a new timing
serial (functions 1, 2, 3, 5) or to update the display
during a continuous count sequence (function 4).
Subsequent presses of the SS switch will repeat the
action described above.

Press the LC switch to display a continuing, und|splayed
count (functions 3 and 4). Press the FE switch to end a
sequence. A final press of the SS switch at the end of a
sequence is required to display total elapsed time
(functions 1, 3, 5) or total accumulated time {function 2).
Subsequent presses of the SS switch after the end of a
sequence simply repeat the display of the final serial
time, then the total elapsed or total accumulated time.

The operations which may be performed in each function
are shown in the flow charts of Figures 3 through 8.
The first line of type in each PROCESS rectangle indi-
cates a switch or the display upon which an action may
be performed. The second line of type indicates the
pesition in which the switch must be placed or the
action to be performed. The parallelograms in the flow
charts indicate points at which a DECISION must be

made. The operation of each function is detailed in the
first article of this series.

To operate the timer in function 6, rotate the F switch
to function 6, place the C switch in the CCE position,
and press the R switch. The display will show four zeros
when the R switch is pressed.

The count-up time is programmed into the timer by
pressing D1 through D4, one switch at a time, until the
desired count-up time appears in the display.

After digit programming, place the ARE switch in the
ON position if automatic resetting is desired. The initial
press of the SS switch will cause the display to blank,
then to indicate the count-up to the programmed time.
During the up-count the CA3059 will be enabled,
allowing the appliance to be turned on. When the count-
up reaches the programmed time, the comparator output
will go from O volts to 8.4 volts. At this time the CA3059
will be inhibited, and the appliance will turn off.
Pressing the R switch any time after the digits have been
programmed causes the comparator and counter 2 to
reset. Switching the C switch to OFF causes the com-
parator output pin to go to Vpp as long as it is OFF.
If the C switch is again' placed in the CCE position
(before the R switch is pressed), the comparator output
pin will go back to Vgg. Of course, any time the FE
switch is pressed the comparator output will go to Vgs.

If the ARE switch is ON, the count-up sequence may be
repeated by pressing the SS switch again. Nothing need
be changed until it is necessary to reprogram the digits.
When reprogramming is necessary, simply change the
time shown in the display to the new time, with the
ARE switch in the OFF position, using the digit program-
ming switches. Then press the SS switch to start the up-
count. If the ARE switch is OFF, it is necessary to press
the reset before starting a new count-up.

To operate the timer in function 7, rotate the F switch
to function 7, place the ARE switch in the OFF position,
place the C switch in the PE position, and press the R
switch. The count-down time is programmed into the
timer by pressing D1 through D4, one switch at a time,
until the desired count-down time appears in the display.
The C switch must then be placed in the CCE position.

Pressing the SS switch will cause counter 1 to begin its
down-count from the programmed time to ‘“0000" and
will cause the CA3059 to be enabled, turning on the
appliance as in function 6. When counter 1 reaches
“0000"" - the CA3059 will be inhibited, turning the
appliance off. The down-count is displayed, and may be
halted at any time by pressing the FE switch; the down-
count may not be resumed. Pressing the R switch any
time after digit programming will reset counter 1.

When using function 7, the comparator must be disabled
and the R switch must be pressed before digit program-
ming. Then the comparator must be enabled. This is
unlike function 6, in which digit programming is allowed
at any time, regardless of the state of the comparator.
In addition, the ARE switch must not be used in
function 7.
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Figure 4. Function 3. Pressing START/STOP after FINAL EVENT has been pressed gives Total Accumulated Time.
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Figure 7. Function 6.
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Figure 8. Function 7.

interfacing the stopwatch/timer
with an appliance circuit

There are many ways to interface the comparator output
with an appliance control circuit. One method of inter-
facing the MM5865 with an appliance control circuit is
shown enclosed in dotted lines in Figure 2. Figure 2 is
the schematic diagram of the stopwatch/tirﬁer.

The 74C02 has been included as the interfacing element
between the comparator output pin and the trigger
circuit of a triac. Figure 9 is a detailed schematic of the
74C02 connections which form a NOR latch.

———) output

R ) S

START/STOP

COMP QUTPUT /
PIN 12 OF MM5865 PIN 14 OF MM5865

Figure 9. Detail of the 74C02 NOR Latch. The latch interfaces

the MM5865 to the CA3059.

The appliance control circuit does not cause RFI because
the triac is triggered by a zero-voltage switch. Triac
firing can be inhibited by the application of a positive
(up to 10V) voltage to pin 1 of the CA3059.

When power is initially applied to the stopwatch/timer
the S and R inputs of the latch are both ‘0. When the
R switch is pressed, the output of the latch will go to
Vgs, inhibiting the CA3059 pulses to the triac.

When the SS switch is pressed (after digit programming)
the output of the latch will go to Vpp and the CA3059
will be enabled, turning on the appliance. As the pro-
grammed time is reached by counter 2 of the MM5865
(function 6), or ascounter 1reaches 0000 (function 7),
the comparator output will go to Vgg, the output of the
latch will go to Vgg, and the CA3059 will be inhibited,
turning off the appliance.

The inhibit levei provided by the latch may be removed
from the CA3059 by opening the Appliance Enable
Switch. This allows the appliance to be turned on for
adjustments. For example, when the timer is used with
an enlarger, the Appliance Enable Switch permits
enabling of the enlarger lamp for focusing and mag-
nification adjustments.

The output of the latch is connected to the appliance
control circuit via a tape recorder cable which plugs into
a jack mounted at the rear of the stopwatch/timer case
and a jack mounted on the appliance control circuit
housing. The housing for the appliance control circuit
should also have a socket into which the appliance may
be plugged, unless a direct connection is desired.
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As shown in Figure 2, the appliance control circuit
consists of a triac and its trigger circuit. When the
CA3059 zero voltage switch is enabled, the trigger
circuit applies a brief gate signal to the triac for every
alternation of the AC line voltage. After the triac is
turned on by the gate signal, it remains on for the
complete half cycle until the zero-crossing point is
reached at the end of the alternation. The appliance
receives the full AC line voltage under these conditions.

If the NOR latch inhibits the trigger circuit while the
triac is conducting, the triac cuts off when the line
voltage approaches zero. It remains off until another
gate signal is applied. Therefore, the NOR latch controls
the AC input to the appliance.

With the heat sink specified the triac can safely handle
appliances rated up to. 100 watts (0.83 Amp). For
greater appliance loads alarger heat sink should be used.
The specified triac is able to handie appliance loads up
to 10 Amps. Of course, the fuse must be large enough to
handle the current drawn by the appliance. Use a fast
blow fuse if possible.

construction

The printed circuit board was designed specifically for
the James Electronics’ instrument/clock case only after
assurance that the company has a permanent source for
the cases; however, the board may be mounted in any
case of sufficient size.

Because the layout of the PC board requires that some
traces be proximate, the board must be inspected while
it is being etched. During these inspections proper
resolution of the traces is maintained, if necessary, by
rinsing the board in water and carefully scraping the
photoresist from any copper which forms a short circuit
between adjacent traces. The scraping is done best with
an X-Acto blade. Etching should be continued with
frequent inspections.

If the exposure time, the amount of light, and the
development time are exactly correct, trace resolution is
usually not a problem. However, it is difficult to compute
and control these variables without performing many
experiments. The inspection method described above
can save many boards which otherwise would be lost
because of trace resolution defects.

In addition to the care which must be given to the PC
board during the etching process, excessive solder should
be avoided when soldering to the pads. In case of diffi-
culty with timer operation during thecheckout procedure,
suspect the board immediately.

Furthermore, no thought should be given to the idea of
not using sockets for the integrated circuits. James
Electronics has four socket styles. All are adequate
except the wire wrap sockets, (The diameter of the wire
wrap leads is too large.) However, it is easier to insert
and remove ICs from the standard tin and gold sockets.

The drilling guides shown 'in Figure 10 indicate all drill
sizes for the parts shown in the parts list. Every effort
has been made to allow the board to accommodate a
variety of components. For this reason, there are extra
pads and punch guides on the drilling guides. Refer also
to the component layouts shown .in Figure 17. The
boards may be prepared using the X1 positives shown in
Figure 12.

The bottom half of the James case should be prepared
for the board by removing the 6 plastic pegs at the front
of the case if they are present. The pegs may be removed
by grasping them in the jaws of a long-nose pliers and
shaking them from side to side while pulling on the
pliers.

The earphone socket should be- drilled out from the
outside of the bottom half of the case with a 31/64-inch
drill bit. This will allow a 7-function rotary switch to be
mounted in the right hand (facing the display) corner of
the rear section of the top half of the case. When doing
this, first press the bit to the 3/8-inch hole in the bottom
half of the case, then turn on the drill. The bit should
slice the earphone socket off with 4 or 5 turns of the
chuck.

FIG. 10A
O )
O 6 X 0 .
o 0N / AN o . )
: ° o 60 Y w . 1/8DRILL - 4 HOLES
o ° - FIG. 108
° ° . 65 - 60 o
° ° 0 o - N 116
N ?: otes o N \ /
°
500 « °
é\ 16 HOLES : \ s ) . .
° : h 0 / 5 o 1116 DRILL -
° ° 18 . /_ 6 HOLES Z
° ‘}. ; / 64 N
o . , )
° Ny BTN e | me 6 v ™~
o . 4 1 \[ 64 ~
. \ 60 3/16 DRILL 66 o o
65 \ 2 HOLES / \ o ” " —~y
6 [ A o
3 Q‘:o 60 e~ o6 / \
3 6
Yol 6 s \ N S~ 116 60 —/1 © / \ @)
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w—= e O

Figure 10. Drilling Guides for the Printed Circuit Boards. a) Drill sizes and hole locations for the Stopwatch/Tlmer PC board b) Drill

sizes and hole Ic i for the

control circuit. Dimensions are in inches.
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Figure 11. Printed Circuit Board Component Layouts. a) Layout for the Stopwatch/Timer PC board. b) Layout for the Appliance
Control PC board. (Approximately 4/5 size shown). -

(b)

Figure 12. Positives for the Printed Circuit Boards. a) Posithe for the Stopwatch/Timer. b) Positive for the Appliance Control circuit.
(Approximately 4/5 size showr). .
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The center portion of the top half of the case has been
designed for a switch assembly composed of three push-
button switches and one slide switch. The assembly is
made of calculator-type switches and a flex-circuit;
however, James Electronics provides neither the switches
nor the flex-circuit.

Figure 13a shows the layout of the flex-circuit; Figure
13b is a view of the flex-circuit after it has been folded
over the thin plastic insulator which is shown in Figure
13c. The insulator must be oriented so that the circular
cutouts are between the two sets of four copper hexa-
gons. The copper trace through each hexagon forms one
contact of a SPST switch.

(d)

69L-NV

Figure 13. Flex-Circuit Assembly. a) Layout of the flex-circuit. b) Layout of the flex-circuit after it has been folded to form the
contacts of three SPST momentary pushbutton switches and 'one SPST slide switch. c) Thin plastic insulator which must be inserted
between the folded portions of the flex-circuit. d) Plastic cover which fits over the flex-circuit assembly to hold it in place in the top of

the case.

If the automatic reset feature for function 6 is to be
included, cut the slide switch hexagon connection to
Vgg as shown in Figure 74 and cut a little square piece
from the thin insulator. This small square should be just
large enough to allow a solder connection to be made
between the trace going to the slide switch hexagon and
the trace going to the FE switch hexagon. To solder
the traces together, pretin both traces slightly, fold the
flex-circuit as shown in Figure 13b, and apply a small
soldering iron tip to the trace going to the slide switch
hexagon at a point above the insulator cutout.

The switches should then be placed in the top of the box
in the spaces provided. The flex-circuit is then placed
over the switches. Finally, the plastic cover fits over the
entire assembly as shown in Figure 15. Holding the
plastic cover firmly in place, touch a clean soldering iron
tip to each of the plastic pegs protruding through the
holes in the plastic switch assembly cover until the
assembly cover is sealed to the top of the case. Cut the
single tall plastic peg to the rear of the switch assembly
cutout if there is one.

[ o ) 2] o o | o )
g g |
é |
o ]
(] -0 -] o |
|
[ o ] 0. ) o ‘ ) )

- Figure 14. Full-Size Partial Drawing of the Flex-Circuit Layout Showing the Trace which Must be Cut if the Auto Reset Option is

Desired.
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Figure 15. Photograph Showing the Internal Construction of the Stopwatch/Timer. Note how flex-circuit runs from the top of the case

to the trace-side of the printed qircuit board.

Drill the holes for the rotary function switch, the
comparator switch, and the four programming switches
as shown in the drilling guide of Figure 16. The drilling
guide must be modified as shown in Figure 17 if the
Centralab PS-101 switch is used. The holes for the
rotary switch must be marked and drilled precisely.
In addition, if the Centralab PS-101 switch is used the
filter capacitor, C1, must lie on its side to make room
for the function switch. Mounting the top of the case to
the bottom is easier if the Centralab PS-101 switch is
used. If desired, a jack may be mounted in the bottom
half of the case in the right hand rear corner, behind C1,
to provide a quick connection to an enlarger or appliance
control circuit. The fit will be tight, but a miniature jack
can be mounted without much difficulty. This completes
the case preparations.

Before parts are mounted to the PC board, the fit of the
board to the case should be checked. It may be necessary
to adjust the mounting holes slightly with a smail round
file. Try not to completely break the traces surrounding
the mounting holes. There are six mounting holes in the
PC board. These holes match six plastic pegs in the
bottom of the case. Two of the pegs are to be inserted
through the transformer mounting flanges if a trans-
former of the correct size is used. If the Radio Shack,
or some other transformer which does not fit precisely,
is used, it may not be possible to fit the pegs through the
transformer mounting flanges.

After the IC sockets are mounted, the transformer and
C1 should be mounted. If the Centralab PS-101 switch is
used, the filter capacitor should be attached to the board -
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Figure 16. Drilling Guide for the Case Top if the MRCT1-10 Rotary Function Switch is Used. (Dimensions in inches.)

H/EE DRILL -
OLES ;

1/4 DRILL —
2 HOLES 7

Vit

_@__@
lt—u.z—bl—-1.z—.l

D e}

[N)

T

n75—§

g
a

[s/az DRILL

Figure 17. Drilling Guide for the Case Top if the PS-101 Rotary Function Switch is Used. (Dimensions in inches.)

with leads that are long enough to permit the capacitor
to lie on its side. The diameter of C1 must not be greater
than 0.7 inch and its length must not be greater than
1.2 inch.

The display rﬁounting pins should be soldered to the
display. before the display is mounted to the board. Be
careful not to lift the display pin pads when soldering.

Wires must be soldered to the board and connected to
the switches mounted to the top of the case. Refer to
the wiring diagram shown in Figure 18.

Wire jumpers may be used ‘to program the display.

resolution and the modulo of the counters using the
charts shown in Tables / and //, The connections shown
in Figure 2 cause the display to read in tens of minutes,
minutes, tens of seconds, and seconds; maximum time is
99 min 59 sec. A pad which allows a connection to an
external clock is available at pin 15 of the MM5865.

After all components have been mounted and all wire
connections have been made, proceed to the preliminary
checkout and adjustments section before applymg
power to the board.
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Figure 18. Wiring Diagram for the Switches Mounted in the Case
Top.

preliminary checkout and adjustments '

The following tests and adjustments should be carefully
completed before power is applied to the stopwatch/
timer or the appliance control circuit.

Rotate the F switch to function 7, place the ARE switch
in the OFF position, place the C switch in the CCE
position, and disconnect the tape recorder plug from the
jack at the rear of the stopwatch/timer case. Adjust R1
for minimum resistance. Do not connect any appliance
to the appliance control circuit, but do place a fuse in
the fuse holder.

Measure the following points for the indicated amount
of resistance:

1. Across the stopwatch/timer line cord plug > 50 ohms

2. Across C1, with VOM on X1K scale and common

probe to Vpp, > 5k ohms, after C1 charges
3. Across R1 < 15 ohms
4. Across C2 > 100 ohms.

5. Across the appliance control circuit line plug > 10k
ohms

If these values of resistance cannot be found at the
points indicated, check the PC boards for opens or shorts
as necessary. Then, with a VOM connected across C2,
apply power to the stopwatch/timer; the VOM should
read slightly more than 1 volt. Increase the resistance of
R1 until the. VOM reads 8.4 volts. Slightly under 8.4 volts
is better than slightly over. Pressing the reset switch
should cause ‘0000 to appear on the display, unless the
display already reads “0000."”" :

If the displéy is blank or indicates only one or two
zeroes, the oscillator is probably not oscillating. Rotate
C3, 360 degrees if necessary, while observing the display.

. If the display still fails to respond properly, check the

voltage at pin 20 of the MM5865; it is very close to 6
volts when the oscillator is functioning.

After oscillation has been confirmeo the display should
be examined for segment and digit defects: If any
segment or digit does not appear in-the display (The g
segment does not appear when the display reads all
zeroes.), the board and the display mounting pin connec-
tions must be checked.

When handling the stopwatch/timer before it is mounted
in its case, extreme care must be used to not break the
connections between the flex-circuit and the printed
circuit board. However, these connections need not be
made until the oscillator and display have been checked
out.

After the oscillator and display checkout, the frequency
of the oscillator should be adjusted to the crystal fre-
quency using C3. Then the board may be placed in the
bottom of the case. The balance of the preliminary
checkout consists of stepping through the operational
flow diagrams in Figures 3-8; a VOM 'should be con-
nected to the output jack during the functions 6 and 7
checkout. If any of the switches under the flip cover
fail to respond, check to see if the flex-circuit is broken
at the point where it connects to the board.

final assembly and checkout

The board may be fastened to the bottom of the case by
forcing =6 tinnerman nuts over the plastic pegs which
appear through the holes indicated in Figure 11. This
may be done easily with a 5/16-inch nutdriver. Then
force the line cord in the cutout provided.

‘The top of the case may then be carefully fitted to the
bottom, with the red plastic filter partially in place.

A slot in each half of the case retains the filter when the
case halves are fastened. |f the MRC-1-10 switch is used,
the fit will be tight because of its proximity to C1. The
cutout for the line cord in the top half of the case must
be forced over the line cord.

Once the two halves are fitted properly, fasten them
together using the four screws provided with the case.
Install the rubber feet and proceed with the final check-
out.

The final checkout is a repgtition of the operational
checks using the flow diagrams. Each option at each
decision point in every flow diagram should be exercised.

resolution and accuracy

If a crystal is used for the time base of the stopwatch/
timer, the accuracy of the displayed count will, of
course, depend upon the particular crystal used. In
addition, because the MM5865 begins to count on the
leading edge of the start/stop pulse, the width of this .
pulse becomes important when the event time is very
short.

For example, when coupling the timer to an appliance,
if the width of the start/stop pulse is longer than the
event time, the appliance will not turn off at the end of
the programmed time.

This is why C5 and R4 have been included. Together
they insure that the start/stop pulse will not be longer
than 0.01 second. This pulse width should be adequate
for most users. C5 and R4 may be omitted if the length
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of time the start/stop switch is to be held closed will
always be less than any timed event. When C5 and R4
are omitted, the SS switch simply connects to Vgs.

As to crystal accuracy, the stopwatch/timer will lose
0.001 sec/sec if a 32.768kHz crystal is used instead of a
32.8kHz crystal. This should be insignificant for most
users. :

Also, the display resolutions which may be programmed
by on board jumper wires will be adequate for most

users. Figure 2 illustrates the connections to the MM5865,

which will cause the display to read in tens of minutes,
minutes, tens of seconds, and seconds.

When it becomes desirable to achieve a display resolution
which allows the timing of events that are hours in
length, it is necessary to provide the MM5865 with an
external time base. This may be done by cascading two
MM5865s or by using.a simple timing circuit built around
an LMB55 timer or a digital clock. Figure 19 shows how
an MM5315 digital clock may be used as a time base for
the MM5865. The MM5315 itself uses the line frequency
as a time base. The MM5315 is shown as it would be
connected for a 60 Hz line frequency.

When an external time base is provided for the MM5865
in this manner, an external multiplexer must also be
provided. The oscillator formed with the 74C14 supplies
the desired multiplex frequency as shown in Figure 19.

A final note: Unless the start pulse is externally synchro-
nized to the clock (available at pin 15 of the MM5865, if
the internal oscillator is used), the amount of time which

will elapse between the arrival of the start pulse at pin 14
of the MM5865 and the appearance of the first digit in
the display will not be equal to the programmed display
resolution. It is possible to develop a start pulse that is
synchronized to the clock using an MM74C221 Dual
Monostable Multivibrator as shown in Figure 20. The
time constant of R1-C1 should be equal to the display
resolution, the time constant of R2-C2 should be less
than the programmed display resolution, and the time
constant of R3 - C3 should be less than the time constant
of R2-C2.

Vss
START SWITCH -l
L 2 16
T0 4 A
PIN 14 — . = R2
OF § 7 T‘V\N‘*
MM5865 ‘;‘3——' 5 g ¢
FROM £ s 1 R1
PIN 15 10 e
OF +I Why—
MM5865 c1
L I 314_3"
l l VDo

Figure 20. Start-Puise Synchronizer. Time constant of R1-C1 =
display resolution. Time constant of R2 - C2 < display resolution.
Time constant of R3~C3 < time constant of R2 - C2.
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Figure 19. Using an MM5315 Digital Clock and an External Multiplexer to Provide an External Time Base for the MMS865 to Generate

a Display Resolution of 1 Minute.
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R1
R2
R3
R4
R5
R6
R7
R8
C1

Cc2
C3

C4
C5
C6
Cc7
D4, Dy
T
1C1
1C2
IC3
1C4
IC5
1C6
1C7

ANODE AM/PM INDICATOR ==PIN 8

PARTS LIST

5k£2 trimpot

24082, %W, 5% resistor

20M82, %W, 5% resistor

1M, %W, 5% resistor

100kS2, %W, 5% resistor

5.1k82, %AW, 5% resistor

4.7k2, %W, 5% resistor

10kS2, 1W, 5% resistor
470-1000mF, 25V capacitor
10mF, 256WV p¢ solid tantalum capacitor
6-25pF variable capacitor. Sprague QT1-18
4 -30pF may be used.

25 - 27pF, disc ceramic capacitor
0.01mF disc ceramic capacitor
100mF, 256WV p¢ capacitor
0.05mF, 200WV p¢ capacitor
1N4003

10-16.5Vac @ 300mA transformer
LM317T voltage regulator

MMBE865 universal timer

CD14511 decoder/driver/tatch
DS8877 or DS75492 digit driver
RAOQ7 - 150 resistor array

74C02 quad 2-input NOR gate
CA3059 zero voltage switch

Triac
F1
XTAL

S1, 83, S5
s2 7

S4
S6-S9
S10

S11
S12 -
Display

Heat Sink
Misc.

HEP R1723

1A fast or normal blow fuse :
32.8kHz crystal (32.768kHz can be substi-
tuted. Timer will lose about 35 sec in 11 hr
20 min of use.)

SPST, NO, momentary pushbutton switches;
part of flex-circuit switch assembly.

SPST slide switch; part of flex-circuit switch
assembly.

DPDT, center OFF toggle switch

SPST, NO, momentary pushbutton switches
7-12 position rotary switch — Centralab
PS-101 or Alcoswitch MRC-1-10.

SPST toggle switch

SPDT toggle switch (optional)

National Semiconductor NSB5411 4-digit
multiplexed display.

TO-220 heat sink. Two needed.

16 display mounting pins (strip of 16 pins);
1 case; Clock/Instrument (available from
James Electronics); 1 flex-circuit; 1 flex-
circuit insulator; 2 Tinnerman nuts, #6;
fuseholder; appliance control box, #LMB
C.R.-234; 115V p¢ chassis mounting socket;
miniature jacks; phone cable (shielded); IC
sockets.

NSB5411 4 FULL DIGITS
'A o Ll " RED FACE PLATE
3.00
I ’ ' 4
-~ N ]
® —

|

G ]

12345678 910111213141516

FRONT VIEW

PIN.CONNECTIONS

ANODE G ==PIN 1
ANODE £ ==PIN 2
ANQDE E ==PIN 3
ANODE D ==PIN 4
ANODE A =PIN 5
ANODE C =—PIN 6
ANDDE B ==PIN 7

PIN 16== ANODE COLON TOP
PIN 15== CATHODE 5
PIN 14== CATHODE 4
PIN 13== CATHODE 2 AND 3

PIN 11==LIGHT SENSOR
PIN 10== LIGHT SENSOR

PIN 12== CATHODE 1 AND AM/PM

PIN 9== ANODE COLON BOTTOM

L]

| »
0.282 € 1 4

SIDE VIEW

SEGMENT
DESIGNATION

Figure 21. Dimensions and Pin Connections for the National Semiconductor Corp. NSB5411 4-Digit, Multiplexed Display. Mounting
holes for a photocell are included on the display board.
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MM5554

MM5554 frequency divider
general description

The MM5554 frequency divider provides six stages
of binary division to produce six octave-related
outputs of an electronic musical instrument tone
generator. Each divider stage consists of an asyn-

Electronic Organ Circuits

chromatic frequency generator; output charac-
teristics and power supply requirements are com-
patible. The MM5554 is packaged in a 14-lead
dual-in-line package.

chronous, DC-coupled flip-flop. The six stages are
internally connected in cascades of one, two, and
three flip-flops. Each flip-flop drives a push-pull
output buffer, which provides low output impe-
dance ‘in both logic states. Two of the internal
cascades also provide trigger outputs for use in
cascading the divider stages. The timing diagram
shown results from connecting the same input
trigger to all three inputs.

The MM5554 complements the MM55565/MM5556

features

® 0 to 500 kHz toggle frequency
® 1-, 2—-, 3-stage partitioning
applications

= Electronic organs

®  Electronic music synthesizers

® Musical instrument tuners

logic and connection diagrams

Typical Organ Tone Generator

2.126MHz
TRIGGER INPUT
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15y
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absolute maximum ratings

Logic Supply Voltage (Vgg) Vgs +0.3V to Vgg — 33V
Buffer Supply Voltage (Vgg) Vgg +0.3V to Vgg— 18V
Trigger Input Voltage (V1) Vgg +0.3V to Vgg —~ 18V
Power Dissipation (Pp) 250 mW
Storage Temperature (Tg) : —55°C to +100°C
Operating Temperature (T ) 0°C to +70°C

electrical characteristics

T within operating range (Vgg = -27 £2V, VBB> = -10 £.5V), unless otherwise noted.

PARAMETER SYMBOL MIN TYP MAX UNITS
Trigger Inputs:
Frequency fir DC 500 kHz
Rise and Fall Times (10% to 90%) t, 25 ns
Pulse Width (at 90%) pw - 1 us
Logical High Level Vith -25 Vss
Logical Low Level v -18.0 : =70
Leakage Current lire . 1.0 UA
Trigger Outputs: (loaded 10M ohm
to ground, Ta = 25°C)
Logical High Level Voth -1.5 0 v
Logical Low Level : VoruL -10
Buffer Qutputs: (loaded 20K ohm
to ground and 20K ohm to Vgg,
T4 =25°C)
Logical High Level Von -1.0 0 \Y
Logical Low Level : VoL Vas : -8.0
Supply Currents: (no output
loads, T = 25°C)
Logic Supply lca 4 mA
Buffer Supply lgg 20 uA

timing diagram

STAGE 1 OUTRUT I I | I | l : I I l | I I l I | I pm§ys,12,13
TRIGGER OUTPUT 1 _—I_J_m_l—l_r—l_l—u_—l__,—u PN G

sTAGE 2 ouTPUT I J | [ | [ | I_
TRIGGER OUTPUT 2 I r I f l I | ‘ J_ PINZ

STAGE 3 OUTPUT | | | I PIN 11

PINS 10,14
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MM5555, MM5556

Electronic Organ Circuits

MM5555, MM5556 chromatic frequency generators
general description features

The National Semiconductor MM5555, MM5556 ® Single-phase squarewave input
chromatic frequency ‘generators are MOS/LSI

. ) ! ® 7 kHz to 2.2 MHz input frequency
frequency synthesizers designed to generate musi-

cal frequencies. The circuits provide thirteen semi- ‘@ Accuracy of 0.5129 cent
tone outputs,” fully spanning the equal tempered

octave. The divisors have been carefully selected - applications

to offer excellent tuning accuracy and to eliminate X

any “locked” (just-intoned) fifths. Output charac- = Electronic organs

teristics are fully compatible with the MM5554
Frequency Divider. The MM5555 or MM5556 is .
packaged in a 14-lead dual-in-line package. ®  Musical instrument tuners

& Electronic music synthesizers

connection and logic diagrams -

Dual-In-Line Package Dual-In-Line Package
N0 —H U LN ono 4 U " e
TRIGGER INPUT i LY TRIGGER INPUT = 19 s
e LA . ne— . L2 ¢
“Reser — s “RESET = e
5 W - *Used only for testing. Pin 5 0
Voo == [— a8 4 is normally grounded. Voo =] mid
Voo LRy . Voo =] e o0
Vos = e Voo ¢
TOP VIEW N TOP VIEW
Order Number MM5555N Order Number MM5556N
See Package 18 See Package 18

Typical Organ Tone Generator

2, e
TRIGGER INPUT
2

-18v.
-tov
[T I
76 5 4 3 il 76 4 3 21
. cHomaTic
— MMS556 MMS555 FREQUENCY
- GENERATOR
'8 9w 11121318 8 910 1112 13 14
TTTTTT TTTTTO
v e L
RN [N
T0S9 ADDL
MM5554°'S
| [1, [1,
54 3 2 1 54 1 2 5 4 312
12({TOTAL) .
MM555a ’ MM5554 FREQUENCY MMS554
DIVIDERS.
8 9 10 1112 13 14 8 9 1 112 13 14 8 112 13 14
_I__i I | I I l l [ !
c8 T 4 3 c=2 - 08 - 4 3 02 - 43 9
85 QUTPUT FREQUENCIES TO
KEYSWITCHING CIRCUITRY
output details (2.12608-MHz input) :
MMS5555 MM5556
OUTPUT ETS. CENT ouTPUT ETS. CENT
NOTE DIVISOR FREQUENCY FREOUENCy ERROR NOTE DIVISOR FREQUENCY FREQUENCY ERROR
cs 508 4185.20 4186.01 -0.326 j
: F=g | 359 5922.23 5919.91 +0.658
co 254 8370.39 8372.02 -0.326 . -
F8 380.5 5587.60 5587.65 -0.017
88 269 7903.64 7902.13 +0.321
E8 403 5275.63 5274.04 10.507
a=g | 285 7459.93 7458.62 +0.295
. D=8 427 4979.11 4978.03 +0.364
A8 302 7040.00 7040.00 0
08 4525 4698.52 ° 4698.64 -0.042
G=8 | 320 6644.00 6644.88 -0.221 :
C =8 4795 4433.95 4434.92 -0.368
G8 339 627162 6271.93 -0.082
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absolute maximum ratings

Clock Generator Voltage (Vgg)
Logic Supply Voltage (Vpp)
Buffer Supply Voltage (Vgg)
Trigger Input Voltage (V)
Power Dissipation (Pp)

Storage Temperature (Tg)
Operating Temperature (T4 )

electrical characteristics

T within operating range (Vgg = =27V ¥2V, Vpp

0.3V to —33V
0.3V to 25V
0.3V to —18V
0.3V to —18V
800 mW

—-55°C to +100°C

0°C to +70°C

14V *1V, Vgg = —10V £0.5V), unless otherwise noted.

PARAMETER SYMBOL MIN TYP MAX UNITS
Trigger Input
Frequency fir 7.0 2126.08 2200 kHz
Capacitance Cir 7.0 pF/pkg
Rise and Fall Times t, t 30 ns
(10% to 90% at 2.2 MHz)
1
Pulse Width (at -5.0V) pw 0.4T 0.6T (T= T
|
Logical High Level ViTh -2.0 0 0.3
Logical Low Level ViTL -16 -10 -8.0
Leakage Current hro 1.0 MA
Buffer Outputs: (loaded 20 k€2 to
ground and 20 k2 to Vgg,
Ta=25°C)
Logical High Level Vou -1.0 0
Logical Low Level VoL Vge —8.0
C8 Duty Cycle 50 %
C #8 thru C9 Duty Cycle 30 %
Supply Currents: (;10 output loads,
Ta=25°C)
Clock Generator Supply lea 1.5 3.5 mA
: MM5555 Ipp 16 34 mA
Logic Suppl
9 PPy MM5556 lop 22 40 mA
Buffer Supply ' lgp 25 uA
typical performance characteristics
Ipp vs Ambient Temperature Tp Ipp vs VpD
fyr = 2.2 MHz fir = 22 MHz
Vi = 12V [ Vire = —12v
~25< Vgg <30 —25 <Vgg <-30
2 Vpp = —:gv' X a2 Ta =‘25°Gc - G
_. 3 38 e
T e MM5556 z %
s g T
s w 8 ~ o
T~ MM5555 - . 1 : rat
2 2 —
2 22 =l
18 18
10 0 10 20 30 40 50 60 70 2 -13 0 -4 150 16
Ta - TEMPERATURE (°C) Voo (V)
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MM5559

MM5559 serial-to-parallel converter

® 33 Parallel outputs
® Serial output
®. DC-t0-250 kHz operation

Electronic Organ Circuits

general description applications

The MMb5559 serial-to-parallel converter provides 33 bits ®  Matrix displays and printers

~of conversion in a single package. A serial output facili- ®  Musical instrument keyboard/tone generator interface
tates cascading these devices to provide larger conversions. controllers

features

logic and connection diagrams

Dual-In-Line Package
cLock 2-PHASE )
INPUT CLOCK GENERATOR W
. : Vee =1 N = Voo
l‘" l"z CLK —— Vs
SERIAL SERIAL DATA IN — 22 aTa 0uT
. 33-BIT SHIFT REGISTER ATA
DATA—, > DT BIT 1 e |— TRANSFER ENABLE
i“..'.'...nl nnzT b— BIT 33
BIT3 — — BiT32
TRANSFER ] e
ENABLE 33 QUTPUT LATCHES BIT4 s 3 3
BIT5 — ' — BIT30
\‘(‘;%S’_’ 1o o o o o e v o 133 BIT 6 =l L2 BiT20
— OUTPUT BUFFERS BITT = o BIT-28
(Rps(om) = 1) BIT S =i — 81T 27
1o o o 0'eooeeell BITQ——* e BIT 26
TYPICAL i Vg EXTERNAL BIT 10 — — BIT 25
oUTPUT LoAD '
BIT11 =i e BIT 24
BIT 12 e — BiT23
Vp g 1
A(vss—wv? —>x i BIT 13 e — BiT 22
} 2
. 1T 14 e F— BT 21
Vee . x —————— RET 23
(Vss-20V) OUTPUT LOAD BIT 15 — [, BT
REFERENCE BIT 16 ==t — 81T 19
VOLTAGE
(Vs T0 Veg.30V) BIT17 b BIT 18
33-Bit Serial-to-Parallel Converter TOP VIEW
. Order Number MM5559N
timing diagram : , See Package 24

o _/_\_//—\.__/_\__/_\_
s f~—H*Uh :
DATAIN X

——] ‘pds
DATA OUT ‘ :
(SERIAL) -

f— ttd tw
TRANSFER .
ENABLE .
' tpdp
DATA OUT
(PARALLEL) )




absolute maximum ratings

Voltage At Any Pin Vgs + 0.3 to Vgs — 25V
Voltage At Any Output Pin Vgs + 0.3 to. Vgg — 33V
Operating Temperature 0°Cto +70°C

dc electrical characteristics 7
Ta within operating range, Vsg = 0V, Vpp = —10V, #10%, VGG = —20V *10%, output load reference voltage =
OV to —30V (via external load resistor)

Storage Temperature ~55°C to +100°C
Lead Temperature (Soldering, 10 seconds) 300°C

6SGSNIN

CONDITIONS MIN TYP MAX UNITS

PARAMETER

Data Input Voltages

Logic High Level Vgg—2.2 Vss v

Logic Low Level Vgs—11 Vss—7 | \
Clock and Transfer Enable Input Voltages

Logic High Level Vgs—1.0 Vss \

Logic Low Level Vgg—11 Vgs—8.6 \
Input Capacitance ) 7 pF
Input Leakage Current Ta=25°C, VN = Vsg—11 10 A
Clock Input Frequency Duty Cycle = 50% 0 250 kHz

Rise and Fall Times Vgg—2.2 through V§5—8.6 0.2 Ms
Transfer Enable Input

Pulse Width Time at Vgg—8.6 1.6 s

Rise and Fall Times ' ' i i ’ 0.2 us 3
Parallel Outputs ,

Output Voltage lo=2mA Vgs—2 \%

Leakage Current Ta=25°C, Vo = Vgs—30 10 HA
Serial Output Voltages

Logical High Level Loaded 56 kS2 to Vpp Vgs—2 Vss Y

Logical Low Level Loaded 560 k2 to Vss VbD Vgs—8 \%
Power Supply Currents

Drain Supply, DD : 10 mA

Gate Supply, |GG (Note 1) 7.5 207 mA

Note 1: The magnitude of GG is modulated by the parallel output data; the current is inversely proportional to the number of outputs
that are high (sourcing current). The typical value of 7.6 mA is representative of an alternating 1's and Q’s output pattern.

ac electrical characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
tgs Data Setup Time Referenced from Vgg — 7 on Data In 0.4 us
to Vgg — 8.6 on Clock In
tgn Data Hold Time 0.2 - Ms
ttg Transfer Delay Referenced from Vgg ~ 8.6 0.6 Hs
tw  Transfer Strobe Width . 1.6 us |
Propagation Delay
tpds Serial High-to-Low (Vgs to Vpp) 3.0 us
Low-to-High 1.2 us
tpdp Parallel Low-to-High with 10 k€2 Load 1.2 ‘ Hs
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MM5823, MM5824

Electronic Organ Circuits

MM5823, MM5824 frequency dividers

general description

These frequency dividers provide six stages of binary

" division to produce six octave-related outputs of an

electronic musical instrument tone generator. Each
divider stage consists of an asynchronous, dc-coupled
flip-flop.

The six stages of the MM5823 are internally connected
in cascades of two, one, one, and two flip-flops. Each
flip-flop drives a push-pull output buffer which provides
very low output impedance in both logic states.

The six stages of the MM5824 are internally connected
in cascades of one, two and three flip-flops. Each flip-
flop drives a push-pull output buffer which provides very
low output impedance in both logic states. Two of the
internal cascades also provide trigger outputs for use in
cascading the divider stages.

The timing diagram shown results from connecting the
same input trigger to all three inputs.

The MM5823 and MM5824 complement the MM5832,
MM5B833 and MM5555, MM5556 chromatic frequency
generators; output characteristics and power supply
requirements are compatible. The MM5823 and MM5824
are packaged ina 14-lead dual-in-line package.

features

® 0 to 100 kHz toggle frequency
® 1,2, 30r2, 1,1, 2stage partitioning

applications

m Electronic organs
® Electronic music synthesizers
B Musical instrument tuners

connection diagrams

Dual-In-Line Package

-
1 4
Voo = [:2] 2 aureut e
2 13
INPUT 1=~ [-2] |— outPuT 1A
3 = 12
NPUT 2 {7} ouTPUT2
4 - 1
INPUT 3 {2} 0UTPUT3
5 1 .
N — [:2] L ourpuras
5 9
INPUT 4 =i -2} b— ouTPUT 4
) 7 8
Voo = MM5823 — Vs
TOP VIEW

Order Number MM5823N
See Package 18

Dual-In-Line Package

. J
Voo — 4 oureut 28
TRIGGER _2 13
oot 2 — ouTPuT 24
3 2
INPUT 2 =] 2 outeuT
TRIGGER _4 n
ooER 7 OUTPUT 3¢
INPUT 1 = T 2 oureut e
6 9
INPUT 3 = 0UTPUT 3A
7
Voo . Mms824 Vs
TOP VIEW

Order Number MM5824N
See Package 18




absolute maximum ratings

Logic Supply Voltage (Vgg)
Buffer Supply Voltage (Vpp)
Trigger Input Voltage (V1)
Power Dissipation (Pp)
Storage Temperature (Tg)
Operating Temperature (Tp)

electrical characteristics

0.3V to —30V
0.3V to —18V
0.3V to —25V
250 mW

—55°C to +150°C
0°C to +70°C

T, within operating range (Vgg = =27 1V, Vpp =—11 b5 10.5V, Vgs = OV),‘unless otherwise noted.

PARAMETER MIN TYP MAX UNITS
Inputs: i
Frequency (f,1) DC 100 kHz
Rise and Fall Times (10% to 90%) (t,, t¢) 25 us
Pulse Width (at 90%) (pw) 2 us
Logical High Level (Virw) -2.0 Vgg 0.3 Y
Logical Low Level (V) —-18 -10 -8.0 \%
Leakage Current @ V= =18V (I;7) 1.0 MA
Trigger OQutputs: (loaded 10M ohm
to ground, T = 25°C)
Logical High Level (Vg1y) Vgs—1.5 Vss \
Logical Low Level (V1) -18 -10 v
Outputs: (loaded 10k ohm to ground
and 10k ohm to Vpp, Ta = 25°C) -
Logical High Level (Vo) -05 -0.3 v
Logical Low Level (Vo) Vpp+0.3 Vpp+0.5 TV
Supply Currents: {No output loads, T4 = 25°C)
Logic Supply (Igg) 2.0 8.0 - mA
Buffer Supply (Ipp) 20 MA

39 ..
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MM5823, MM5824

typical application

2.00024 MHz
TRIGGER INPUT D~
27V -
-14v > {
-10V. >~
765 4 32 1 765 43 2 1
CHROMATIC
= MV5833 MM5832 FREQUENCY
= GENERATOR -
8 9 10 1112 13 14 8 910 1112 13 14
L RN
LI B | [
— J
TO9 ADD'L
MM5824
6 1
7°6 54 3 2 1 7 5 4 3 2 1 p— 765 4 32
MM5824
MMS5824 MM5824 FREQUENCY MM5824
DIVIDERS . .
8 910 111213 1 8 9 10 1112 13 14 8 910 11 12 13 14
cH = 7 54 3 Cs2 D8 = 76 54 3 D2 8 = 76 5 43 2

85 DUTPUT FREQUENCIES TO
KEYSWITCHING CIRCUITRY

Typical Organ Tone Generator

timing diagram

INPUT
w1 L
ouTPUT —L__'_—]_r——l_
ouTPUT ——L___r_—l_




Electronic Organ Circuits

MM5832, MM5833 chromatic frequency generator

general description

The National Semiconductor MM5832, MM5833 chro-
matic frequency generator is an MOS/LSI frequency
synthesizer designed to. generate musical frequencies.
The circuits provide thirteen semi-tone outputs, fully
spanning the equal tempered octave. The divisors have
been carefully selected to offer excellent tuning accu-
racy. Output characteristics are fully compatible with
the MM5554, MM5823 and MM5824 Frequency Dividers.
The MM5832 or MM5833 is packaged in a 14-lead dual-
in-line package.

features

m Single-phase squarewave input

s 7 kHz to 2.1 MHz input frequency

® Maximum error of 1.16 cent

applications

= Celeste tone generator
® Electronic music synthesizers
m QOrgan tone generators

m Chorus tone generators

connection diagrams

Dual-In-Line Package

Dual-In-Line Package

1 U 14 1 U 18
GND =i — C3 ono —f — nC
2 13 2 13
TRIGGER INPUT = b= co TRIGGER INPUT —— b—r =8
12
1 11 *Used only for testing. Pin 4 i [ 11
*RESET =t Mm5832 |— A <8 nnrm:l:lyygl::mded.g e *RESET =i MM5833 b— €8
10 10
Voo = }— a8 Voo =4 |—0 8
[] 9
VDD—G. ER G =8 Vpp == e D8
7 8 7 [}
Ves = —G8 Vg === c#
TOP VIEW TOP VIEW

Order Number MM5832N
See Package 18

Order Number MM5833N
See Package 18
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MM5832,MM5833

absolute maximum ratings .

Clock Generator Voltage (Vgg)
Logic Supply Voltage (Vpp)
Buffer Supply Voltage (Vgg)
Trigger Input Voltage (V1)
Power Dissipation (Pp)

Storage Temperature (Tg)
Operating Temperature (T )

electrical characteristics

Ta within operating range (Vgg = =27V 22V,

Vgs +0.3V to Vgg — 33V
Vgs +0.3V to Vgg — 25V
Vgs +0.3V to Vgg — 18V
Vgs +0.3V to Vgg — 18V
800 mW

—55°C to +100°C

0°C to +70°C

Vpp =—14V *1V, Vgg =

=10V 0.5V, Vgg = 0V), unless otherwise noted.

PARAMETER MIN TYP MAX UNITS
Trigger Input .
Frequency (f1) 7.0 2000.24 2100 kHz
Capacitance (C,1) 7.0 ‘pF/pkg
Rise and Fall Times (t,, t;) 30 ns
(10% to 90% at 2.1'MHZ)
Pulse Width (at =5.0V) (pw) 0.4T 0.6T (T=1/f7)
Logical High Level (V,ry) +0.3 0 -2.0 Y
Logical Low Level (V) -16 . —80 \
Leakage Current (1)1, ) 1.0 MA
Buffer Outputs: (loaded 20 k2 to
ground and 20 k€2 to Vgg, To = 25°C)
Logical High Level (Voy) 2.0 0 \
Logical Low Level (Vo) Vgg -8.0 \
C8 Duty Cycle 50 %
C =8 thru C9 Duty Cycle 30 %
Supply Currents: (no output loads,
Ta =25°C) , v
Clock Generator Supply (Igg) 1.5 . 35 mA
Logic Supply (Ipp) 16 34 mA
Buffer Supply (lgg) - 25 uA
typical performance characteristics
Ipp vs Ambient
Temperature Tp Ipp vs Vpp
50 ——7 50 T
fir = 2.1 MHz fip = 2.1 MHz
46 v =12y 46 v =—12v
42 |- -25<Vge<-30 42 |— —25<Vge<-30
Vop = —15V Ta- 250
. f _ 3
<< <
% 34 En u L1
Qo o
] MM5832/MM5833 +—| ]
" I~ ‘ ! MM5832/MM5833 4"
26
22 2
18 - 18
-10 0 10 20 30 40 50 60 70 -2 13 -1 -5 16
Ta ~ TEMPERATURE (°C) Voo (V)
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typical application

2.00024 MHz

TRIGGER INPUT ==

21V

-1av

-10v

[ 1] |l
76 5 4 3 21 7 65 4 3 2.1
CHROMATIC
— MM5833 MM5832 FREQUENCY
- GENERATOR
8 9 10 11 12 13 14 8 9 10 11 12 13 14
_JTTTITTH TTT11T Y
LI | [ O | [
[ | [ I
TO9ADDL
MM5824
| [ | [14 1 11,
7 65 43 21 76 5 43271 12 (TOTAL) 765 4 3 21
. MM5824
MM5824 MM5824 FREQUENCY MMWZR‘
DIVIDERS ‘
8 10 11 12 l;i |_l 8 9 10 1112 13 14 8 910 1112 13 14
| T T
[ ) 76 54 3 C=208 = 7 6 5 4 302 B::E—J7 5 4 2
85 OUTPUT FREQUENCIES TO
KEYSWITCHING CIRCUITRY
Typical Organ Tone Generator
output details (2.00024 MHz input)
MMS832
: OUTPUT E.T.S. CENT.
NOTE | DIVISOR | oeyencY | FREQUENCY | ERROR
for:} 478 4184.61 4186.01 -0.565
c9 239 8369.21 8372.02 -0.565
B8 253 7906.09 7902.13 | 0.842
A #8 268 7463.58 . 7458.62 1.119
A8 284 7043.10° 7040.00 0.740
G#8 301 6645.32 6644.88 | 0.112
e
G8 319 6270.34 6271.93 | -0424
MM5833
: . OUTPUT E.T.S. CENT.
NOTE | DIVISOR | .o eoUENCY | FREQUENCY | ERROR
F #8 338 5917.87 5919.91 -0.580
F8 358 5587.26 5587.65 -0.117
E8’ 379 . 5277.68 5274.04 1.160
D #8 402 4975.72 4978.03 -0.780
D8 426 4695.40 4698.64 ~1.159
Cc#8 451 4435.12 4434.92 0.076

3-13
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MM5837

MM5837 digital noise source

general description

The MM5837 digital noise source is an MOS/MSI
pseudo-random sequence generator, designed to produce
a broadband white noise signal for audio applications.
Unlike traditional semiconductor junction noise sources,
the MM5837 provides very uniform noise quality and
output amplitude. The shift register starts at a random
non-zero state when power is applied. The circuit is
packaged in an 8-lead Epoxy-B mini-DIP.

features

= Uniform noise quality

Electronic Organ Circuits

®  Uniform -noise amplitude
® Eliminates noise preamps
= Self-contained oscillator _’
® Single component insertion

applications

= Electronic musical

generators
® Music synthesizer white and pink noise. generators
® Room acoustics testing/equalization '

rhythm-  instrument sound

logic and connection diagrams

Dual-In-Line Package

Voo - l—l L.
7
Voo =] L.
NC
[
OUTPUT —3 e
Ves 4 5

TOP VIEW
Order Number MM5837N
" See Package 17




absolute maximum ratings

LEBSNIN

Optional Gate Supply Voltage, Vgg Vgg — 33V to Vgg + 0.3V
Logic Supply Voltage, Vpp Vgg — 25V to Vgg + 0.3V
Storage Temperature, Tg —55°C to +100°C
Operating Temperature, Ta 0°C to +70°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
T, within operating range, Vss =0V, Vpp = =14V 1.0V, Vgg = —27V 2V, unless otherwise noted.

PARAMETER ) CONDITIONS MIN TYP MAX UNITS i
Output (Loaded 20 k2 to Vgg Ta=25°C
and 20 kQ'to Vpp
Logical 1" Level : Vgs—1.5 Vss \
Logical ‘0"’ Level Voo Vpp+1.5 \Y
Logical ‘0" Level Vgg = 14V £1V Voo Vpp+3.5 \

Supply Currents

lpp - No Output Load 3 8 mA
les 7 mA 3

Half Power Point 24 56 kHz

Cycle Time 11 24 Sec




MM5871

MMS5871 rhythm pattern generator

general description

The MM5871 rhythm pattern generator is an MOS/LS!
circuit, fabricated with P-channel enhancement-mode
and ion-implanted, depletion-mode devices. The PLA
implementation is programmed to produce 6 rhythm
patterns which may be combined in any manner and
provide 5 instrument-trigger outputs. Trigger output
pulse width is determined by an external RC network,
(Figure 1). A similar network, including a potentiometer,
determines tempo of the on-chip oscillator. This circuit
is packaged in a 16-pin Epoxy-B DIP, (Figure 2). Figure
3 illustrates the standard pattern coding. Figure 4 is a
programming worksheet for ordering custom patterns.

features

®  On-chip tempo oscillator
®  Variable output pulse width
® 6 rhythm patterns

= 5 trigger outputs
®m Flexible supply v

Electronic Organ Circuits

oltages

® | ow power dissipation

standard patterns

Waltz (3/4)
Swing (3/4)
Country/Western
March (4/4)
Latin (4/4)
Rock (4/4)

applications

= Ejectronic organs

(3/4)

B Portable rhythm boxes

block and connection diagrams

Vss I I -
0
cLocK STROBE REMAINING
os¢ GENERATOR CIRCUITS
TEMPO w4
Vop L . > J
by | :128
S
VGG ——P A
I *
A BASS N
> oRum
‘ * wooo
> gLock -
SWING PROGRAM-
ADDRESS MABLE BONGOD
ow counter ™ oic > prum
WALTZ SYSTEM ——»| ARRAY
| controL BRUSH
LATIN |  Locic > cvmeat
ROCK >
MARCH > i —> ﬁlluy?snee
FIGURE 1.
Dual-In-Line Package
1 U 16
VGG —— SWING (E) N
3 15 3 TmE
TEMPO CONTROL —— b— COUNTRY/WESTERN (F)

3
PULSE WIDTH CONTROL ——
4
Vop—
5
Vss ~

6

4 ICK (C) ==t
2 tme ROCK (C)

PATTERN

SELECT

INPUTS

LATIN (B) —7—

waRCH (3)—f

. wautz (o)
13
|— SNARE NOISE

) £ BRUSH NOISE

TRIGGER

11
[—=- BONGO DRUM OUTPUTS

10
[~ W00D BLOCK

i- BASS DRUM

TOP VIEW

FIGURE 2.

PATTERN SELECT
INPUTS

Order Number MM5871N
See Package 19
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absolute maximum ratings

MIN MAX
Supply Voltages VGG -33 0.3
VpD =22 0.3
Input Voltage -18 0.3
Storage Temperature Ts -55 100
Operating Temperature TA 0 70
Lead Temperature (Soldering, 10 seconds) 300

electrical characterist

TA within operating range, VSS =

ics

0V, Vpp = —14V £2V, VGG = —27V +2V, unless otherwise noted.

UNITS

o
< <<

o

o
Qoo

LL8SNIN

PARAMETER CONDITIONS MIN TYP MAX UNITS
Tempo Control Input C to Vgg = 0.0066 uF
Minimum Tempo Rto Vpp = 1.1 MQ <2.7 bps
Maximum Tempo R to Vpp = 120 k2 (Note 1) >27 bps
Pulse Width Control Input Cto Vgs = 0.0056 uF
R to Vpp = 100 k§2, (Note 1) 2 3 4 ms
Select Inputs
Logic High Level (Active Level) Vgg—0.75° Vss Vgs+0.3 \
Input Current ViH = Vss 0.2 mA
Logic Low Level VDD VDD Vpp+0.75 \
Trigger Outputs
Logic High Level (Active Level) (w/20k to VpD) Vgs—0.37 Vsg+0.3 \
Leakage Current VoL = VDD. (Note 2) -10 HA
Supply Currents (No Output Loads)
D 20 mA
IGG 5 mA

Note 1: Both the Tempo Control and Pulse Width Control inputs utilize external RC networks to determine tempo
tionally, these parameters are affected by the Vgs - VppD voltage. Therefore, for these tests the RC values apply to Vgs — VpD =

Note 2: All triggér outputs are open-dr.
by the specified leakage current.

and strobe pulse width. Addi-
—14 +0.5 volts.

ain transistors. The active output level is therefore high, and the off condition is high impedance as indicated

317
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~ Electronic Organ Circuits

MM5891 MOS top octave frequency generator

general description

. The MM5891 top octave frequency generator is an
MOS/LSI frequency synthesizer designed to generate
musical frequencies. The circuit provides 13 semitone
outputs, which encompass the equal tempered octave.
The divisor set approximates the 12\/5 semitone interval
to an accuracy of £1.16 cent.

Low threshold voltage enhancement-mode and depletion-
‘'mode devices are utilized; the MM5891 therefore
operates from a single, wide range power supply.
Power dissipation is less than 600 mW. The circuit is
packaged in the 16-pin Epoxy B dual-in-line package.

Potential RFI emission of the input cloék is minimized
by positioning the clock input between the Vgg and

VDD pins. Chip layout also isolates the clock and output
buffer areas. Additionally, the outputs are slew-limited
to reduce RF spectral content of the output signals.

features

® Single power supply

® Broad supply voltage operating range
® | ow power dissipation

m High output drive capability

MM5891AA—-50% output duty cycle
MM5891AB—30% output duty cycle

biock diagram

2.00024 MHz
cLock

CLOCK
DRIVER

OUTPUT
DRIVERS

. connection diagram

Dual-In-Line Package

Vss - U S .az8
CLOCK _Z_ -E +239
Vpo =l -14— +253
451 2 AER +268
426 -il _1_2_ +284
a0z = LR
+3719 —7- _10_ =319
+358 —a- lg— +338

TOP VIEW

Order Number MM5891N
See Package 19
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MM5891

absolute maximum ratings

Voltage on Any Pin Relative to Vgg +0.3V to —20V
Operating Temperature (Ambient) 0°C to +50°C
Storage Temperature {Ambient) —40°C to +100°C

recommended operating conditions
(0°C < Ta < 50°C)

MIN. MAX UNITS
Supply Voltage (Vgs) : 0 0 \Y
Supply Voltage (Vpp) -11.0 -16.0 \

electrical characteristics 0°C<Ta <50°C;Vss =0, Vpp = =11 to —16V unless otherwise specified

PARAMETER MIN TYP MAX UNITS
ViH Input Clock, High 0 -1.0 \%
ViL . ' Input Clock, Low Vpp+1.0 ) ‘ VDD : \%
fi Input Clock Frequency 100 2000.240 2500 kHz
tr; tf Input Clock Rise and Fall Tim'es, 10% to 90% ‘ 30 ns
at 2.5 MHz

tON. tOFF Input Clock “ON" and “OFF* Times at 2.5 MHz 200 ns
Cy ' Input Capacitance 5 ‘ 10 pF
VoL . Output, Low at 0.70 mA Vpp+1.5 VDD
VOH Output, High at 0.75 mA Vss—1.0 VSS
tro. tfo Output Rise and Fall Times, 500 pF Load 250 2500 ns
tON Output Duty Cycle

MM5891AA 50 %

MM5891AB— (Pin 16, 50%) 30 %
IDD Supply Current’ 24 37 mA




switching time waveform
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typical performance characteristics

IsiNkK vs VouT ISOURCE vs VouT 1

-18
Vpp=16 " MAX SOURCE
16 g -4 T CURRENT = 0.75 mA . o

N
-3 : .
= ) i
2 5 L
S 41l  wmaxsource 3 2 _g:i';:":‘“““ , |
CURRENT = 0.7 mA T~ \ i
6 e R gverLoa area :
-a |- [ZE] oPERATING AREA 1 |
| r<<y CURRENT

-2 =R gveLoap area |
0 T R M ! 0 di_" |
0 01 0203 04 05 06 0.7 08 09 0 01 02 03 04 05 0.6 07 08 09 \
SINK CURRENT TO CHIP (Vpp) SINK CURRENT FROM CHIP (Vgg) 1
|
; ‘i
I
i
output loading |
|
I
Output Loading tgg Test : Output Loading t,q Test :
‘ |
—iﬁ —~16 |
. I |

Voo o Vop

20k 20.75k
MM5891 . -—16 MM5891

-\.Ilsj j_._\ 500 pF jj ’_l_\ 500 pF
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MM5318

MM5318 TV digital clock

general description

The MMb318 digital clock is a monolithic MOS
integrated circuit utilizing P-channel low-threshold,
enhancement mode devices. The circuit contains all the
logic required to give a 4 or 6-digit, 12 or 24-hour dis-
play from a 50 or 60 Hz input. The digit select inputs
enable an external digital system to select which digit
will be available at the BCD and 7-segment outputs,
An example of this is a television receiver. By using the
MM5318 with a MM5841 in a television receiver, the
time of day can be displayed with the TV channel
selected on the TV screen. The MM5841 determines
what digit it requires from the MM5318, where on the
screen it will be displayed and presents the information
to the TV receiver. The MM5318 is packaged in a 28-
lead dual-in-line package.

features

12 or 24 hour operation
50 or 60 Hz input

4 or 6-digit display

BCD outputs

Digit select inputs
Leading zero blanking in

Single power supply

applications
® TV time display
® Computer real time clock

TV Circuits

12-hour mode

High output currents for simplified display interfacing

block and connection diagrams

12/24 HOUR
HoLD sLow EAST SELECT
50/60 Hz
SELECT
VL y I v 1 [ v
PRESCALE SECONDS MINUTE HouR
e neu counten f—b] coonten f—b| coonten f—b| counteR pLane G
+50 OR 60 560 60 1202
V5§ =——p
VDD—’
A4
SECONDS, MINUTES AND HOURS MULTIPLEXER
MULTIPLEXED
DX ==—=p] DIGIT DECODER BED OUTPUTS
0Y—  copen Rom MULTIPLEXED
02—, TSEGMENT
QuTPUTS
5 DIGIT ENABLE
y/ ouTRUTS
FIGURE 1. Block Diagram
Dual-In-Line Package
2%
Vpp = — 02
DIGIT
708 4 2% oy | sevect
MULTIPLEXED 3 % LINES
BCD QUTPUTS | BCOd ~—f 1= ox
(NEGATIVE
TRUE) 7 4 2 w1
57— 124 1o
2 =L < DIGIT
ENABLE
b» = 122 0 | ouTeuTs Order Number MM5318N
s 2 See Package 23
- |21 o,
MULTIPLEXED %
TSEGMENT { ¢ 3 128 510 J
QUTPUTS J
o L0 1 5060 4z iwpuT
Pl 118 FasTseT
o 2 17 sLow seT
12/24 HOUR SELECT LS. woun
s0/60 Mz seLECT 24 5 ves

TOP VIEW

FIGURE 2. Connection Diagram
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

Vgs + 0.3V to Vgg — 20V
0°C to +70°C

—65°C to +150°C

300°C

electrical characteristics T, within operating range, VDD = 0V, Vgg = 14V £10%, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Current Vgs = 14V (No External Output Loads 4 30 mA
All BCD Outputs at Logical “1")

50/60 Hz Input Frequency dc 50 or 60 60k Hz
50/60 Hz Input Voltage

Logic “1” Vgs—2 | Vss Vss \

Logic 0"’ -2 VDD 4 \%
Digit Select Input Delay 400 2000 ns
All Logic Inputs Internal 20k, Resistor to Vgg ’

Logic 1" (Except Digit Select Inputs) Vgs—1 Vss Vss \

Logic 0" -2 VbD 4 ‘ \%
BCD Outputs

Logic 1" Output Voltage at Vgg — 2 2 10 mA source

Logic “0" 0.01 mA Sink VpD 0.3 \
7-Segment Outputs Output Voltdge at Vgg — 2

Logic 1" 2 20 mA source

Logic “0”" 0.01 ImA leakage
Digit Enable Outputs '

Logic 1" 0.1 mA Source Vgs—0.3 Vss Vv

Logic 0" Output Voltage at Vgg — 2 5 15 mA sink

functional description

A block diagram of the MM5318 digital clock is shown
in Figure 1. A connection diagram is shown in Figure 2.
Unless otherwise indicated, the following discussions are
based on Figure 1. '

50 or 60 Hz Drive: This input is applied to a Schmitt
Trigger shaping circuit which provides approximately
5V of hysteresis and allows using a filtered sinewave
input. A simple RC filter such as shown in Figure 6
should be used to remove possible line voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input: This input programs the
prescale counter to divide by either 50 or 60 to obtain
a 1 Hz timebase. The counter is programmed for 60 Hz
operation by connecting this input to Vpp. An internal
20k pull-up resistor is common to this pin;simply leaving
this input unconnected programs the clock for 50 Hz
operation.

Time Setting Inputs: Both fast and slow setting inputs,
as well as a hold input, are provided. Internal 20 k2
pull-up resistors provide the normal timekeeping function.

Switching any of these inputs (one at a time) to Vpp
results in the desired time setting function. Fast set
advances hours information at one hour per second and
slow set advances minutes information at one minute per
second. The Hold Input stops the clock to the prescale
counter.

12 or 24 Hour Select Input: This input is used to
program the hours counter to divide by either 12 or 24,
thereby providing the desired display format. The 12-
hour display format is selected by connecting this input
to Vpp; leaving the input unconnected (internal 20 k2
pull-up) selects the 24-hour format.

Digital Select Inputs (DX, DY, DZ): These three inputs
are used to determine what digit will be displayed, Table
| shows the code for each digit. A logic ““1" is when the

‘pin is held to Vgg. When the pin is tied to Vpp, a logic

“0" results.

Output Circuits: Figure 3 illustrates the circuit used for
the BCD outputs. Figure 4 shows the circuit used for the
7-segment outputs. The digit enables output circuit is
shown in Figure 5. Figures 6 and 7 illustrate typical
applications for the MM5318.

4-3
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MM5318

functional description (cContinued)

H1 H10
0 1
1 1
1 1

TABLE |. Digit Select Code
DIGIT DIGIT DISPLAYED
SELECT
LINES S1 S10 * M1 M10 =
DX 1 0 0 1 1 0
DY 1 0 0 0 0
Dz 0 0 0 0 1 1
*Output blanked
output circuits
Vss Vss
Vss. Vss
[} ]
! BCD OUTPUT i i
Voo
)
7-SEGMENT
Voo (open DR OUTPUT

FIGURE 3. BCD Output Circuit

typical applications

FIGURE 4. 7-Segment Output Circuit ’

Vss Vss

N

0 —

DIGIT ENABLE
. oUTPUT
v

>O—|I

1

100
600
oo

Voo

FIGURE 5. Digit Enable Output Circuit

v INTENSITY
+12v ADJ,
— ] TO TV VIDEO
BECO 1 QUTPUT CIRCUIT
15 5 »i3 14 15 100
50 Hz . LI B8k
(12v AMS) 9 4 > e
100 5 . =
0.1 3 LI A
= 565 e A 12v | | | | l l VIDEQ
= A EZIIN A A oV OUTPUT
FAST SET A 18 18 -
I MM5318 HORIZ EROM TV
SLOW SET @ RN PRLLE “k:: "~ CHORIZONTAL RETRACE
A oY 1
HOLD @ 16 27f¢ 9 n n
= oz | mssar | VERT o.
28| 8 = )
1ZHR GND PP 22—t
4HRH2VD 151 1L 2 23 2 CHNL VERTICAL RETRACE
= 23— qa UNITS
2 8
HORIZONTAL L7 m— it
POSITION ’ 2 CHNL
ADJ. \V 17 3;'. 4 TENS .
A o 1 8 =
VERTICAL § 000 hg  1pfOSEINH gl ]!
POSITION cLock
ADJ. ¢ 7 .13 oM74C00
100k
v 01 I 4MHz 3pF
1GIT SE »  rear
DIGIT SELECT 12V FOR 8 DIGIT
GND FOR 5 DIGIT 1 2% DISPLAY OFF

MODE CONTROL - +12V FOR CHANNEL

AND TIME

GND FOR CHANNEL ONLY

{

FIGURE 6 TV Channel and Time Display
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typical applications (Continued)

8LESNIN

AC INPUT +14v

100k {1!\1914

Vss
0.01.F 19 15
™ 28 |
FAST i
] 21}«
{»— —18 26 |
sLow ‘
1 : DIGITAL :
— ], Mweue SYSTEM .
16 2 > :
1 3 >
13 s >
Vpp -
5 »>
[ -
|
|
w |

FIGURE 7. Typical Applicatidn
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MM5320

TV Circuits

MM5320 TV camera sync genérétor

general description features

The MM5320 TV camera sync generator is an ® Multi-function gen lock input provides flexi- .
MOS, P-channel enhancement mode, ~LSI chip _ ble control of multiple camera installations
designed to supply the basic sync functions for . ® 16 lead dual-in-line package

either color or monochrome 525 line/60 Hz

interlaced camera and video recorder applications ® Conventional +5V, ~12V power supplies

1 . .

Required power supplies are +5V and —12V, or Uses 2.04545 MHz or 1.260 Mﬂz input ref-

any other combination resulting in Vgg — 17V. All . erence

inputs and outputs are TTL compatible without ® Field indexing provided for VTR applications

the use of external components. ® Color burst gate and sync allow stable color
: operation

logic and connection diagrams

tio- -

cLock
eyt ©

COLOR BURST
GATE OUT

—

HORIZONTAL
DIVIDER
1:85/°40)

DRIVE OUT

¥ ¥ vl

l¢ COLOR BURST
DIVIDER HORIZONTAL .| : I SYNC OUT
covtroc @ DeconinG [
L - HORIZONTAL SYNC .
- -
EQUALIZATION 4 CoMPOSITE
SERRATIONS a SYNC SYNC OUT
HORIZONTAL BLANKING q Lose

— 1

A >
»|  comeosITE
COMPOSITE
\ . VERTICA | BLANKING
ERTICAL BLANKING > s BLANK OUT
RESET - VERTICAL ._’ VERTICAL VEATICAL DRIVE
CONTROL ~ RES! DIVIDER —
VERTICAL LOGIC (-525) 1 DECODING EQUALIZATION GATING
ReseT O — SERRATION GATING L
—>1
VERTICAL

DRIVE OUT

FIELD
INDEX

Dual-In-Line Package

U

&

Vo —11 [ COMP SYNC OUTPUT

DIVIDER CONTROL weed 2

&

p— Hz DRIVE

CLOCK INPUT =i 3

3

p== COMP BLANKING

Hz RESET weed 4 13 === COLOR BURST SYNC
VERT RESET ==y § 12 p=— COLOR BURST GATE
RESET CONTROL —{ 6 11 }— VERT DRIVE
NC o=t 7 10 P NC
Vs =4 8 9 | FIELD INDEX

TOP VIEW

Order Number MM5320N
See Package 19

46




absolute maximum ratings

Voltage at Any Pin
Operating Temperature
Storage Temperature

Vgg + 0.3 to Vgg — 22
0°C to +70°C
-65°C to +150°C

Lead Temperature (Soldering, 10 seconds)

dc electrical characteristics
T, within operating temperature range Vss = 4+5.0V +5%, Vg = —12V £5%, unless otherwise stated.

300°C

PARAMETER CONDITIONS MIN TYP MAX } UNITS
Input Levels .
Logical High Level (V) Vgs — 1.5 Vgs +0.3 Y
Logical Low Level (V) Vgs — 18 Vgs 4.2 - \
Input Leakage Vin =—10V, Tp = 25°C, 0.01 0.5 uA
All Other Pins GND
Input Capacitance Vin =0V, f=1.0MHz, 35 6.0 pF
All Other Pins GND (Note 1)
Clock Input Leakage Vin =—10V, Ty = 25°C, 0.5 HA
All Other Pins GND
Clock Input Capacitance Vin =0V, f=1.0MHz, 35 6.0 pF
’ All Other Pins GND (Note 1) A
Output Levels .
Logical High Level (Von) Isource = 0.5 mA 2.4 Vss v
Logical Low Level (Vg ) Isink = 1.6 mA 0.4 \%
Logical Low Level (Vo) MOS Load Vgs — 125 Vs — 11 Vss = 9.0 v
Power Supply Current (lgg) T4 =+25°C,Vgg =12V 24 36 mA
: Gpw = 235 s, Vgg = +5.0V
Input Clock Frequency = 2.04545 MHz
ac electrical characteristics
Ta within operating temperature range Vgs = +5.0V 5%, Vgg = ~12V ¥5%, unless otherwise stated.
PARAMETER - CONDITIONS MIN i TYP MAX UNITS
Input Clock Pulse Width (¢pw) Input Clock Frequency = 2.04545 MHz 190 235 280 -
ot,, ¢ty = 20 ns
input Clock Pulse Width (¢py) Input Clock Frequency = 1.26 MHz 520 545 570
¢t, = ¢t; = 20 ns (Note 3)
Horizontal Reset Pulse Width Within 400 ns after the Falling Edge of 500 600 800 ns
Master Clock (Figure 5)
Rise and Fall Time = 20 ns
Output Propagation Delay (tyq4)
Logical-High Levet (Vo) Capacitance at the Output = 15 pF 500 750 ns
Logical Low Level (Vg ) (Figure 5) 500 750 ns
Field Index Pulse Width Within 400 ns after the Falling Edge of 500 600 700 ns
Master Clock (Figure 5) (Note 2)
Rise and Fall Time = 20 ns

<

Note 1: Capacitance is guaranteed by. periodic testing.
Note 2: Field index output available only for master clock of 1.26 MHz.
Note 3: If field index is not required the clock pulse width is 300 ns < ¢pw < 570 ns

4.7
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‘MM5320

functional description

EXTERNAL CONTROL LEVELS

Horizontal Reset occurs for Logic ‘0, this resets
the horizontal counter to a state shown in Figures
2and 3.

Vertical Reset occurs for Logic "0, this resets the
vertical counter to a state determined by reset
control input as shown below:

RESET PERMITS THE VERTICAL
CONTROL INPUT COUNTER TO RESET TO THE:
Viu, (Vgs) 0 th count
ViL, (Vgg) 11 th count

Logic “0" = V,,_
Logic “1" = V 4

Divide select input = Vi, (Vgg) for master clock
frequency of 1.26 MHz.

- Divide select input = V,, (Vgg) for master clock

frequency of 2.04545 MHz.

INPUTS

The user  may select either of two input clock
frequencies by properly programming the Divider
Control pin. In one case the input frequency is
2.04545 MHz; which is 14.318180 MHz divided
by seven. The other is eighty times the horizontal
frequency, or 1.260 MHz. The divider control will
be programmed by connecting it to V| (Vgg) and
ViL, (Vgg) respectively.

There are separate Vertical and Horizontal Reset
inputs which allow directly resetting the appro-
priate divider(s) by a control pulse generated by
external means. Both horizontal and vertical divid-
ers may be reset simultaneously by connecting
the Vertical and Horizontal Reset pins together
and driving them with the same reset signal. Actual
resetting of the vertical divider is to either of two
states, depending upon the state of the Reset
Contro/ input; to zero, or to the fifth vertical

serration pulse (eleven 0.5H time intervals from
leading edge of Vertical Blanking). Refer to the
reset table above. The horizontal divider will
always be reset to a position which is 8 input clock
pulses from the leading edge of the serration gate
in the horizontal timing scheme (Figure 2 and 3).
The generator is reset to the odd field (field one).
The Field Index output pulse occurs once each
odd field at the leading edge of Vertica/ Blanking.
It can be used to reset, or “gen-lock,”" similar sync
generator chips by connecting it to their Vertical
and Horizontal Reset inputs.

OUTPUTS

The generator supplies the following standard out-
put functions: Horizontal Drive Out, Vertical
Drive Qut, Composite Blanking Out, Composite
Sync Out and the Color Burst Gate.

In addition, Field Index and Color Burst Sync
outputs are provided. The Field Index identifies
the odd field, or field one, by oceurring for two
clock periods at the leading edge of Vertical Blank-
ing in that field. Thus, -its rate is 30 Hz, As de-
scribed above, it can also be used to "gen lock”
other sync generator chips.

The Color Burst Sync output signal occurs at half
the horizontal rate with the same timing as the
Color Burst Gate output. It may be used to sync
the color burst as it will have the same delay
characteristics as the other outputs (including, of
course, the Color Burst Gate) — the color burst
sync is present during the vertical interval.

Differences in phasing between outputs are min-
imized by the use of 'identical push-pull output
buffers clocked by the internal clock.

typical performance characteristics

Typical Igg vs Temperature

-\ CLOCK FREQUENCY = 2.08545 MHz
32 Ta=25C
dpw =235 ns
i 0 \‘ Vss = 5.0V
z 28 N Vgg =12V
E
o B
L
24
N
2 N
] ™
18 L AN L

-50 -25 0 25 50 75 100
AMBIENT TEMPERATURE (°C)

Typical lgg vs Power Supply
Voltage (Vgg — Vgg)

| cLocks Y = 2.04545 MHz
L P P
— gpw = 235 ns T
L Vss = 5.0V AL
| Vo =-12v / !
E xn T t
8 t .
1 1/ I
A |
Ty T
20 v +
| !
16.15 17 17.85
Vas — Vg (V)




MM5320

switching time waveforms
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MM5320

switéhing time waveforms (con‘t)

0 T 1 M
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INPUT b
| RESETS T0 THIS POSITION

-=~8 7T, = 0.0692H
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SERRATION £ p=—FRONT PORCH =3 T, = .0231H
5Ta = 0.0386H)
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GATE

HORIZONTAL SYNC

e 13T = 100 — -—l

HORIZONTAL DRIVE

—
227, = .1694H -

HORIZONTAL BLANKING

COLOR
BURST GATE

FIGURE 2. Horizontal Timing Master Clock = 2.04545 MHz
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EQUALIZATION GATE
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| HORIZONTAL SYNC
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BACKPORCH
HORIZONTAL
. oném' —-’ 675 0075H ~—o
-

1475~ 0.175H
HORIZONTAL BLANKING

COLOR BURST GATE I. 37Tg - 0.0375H

FIGURE 3. Horizontal Timing Master Clock = 1.26 MHz
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FIGURE 4. Vertical Timing
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switching time waveforms (con’t)
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-MM5321

MM5321 TV camera sync generator

general description

The MM5321 TV camera sync generator is a MOS,
P-channel enhancement mode, LS| chip designed to
supply the basic sync functions for either color or

TV Circuits

features :

® Multi-function gen lock input provides flexible con-

‘trol of multiple camera installations

A N ® 16-lead dual-in-line package
monochrome 525 line/60 Hz interlaced camera and . .
video recorder applications. Required power supplies ® Conventional +5V, —12V power supplies
are +6V and —12V, or any other combination resulting " Uses 2.04545 MHz or 1.260 MHz input reference
in Vgg — 17V. All inputs and outputs are TTL compa- . B ) . N
. . o L] i
tible without the use of external components. Military Field indexing provided for VTR applications -
and commercial temperature ranges are available. = Color burst gate and sync allow stable color operation
) ] \
logic and connection diagrams
HORIZONTAL RESET.
CONTROL O !
CB GATE| COLOR BURST
RESET ;! LoGIC I GATE oUT
y l | |
o o—d HORIZONTAL I HORIZONTAL
DIVIDER +2 | g -~ DRIVE DUT
(+65/-80)
" . coLOR
DIVIDER HomizonTAL | %@O svncour
CONTROL DECODING I
I L HORIZONTAL SYNC 1 .
EQUALIZATION » CDMPOS;‘E N COMPOSITE
SERRATIONS ~ SYNC SYNC OUT
HORIZONTAL BLANKING Locic
INDEX ____T |
LOGIC )
»| composiTe
VERTICAL | VERTICAL BLANKING J “l“,:'c'(,g“" : g 053;“:25&5'
RESET verticar [T . VERTICAL DRIVE g
O
::::l::t OMOER = Oitoomc | caualzaioncanig
RESET © : SERRATION GATING Y
> VERTICAL
7 DRIVE 0UT
l > FIELD
g INDEX
Vss E
Dual-In-Line Package
Ve =11 16 L COMP SYNC OUTPUT

DIVIDER CONTROL —d 2
CLOCK INPUT —q 3
Hz RESET =d 4

VERT RESET = §

VERTICAL RESET

CONTROL ~ ]

HORIZONTAL RESET _|
~ CONTRO!

~

- Vss—1¢ -

b= Hz DRIVE

H

[ COMP BLANKING

&

I=—COLOR BURST SYNC

I

b= COLOR BURST GATE

— VERT DRIVE

= OPEN

9 | VERT INDEX

TOP VIEW

Order Number MM5321N
See Package 19
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absolute maximum ratings

Voltage at Any Pin

Operating Temperature

Storage Temperature

Lead Temperature (Soldering, 10 seconds)

dc electrical characteristics

TA within operating temperature range Vgs = 5V #56%, VGG = —12V £5%, unless otherwise stated.

Vgs + 0.3 to Vgg — 22
0°C to +70°C

—65°C to +150°C
300°C

PARAMETER CONDITIONS MIN MAX UNITS
Input Levels
ViH Logical High Level Vgs—1.56 Vgst0.3 \Y
ViL Logical Low Level Vgs—18 Vgs—4.2 \Y
Input Leakage VIN=—10V, Ta=25°C, 0.5 iy
All Other Pins GND
Input Capacitance VN =0V, f=1MHz, 6 pF
. All Other Pins GND, (Note 1)
Clock Input Leakage VIN=—-10V,TA=25°C, 0.5 kA
All Other Pins GND
Clock Input Capacitance VIN =0V, f=1MHz, 6 pF
All Other Pins GND, (Note 1)
Output Levels .
VOH " ‘Logical High Level ISOURCE = —0.5 mA 2.4 Vss \
VoL Logical Low Level ISINK = 1.6 mA 0.4 Y
MOS Load Vgs—12.5 Vgs—9 V.
fele} Power Supply Current TA= 25°C, VGG =12V, 36 mA
: dpw = 235 ns, Vs = BV,
Ihput Clock Frequency =
2.04545 MHz
ac electrical characteristics
T within operating temperature range Vs = bV £5%, VGG = —12V 5%, unless otherwise stated.
PARAMETER CONDITIONS MIN MAX UNITS
OPW Input'CIock Pulse Width Input Clock Frequency = 190 280 ns
2.04545 MHz, ¢t, ¢t = 20 ns
Input Clock Frequency = 1.26 MHz, 300 570 ns
dty = ot =20 ns ) '
Horizontal Reset Pulse Width | Within 400 ns after the Falling Edge 500 800 ns
of Master Clock, (Figure 5)
Rise and Fall Time =20 ns
tpd Output Propagation Delay ’
VOH Logical High Level Capacitance at the Output = 15 pF 750 - ns
VoL Logical Low Level (Figure 5) 750 ns

Note 1: Capacitance is guaranteed by periodic testing.

LZESININ




MM5321

functional description
EXTERNAL CONTROL LEVELS

Horizontal Reset occurs for Logic ““0.” This resets the

horizontal counter to a state shown in Figures 2 and 3.’

Vertical Reset occurs for Logic “0.” This resets the
vertical counter to a state determined by reset control
input as shown below:

VERTICAL RESET PERMITS THE VERTICAL
CONTROL INPUT | COUNTER TO RESET TO THE:

VIH. (Vss) Oth count
ViL, (Vga) 11th count
HORIZONTAL RESET RESETS THE HORIZONTAL
CONTROL INPUT DIVIDER TO:
VIH Beginning of line
ViL Center of line

Logic 0" = V|
Logic 1" = V|

Divide select input = V|, (Vgg) for master clock
frequency of 1.26 MHz.

Divide select input = V|H, (Vgg) for master cloc
frequency of 2.04545 MHz. :

INPUTS

The user may select either of two input clock frequencies
by properly programming the Divider Control pin. In
one case the input frequency is 2.04545 MHz, which is
14.31818 MHz divided by seven. The other is eighty
times the horizontal frequency, or 1.26 MHz. The
divider control will be programmed by connecting it to
VIH (Vss) and V|, (VGG) respectively.

There are separate Vertical and Horizontal Reset inputs
which allow directly resetting the appropriate divider(s)
by a control pulse generated by external means. Both
horizontal and vertical dividers may be reset simultan-

typical performance characteristics

Typical Igg vs Temperature
3

I\-CLOCK FREQUENCY = 2.04545 MHz
32 N TaA=25°C
oPW =235 ns
n \‘ Vgg =5V
z B N Vgg = 12V
E
o B
£ N
) < was
22 N
n AN
18 . . .

-50 -25 0 25 50 75 100
AMBIENT TEMPERATURE (°C)

eously by connecting the Vertical and Horizontal Reset
pins together and driving them with the same reset
signal. Actual resetting of the vertical divider is to
either of two states, depending upon the state of the
Vertical Reset Control input; to zero, or to the fifth
vertical serration pulse (eleven 0.5H time intervals from
leading edge of Vertical Blanking). Refer to the reset
table. The horizontal divider will always be reset to a
position which is 8 input clock pulses from the leading
edge of the serration gate in the horizontal timing
scheme (Figures 2 and 3). The generator is reset to the
odd - field (field one). The Field Index output pulse
occurs once each odd field at the leading edge of Vertical
Blanking. It can be used to reset, or “gen-lock,” similar
sync generator chips by connecting it to their Vertical
and Horizontal Reset inputs. The Horizontal Reset
Control selects Horizontal Reset to the start or center
of aline.

OUTPUTS

The generator supplies the following standard output
functions: Horizontal Drive Out, Vertical Drive Out,
Composite Blanking Out, Compasite Sync Out and the
Color Burst Gate.

In addition, Field Index and Color Burst Sync outputs )
are provided. The Field Index identifies the odd field,
or field one, by occurring for two clock periods at the
leading edge of Vertical Blanking in that field. Thus, its
rate is 30 Hz. As described above, it can also be used to
"“gen-lock” other sync generator chips.

The Color Burst Sync output signal occurs at half the
horizontal rate with the same timing as the Color Burst
Gate output. It may be used to sync the color burst as
it will have the same delay characteristics as the other
outputs (including, of course, the Color Burst Gate) —
the color burst sync is present during the vertical interval.

Diffefences in phasing between outputs are minimized
by the use of identical push-pull output buffers clocked
by the internal clock.

Typical Igg vs Power Supply
Voltage (Vgg — Vgg)

" | CLOCKF Y = 2.04545 MH2
8 T1a-25°c P
— Il
opyw =235 ns 4
Vg = 5V / 1
| _Vgg=-12V / !
= | I
£ T t
©
L t I
1 |
A ]
D4
20 v +
] I
16 16.15 17 17.85 18

Vss - Vgg (V)
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switching time waveforms

ol | -
s T TTTT T IT T T IO T 7T

+

eony s TTTT— TTTTTTTTTTITTTT [TTT]

+5

1 rrrrrrrorbbrd

VERTICAL '*5 [ P — = ™
DRIVE K . . .
| — -

FIELD +5

COLOR BURST
SYNC

INDEX
ov l,‘ 525H.
¢

COMPOSITE  +5 m—l—'l— 214 : — *—l
BLANKING .
o | 1

-—l—zn—}——au—l—m—{—~ ——‘—m—}——:u—‘—au—.—%

EQUALI- SER- EQUALI- EQUALI- SER- EQUALI-

omgiz 2 [TTT LTI TTT UL 7T
_—|th ‘>l LHIZ 2 Ny HOR SYNC —’I ' D'\ b »

FIGURE 1.

* R N
"1 t"TA Toasas MRz - 130 © 0489
MASTER N

cLOCK {1
INPUT |
‘ AL RESETS TO THIS POSITION

97 > 0.0629H
SERRATION GATE .
h=— FRONT PORCH = 3 TA = 0.0231H
574 = 0.0386H
EQUALIZATION
GATE

10T 200774 ——

HORIZONTAL SYNC

e - 13T = 00004 - - —

HORIZONTAL DRIVE

——- 227Tp = 0.1694H—— 74————1

HORIZONTAL BLANKING

-—ls Tax u,msul-—

- . COLOR
BURST.GATE

FIGURE 2. Horizontal Timing Master Clock = 2.04545 MHz
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switching time waveforms (Continued)

0
1 H
- [~ To Tz " - 07

|
SERRATION GATE HORIZONTAL RESETS TO THIS POSITION

6Tg = 0.075H !

- =~ FRONT PORCH 2 Tg = 0.025H

3Tp =0.0375H
EQUALIZATION GATE

6Tg=D0075H

HORIZONTAL SYNC

BTp=0.H—
BACK PORCH

HORIZONTAL !
DRIVE —-‘ 67Tg > 0.075H

“14Tg = 0.175H

HORIZONTAL BLANKING ..
COLOR BURST GATE I ' 375> 0.0375H

FIGURE 3. Horizontal Timing-Master Clock = 1.26 MHz

1 . .
"1 ’* FiBum - MG 2H PERIOD
a 18 a2

oo oo e
l VERTICAL BLANKING I—

21H
P
— 3H - ————3H 3H
EQUALIZATION GATE
IM‘EE____I ;
. 3H v
N ‘\
I VERTICAL DRIVE & AL SYNC INHIBIT r
9H .
MASTER CLOCK PERIOD FIELD INDEX
(ONCE EACH 0DD FIELD)
FIGURE 4. Vertical Timing
Display

MASTER CLOCK \ ——
ouTeUT \ \
Vg
S RESET PULSE Z RESET PULSE : i
o WIDTH: : V7=V V7=V

FIGURE 5. FIGURE 6. Horizontal Reset Characteristics
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typical application

1ZESNWIN

sv fvee . 5V |vss Veg =5V
r 1 woriz ] oureuts T A
I D | RESET_ |, s I D |
| . | 15
VERTICAL ‘

1 |
| ’ >: l RESET |, 14———-‘ ‘
| Icomosns e | |

| I
| |

SYNC INPUT R

HORIZ .
I RESET

CONT DIVIDE ' i
- |7 sELEcT

©

o

™ I
12y
-

|
L— o ' L—Icuu

1|
I

TTL Interface
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MM5322

MM5322 color bar génerrator chip
general description '

The MM&322 Color Bar Generator Chip is a complete
dot-bar and color hue generation system in a single
monolithic P-channel MOS integrated circuit. The chip
divides an internal oscillator (crystal controlled) fre-
quency to provide the various timing, synchronization,
and video information required in the alignment of color
television receivers. A composite video output is pro-
vided for complete black and white dot-bar operation.

TV Circuits

features

It consists of all synchronization, blanking, and video
information required for a fairly standard set of dot,

bar, and cross hatch screen patterns. In addition a

separate -output for precise gating of 3.56 MHz color

bursts is provided. For servicing ease an oscilloscope
trigger is provided on either the horizontal blanking or

vertical synchronization time slots.

Battery operation

Oscilloscope trigger

Composite video outp(xt signal
Crystal controlled oscillator

Multiple screen patterns

Variable dot size

applications

® Battery or bench powered test instruments
®  Manufacturing test sets

® Built in test capability

typical application

Typical Color Bar Generator Circuit

SW1  “pgWER” INDICATOR
POWER |,
v 0SCILLOSCOPE
TRIGGER
. LED = NSL5023 oUTPUT
. (NOTE 4)
l+> 9V BATTERIES w1 | .
(NOTE 1) <
I . S
= [ o—v <
0.01F :: 100 12pF + 62 pF
I_ 9 71 16 |
. al | 1
MPSAZ0 = S =
_L - b MM5322 S =
470 pF 0.0054F o (NOTE 6) s aco zm < 1 sk
s £os 10 62 pF
1o 30pF I m @ @ @ |
o NPO £0G——i 11 3 4 5 5 wn -
(NOTE 3) < < 1
S P& P —
< > b3 =
& 100k Sk = .
< L b 0.001.F 47 pF <
—n 1] L s
v
LEVEL & 1k 1 | WAy PATTERN
) L o\ sws SELECTORS
2N4401
3563795 MHz 3 220pF (NOTE 2) b4l ?
l 3w
_ 100
= MW—O 15V
Alternative Resonator Su
PIN 13 O 1 3{ l’lF <
r——T T—" 220 pF (32) 71
P T Sax
| | = >
* % = 15 pF 05 uHy 9
0,c1 T | N _
> 5k ~ 0.001 uF
'S MODULATION ™
| | < LEVEL
p a3
| S S | 40237 SpF 230
PIN12 O-
1 R P 0.0014F P
*TOKO RMC-2A7287HM 759F (39) OUT « 2204 )3 bLL
(455 kHz TRANSFORMER) I 3 200F § 47 S < :
= <
Note 1: SW 1 should be “ON"’ only for color patterns. ._l_ .
Note 2: Do not substitute Q2. - -
Note 3:

Variable cap may be used to trim color crystal to exact frequency.

Note 4: SW 2 and 10k resistor on pins 16 and 1 are needed only if scope trigger pulse is desired.
Note 5: SW 2 selects *“H'’ or V"’ trigger output pulses,

Note 6:
Note 7:

A 27k resistor in series with a 100k trimpot may be used in place of 82k resistor for variable vertical line width,
Modulation level adjusted for best patterns as viewed on TV screen.
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absolute maximum ratings

Voltage at Any Pin
Operating Temperatures
Storage Temperature

Vgs+0.3V to Vgg—25V
~25°C 10 +75°C
—65°C to +150°C

Lead Temperatures (Soldering, 10 seconds)

electrical characteristics T, within operating range, Vss = +12 10 +19V, Vgg = ov

ZZESWIN

PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage (Vss) 12 19 v
Clock Input Frequency Crystal or External 378 kHz
0SC 1 and 2 Drive (Note 1)
Clock Input Levels For External Drive (Note 1)
Logical High ’ Vgs—2 Vgg+0.3 "
Logical Low Vga Vgg*2 \
Control Inputs Internal Resistor
BCD and Trigger To Vgg, 1M £ Min. .
Logical High {Note 2) Vgs—2 Vgg+0.3 Vv
Logical Low Vas Vag*2 v
Control Output Currents
Cog and Cog )
Logical High Vgs — 2.0V .25 mA
Logical Low Vgo — Vaa/2 (Note 3) - 025 : mA
Trigger and Z .
Logical High With 10k to Vga. 0.5 ’ mA
Vgg + 5.0V (Note 4)
- Logical High With 1k to Vgg. ; . 1.0 : mA
Vgg + 1(Note 4) )
Video Output
Analog Highs With 2k to Vgg (Note 5) 2.0t0 4.0  mA
Power Supply Current ) Ta= 25°C, Freq = 378 kHz, 30 mA
: Vgg =0V, Vgg = +19V

Note 1: The oscillator may be operated with external components to oscillate at 378 kHz or it may be driven by an external pulse source using
0SC 2 (Pin 13) as an input. :

Note 2: These inputs are driven by switches.

Note 3: The color gate outputs are push-pull buffers.

Note 4: The trigger output and Z output are open drain outputs and require a resistor to Vg for operation. Two possible resistor values are shown
with their associated voltage and current levels.

Note 5: The video output requires a resistor to Vgg for operation. This resistor must be trimmed externally to achieve the desired output levels.
The minimum voltage swing is 4.0 volts with a 10% change with temperature and from unit to unit. The percentage magnitude change with supply
voltage can approach one. ‘

composite video output

25 -32.6%

| - - - v,
400-:75 ns 36-72% e
] |~t— 150 ns '
150 ns |— Varank
~ Vaiack rv;:
100%
Viwnire
Vawrire

FIGURE 1. White Dot Video Information Pulse Width FIGURE 2. Composite Video Voltage Percentages
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composite video output (con‘t)

[

Vsvnc

150 s

MAX

Vaiack

Viwnire

FIGURE 3. Composite Video Rise and Fall Times

By
255.23784us MAX
191.74564us MIN

B, 1.396824 ms+ 52’?

Note: Frame frequency equals 60.1

Fﬁtmm +1.90476us

T

$15.07936us —————|
) +0.65872u5
, 8.8888us MIN

~~———————————————Bu 1085 A ———

Note: Line time equals 63,492us with oscillator at exactly 378 kHz,

FIGURE 4. Composite Video Pulse Timing, Horizontal Sync

Sk

—_— ]
s

14665 Hz.

FIGURE 5. Composite Video Pulse Timing, Vertical Sync

VIDEO OUT
HORIZONTAL SYNC

02us |
min !
CoG
02us_ |
MAX |
2.6 +0.1us .

FIGURE 6. Color Gate Signal Timing

VERT
SYNC

TRIGGER
OUTPUT

—=| |==— HORZT SYNC

HORZT
BLANKING '

TRIGGER
ouTPUT

FIGURE 7. Trigger Output Timing Relationship
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video output patterns

15 Horizontal Lines
’ 0000

GATED RAINBOW
3 BARS

Gated Rainbow
0011

Dots 7 x 11
0110

Single Vertical Line
1001

21 Vertical Lines

0001

15 x 21 Cross Hatch
0010

DARK
RASTER

Dots 15 x 21
0100

Note: Patiern switch codes are BCD 1248 positive logic.

Purity
0101

GATED RAINBOW.
10 8ARS

Single Dot
0111 .

Gated Rainbow
1000

7 x 11 Cross Hatch
1010

Single Crosshair
1011

RAINBOW

Single Horizontal Line
1100

.7 Horizontal Lines

1101

11 Vertical Lines

Ungated Rainbow
1111

421
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connection diagram

Dual-In-Line Package

TRIGGER _1 ]
out

Vgs =

3

BCD 1 ==

4

BCD 2 ——f

5

BCD 4 —

6

BCD § =t

DIFFZ-J—

8
DIFF 1w

U

16 TRIGGER
SELECT

1
-—5- Zout

14
— ]

-E-OSCZ

12 osc 1

1
'—I‘CDG

10 —
— COG
comp

| vioeo

ouT

TOP VIEW

Note. ZoyT is an internal counter test point.

‘Order Number MM5322N

See Package 19




TV Circuits

MM5840 TV channel number (16 channels) and time display circuit

general description

The MM5840 TV Channel Number and Time Display
Chip .is a monolithic metal gate CMOS integrated circuit
which generates a display of channel numbers (up to
16 channels) and time readouts on the television screen.

By external connection, it has the option of displaying
the channel number only while switching channels with
a period controlled by the external RC time constant of
a timeout monostable.

This chip includes all the logic required to provide two
modes of operation, namely channel number, or channel
number and time display.

In addition, it can have a five (hour tens, hour units,
colon, minute tens, and minute units) or eight digit
(hour tens, hour units, colon, minute tens, minute units,
colon, second tens, and second units) display, depending
on the digit select input logic level.

By employing the video gating input together with the
video output, a symmetrical blanked rectangular frame
around the display may be generated on the TV screen.

This chip serves as a display generator with BCD channel

inputs, as provided from the clock chips MM5318,

MM53100 or MM53105. The position of the display
on the TV screen can be controlled by adjusting external
RC time constants.

functional description

The channel number and time readout circuit operates
with a 2 to 4.5 MHz input clock. Counters are incorpor-
ated in the chip, operated by the input clock to keep
track of the time slots of the display.

The position of the display is controlled by adjusting the
external RC time constants of the horizontal and vertical
monostable multivibrators.

A 7-segment decoder is used to decode either channel
inputs or time which is stored temporarily in the channel
number buffers or 4-bit latches, respectively, depending
on the time slot of the display. Each digit of time is
stored in a 4-bit latch while it is being decoded and
displayed, and the next digit enters the latch while the
horizontal sweep is between digits.

A time slot decoder is employed to decode the appro-
priate time slot and the digit to be displayed. It
generates a video output signal that modulates the sweep
of the television tube for the display on the screen.

features

® 12 or 24-hour operation (controlled by clock chip)
m 5 or 8-digit display

® Channel number leading zero blanking

m Single power supply

m. Channel number only or channel number and time

display

m Video gating output for generating a symmetrical
blanked rectangular frame around the display
Oscillator inhibit output

® Channel number display only while switching channels

m 4-bit binary plus one code for channel numbers

functions

.

m 8-digit mode is selected by a logic ““1" at digit select
input

m Channel number and time mode is selected by a logic
1" at mode input

® Permanent channel number display is selected by a
logic 1" at timeout monostable input

connection diagram

TIMEOUT (BINARY +1)

Dual-In-Line Package
CHANNEL UNITS

VIDEQ

MONO-
NC NG STABLE® @ (@ (0 By Cv verT Homiz Cw Bn out

Iza Iz7 Tzs Izs |u lzz |22 |z1 Izn Iw Iw In lm 15

D

Order Number MM5840N
See Package 23

0¥8SWW

I| |z I: |4 ls ls |7 Ia Ig |m In ||z Iu Im
USC vss () @ (2 (8 DIGIT 0z DY DX MODE VIDED 5 Vpp
INH SEL| GATING MHz

T
TIME DIGIT ADDRESS
TOP VIEW
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MM5840

Supply Voltage (Vpp — Vss)
Voltage at Any Pin

Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

_absolute maximum ratings

—0.3V to +15V

Vgg — 0.3V to Vpp + 0.3V
0°C to +70°C

-55°C to +150°C

300°C

electrical characteristics vpp =12V, Vgg =0V, unless otherwise specified.

PARAMETER

CONDITIONS

MIN TYP MAX UNITS
Power Supply Voltage
VpD Vgs =0 1 12 14 \Y
Power Supply Current » 800 UA
Input Voltage Levels
Time, Oscillator, Digit
Select, and Mode Inputs
Logical Low Vgs—0.3 Vss Vgg+0.9 \
Logical High Vpp-0.5 Vpo Vpp+0.3 \
Channel Inputs
Logical Low Vgs—0.3 Vpp—5 Vpp—-4.5 Vv
Logical High Vpp—0.5 VDD Vppt0.3 \
Horizontal and Vertical Inputs N .
Logical Low Vgs—0.3 Vpp—5 Vpp-4.5 \%
Logical High Vpp-0.5 VDD Vpp+0.3 \Y
Input Frequency Interfacing with MM53100, MM53105 2 45 MHz
Oscillator Interfac_ing with MM5318 2 4.5 MHz
Horizontal Pulse Width = 14 us 15.75 kHz.
Vertical Pulse Width = 1.ms 60 Hz
Qutput Voltage Levels
Video Gating, Osc. Inhibit
Digit Address and Video Outputs
Logical Low Vgs—0.3 Vss Vgs+0.9 Vv
Logical High Vpp-0.5 VbD Vpp+0.3 \
One-Shot Output Pulse Duration
Horizontal 15 50 us
Vertical 1.5 13 ms
Output Drive
Video Output !
Logical Low Vgs + 1V =11 mA
Logical High Vpp — 1V 1 mA
Video Gating and Osc.
Inhibit Outputs
Logical Low Output Forced Up to Vpp — 4.5V [~21 mA
Logical High Vpp — 1V 0.2 mA
External RC
CVERTICAL 0.1 uF
CHORIZONTAL 0.001 uF
RVERTICAL 50 kQ
RHORIZONTAL 100 k&
CTIMEOUT 5 uF
RTIMEOUT 1 mQ
Propagation Delay
Video Gating and Osc. From Input Clock to Oscillator 2 clock
Inhibit Qutputs Inhibit or Video Gating Outputs pulses
Input Leakage 1 HA
Input Capacitance 5 pF




block diagram

TIMEOUT
MONOSTABLE
HORIZONTAL VERTICAL (EXTERNAL RC
PULSE PULSE CHANNEL ORTOVpp) TIME
R R -
" HORIZONTAL v VERTICAL e BER a8
o ONE-SHOT by O ONESHOT tapacadid LATCH
l \ 4 4 ‘ ;
H.TIME H. DIGIT : V. LINE
Pt SLOT NUMBER | numsEr MUX DiGIT
COUNTER COUNTER COUNTER SELECT
H. TIVE DIGIT V_LINE
sLoT ADDRESS NUMBER it
DECODER DECODER DECODER
. : | i
DIGIT ADDRESS
OUTPUTS = 3 y Vv
VIDED TIMESLOT
MODE GATING DECODER
DECODER
VIDEQ  OSC  VIDEOOUT .
GATING ~ INH
OUTPUT  OUTPUT
truth table
Digit Address (DX, DY, DZ) Codes
CODES DURING DIGITS
RESET 1 2 3 4 5 6 .7 8
DX~ 1 o 0 1 1 0 0 1 1
DYy 1 Tt 00 0 0 1 1 1
Dz 1 1 1 1t 0 0 0 O 1

timing diagram

" With Video Gating, Output Gated with Video Output

i 167 —i

VERTICAL

RETRACE

. VERTICAL ADJUSTABLE
TIME OUT : _ L_
HORIZ. I I u
RETRACE -
I 63.5us J|

HORIZ. TIME | j ADJUSTABLE
ouT

)
I~
Ry Y B K iy )
11 . I-IoEIl

OvBSWIN
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typical applications

Horizontal and Vertical One-Shot Circuit

PORTION ON CHIP

e ——————
H ° . o o— "
1 T
vt 1 » 1 i)
. L |
| Tl I I
I — ]
INPUT oUTPUT 1
CONFIGURATION CONFIGURATION - 1 |
FOR CHANNEL FOR OSC INHIBIT, RETRACE | | I
INPUTS AND VIDEO QUTPUT, INPUT V2
CONTROL INPUTS |- DIGIT SELECT | <11
| : ‘ — 1
l—I-I | T
'—| el ] e e v
V- |
| . 2
b
RETRACE
INPUT
U
Vi
~
IS
vz
TV Channel and Time Display Interfacing MM5318
"I-"‘ +2v +2v .
; = I TO TV VIDEQ
1001 5 BCH OQUTPUT CIRCUIT
(1230:5 s s 221, 5 " 6.0k INTENSITY
" BCD2 . . ADJ.
) — »| 5 15 ol
e 3 >4
FAST SET — 18 ) BUD 8 6
J v OUTPUT =
SLOWSET 17 VM3 DX
26 4 10
-1 1oy o
HOLD ——d 16 2l 9 ) 6.8k
2 i
28| e—2 8 18 —\\A < +12v
FROM TV

CLOCK

= HORIZ. T
12 HR GND 13 1lo—e—2 .
24 HR +12V - % _L —AAA—< HORIZONTAL
- e
X 6.3k &
OSCINH] | ‘ s ” ”
I I I I TO TV VIDED : 12 ' '
GATING CIRculT ] = )

RETRACE

ov

13 19
MM5840 VERT.
DM74C00"
S 4, VERTICAL
RETRACE
1
DISPLAY OFF
)—1_ 2 =
= CHANNEL 2 2
NO. copes | > -
12v ([0 P N 16 - Pt— vosizontas
BINARY. +1) 0.001 POSITION
e, Y I W
/
™ 1 e
TIMEOUT MONOSTABLE
> z " — P9 verrica
- POSITION
SuF Ne—] 27 L alLans
L “ oA
= Ne— 28 | 100K
+ay
NC g 1
7 11

DIGIT SELECT +12V FOR 8 DIGIT - I

GND FOR 5 DIGIT
MODE CONTROL +12V FOR CHANNEL AND TIME «
GND FOR CHANNEL ONLY #

4-26




typical applications (Continued)

TV Channel and Time Display Interfacing MM53100
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Note. For interfacing with MM53105, refer to MM53105 specifications.
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MM5841

TV Circuits

MM5841 TV channel number and t'ime‘readout circuit

general description

The MM5841 TV Channel Number and Time Readout
Circuit is a monolithic metal gate CMOS integrated
circuit, which generates a display of channel number
and time readouts on the television screen.

This chip includes all the logic required to provide two
modes of operation, namely channel number, or channel
number and time displays.

In addition, it can have a five (hour tens, hour units,
colon, minute tens, and minute units) or eight digit
(hour tens, hour units, colon, minute tens, minute units,
colon, second tens, and second units) display, depending
on the digit select input logic level.

This chip serves as a display. generator between the
BCD channel inputs, the clock chip (MM5318) and the
television set. The position of the display on the TV
screen can be controlled by adjusting the external RC

time constants.

functional description

The channel number and time readout circuit operates
with a 4 MHz input clock. Counters are incorporated in
the chip, operated by the input clock to keep track of
the time slots of the display.

The position of the display is controlled by adjusting the
external RC time constants of the horizontal and
vertical monostable multivibrators.

A 7-segment decoder is used to decode either channel
inputs or time which is stored temporarily in the channel
number buffers or 4 bit latches, respectively, depending
on the time slot of the display. Each digit of time is
stored in a 4-bit latch while it is being decoded and
“displayed, and the next digit enters the latch while the
horizontal sweep is between digits.

A time slot decoder is employed to decode the appro-
priate time slot and the digit to be displayed. It
generates a video output signal that modulates the sweep
of the television tube for the display on the screen.

features

® 12 or 24 hour operation (controlled by clock chip)

® 5 or 8 digit display

= Channel number leading zero blanking

® Single power supply

. ® Channel number‘ only or channel number and time

display

functions

® 8 digit mode is selected by a logic i at digit select
input

® Channel number and time mode is selected by a
logic ““1'" at mode input

connection diagram

Dual-In-Line Package

«
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CH Vs (1) (4 (2 (8 DIGIT DZ DY DX MODE 0SC SMHz Vpp

TENS N e SELECT INHIB CLK

8) TIME DIGIT ADDRESS

TOP VIEW

Order Number MM5841N
See Package 23
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‘absolute maximum ratings

Supply Voltage (Vpp — Vss) —0.3V to +16V

LY8SININ

Voltage at Any Pin Vgg — 0.3V to Vpp +0.3V
Operating Temperature 0°C to +70°C
Storage Temperature ’ -55°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
Vpp = 12V, Vgg = 0V, unless otherwise specified.

PARAMETER ’ CONDITIONS “MIN TYP MAX UNITS
Power Supply Voltage )

Voo Vgs=0 11 12 14 v
Power Supply Current ' 800 MA
Input Voltage Levels. ‘

Time, Oscillator, Digit Select,

and Mode Inputs

Logical Low Vgs—0.3 Vss Ves+0.9 %
Logical High ) ) Vpp—0.5 Voo Vpp+0.3 \Y

Channel Inputs .

Logical Low ) Ves0.3 Vo5 Vpo4.5 v
Logical High " : /| Vop—05 Voo Vppt0.3 Y
P

Horizontal and Vertical Inputs ’

Logical Low Ves0.3 Vo5 Vpp—4.5 v
Logical High : Vpp—0.5 Voo Vopt0.3 Y,
input Frequency )

Oscillator ' 1 4 4.5 MHz

Horizontal ; Pulse Width = 14us ~ 15.75 kHz

Vertical ’ Pulse Width = 1 ms -~ . 60 Hz

\ .
Output Voltage Levels ~,
Oscillator Inhibit, Digit Address
and Video Outputs
Logical Low Vgs—0.3 Vss Vgs+0.9 \Y
Logical High Vpp~ 0.5 Voo Vppt0.3 Vv
One-Shot Output Pulse Duration

Horizontal 15 50 Ms

Vertical : 15 13 ms
Output Drive )

* Video Output )
Logical Low Vgg + 1.0V =11 mA
Logical High Vpp — 1.0V 1 mA

Oscillator Inhibit Output . .

Logical Low Output Forced Up to Vpp — 4.5V =21 mA
Logical High " Vpp — 1.0V 0.2 mA
External RC . ’

CverTicaL ‘ 0.1 uF

CHoRIZONTAL ' ) . 0.001 uF

RyverTicaL . . 50 k2 pot

RuoRizoNTAL ) 100 k&2 pot
Propagation Delay R

Oscillator Inhibit Qutput From Input Clock to Oscillator : 2 clock

Inhibit Output ‘ pulses
Input Leakage ’ ‘ 1 UA
Input Capacitance ‘ 5 pF
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MM5841

block diagram
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typical applications (con’t)
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TV Circuits

MM53100, MM53105 programmable TV timers

general description ' features

MM53100, MM53105

- The MM53100 and MM53105 programmable TV timers ® 50 or 60 Hz operation
are monolithic CMOS integrated circuits utilizing P and : ® 24-hour display format
N-channel low threshold enhancement devices. These ® Programmable TV on time
circuits contain all the logic to give a 4 or 6-digit, 24- ®m Selectable view time
hour display from a 50 or 60 Hz input, and control the L
“ON” time of the TV. The duration of the viewing = Ultra-low power dissipation
period is 5, 10, 20 or 30 mins, selected by 2 input = All counters resettable
 pins. Manual “ON"" and “OFF’’ inputs are also provided. ® | ow voltage operation )
The MM53100 -and MM53105 have ultra-low power ® Elimination of illegal time display 4t turn-on
dissipation in the stand-by mode and are ideally suited -m Daily repeat or non-repeating operating
to crystal controlled battery-operated systems. The = Fool- foty f
| MM53100 is designed for an optimum interface in ool-proof safety features
| TVs with a positive common reference voltage (e.g., ® Compatible with MM5840 or MM5841 display circuits
| +18V). The MM53105 is designed for an optimum . .
1 interface for TVs with a OV reference voltage. Both are appllcat'ons»
packaged in a 24-lead dual-in-line epoxy package. B TV time display

® Remote TV “ON"/"OFF" switch
= Computer clock
® Time data—logging systems

block diagram

50/60 Hz SET SET
SELECT HOLD MINUTES HOURS
v \ AR YVYYVY {L v
PRESCALE SECONDS MINUTES HOURS “ON" “ON
COUNTER »| counter »| counter »| counter »| MINUTES »| Houms
50 OR 60 60 60 b1 COUNTER COUNTER
A |
50/60 Hz SHAPING
oRive —P|  circuiT

RV RV R s SRy

Dy — l'
DIGIT ;‘I>
Oy = cconer SECS, MINS AND HRS MULTIPLEXER COMPARATOR
Dz —p]
i DISPLAY |
' SELECT von
TV “ON
ng B i X PERIOD
I —p| COUNTER |q y sELECT
‘ !
- TV “OFF”
ENABLE =—jp} <+ )
MAN “ON" =} CUNTF}‘?\:E'UJGW ———— TV “ON" O/P
MAN “OFF" == (/p BUFFERS [ AUTO “ON" 0/P

STANDBY =] e VIEW PERI0D 0/P

MULTIPLEXED
BCD 0/PS

FIGURE 1. MM53100, MM53105 Block Diagram
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absolute maximum ratings (MM53100) (Vpp common voltage reference)

Supply Voltage (VpD — Vss)

Voltage at 50/60 Hz Select and Period

Select Inputs

Current Into or Out of Any Other Input

6V
Vgs— 0.3V to Vpp + 0.3V

100 uA max

electrical characteristics (MM53100) Ta =25°C, Vpp = 4.5V, Vgg = 0V unless otherwise specified.

CONDITIONS

PARAMETER MIN TYP MAX UNITS
Supply Voltage 2.8 5.0 \
Supply Current Vpp = 4.5V 10 25 uA
Input Logic Levéls
50/60 Hz Input, Digit Select
Inputs, Display Select, “ON",
“QOFF", Time Setting Control,
Standby Control
Logic “1"" Vpp—0.5 VDD Vv
Logic “0"" (Note 1) Vsgt0.5 \
50/60 Hz Select, Period Select
(X,Y)
Logic “1" Vpp—0.5 VDD \%
Logic “‘0" Vss Vgs+0.5 \Y
Display Select Input Delay 05 2.0 us
Output Logic Levels
BCD Outputs External Resistor, 15 kS to
Vpp — 12V, C = 15 pF
“Logic 1" Vpp—0.8 \Y,
Logic 0" i Vpp—11.2 \Y

Note 1: If input voltages go more negative than Vgg, the input current must be limited to a maximum of 100 uA by the use of external series
resistors. No resistors are requlred on the Dx, Dy, Dz inputs when interfacing with the MM5840.

absolute maximum ratings (MM53105) (Vss common voltage reference)

Supply Voltage (Vpp — Vss)

Voltage at 50/60 Hz Select and Period Select Inputs

Voltage at Any Other Pin

electrical characteristics (MM53105) Ta =25°C, Vpp = 4.5V, Vgg = OV unless otherwise specified.

6V
Vgs + 6V
Vgg + 13V

CONDITIONS

PARAMETER. MIN ‘TYP MAX UNITS
Supply Voltage 2.8 50 V
Supply Current Vpp = 4.5V 10 25 MA
Input Loéic Levels
50/60 Hz Input, Digit Select
Inputs, ““ON"’, “OF F"’, Display
Select, Time Setting Controls,
Standby Control
Logic 1" Vpp—0.5 13 \
Logic 0" ‘Vgs | Vsé+0.5 \4
50/60 Hz Select, Period Select
(X, Y)
Logic f’l"’ Vpp—0:5 VpD \%
Logic “0”’ Vss Vgst+0.5 \Y
Display Select Input Delay 0.5 2.0 ' us
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MM53100, MM53105

electrical characteristics

(Continued) (MM53105) Ta =25°C, Vpp = 4.5V, Vg5 = OV unless otherwise specified;

Note 1: Input voltages to go more positive than Vpp.

functional description .

A block diagram of the MM53100, MM53105 TV timers
is shown in Figure 1. A connection diagram is shown in
Figure 2. Unless -otherwise indicated, the following
discussions are based on Figure 1. Figures 5a and 5b
illustrate the system configuration for a crystal controlled
TV display system using both circuits.

Dual-In-Line Package, Top View

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Logic Levels
BCD Outputs External Resistor 15 kQAto 12V,
C_=15pF
Logic 1" 11.2 \
Logic ‘0" 0.8
TV “ON" Qutput, Auto ‘
““ON"" Output, View Period
Output
Logic 1" Loaded 2.7 k{2 to Vgg 0.5 mA
Logic “0” Loaded 2.7 k2 to Vpp 1.0 ' mA

50 or 60 Hz Select Input: This input programs the
prescale counter to divide by either 50 or 60 to obtain a
1 pps time base. The counter is programmed for 60 Hz
operation by connecting this input to Vpp. An internal
1 M pull-down resistor is common to this pin; simply
leaving this input unconnected programs the clock for
50 Hz operation.

Time Setting Inputs: Inputs to set hours and set minutes
as well as hold input, are provided. Internal 1 MQ
pull-down resistors provide the normal timekeeping
function. Switching any 1 of these inputs (1 at a time)
to “1" results in the desired time setting function. Set
Hours advances hours information at 1 hour/second and
Set Minutes advances minutes information at 1 minute/
second, without roll over into the hours counter. Set
Minutes also resets the seconds counter to 0. The hold
input stops the clock to the minutes counter and resets
the seconds counter. Activating Set Minutes and Set
Hours simultaneously resets the displayed counters

Display: This input controls the display and time-
setting operation. It has an internal 1 MQ pull-down
resistor to Vgg. When taken to Logic “0” or in open
circuit condition, the real time is displayed and the Set
Hours and Set Minutes inputs operate the real time
counters. When taken to logic ““1", the “ON" time is
displayed and the time-setting inputs operate on the

vop = U = o
8CO 8 -2 AP
BCD 4 — 122 5,
BCD 2 —H 2 50/60 1z sELECT
BCD 1 — ﬂ‘sm/au Hz DRIVE
STANDBY — 'S oLo
ENABLE —- 8 ST HRs ‘
vonr 8 " to all 0’s.
T o — — SeT mins
PE‘H’:S"[‘,’ =l L6 5ispLaY conTRoL
AUTO “ON” — ' 15 yan “oFF”
e 1 o
SE’;.EEF::"? 3 = = vss

FIGURE 2.

Order Number MM53100N or MM53105N
See Package 22

50 or 60 Hz Drive: This input is applied to a Schmitt
trigger shaping circuit which allows use of a filtered
sinewave input. A simple RC filter should be used to
remove possible line voltage ‘transients that could either
cause the clock to gain time or damage the device. The
input should swing between Vgg and Vpp. The shaper
output drives a counter chain which performs the time-
keeping function. )

Alternatively, in a crystal controlled battery operated
system, an oscillator and prescaler such as the MM53107
could.be used as a time base.

"“ON" counters.

Digital Select Inputs (Dx, Dy, Dz): These 3 inputs are
used to determine which digit will be displayed. Table 1A
shows the code for each digit: Seconds will be displayed
as “00” when the ““ON’’ time is being displayed.

Enable: This input has an internal resistor to Vss.
When taken to logic *'1", this input disables the pro-
grammed ““ON" time for the TV output.

Period Select Inputs (X, Y): These inputs have pull-
down resistors to Vgs. They determine the view period,
i.e.,, 5, 10, 20 or 30 mins. Table IB shows ‘the Period
Select Code.
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functional description (continued)

Standby Control Input: This input has an internal
resistor to Vgs. Its function is to sense when the line
generated 12V supply is turned off and to then disable
the outputs. In the TV, this input should be connected
to the 12V supply. .

Manual “ON’’ Input: This input has an internal resistor
to Vgs. When taken to logic 1, this input turns the
TV output to the 0" state. It is designed to have
typically 0.75 second debounce time to prevent mal-
operation.

Manual “OFF’* Input: This input has an internal resistor
to Vgs. When taken to logic “1, this input turns the
TV output to. the ““1” state. It is designed to have
typically 0.75 second debounce, time to prevent mal-
operation. .

TV “ON” Output: Figure 3 illustrates the CMOS
inverter output circuit used.

In the manual mode of operation, the manual “ON”
input sets this output to ““0", the manual “OFF" input
resets this output to ‘“1”. The manual “ON" input
inhibits the auto “ON" output.

In' the programmable mode, this output goes to “‘0”
when the programmed “ON’’ time coincides with the
real time (unless enable = 1). The output will then
stay at ‘0"’ for the selected period of 5, 10, 20 or 30
minutes before - returning to “’1” state. During this

period, a signal on the manual “ON" input will prevent
the automatic switch-off.

Manual “OFF’ input will always reset the output to a
logic ‘1" state.

Auto “ON” TV Output: An additional output is pro-
vided to indicate that the TV is “ON" in the automatic
mode of operation. This output goes to a logic ““0”
for the duration of the auto “ON" time. Manual “ON"
switches this output back to a logic 1.

View Period Indicator: This output normally is a
logic “1"". When the TV switches on at the programmed
time, this output transmits a 1 Hz waveform for the
duration of the selected view period. Hence, it can be
used to indicate that the TV is switched on for a limited
period only by means of a flashing on-screen and/or
off-screen display. The output will permanently return
to ““1’* at the end of the viewing period or when a valid
manual “ON’ or “OFF" input signal is received during
the view period.

BCD Outputs: Figure 4 illustrates the open drain output
circuits used, a) MM53100, b) MM53105.

With the use of the external respective pull-up and pull-
down resistors, these outputs are designed to be com-
patible with the MM5840 and MM5841 TV display
circuits.

Note. Case (a) for common Vpp, case (b) for common
Vgg when used with the MM5840.

TABLE IA. Digét Select Code

DIGIT SELECT DIGIT DISPLAYED
LINES st |s10| * | M1 {mio] * | H1 |H10
Dy 1 0 0 1 1 0 0 1
Dy M 1 [s} 0 [s} 0 1 1
Dz 0 0 0 0 1 11 1

TABLE IB. Period Select Code

PERIOD SELECT
INPUTS

VIEW PERIOD
PROGRAMMED

s aso00 X
o =0<

5 mins

10 mins
20 mins
30 mins

Vop

Vss
Vss

FIGURE 3. CMOS Output (TV
“ON", Auto “"ON", Indicator)

FIGURE 4a. BCD Outputs, MM53100

FIGURE 4b. BCD Outputs, MM53105
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MM53100, MM53105

functional description (Continued)

D 50/60 Hz
SELECT 18V 18v
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FIGURE 5a. Typical System Diagram, MM53100
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FIGURE 5b. Typical System Diagram, MM53105
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MM57100 TV game circuit

general description

The MM57100 TV Game Chip provides all of the logic
necessary to generate backgrounds, paddles, ball and
digital scoring for three games: Hockey, Tennis and
Handball. All games are in color and have sound. The
MM57100 was designed for low system cost and is
aimed at the high volume consumer marketplace. It
generates all the necessary timing (sync, blanking and
" burst) to interface to a standard TV receiver, and inter-
faces directly to the antenna terminals of a TV with
the addition of a chroma, audio and RF modulator.
If mounted directly into a receiver, much of this circuitry
can be eliminated. The chip requires the true and
complement clocks of 1.0227 MHz (3.579545 MHz +
"3.5). Figure 1 shows a block diagram of a complete
TV Game System.

The paddles for the games are controlled by two external
RC networks. R and C provides for full screen movement
by developing a time. delay of about 16.5 ms. For
Hockey and Tennis, each of the player paddles can be
made to be either large, medium or small in size, thus
allowing for handicapping. The size of a player paddle
is modified by moving the paddle to either the top or
bottom boundary and depressing the game reset button.
In Handball, the players can modify the paddles as
described above, but both players ‘must use the same
size paddle.

Single player “practice,” can be created by connecting
the two player paddle input lines on the MM57100 to a
single external RC network. Single player operation can
be achieved for all three games. Thus the MM57100
can actually play six games—three single player games
and three dual player games.

The player paddles are divided into nine different areas
that define eight angles at which- the ball will reflect
upon incidence. The top-most area of the player paddle
will reflect the ball with the most upward direction,
the areas towards the bottom will reflect the ball with
the most downward direction. And the very bottom of
the paddle will cause the ball to go up at a sharp angle,
simulating a “wood"’ or handle shot. The areas in between
will give reflections with less of an angle. There are two
areas in the center of the player paddle which will make
the ball have zero vertical velocity. The player paddles
are transparent in one direction so that in Hockey the
ball can rebound off the back wall and pass through the
defensive player paddle. The machine paddles in Hockey
are also transparent in one direction.

The ball is always served by the player who won the
last point. The serve comes about 1.6 seconds from the
time of the score and it is served from the paddle. This
allows for a more realistic situation: the server can
“place”’ his shot. After four player paddle hits, the ball
speeds up to twice the initial velocity. Each time the ball
strikes an object, a signal is generated at the audio
output for the duration of the frame and one more full
frame. When the ball strikes the boundaries or a machine

TV Circuits
Note. SK1115 kit includes: MM57100N,
MM53104N and LM1889N

paddle, it bounces off the object under the rule that the
angle of incidence is equal to the angle of reflection.
Regardless of the angle that the ball is traveling as it
hits the front of the player paddies, it will reflect as a
functlon of which segment it hits.

The score is automatically blanked when the ball is put
into play. It remains blanked until a miss is recorded
and it is then properly incremented and displayed. The
game is completed when one of the players reaches 15
points. At this time, the score remains on and the serve
is inhibited until the Game Reset is depressed. Both the
Game Reset and Game Select inputs are debounced for
16.5ms.

The video output signal contains horizontal and vertical
blanking, horizontal and vertical sync and the black and
white information necessary to generate the picture
on a TV receiver through the antenna input. The picture
is not interlaced. Chroma outputs provide the color
and burst information and are properly timed with the
video.

features

Three games: Hockey, Tennis and Handball
All games in full color

Ball speed doubles after fourth hit
Segmented paddles$ for automatic ball spin
Ad;ustable paddle size/handicapped play
Automatic digital scoring
Sound

Serve from paddles

Designed to ‘interface with a minimum effort to a
standard television receiver

\

connection diagram (DIP Top View)

RIGHT PADDLE—, L GAME SELECT
LEFT PADDLE — )—2:;’:;':555'2/
3
—1 22 powieR “on-
2
Vpp = 121 e
' 20
AUDIO — — nc
vipeo = S ne
7 18
Vplas A — [— ne
CHROMA A — L
CHROMA B — LAY
10 15
Vgias B — b— 51
ne 1 1 veg
vs—=H -

Order Number MM57 100N
See Package 22
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" more exciting game.

LM1889N
52
wszioay | 2579545 MHz =-|- 3579545 MHz
31 8Y 3172 ost CRYSTAL
13 [s
CLOCK ¢2 CLOCK o1 ‘
CHROMA A »>
9 CHROMA !
D 4§ Y pugur - CHROMAB MOD
BIASA
500k
_.E Binss 1
0.033uF i
— 6
- 23 VIDEOD
0 o——Edpeser RF FO QUTPUT TO
s MOD TELEVISION
AuDIO » i
—r 2% —
*—0 O SELECT =
MMS57100N RE
{—-—l VIDEO GAME osc
2
AA, LEFT
VWA
o L oo oo
||umur POWER f o
— Ve "on-_Vss 4.5 MHz
= g“, Iu 0 05C/MOD

15V -

FIGURE 1. Video Game System Diagram

GAME DESCRIPTION

Tennis

Tennis consists of a green court with a blue border, -

a yellow net, orange paddles and a light green ball.
It is played by two players who, through the use of their
individual controllers, can vertically raise or lower their
paddles. Play starts when the machine automatically
serves the ball cross court. This can be from either the
left or the right. The player who is served must hit the
ball back to his opponent, who must then return it.

As the volley begins, the speed of the ball increases once,
making it more difficult to return. The speed change
occurs on the fourth hit. When either player misses the
ball, a point is scored for his opponent and the next
serve comes to him after a wait of 1.6 seconds. To
increase the play value, the ball can bounce off both
the top and bottom walls. In addition, before the play
begins, each player can choose a large, medium or small
paddle, depending on his playing skill. The paddles
are sectioned, giving a “‘spin” effect to the ball.

The score, which is yellow, is automatically displayed in
large, easy-to-read numerals. The score appears when
the ball is missed and remains on until the ball is served.
Play ends when the first player reaches 15 points. At the
end of the game, the score remains on until the game
is reset. )

Hockey

Hockey consists of a blue playing field which is sur-
rounded by yellow walls, two yellow player-controlled
goalies, six light yellow machine-controlled forwards
and a light blue hockey puck.

Hockey, while similar to tennis, is a much faster and
Each player controls only his
goalie, who moves in a vertical motion. In addition,
each player has three forward men who also move
vertically. These men are not under player control but
move up and down, as a group, automatically. As in
tennis, the opening serve comes cross court and can
come to either player. Further serves are to the player
who has just lost a point.

Since each player has four men who can return the
puck, the play is very fast. To make it even more diffi-
cult, a point can only be made when the puck slips
through ‘either player’s goal — a small opening located
directly in the middle of the side walls. Since only a
small portion of the left and right walls is used for
scoring, the puck can essentially rebound off all four
walls. Scoring is the same as in tennis — first pIayer to
reach 15 is the winner. The score is yellow.

Handball

Handball consists of a brown court, two paddles — one
blue and one orange, and a yellow ball. It plays identical
to tennis except only one player plays at a time and
both are on the same side of the court, playing against
the opposite wall. After the ball is served, the serving
player disappears from the screen and the other player’s
paddle appears. He must hit it, or he loses the point and
the other player serves again. If he hits it, his paddle
disappears and the other paddie comes on the screen.
The other player must return it to the wall. The object
of the game is to keep the ball in play by continuously
hitting it to the back court wall. The.ball can be reflected
off three sides — the top, bottom and right wall. The
first player to score 15 is the winner. The score colors
match the paddle colors — one blue and one orange.

SUMMARY

Table 1 describes how the game will appear on a standard
25” TV. The actual appearance will vary somewhat
from set to set as a function of color control settings,
fine tuning, overscan, etc. Table 2 and Figure 10 define
the Chroma Outputs and the approximate color they
generate.

" SYSTEM CONFIGURATION

Figure 2 is a detailed schematic of how the MM57100
TV Game Chip would appear in a completed system,

_including the MM53104 clock generator and the LM 1889

channel modulator.

4-38




MM57100

judjeAinba 1o iarawonusiod

m .
341TVHLIN T 19POW Y TVHLNIO« weabelq apewayas 'z IUNOIA

5 Ul sJolstsal ||y 3 HILIMS
47 uy si01108ded ||y (810 30178 1040
v ._.w_;z_ %sq, MOYHL 3NOT
NV ] ) o
Iu.o "(EYOV6 "H11BD "MBIA UlBIURO “ABM PIRBIPPIN PIO 01GT “oul ABojouyoay e1sA4D)
"J8}|14 UOHEINPOY INGINO BABM O11SNOJY 9e44NS BGEILD 19POIN,,

MHu 1]

*HILNd _ mo.—._“_<o._>:wpmm .
anveiais — 1 - R
| TYI911S3IA

£

<w=nccw ®
+ - + A BL
0L H 100 000'L

|

AGL-O
1o .2 01 11
- _ 1no 1no Az A
- , ——AAN—O N6~
* | T =_omuw> L o
zl —
ELE i o8t -
WNVL ) =
£H e a2 2 91 o
51 dg—— £E00
05 SSp NO4 99 _ 1008
NI D100Y = agy . 3100vd |- A 3
st 03014 1431
oany

v
9
HripL—L 3
ANYL .
svig vsvig 133138
" a2 - $<a> ] [ i §
A _ ———0
i L | A i
- 9 Adf= - - ¥ YINOYH]
o = ASL- = | I 8 VINOHHD
JHII: soLvinaow [l ASI- T 0 Lasau .
. = NGBBLAT G e Il..oh o9
T HIAING ¥201D 030IA
= 91 npotesww - |2 fdyag  NooLLSWW E;H
T S oY 3700vd 4008
T of ¢ 5l o f7
n A
. 100 ufsi]srfoe]ie] u]
[ E————
. | N
“ — ASL—

ey ZHIN GV56L5°E

4-39




(=]
o .
E dc electrical characteristics 0°c< T <75°C
=
2 PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Supply Voltages
Vgs — VpD 14.25<Vgs — VGG < 15.75 8.5 9 9.5 \
Vss — VGG 85<Vgs—Vpp<9.5 14.25 15 15.75 \%
Operating Supply Current
DD " . VDD = Vss — 9.5V 35 / mA
fele} VGG = Vss — 15.75V 15 mA
Osc. Input Levelé, 01, 92 '
(Figure 3) :
VIH Logical High Level Vss—0.5 Vss \
ViL Logical Low Level \ele] VGGt0.5 \%
Chroma A Output Levels ‘ CpL =50pF, Ipc=0, 7
(Figure 4) ‘ 8.5 < Vgs —Vpp < 9.5,
(Typical values are for
Vss — Vpp = 9V). All voltages
specified with respect to Vpp
Va1 A1=0.465x (Vgs — VDpD) o 3.95 4.18 4.42 Vv
RoA1 Qutput Impedance . 900 : 2060 Q
Vao . A0=0298x(Vss—Vpp) 2,53 2.68 2.83 %
Roao Output Impedance » . 790 2060 Q
VAgursT ABURST =0.238x ) 1.82 1.93 2.04 \
{Vss - Vpp) '
ROABU RST Qutput Impedance . 710.0 2030 Q
Va3 A3=0.134 x (Vss — Vpp) 1.13 1.2 1.27 \%
Roa3 Output Impedance 520.0 2100 Q
Chroma B Output Levels CL = 50pF, Ipc =0, '
(Figure 4) 8.5< Vgs — Vpp < 9.5. (Typical
values are for Vgg — Vpp = 9V).
All voltages specified with respect
to Vpp .o
Vg1 B1=0.465 x (Vgs — Vpp) ‘ 3.95 418 4.42 %
Rog1 Output Impedance 900 2060 Q
VBo BO = 0.298 x (Vss — VpD) ' 2.53 2.68 2.83 \
Rogg Qutput Impedance ‘ 790 2060 Q
Vg3 B3=0.134 x (Vg — Vpp) ' 113 1.2 1.27 %
Rog3 QOutput Impedance 520 2100 Q
Chroma A Bias and Chroma B CL= 50‘pF, Ipc=0,
Bias Output Levels 8.5 < Vgs — Vpp < 9.5. (Typical
values are for Vgg — Vpp = 9V).
All voltages specified with respect
. to Vpp
VBIASA. VBIASB =0.298 (Vss — Vpp) 2.53 2.68 2.83 \
RogiASA. RoBIASB . ) . . 790 2060 Q
Chroma and Chroma Bias Output CL =50 pF, lIpcl < 50uA,
Offset Voltages liIcHROMA — IB1AS!I < BUA,
lICHROMAA — ICHROMABI< 5uA
Vos o 10 50 . mV
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dc electrical characteristics (con’t) 0°c<Tao<75°C -

PARAMETER

MIN

Chroma B, and Video Outputs

14.26 <Vss — VGG < 15.75,
CLOAD =50 pF, 1< 50uA

CONDITIONS TYP MAX UNITS
Video Output Levels (Figure 5) CL=50pF, Ipc=0,
8.56=Vgg — Vpp < 9.5. All voltages
specified with respect to Vpp.(Typical
. values are for Vgg — Vpp =9V)
VSYNC VgYNC = 0.444 x 3.77 4 4.22 \Y%
(Vss — Vpp)
RosyNC Output Resistance 906 2080 Q
VBLANK VBLANK =0.333 x 2.83 3 3.18 Vv
(Vss — Vpp) =0.75x ’
VSYNGC ‘ »
RoBLANK  Output Resistance 835 2080 Q
VDARK  VDARK =0.242 x 2.06 2.18 2.30 \Y
© (Vss— Vpp)=0.545x B
VSYNC
RopARK Output Resistance 726, 2030 Q
VLIGHT VLIGHT =0.148 x 1.26 1.33 1.41 \
(Vss — Vpp) =0.383 x
VSYNC
Ro[ IGHT Output Resistance 556 2040 Q
Audio Output Level (Figure 6) RLOAD = 100k, CLoAD = 20 pF
Vour ; VbD v
Output Resistance to Vpp . '
Ro"“ON"* “ON" Resistance VoL < Vpp +0.5 1.0 5 k2
Ro“QFF" “OFF" Resistance VOH>VpD +3.0 50 500 kQ
Cout 5 pF
Reset, Test and Game Select
Input Levels ‘
ViH Logical High Level Vgs—1.5 - Vss Vv
ViL Logical Low Level ‘ VDD Vpp+2.5 \%
Paddle 1 and Paddle 2 8.5<Vgs - Vpp <9.5
Input Levels (Figure 7)
Vpi Input Trip Level Vpp—04 VpD Vppt+0.4 3
VOH Logical High Output Reset RLOAD = 15 kQ to VGG, V'SS—2-5 Vss v
Level CLOAD =0.1uF, 10%
Power “ON’’ Clear Input
Levels (Figure 8) See Note 6
VCLR Input Trip Level RLOAD = 180k, 10%, Vpp 0.5 VpD Vpp+0.5 \
’ CLOAD = 1uF, 10%
VOH Logical High Output Vgs—2.5 Vss \
Reset Level
en Noise Levels on Chroma A, 85<Vgs — Vpp <9.5, —200 200 mV

Note 1: Chroma A, Chroma B and the Chroma bias output levels are specified for dc current = 0. Typical dc loading conditions are 30uA or less.
The resistor network in Figure 9(a) can be used to determine the shift and interaction in outputs for dc load conditions.
Note 2: Video output levels are specified for dc current = 0. Any other loading conditions will influence the output levels and the resistor network
in Figure 9{b) can be used to calculate output levels. Typical dc currents are 30uA or less.

Note 3: All diffused resistors have a +30% tolerance, and tracking of tolerance can be assumed.
Note 4: All MOS switch impedances include all variations, i.e., due to process, and supply variations, tracking of MOS switch impedances can

be assumed.

Note 5: Tracking of diffused resistor tolerances and MOS device tolerances cannot be assumed.
Note 6: Power On Clear input pin is reset by the MM57 100 to the Vo level near the end of the internal Power On Clear cycle, as shown in Figure 8.
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MM57100

ac electrical characteristics (0°C to +70°C, except where otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Osc Inputs, ¢1 and ¢2 Input 1.0227 MHz
Frequency (Figure 3)
Rise and Fall Times
tr, tf 40 ns
tdL 10 ns
tp 0.9778 us
tow1 '0.405 us
w2 0.380 us
VoL1 Vgs—1.0 | Vgs—0.5 Vss \
VoL2 Vgs—2.0 | Vgs—-1.0 Vss v
Chroma A and Chroma B Output | C| =50 pF, Ipc < 50uA
Timing (Figure 4)
A 175 225 ns
A 175 225 ns
B 175 225 ns
7B 175 225 ns
tscB 450 ns
trCB 175 ns
tCB 175 ns
tcL1 0 ns
tcL2. 0 ns
tBURST 2900 ns
Video Output Timing (Figure 5) | CLoaD =50 pF, lipcl< 50uA
try 250 500 ns
tfy 250 500 ns
1S 250 500 ns
tfS 250 500 ns
trL 150 225 ns
tfL 150 225 ns
thp 5 s
tSYNC 4.5 4.9 us
tfp 1 1.25 us
tVIDEO 0.97 us
tBLANK 10.5 11 11.9 us
Audio Cutput Timing ¢1, 92 inputs = 1.0227 MHz,
(Figure 6) CLOAD =20 pF
fa Output Frequency - lipc 1< 50pA - 491 Hz
Audio Tone Duration
tON 18.55 30.25 ms
tOFF ° 15 s
tra, tfa CLOAD = 20 pF, 10 s
REXT = 120k to Vgg
tha 1 ms
tpwa 2.037 ms
Player Paddle Timing CLOAD = 0.1uF + 10%, ‘
(Figure 7) RLOAD > 15 kQ (to Vgg)
tpH Paddie High (25H) 1.58 “ms
tpL Paddle Low (215H) 13.7 ms
tRP 1.2 ms
Power "“ON"" Clear Timing RC> 138 ms, R = 180k, 10%;
(Figure 8) C=1uF, 10%
tdcl 60 ms
tPOWER 30 ms
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ty =1.022727 MHz +28 Hz
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TIME
—_—

LINE1 LINE7
LINE 262 ——=T=—qunougH LINE 3~ LINES 4 THROUGH LINE 6 ——w THROUGH LINE 20 LINE21 LINE 22

BOTTOM OF
r—H H H 45 H X TOP OF M
~picTuRe » _’1 H " l‘_ t‘ 55 picTuRE

y—

H ='63.557us
Note: Interlaced scan and
equalization pulses are not used.

FIGURE 5(a). Video Output Waveform

top—]
tis—— |=-tsvne s
Vsyne
0% 10%
V. i 0% %0%
BLANK % %
VBLACK
— 10% 0%
ty i v
TBLANK —————

FIGURE 5(b). Composite Video Timing and Levels

BOTTOM OF PICTURE BOTTOM OF PICTURE

l——~ 635574 ‘.l A .\ (FBA;ME n) (FHAMi nel)
VIDED _ﬁ Ill \ h [‘L IJ-I E__
Aupio / J-LI-U-U-U-U-U-LI-U-U____

HIT CAN OCCUR FROM HORIZONTAL
LINES 48 T0 232

Vo

90%

10%
VoL ]

tha

FIGURE 6. Audio Output.Timing
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FIGURE 7. Player Paddle Inputs
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FIGURE 8. Power “ON" Clear Input Timing
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FIGURE 9. Chroma and Video Output Networks (See Notes on Page 4-41)
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TABLE I. Game Colors and Size on a 25" TV

. CHROMA VIDEO APPR,
EL‘EMENT OUTPUT ouTPUT | CcoLoR APPR. SIZE ’COMMENTS
Tennis Background A1BO Light Blue
Tennis Field A0B3 Dark Cyan 13.2 x 16.8 inches?
Tennis Ball A0B3 Light Cyan 0.5 x 0.5 inches?
Tennis Score A3B0 Light Yellow 4x5 inches2 Blanked duriné play
Tennis Net A3BO- Light Yellow 0.5 x 13.2 inches? )
Tennis Left Player A3B1 Light Orange 3 sizes ‘ 2.4, 1.2 or 0.6 inches x 0.5 inches
independent of other paddle
Tennis Right Player A3B1 Light Orange 3 sizes 2.4, 1.2 or 0.6 inches x 0.5 inches
) independent of other paddle
Handball Background A3B0 Light Yellow
Handball Field A3B0 Dark Yellow 13.2x 16.8 ir'nches2
Handball Ball A3B0 Light Yellow 0.5 x 0.5 inches?
Handball Left Score A3B1 Light “Orange 4 x5 inches2 Blanked during play
Handball Right Score A1BO Light Blue 4x5 inchesz Blanked during play
Handball Left Player A3B1 Light Orange 3 sizes 2.4, 1.2 or 0.6 x 0.5 inches,
same as other paddie
Handball Right Player A1BO Light Blue 3 sizes 2.4,1.2 or 0.6 x 0.5 inches,
same as other paddle
Hockey Background A1BO Dark Bilue
Hockey Field A180 Dark Blue 13.2 x 16.8 inches?
Hockey Border A3B0O Light Yellow
Hockey Puck A1BO’ Light Blue 0.5x0.5 inches?
Hockey Score A3B0 Light Yellow 4 x 5 inches2 Blanked during play
Hockey Left Player A3B0 Light Yellow 3 sizes 2.4,1.20r 0.6 x 0.5 inches
. independent of other paddle
Hockey Right Player A3B0 Light Yellow 3 sizes' 2.4,1.2 0or 0.6 x 0.5 inches
. independent of other paddle
Hockey Machine Forwards A3B0 Light Yellow | 0.5 x 0.6 inches2 ' W
Hockey Goals A1BO Light Blue 4.6 x 0.5 inches? Hole in the Border
+8 TABLE 1l. Chroma Outputs vs Approximate Color
Al
oA A0B1 A CHCRHOF"\,(I'-’I:"Q guer':STs APPROXIMATE COLOR
AQ, BO Light Gray
A0, B1 Red
A0, B3 Cyan
_A « " A1, BO Blue -
A3B0 A1B0 A1, B1 Magenta
~YELLOW ~BLUE A1,B3 Blue Cyan
A=Blue — ¥ A3, BO Yellow
§ e ¥ A3, B1 Orange
A3, B3 Green
A3B3 ~CYAN A1B3 ABURST. BO Color Burst
~GREEN ~BLUE/CYAN

FIGURE 10. Chroma Outputs/Color Phase Diagram
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DESIGN CONSIDERATION FOR THE PLAYER
PADDLE INPUTS

Calculations are based on an input waveform at the
“PLAYER PADDLE" input:
VIN=VIH * (1—e”t/Rc)(VGG — ViH)

A solution for t = RC is done, at the input trip point
where V|N = VTRIP = VDD 0.4V, and t = tq.

| [VGG —VpD i0.4V]
nl——H—nr—krn—r-n———
VGG — VIH

RC=

Over the design range of Vpp, VGG and ViH. the
denominator has a range

VGG — VDD 0.4V

—1.187 < In(x) < —0.5864 where x =
- VGG —VIH

The time delays required vary from a minimum of

tdT = 1.58 ms for _the player paddle positioned at the

top of the screen, to a delay of tyg = 13.7 ms for the

player paddle positioned at the bottom of the screen.

For these time delays, the ranges of RC are:

GG — VDD 0.4V |~

: S a7
(RC)Tpyy = 1383 ms < v <(RCITpax = 2:69 ms
In
[ VGG — ViH ]

for the upper paddle position and
(RC)Bpy = 11.54 ms; (RCIBp A = 23.36 ms

for the lower paddle position.

Thus, the external RC network must guarantee a mini-
mum RC of 1.33 ms or less and a maximum RC of
23.36 ms or greater.

Calculations of potentiometer resistance based on a
linear pot use the formula:

6 x Rp
Rg = *Rp - L
O%s
where: Rg is the potentiometer tap resistance
8 is the angle of pot rotation beyond 0
O is the full scale rotation of the pot,
tolerance
Rp is the full scale resistance of the pot, *
tolerance

L is the linearity of the pot

Using RC = tq, values of 6 can be calculated for the
required extremes using the expression:

td
(? £Rp- L) Ot

Rp

9=

This expression assumes prior selection of Rp, L, Ofs,
and C. This expression can be modified to calculate
Rp or C if there is any restriction on the upper limit
of 6.

Mechanical variations, either in the potentiometer or
the control housing which affect pot rotation should
also be considered.

TIMING AND LEVEL DEFINITIONS

Rise and fall times of ¢1 and ¢2 clock inputs.
Delay from the Vgg — 1V point of the ¢2
positive transition to'the Vgg — 1V point
of the ¢1 negative transition, -

tp Clock cycl e time.

. i
dL1

tPW1 Time from 50% point on negative edge of ¢2
to the 50% point on the negative edge of ¢1.

tPW2 Pulse width of the ¢2 input, at the 50%
point. o .

VoL1 Crossover point where ¢1 = ¢2 and ¢1 is on
a negative transition.

VoL2 Crossover point where ¢1 = ¢2 and ¢1 is on
a positive transition. . )

tA. trB.  Rise and fall times of the chroma A and

tfA, tfB chroma B outputs.

tSCB Delay from start of sync pulse trailing edge

to the start,of the chroma A output color
burst leading edge.

t:CB. tfCB Rise and fall times of the chroma A output
color burst pulse.

tBURST Chroma A output color burst pulse- width.

tcL1 Delay from the start of a chroma output
negative transition to the start of the VIDEO
output (luminance) transition.

tcL2 Delay from the start of a chroma output
positive transition to the start of the VIDEO
output (luminance) transition.

try. tfy.  Rise and fall times of the VIDEO output
blanking pulse.

trs, tfs . Rise and fall times of the VIDEO output
SYNC pulse.

trl, tfL Rise and fall times of the VIDEO output

" luminance pulses.

tip. thp Duration of the VIDEO output front porch
and back porch.

1SYNC Duration of the VIDEO output SYNC pulse.

tvIDEO  Duration of the VIDEO output luminance
pulses.

tBLANK Duration of the VIDEO output blanking
pulse.

tON Duration of the AUDIO output “HIT”

: tone burst.

tOFF Delay from the end of the AUDIO output
“HIT" tone burst to the start of the VIDEO
output blanking pulse.

tra. tfa Rise and fall times of the AUDIO output.

tha Width of the AUDIO output tone puise
‘ positive level.

towa AUDIO output tone cycle time
(t="1/faupI0)
tRP Rise time of the PLAYER PADDLE input.
tPH Delay time from the top of‘ the picture to
the highest player paddle position.
tPL Delay time from the top of the picture to
the lowest player paddle position.
tdel Delay from point where the power supplies
' are within the operating spec to the point
where the power-on clear input level is less
than VCLRI-
tpOWER Fall time of the power supply at turn-on,
' to 95% point.
H One horizontal scan line.

OOLLSWIN
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LM1889

LM1889 TV video modulator

general description

" The LM1889 'is designed to interface audio, color

difference, and luminance signals to the antenna termi-
nals of a TV receiver. It consists of a sound subcarrier
oscillator, chroma subcarrier oscillator, quadrature
chroma modulators, and R.F. oscillators and modulators
for two low-VHF channels.

The LM1889. allows video information from VTR’s,
games, test equipment, or similar sources to be displayed
on black and white or color TV receivers. When used
with the MM57100 and MM53104, a complete TV game
is formed. ~

TV Circuits

Note. SK1115 kit includes: MM57100N,
MMS53104N and LM1889N )

features

DC channel sw'itching

12V to 18V supply operation
Excellent oscillator stability
Low intermodulation products
5 Vp-p cﬁroma reference signal

May be used to encode composite video

block diagram

Dual-In-Line Package

' CHROMA _! 18 CHROMA
LEAD LAG
v
RyY_2 a CHROMA 17 CHROMA 0SC
>
INPUT X - 0sc OUTPUT
cHroma _3 16 CHROMA
BIAS ™| ¥ T suprLy
=
gy 4 . X SOUND 15 sounp
INPUT i o0sc TANK
5 14 ge
GRDUND—-1 ‘_—SUPPLY
6 13 vineo
L, DC REF
CHB CHB A 4 ‘
TANK 0sC
1| ™ X 12 vipeo
] INPUT
8 LA J M cHa
]_’ OUTPUT
CHA cb;cA X
TANK o i ]
9| | 10 chg
OUTPUT

Order Number LM1889N
See Package 20
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tentative electrical characteristics (Applications circuit, V = 15V)

Supply Voltage Range V14, V16
Total Supply Current 14 + 146
Common-Mode Input Range
Chroma Mod. V2, V3, V4
RF Mod. V12, V13
Oscillator Levels
Sound Osc V15
Chroma Osc V17
RF Osc V6, V7 or V8, V9
Chroma Modulator Conversion Gain
V13 Out/V4—-V3
V13 Out/V2 — V3
Residual Chroma Output, V13
V2=V3=V4
RF Modulator Conversion Gain
V10 or V11/V12-V13

fypical application

RY
eyt O

0.014F

43pF

TYP
~12-18Vpc
35 mApC

4-10.5 Vpc
3.5-11Vpc

3.5 Vp-p
5 Vp-p
300 mVp-p

0.6 Vp-p/VpC
0.6 Vp-p/VpC
50 mVp-p

10 mVrms/Vpg

. 357955 MHz 9-35 pF

CHROMA ° 3
ocher &

BY
INPUT o=

0.014F

0.8014F

Hh

2127 T75 of
240

CHSW

AA
Wyv—e

240 CH3 8

AAA o

100

VW

2127 {‘mpf

1
w €T

AA
VWV

a: 0.0014F

LM188IN
’

3.58 MHz

O pureut

14

1» ' .
S 15Kk f 120 pF
9 |—o avoto

ViDEQ
22 oF 0 pcReF
o~ 22pF "‘"{
12 i 2k
. —A M-~ -O LUMA + SYNC
n 5
_AAA
VWA
10 %
ANA
VWA~
—0 15V
Chig g CHa Rl
Vs 1F
FILTER
RF OUTPUT
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MM53104

MM53104 TV game clock generator

general description

The MM53104 is. a monolithic CMOS clock generator
designed to generate the 2-phase non-overlapping clocks,
¢1 and ¢, for the MM57100 TV game chip.

The MM53104 contains two independent oscillator
circuits that can either be driven by an external input
or be used as a Colbitts-type oscillator (e.g., crystal
oscillator). The first oscillator (X1, X2) is designed to
operate at 3.58 MHz and the output (X2) is fed internally
to a divide-by-3 1/2 counter to generate the 1.0227 MHz
¢1 and ¢ outputs required by the MM57100. The
second oscillator (Y1, Y2) is a completely independent
oscillator and is designed for a 4.5 MHz operation.

TV Circuits

Note. SK1115 kit includes: MM57100N,
MMB53104N and LM1889N

All pins are protected against static damages by diode
clamps to both V¢ and ground.

features .

® Directly drives MM57100
= Two oﬁ-chip oscillator circuits

® | ow power consumption 250 mW typ @ 15V

connection diagram

Dual-In-Line Package

1 u
X2 et PB—-Vcc
2 7
X1 et p—— GND
MM53104N
Y1 .G_._ $2
y2— K
TOP VIEW
Order Number MM53104N
See Package 17
logic diagrams
Vee
™
—AAA— ’

timing diagram

iplplpipipigigligh

Vee

100k

NON-

X1 O—AAA—4 cJ.?J?m i OVERLAPPING %
CIRCUITRY |0 07

-0 1
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absolute maximum ratings (Note 1)

YOLESWIN

Voltage at Any Pin -0.3V to V¢c +0.3V
vee ' -0.3V to 16V
Recommended VcC 16V £56%
Operating Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Package Dissipation 500 mW
Lead Temperature (Soldering, 10 seconds) ) 300°C

‘dc electrical characteristics 14.25v < vgg < 15.75V

PARAMETER . CONDITIONS MIN TYP MAX UNITS

lcc  Quiescent Curreﬁt ‘ X1=Y1=Vcc 600 HA

Operating Current Y1=GND 15 mA

VoH Output High Level, ¢1 or ¢2 Vee = 15V 14.95 v
VoL Output Low Level, ¢1 or ¢2 Vge = 15V 0.05

IoH Output Source Current, ¢1 or ¢2| Ve =16V, Vo = 13.5V ‘ -7.0 mA

loL  Output Sink Current,'¢1 or ¢2 Vee =15V, Vo= 1.5V 11.0 mA

ac electrical characteristics vgg =15V, C| = 15 pF, all limits apply across temperature.

PARAMETER - CONDITIONS MIN TYP MAX UNITS
TR Rise Time of ¢1 or ¢2 15 30 ns ﬂ
TF Fall Time of ¢1 or ¢2 15 30 ns -
Tpw,pq+  Positive Pulse Width of ¢4 : 410 455 510 ns
Tp;w'm — Negative Pulse Width c;f 01 470 520 570 ns
TPw,po+  Positive Pulse Width of ¢3 510 570 600 ns
TPW,¢o— Negative Pulse Width of ¢ - 380 410 470 ns
Tw,gp—  Effective Negative Pulse Width 405 440 | ns
: of ¢2 )
TdL1 ¢1 Overlapping ¢2 Time 1 —13 5 ‘ ns
TdL2 ¢2 Overlapping ¢1 Time -2 10 ns
VoL1 @1 Cross-Over ¢2 Voltage Vce-1.0 vVee \%
VoL2 ¢2 Cross-Over ¢1 Voltage o Vec—2.0 | Voo 0.8 \%

‘Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of **Electrical Characteristics'’
provides conditions for actual device operation. .

ac test circuit

2k U

IH——O+15V
INPUT FROM PULSE 2 7
GENERATOR I
T1=145ns 0.01.F MM53104N =
- 3 6
T2=135ns T}TO SCOPE
tr=t=20ns -...[:— CL :
Cy. =15 pF including scope probe and all stray capacitances. - i 6 ?
Note: When the MMS53104 is used with the MM57100 OPEN Qs TTD SCOPE
and LM1889, the 4.5 MHz oscillator in the MM53104 [
is not needed and thus pin 3 should be grounded. -
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MM53104

switching time waveforms

—=| 13532 ns

PULSE - ggy,
GENERATOR

%1 vgg

92 GND

50%

Note: t, =t =20 ns

t - Tew,s1+

4-52




TV Circuits |2
AN
[+
-
(=]
[<}]
MM58106 digital clock and TV display circuit ‘ ‘
general description features
The MM58106 is a monolithic CMOS integrated circuit = Single chip clock and display
- which generates a display of chanqel numl?er and. time ® 12 or 24-heur operation
on the television screen. The circuit can either display = 5 or 8-digit time display }
channel number (2—83) or program number (1—16). = Ch | ber disol '
Time display can be 4 or 6-digit, in either 12 or 24-hour annef or progr.am number disp ay
mode. Timekeeping is controlled from a 50 Hz or ® 50/60 Hz operation
60 Hz input. The position of the display on the TV ® Charnel and time display on channel change
screen is controlled by adjusting the external RC time
constants.
The circuit is packaged in a 28-lead dual-in-line epoxy o
package. . . ﬂ
, }
block diagram connection diagram
por;l&fsnsru ' VEPILTLl;:El\L ui'#'éir CHA{’:I)!ELS éu? uowrsﬂ ) Dual-In-Line Package
{} R: —‘ &VERT
Ry — AL Ry == VERTICAL CHANNEL TIME- v
cy—] OMEsHOT - oy —] ONEsHOT NUMBER oKecpiNg [ #1220 MR oy =2 27 06t seL
l ) 4 l 1 r| 4 voo - 25 osc inmisiT
v v it;/:igcu; on =4 125 4 mhz cLock
2 MH H.BAR H.DIGIT V.LINE > GiT 5 2
bty D gl g I aurRos sEL— o
CHANI / CU1 = = HOR
{-_—PBOG:EMLII 7 2 '
SELECT VIDEO OUT = —Cy
v v ¥ v vs = LZL 50/60 Hz INPUT '
i MWULTIPLEX NinaER T-SEGMENT cus =Y |22 5060 seLECT
DECODER | DECODER | ° DECODER DECODER ' 10 " )
l I cu2 — = SET HR
1 . cra -1 e ser i
¥ IR XX ' o1 4 : UL 1220 R
T
R e 2 = 1o
DECODER DECODER 18 15
cug — |— EDGE DETECT
mosn o
FIGURE 1 FIGURE 2
Order Number MM58106N
See Package 23
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MM58106

absolute maximum ratings

Supply Voltage (Vpp — Vss) . 5.5V
Voltage at Any Pin Vgs — 0.3V to +5.5V
Operating Temperature 0°C to +70°C
Storage Temperature —55°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics vpp =5V, Vss = 0V, unless otherwise specified

PARAMETER ‘ CONDITIONS MIN TYP MAX UNITS
- Power Supply Voltage, Vpp Vss=0 4.75 5 5.25 \%
Power Supply Current 800 HA
Input Voltage Levels
Channel Inputs
Logical Low Vss0.3 | Vpp—5 | Vpp—4.5 Vv
Logical High Vpp—0.3 VDD Vpp+0.3 \%
Horizontal and Vertical Inputs
Logical Low Vgs—0.3 | Vpp—5 | Vpp—4.5 \%
Logical High ‘ Vpp—0.3 VDD Vpp+0.3 \
Set Mins, Set Hours, Hold, 12/24-Hour Internal Pull-Up Resistor to v
Select, 50/60 Hz Select, Channel/ Vpp (600k Min)
Program Select
Logical Low Vgs—0.3 Vss Vgst+0.3 \
Logical High Open
All Others
Logical Low Vgs-0.3 Vss Vgs+0.3 \
Logical High Vpp—0.3 VDD Vpp+0.3 Y
Input Frequency
4 MHz Clock 1 4 45 MHz
Horizontal Pulse Width = 14 us 16.75 kHz
Vertical Pulse Width = 1 ms 60 Hz
Output Voltage Levels
Oscillator Inhibit and Video Output :
Logical Low : Vgs0.3 Vss Vss+0.9 \
Logical High Vpp-0.5 VDD Vpp+0.3 \
One-Shot Output Pulse Duration
Horizontal 50 us
Vertical 13 ms
Output Drive
Video Output .
Logical Low Vgs + 1V (-1) mA
Logical High Vpp-—- 1V 1 mA
Oscillator Inhibit Output
Logical Low Output Forced Up to Vpp—4.5V (—2) mA
Logical High Vpp- 1V ' 0.2 mA
External RC
CVERTICAL 0.1 uF
CHORIZONTAL 0.001 uE
RVERTICAL 100 k€2 pot
RHORIZONTAL 100 kS2 pot
Propagation Delay Oscillator Inhibit From Input Clock to Oscillator 2 clock pulses
Output Inhibit Output
Input Leakage 1 MA
Input Capacitance 5 pF
Edge Detect Pulse Duration 2 sec

C=2uF,R=1MQ
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functional description

A block diagram of the MM58106 TV timer is shown in
Figure 1. A connection diagram is shown in Figure 2.
Unless otherwise indicated, the following discussions are
based on Figure 1.

50 or 60 Hz Input: This input has a shaping circuit
which allows using a filtered sinewave input. A simple
RC filter such as shown in Figure 4 should be used to
remove possible line voltage transients that could either
cause the clock to gain time or damage the device.
The input should swing between Vgg and Vpp. The
shaper ‘output .drives a counter chain which performs
the timekeeping function.

Alternatively, in a crystal controlled battery operated
system, an oscillator and prescaler circuit such as the
MM5369 could be used as a timebase.

50 or 60 Hz Select Input: This input programs the
prescale counter to divide by either 50 or 60 to obtain
a 1 pps timebase. The counter is programmed for 60 Hz
operation by connecting this input to VgS. An internal
1 M pull-up resistor is common to this pin; simply
leaving this input unconnected programs the clock for
50 Hz operation. .

Time Setting Inputs: Inputs to sethours and set minutes
as well as a hold input, are provided. Internal 1 MQ
pull-up resistors provide the normal timekeeping func-
tion. Switching any one of these inputs (one at a time)
to 0" results in the desired time setting function.
Set Hours advances hours information at 1 hour per
second, and Set Minutes advances minutes information
at one minute per second, without roll over into the
hours counter. The hold input stops the clock to the
minutes counter and resets the seconds counter.

Display Control: The channel number and time display
circuits operate from the 4 MHz input clock frequency.
The horizontal and vertical ‘position of the display is

- controlled by adjusting the external RC time constants

(RH, CH, Ry, Cv).

These monostables are triggered by the horizontal and
vertical retrace signals as shown in the timing diagram in
Figure 3.

A 7-segment decoder is used to decode either channel
inputs or time. Also a time slot decoder is employed to
decode the appropriate time slot and the digit to be
dispiayed. It generates a video output signal that can
modulate the sweep of the television tube for the on-
screen display.

Channel/Program Number Select: This control pin has
a pull-up resistor to Vpp and, with the input open,
the chip will accept a binary plus 1 code on the CU1 to
CU8 inputs and display the program number. For
example, an input code of 0000 will indicate channel 1
and 1111 will indicate channel 16.

With this input at “0”, inputs CU1 to CU8 and CT1 to
CT8 will accept BCD inputs for channel units and
channel tens respectively, and display channels 2—83.

Edge Detect: On program change, the time and number
will be displayed for a period depending on the external
capacitor and resistor connected to the Edge Detect pin
(Figure 4).

| 167 ms
VERTICAL 7.
RETRACE u
VERTICAL ‘
TIME OUT Lf p—l L
O
HORIZONTAL o
RETRACE ] u
| 63.6us |
HORIZONTAL ¥

TIMEQUT I.___.I '

OSCILLATOR ' ] I
INHIBIT | )
p———16 us ——"

e )1 K1

VIDEQ OUTPUT
CHARACTER

fun

DISPLAYED

124457

FIGURE 3. Timing Diagram
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MM58106

typical applications

0.01 4F 5V
5V 5V
100k 3 8
50/60 Hz 5 Vrms 7 TOTV
VIDEQ OUTPUT
CIRCUIT
50/60 Hz SELECT 5V-50Hz |,
. GND-60 Hz
. SET
i JUUL,, ;
o—19 - )
5v
= I SET . I
M
IN 8 2 —9— AN
i FROM TV
- J_ HOLD —A/\A\— HORIZONTAL
_L—o O—16 RETRACE
= 3 6.8k S
5V-24 HR, GND—12 HR = 17 <
0SC INHIBIT =
2%
DM74C00's amHe] ‘
CLOCK
2 MM58106 .
FROM TV
—AAA— VERTICAL
"RETRACE
Fp— -
DISPLAY ¢
FF .
cuanne | 2 " u » I
unITS
= 4= 0.001 uF e
. s—1u 2 I AN~
1 —a
2—13
) CHANNEL !
¢ ) TENS
4 —t11
100k
8 —q12 AAAT
5 2 S )
PROGRAM/CHANNEL SELECT l Lomn SELECT v
5V—PROGRAWS (EUROPEAN) 5V- DIGITS
GND-CHANNELS GND—5 DIGITS
FIGURE 4.
— V"
v J 14
I ‘t/ RETRACE
: | | I 3 INPUT
| I-L-' — 5
INPUT ouTPUT . - A —
CONFIGURATION CONFIGURATION
FOR CHANNEL FOR 0SC INHIRIT, “”l"‘“’;gf ] II V2 Vi
INPUTS AND VIDEQ QUTPUT, l—l -
CONTROL INPUTS DIGIT SELECT L~ 1S
=11 —— | fr—
I—-I | | | — vi v
Vo : -
. 2
v

FIGURE 5. Horizontal and Vertical One-Shot Circuit
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LF13300

Analog to Digital (A/D) Convertefs

BI-FET Technology

LF13300 integrating A/D analog building block

general description

The LF13300 is the analog section of a precis'ion
integrating analog to digital (A/D) system. JFET and
bipolar transistors (BI-FET) are combined on the sarme
chip to provide a high input impedance unity gain
buffer, comparator and integrator, along with 9 JFET
analog switches. The LF13300 has sufficient accuracy

features.

® Rugged JFETs allow blow-out free handling

= High input impedance > 1000 M2

®  Automatic offset correction .

® Analog circuitry can be physically and electrically

isolated from high noise digital circuits

to construct up to a 4 1/2-digit Digital Panel Meter = ® Analoginputrange of £11V with +15V supplies
(DPM) or up to 14-bit (plus sign) Data Acquisition - ® Wide power supply voltage range *5V to 18V
System and is specifically designed for use with either . ® TTL and CMOS compatible logic
the MM§330 B(,?D‘digital building block or the MM5863 ® Can interface directly with microprocessors
,12_b't binary building block. ® Versatile: can be used as a 12-bit plus sign binary
A/D, 4 1/2digit, 3 3/4-digit and 3 1/2-digit Digital
Panel Meter (DPM) -
® | ow cost
block and connection diagrams
¢ OFFSET CORRECTION
ANALDG - UNKNOWN : CAPACITORS
GND INPUT REFERENCE BUFFER OP AMP 0P AMP
(AG) (vy) INPUT (Vg) out INPUT out Cocz Coct Cocz -

18 a7 16 ~fis ||4 13

11 10

Dual-In-Line Package

U 18 ANALOG
GND

POWER _1]
SUPPLY GND
2

v |17 aNALOG
INPUT

3 16
COMPAHA(YJ:I‘F; 3 S vaer
115 BUFFER
out

V- —

NEG RAMP _ | 114 op Amp
UNKNOWN 1]
POL DET/POS 6 | 113 op amp
RAMPUNKNOWN out
OFFSET 7] 112 ¢
CORRECT ocz
RAMP 8 11
REFERENCE | Foct
L] 10
meTAL L 12 cocs

TOP VIEW

|| Iz 3 I4 Is ls
POWER SUPPLY V" OPEN-COLLECTOR V= NEGATIVE RAMP POLARITY
GND {PSG) COMPARATOR OUT UNKNOWN (RU-) DET/POS.
(comp)
(PD/RU*)
TOP VIEW

OFFSET
CORRECT
RAMP UNKNOWN  (0C)

Iu 9

DIGITAL
GND (DG)

Order Number LF13300N

\MP
uer(sunns)ucs See Package 20
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absolute maximum ratings

Supply Voltage

Power Dissipation (Note 1)
Operating Temperature Range
Junction Temperature
Storage Temperature Range

Lead Temperature (Soldering, 10 secqnds)

electrical characteristics

18V
570 mW

0°C to +70°C
110°C

—65°C to +150°C
300°C

(Vg=%15V, Ta = 25°C, unless otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Analog Input Current, ||N Vx =0, Currents into Pins 17 and 18, 50 500 ©pA
Test Circuits 1 and 2
Analog Input Voltage Range Vx adjusted until [l|N]> 10 nA, 11 12 \%
Test Circuits 1 and 2
Analog Input Resistance Vx = 0V, Test Circuits 1 and 2 1000 M
Hefgrence Input Currents, IR VR =.10V, Current into Pin 16, 100 1000 pA
Test Circuit 3
Reference Input Voltage Range VR Adjusted until [IR| > 10nA, 0 11 \%
Test Circuit 3
Reference Input Resistance VR = 10V, Test Circuit 3 ‘500 MQ
Offset Correction Voltage, —Vg Test Circuit 4 =12 \
Offset Correction Input Current, |QC Test Circuit 5 200 2000 pA
Op Amp Slew Rate Test Circuit 6 10 V/us
"Op Amp Bandwidth Test Circuit 7 3 MHz
Buffer Slew Rate vTest Circuit 9 25 V/us
Comparator Response Time 200 1V Input Step, 100 uV 2.5 us
Overdrive, Test Circuit 11
Comparator Output Saturation Voo =5V, RL = 2k, 0.2 0.4 \
Voltage -0°C < Ta <+70°C, Test Circuit 11
Logic 1" Input Voltage 2.0 6 \Y
Logic ‘0" Input Voltage All Switching Input Pins 5, 6, 7 and 8, -5 . 0.8 \
0< Ta<+70°C
Logic Input Current 2 20 uA
Power Supply Voltage Range, £Vg VR < vt -3y, VN =0V £4.75 +18 \Y
Vg is Variable
Power Supply Currents, tig +4 11 mA

Note 1: For operating at elevated temperatures, the LF13300 in the DIP package must be derated based on the thermal resistance of 100°C/W

junction to ambient.

5-3
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LF13300

electrical characteristics

12-bit plus sign A/D converter system characteristics. (LF13300 with MM5863).
10.000V, 0°C < Ta < +70°C unless otherwise noted.)

(Circuit configured as in Figure 1, VR =

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution VR = 5.000V, —10V < Vx < +10V 14 Bits
Nonlinearity +1/8 +1/2 LSB
Differential Nonlinearity +1/8 +1/2 LSB
Ratiometric Gain Error Vy = £10.000V, TA = 25°C £1/2 +2 LSB
Gain Error Drift Vx = 10.000V £1 ppm/°C
Zero Reading Drift Vx = 0V 05 ppm/°C
Analog Input Voltage Range +11 +12 \
Analog Input Leakage Current Ta=25°C, Vx =0V 50 500 pA
Analog Input Resistance Ta=25°C, Vx = 0V 1000 MQ
Reference Input Voltage Range Ta =25°C, VR Varied 0 12 \
Reference Input Leakage Current 100 1000 pA
Reference Input Resistance Ta=25°C, VR = 10.000v 500 M
Conversion Time VIN = 10.000V, FG = 250 kHz' 36 ms
15V Supply Currents LF13300, V+ Current 4 1 mA
—15V Supply Currents LF13300, V™ Current, 27 44.8 mA

MM5863 VGG Current
5V Supply Currents VN = 0V, MM5863, Vgs Current 23 385 mA
1 H Test Circuit 12
ac test circuits 12-Bit A/D Converter
e e—— |
5V O—
POWER GND_L:
1o Vi W4 1 V- 3‘1 Vg Vss "
+ 16 va PG comp L2 Zg - poL = POL/SER OUT
out . 16
REFEHEN\?{EJ"[‘;\Fg: Vg . 0R = OVERRANGE
- L% P RU- |« 2 au- wsi F 211 s |
e On| N mfts
| Vx PD/RU+ [« PD/RU+ 258 _ﬁ’
™ , 12
VWA 1 surren our oc [« 2oc = T
5SB
ANALOG GNE_E-“ il 0AIN LF13300 RR ; 19 RBR MM5863 ) 6SB 'llb 12-81T BINARY
= 001 4F . LI ouTPUTS
13 9 18
Pﬂw';:m};g;{ _-I |-— onouT ] s o s b
0.1 4F = 3
—| 'ﬂﬂ Coc2 DIGITAL 958 —>
g GND 6
01 uF 1. , 1058 ==
caratirons | P I |i‘ Foct ‘ s 158
0.1 uF “ ) . LSB 4—)2“ Ls J
————l I—-1 Coc3 SCLK - Eoc _ZE_’END OF
. cLK 127 28 OF 43

CLK CLK

START
! CONVERSION

SERIAL 250 kHz PARALLEL OUTPUT

/SERIAL  ENABLE
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typical performance cha racteristics

integrator Capacitance,
C s fc K for Different
Integrator Resistances, R

. 1 —
T i Vs 1o
D INESH
£ N N[R= 1M, vg =10V
2 o == =
g ==
< } ~\
g NN
g
= f
2 R , VR = 10V,
L') IR IR “

w01 11 Y

1 10 100 ™

foLk (kHz)

functional description

The LF 13300 goes through the following 5 states during
normal cycle: 1) Offset Correction; 2) Polarity Determina-
tion; 3) Initialization; 4) Ramp Unknown; 5) Ramp
Reference.

Offset Correction Description (Figure 1)

The Offset Correction scheme will drive the input of
the comparator to its switching threshold when the
analog input is zero and the timing components, RC,
are bypassed.

The Offset Correction input (OC) is driven high, closing
switches S4—S9.

The offset voltages are assigned as follows: Vg1 — the
input offset voltage of the buffer; Vog2 — the input
offset voltage of A1; Vg3 — the input offset voltage of
A2; V0os4 — the input offset voltage of the comparator.

S5 grounds the input of the buffer so that its output
voltage is simply V(Qg1. S6 bypasses R to keep the
integration time constant, RC, from affecting the
circuit operation. S4 makes the total equivalent input
voltage to A1 be —VQg1 — V(0Sg2. S7 puts the op amp
in a unity gain configuration with respect to the input
of A2. S8 keeps‘ the output voltage of the op amp at
—VB + VQos4 = —VB’ (the Offset Correction potential)
since the comparator is placed inside the loop. C3
samples the output of the —VB generator. The voltage
at the non-inverting input of A2 is —Vg + VQog1 +
Vos2 + VOos3 + Vosa = V1. Thus, the sum of the
offsets is stored on C1, and the differential voltage
across the comparator is zero.

\

‘Integration Time Constant
(RC) vs fcK for Different
Reference Voltages, VR

2
2 N H H Vg = £15V
; IREALLL
= THENvg = 10v
@ N
H Ll
s u = ===z
@ i
= )
DRSS
3 ’ N
z 0m EEEE% Vg=2V
-3
< N
e N
=
]
2 00m
1 10 100 m
foL (kHa)

Polarity Determination (Figure 2)

The simplified diagram of the LF13300 in the Polarity
Determination state is shown in Figure 3. S5 and S3 are
closed during this period. S5 grounds the buffer input
and Vx (the unknown voltage) is applied through S3
to the non-inverting input of A1l. The equation that
describes the op amp output voltage is given in Figure 3.
When Vx is applied to A1 at t1, the output of the
op amp slews to Vx and is integrated until tp, when
S3 opens and S4 closes. This causes VQUT to slew down

1 t
by —Vx leaving "G f 2 Vxdt — VB’ on the output

of the op amp. The comparator output goes hlgh |f‘

Vx > 0 and remains low if Vx <0.
Initialization (Figure 1)

During initialization, the LF13300 is configured the
same way as it is in the Offset Correction state and the
op amp output is brought back to the Offset Correctlon
potential —Vp'.

Ramp Unknown (Figures 2 and 3)

In the Ramp Unknown state, if Vx >> 0, S3 and S5 are
closed, as shown in Figure 2, and VX is applied to the
+ input of the integrator. If Vx < 0 and the LF13300 is
connected ‘as in Figure 3 with S2 and S4 closed. V is

now applied through the buffer to the — input of the .

integrator. In either Ramp Unknown case, the op amp
output ramps in the positive direction and Vx is applied
to a high impedance JFET input.

5-5
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LF13300

functional description (Continued)

Ramp Reference (Figure 4)

In this state, the LF13300 is configured with switches
S1 and S4 closed. The reference voltage, VR, a positive
voltage, is applied to the buffer input and the op amp
output ramps down .until VQuT = —VB’ where the
comparator will trip. -

If VX and VR are assumed to be constant over their
respective integration periods, the integrals of Figure 7.
are reduced to,

Vx (t4 —13) _ VR (t5 —t4)
RC RC

BUFOUT R OPAMPIN .

or
VX ts—tq
VR t4 —t3 ’

Since t4—t3 = 4096 clock periods and ts—t4 can be

measured in clock periods, VX/VR = X/212, where X is
a digital binary output representing an analog input
Vx with respect to VR.

0P AMP OUT comp out

—VB'=-Vp+Vosq

V2=-Vg+Vqggq

S8

..VB

I

I

I

I

I

| - —®
l V1=-Vp+Vggq+Vgsa+Vos3+Voss

I

I

L

S4 S5 SB S7 $8 S8

sy e O %Lm% T

9
-Vs  RU- - PD/RU+
POWER DIGITAL
Lono . _Jeno

FIGURE 1. Offset Correction Circuit
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functional description (Continued)

1 14
—Vg'+Vyx + R—C—_[ Vx dt: Ramp Unknown for Vi > 0
3
Vout =

1 [t2 ~
—Vg'+Vyx + R_C Vx dt: Polarity Determination
t .

BUFOUT R OPAMPIN

0P AMP OUT . -COMP OUT

Vout

i)—?

r_______ — e —— O — —— —— — —
+ .
I Vos1 I
Vosa
I COMPARATOR I
| 88 b I
I e |
I -Vg |
| $3 S5 GEN |
L. vt Vo
-TTG_TF - : K T_Z_ 1 _TI‘—-?-S- T_<>9J
Vg vy Cocs Vg —vg RU-  PD/RU+
POWER DIGITAL
ANALOG GND GND _leno
FIGURE 2. Polarity Determination Circuit or Ramp Unknown Circuit for Vx> 0
\ ‘ VR’ + ! “ Vx dt
ouT B RC t3 X
C
BUF OUT R OPAMPIN 11 0P AMP OUT coMP GUT
O e e s e s —
COMPARATOR

0 R

U-  PD/RU+

POWER DIGITAL
GND GND

=

FIGURE 3. Ramp Unknown for Vy < 0
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LF13300

functional description (Continued)

. 1 4 15 ‘
VouTt* =-Vg'+ 7C ft Vy dt — . VR dt
) 3 4

BUFOUT R _OPAMPIN COMP OUT

OP AMP QUT

COMPARATOR

>

|
|
|
|
|
|
|
|
1
=

s1 s4
L Vo
T T PR R
VR VX~ -Vs AU~ PO/RU+ DG RR
POWER DIGITAL
ANALOG GND GND oo

¥*4
More accurately

1 ts+a g
Vo=-VB'*+ o= VRdt+ Vxdt )+
RC\J 14 t3

Where 6 is the incremental voltage overdrive needed to fully switch the comparator
and A is the sum of the additional time required to develop & and the comparator
propagation delay.

¢ FIGURE 4. Ramp Reference Circuit

- POLARITY
" DETERMINATION
. OFFSET
INITIALIZATION r» coRponET ol
POLARITY .
DETERMINATION 1 ™~ STAND BY —={ o= === t=—INITIALIZATION STAND BY —={ f
OFFSET RAMP I RAMP
CDRRECTIDNﬂ I~ RAWP Vxz0 REF 1 v vx<0 o
RMP
out Jﬂ
-
comp N
T n =
PD/RU+ [Jm
T -
D .
1N/OUT “
L stantan L srart a0 .
END OF CONVERSION “" END OF CONVERSION ""1
€oc .
T t
Sy ny oy 1 51 tg Uy 17 U3 . . 1y 5 U

FIGURE 5. Timing Diagram
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application hints

Increasing the Input Impedance of the LF13300,
MM5863 12-Bit A/D Converter

The input impedance of the LF13300, MM5863 A/D
converter can be increased 1 to 2 orders of magnitude
over the typical 1000 MS cited in the specifications by
insuring that the signals that switch the LF13300 do not
overlap. A circuit that eliminates switching overlap by
introducing a Delay (tg) ~ 3.3k x 100 pF =~ 300 ns to
the rising edge of the signals from the MM5863A is
shown in Figure 6. Figure 8 shows the operation of this
circuit. The total delay time ty' of the output will be
equal to the inherent gate rise time, tr, plus the RC
delay, tg. The fall time, tf will be the basic gate delay.

Nulling the Residual Offset in the LF13300

The residual offset of the LF13300 is < 200 uV which
is negligible for most applications. This can be reduced
to < 40 uV by lowering the clock frequency from
250 kHz to about 75 kHz. If a residual offset of
< 40 uV is required, we may trim out the remainder
as shown in Figure 9. This circuit applies a negative
step to the Offset Correction capacitor, COC2. by means
of a variable capacitor which is adjusted until charge
injection imbalance of the Offset Correction switches

are cancelled.
[ ]
e D

e scysann iD= =

an;a | I

Eliminating Errors Due to Power Supply Noise

For many applications, power supply noise (f > 10 Hz)
causes errors which reduces the accuracy of the system.
In most applications, noise can be adequately eliminated
by putting a series resistor (100£2) in the power supply
line with a 10 uF tantalum capacitor connected at the
power supply pins (Figure 8). The 10 uF capacitor is,
in addition to the normal 0.1 uF ceramic disc capacntors

used as supply bypass capacitors.

Errors caused by noise on the negative supply, —Vg,
can be further reduced. by replacing, Coc3 with a
10 uF low leakage tantalum capacitor. Since —VR is
3V above —Vg, any noise appearing at —V§g appears at
—Vg; the 10 uF capacitor eliminates the noise at —Vg.

Miscellaneous

Since none of the output pins of the LF13300 employ
short-circuit protection, extreme care should be taken
when breadboarding or troubleshooting with the power

SON™.

Vi

Vg

14> RC

FIGURE 7. Rise Time Delay Circuit

.1
5

l:

Vg vt

i
1
.

L:

LF13300

[

N

MM5853 100 "FI TO LF13300
PO/RU -
100 pF I |
oc =
w11 o
100 »F_:L_ L
. = N
FIGURE 6. Overlap Elimination Circuit
1 18 o
7
o4 o
3 16
5
4 5_q
5 14
O— LF13300 —0
.6 13
Ot —0 Coc2
0.1 4uF
OFFSET oc 7 12 ]
CORRECTION O > {
SIGNAL
8 11
© 1
3 10 11+
e, cm:x =
Low LEAKAGE
5|“|F TANTALUM
H
)l
Al

Cy 2pF Zﬂ‘p‘F VARIABLE CAPACITOR

FIGURE 8

]

L1l TE
5

L
Gl

FIGURE 9. Residual Offset Nulling Circuit
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LF13300

typical applications

15V O
5V O
POWER
swo [
_15V O~ . 4 4
v:]a 1 v-]2 Veow2s f28  J2 vgs[aa
16 26
PG 3 , _____ P/S D 17
VR = 10.000vV [0 ee————— ;] cg’ﬂ; COMP ) POL/SER [ SERIAL OUT
17 5 2
VY Oremmmmmemeseemessmsened VX RU— -1 RU
. 18 6 21
ANALOG AG PD/RU+ PD/RU+
swol_
™ 15 | gyr oc ! af .
out
14 op avp 8 19
w LF13300 RR RR MM5863
0.01 uF
POLYPROPYLENE 13 | op AMP S o 18
CAPACITOR I =1 out 06 l GND
0.1 4F — A
12 o
[ '_ Coc2 mglJﬁu
0.1 uF
LOW LEAKAGE 11 23 END OF
MYLAR { ¢ Coct E0C CONVERSION
CAPACITORS
0.1 uf
10 27 13
Coca CLK SCLK 0E
(')1
250 kHz SERIAL
CLOCK CLOCK
Vout
0P AMP
OUTPUT

COMPARATOR
QUTPUT

END OF
CONVERSION

SERIAL CLOCK
INPUT

SERIALOUT 5

R

[ S

L

u

]
}

(+) OR T 258 T ais r eﬁs ‘ 8sB 1 mssw LLB

POL  MSB

3s8 65SB  7SB  9SB

1158

FIGURE 10. 12-Bit Plus Sign Serial Output A/D Using the LF13300 and the MM5863

5-10




typical applicétions (Continued)

15V Qrmre——
5V O
POWER gt
]
_15V O >
vt]a 1 v |2 Vg | 25 Vsswoa
16 PG 3 26 POL =P POLARITY )
Vg O————1VR comp ouT tomp "
. OR | 0VERRANGE
o 5 2 s
V) Qe Vi RU- RU- mse = wss)
14
1 6 a” 25B == 258
ANALOS AG PD/RU+ PD/RU+ .
enp| .
- 7 20 .
oc oc
. TRI-STATE®
o " [ DATA QUTPUT
19 * 12-BIT
LF13300 RR RR MM5863 . BINARY
.
POLYPROPYLENE oP AMP 9 18
CAPACITOR out 06 GND .
.
12 28]
q—l l— Coc2 /s .
0.1 uF .
LOW LEAKAGE " 4
MYLARS 4 ¢ Coct SCLK LSB [ LSB ] J
CAPACITORS d ]
0.1 uF = hi3
—| I—11 Coc3 i END OF
GND 1 >
LK SADEOC CONVERION
27
250 kHz SELECT A/D
CLOCK
TRISTATE” TRI-STATE
OUJ;"T\ ——< DATA FROM PREVIOUS CONVERSION >~a—-> t
ENDOF 5V
CONVERSION
(OUTPUT ENABLE .
! w >t
——] lc—scLocK PERIODS
5V
START CONVERSION
(V ——— e L
MAXIMUM OF 4864 CLOCK PERIODS TO
, READ VALID DATA FROM PREVIOUS CONVERSION
FIGURE 11. 12-Bit Plus Sign A/D in Intermittent Conversion Mode
4-Channel Differential Multiplexer with Autozeroed during this cycle the multiplexer is disabled. When the

Instrumentation Amplifier and 12-Bit A/D Converter

Figure 12 shows a low speed, high accuracy, data acqui-
sition unit where the analog input signal is acquired
differentially and preconditioned through an LF352
monolithic instrumentation amplifier. To eliminate
amplifier offset errors, autozeroing circuitry is added
around the LF352 and is timed through the MM5863
and flip-flop C. Flip-flops A and B form a 2-bit up
counter for channel select.

The instrumentation amplifier is zeroed at power-up and
after each conversion as shown in the timing diagram;

system does polarity detection and then A/D conver-
sion, the LF352 is active and the multiplexer is enabled.
The zeroing cycle for the LF13300 and the LF352
lasts for 256 clock periods, so the maximum clock
frequency will depend upon the required accuracy and
the minimum zeroing time of the instrumentation
amplifier. Notice here that the system accuracy will be
less than 12 bits since it will be affected by the gain
linearity of the instrumentation amplifier.

For more details concerning data acquisition, see
AN-156 and LF11508, LF11509 data sheet. For details
on the instrumentation amplifier, see LF352 data sheet.
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LF13300

typical applications (Continued)

15V O

**Polypropylene

DIGITAL ANALOG
GND GND
10
A A
v
2 1k
LF13333
NG 1
4
15V
9
4 5v O—@
Ne
18 o1 S 20 AD a1
.1
NG ‘i o
8
p |
NO 1 13 1
3 CLR 5 11] CLR g
CLK LK 0
ol e KLU S5V 5V ZERD PULSE
POLARITY o o| vewwacn | | v2memace |
‘ b a 0 a
6 f2 la [ 25 2a ]2 {17 r b vs ‘—l
l v Vxi3 26 7 " m
+ f X —OUVERRANGE
Msa J) J}
B2 5 2 -—O v
""0 5V 5Y
11 3
[ 21 12 C
0.1 .F* PD —0”
12 7 20 0
H LF13300 oOC MM5863 _g...o DIGITAL
ouT
= 01u4F* . “ -a-o
AR
m o —O0
23 6
12 - 6o
d 155 500 pF
27 4
I = '—OLSBJ
o0 T Te T T - :
cLoCK P
—_— 2200 kHz 6
*Low leakage mylar

fcLOCK MAX =200 kHz

FIGURE 12. 4-Channel Differential Multiplexer with Autozerced Instrumentation Amplifier and 12-Bit A/D Converter

o LI

1
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PD/RU+

4096 CP |

4086 CP

RR

[ 1

4096 CP

-
[

ZERO
PULSE

_I

AD

Al

4

ENABLE _l

Ay (81-87)

Ay (52-53)

Ay (53-S3)

Vout
LF352 0

\v/

A,

FIGURE 13. Timing Diagram for Figure 712

A

5-12




typical applications (Continued)

00€€ELAT

N1004 A
V
>
24k
g S
115V X
AAA
A
T1 (NOTE 4) s |-
2000 oF
o 3 1
2N2222 1
100 4F
i ’
+
= —12v
100 uF =
| 15V O—4g
104F nm: 0.14F 104F
r T T T
4 2 - .
224F T
TANTALUM I 3 2 i
nu;*
15V
I__ 5 2 18
0.1 F%
'__ 6 2 28
2096V Vger -
LM329 LF13300 z 2 MM5863
8 19 2 )
b
= 23 2
- L3 e 5V
0.01 uF**
___I ';3 Pl 2 OVERRANGE
18088871
7 T I I 27 |17 16 7 1 300
ANALOG O—f q Y
INPUT _l
V= = POLARITY
= e NSL5057
LED'S
1/8 DSB8T1
. ; v
10k sv v
. Y
L L 5 Tﬂ NSB3881 DISPLAY: -
13 15 a

“I

16 0] pesmy  ge— —
" i I I I I
1
MMT4C926  f—
— — ol o M m—— —

— DIGITS

I 2 3 7
1’>c—

Y

1/8 DS8BT1
3.1k

w
=

1
B
=

1/8 DS8871

*Low leakage mylar

2 D.P.POSITIONING FOR

**Polypropylene RANGES
800 mV
. .
800V
= 8 80V

J: >C’g
0S8871

DRIVERS |

Note 1: All diodes, 1N914.
Note 2: All resistors 1/4W, 5% tolerance.
Npte 3: Circuit drawn for 8V full scale operation input scaling not shown.

: FIGURE 14.3 3/4 and 3 1/2‘-Digit DPM Schematic Diagram
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'LF13300

typical applications (Continued)

3 3/4-Digit (+t8191 Counts)/3 1/2-Digit (+1999 Counts)
DPM . o ‘

In this circuit of Figure 14, the LF13300 and MM5863
interact as previously described. The CMOS counter
{(MM74C926, MM74C928) is connected to count clock
pulses during the ramp reference cycle of the LF13300.
The counts are latched into the display when the com-
parator output trips, (goes low), as shown in the timing
diagram Figure 15.

The RC network consisting of R1 and C1 is a low pass
filter that prohibits the fast transients that occur on the
comparator output during Offset Correction from
loading any erroneous counts into the counter.

RAMP UNKNOWN FOR Vipy >0

0P AMP QUTPUT
PIN 13 (LF13300)

The DPM is able to operate from a single 15V power
supply with the aid of a dc-dc converter. The LM555
generates the negative voltages required in the circuit

- and also doubles as the clock. The combination of

Q1, R2, R3 and R4 forms a level shift to convert the
output swing of the LM555 to a O0V—5V swing that is
compatible with the logic. The LM340—5 drops the
incoming 15V to 5V for use by the logic circuits and
the LED display.

This circuit can be a 3 3/4-digit DPM if the MM74C926
is used or a 3 1/2-digit DPM if the MM74C928 is used.
These counters are pin compatible and physically inter-
changeable.

RAMP UNKNOWN FOR Vyy <0

COMP OUTPUT <%
PIN 3 (LF13300) W

RR

PIN 8
(LF13300)

(DE) EOC
PINS 3,23 (MM5863)

" RESET

) PIN13
(MM74C926)

cLOCK

4 '

PIN 12
(MM74C926)

AR

e e
MM5863 CLOCK

T

LATCH ENABLE
PIN 5 (MM74C326)

I I DISPLAYS NO. OF CLOCK PULSES I I

COUNTED WHEN CLOCK WAS
. ENABLED

FIGURE 15. Timing Diagram for 3 3/4-Digit DVM

electrical characteristics

3 3/4-didfts plus sign {8191 counts) DPM system characteristics.

(Circuit as in Figure 18, Vg =15V, VR = 4.096V, TA = 25°C, unless otherwise noted).

PARAMETER - CONDITIONS MIN TYP MAX UNITS
Resolution ' ~8.2V < Vx < +8.2V. 16,382 ~ Counts
Nonlinearity VN = 4.000V +1/8 1/2 Counts
Ratiometric Gain Error ViN = 4.000V *+1/2 +2 Counts
Gain Error Drift VIN = 4.000V, 0°C< Ta < +70°C , +1 ppm/°C
Zero Reading Drift CVIN= ov *1 ppm/°C
Analog Input Voltage Range +11 +12 Vv
Reference Input Voltagé Range - ' Reference Varied 0 +12 \"4
Analog Input Leakage Cuyrrent VIN = 0V 50 500 pA
Reference Input Leakage Current 100 1000 PA
Analog Input Resistance VIN = 0V 1000 M
Conversion Time VN = 4.000V, fc = 125 kHz . : 74 . ms




typical applications (Continued)

00€€L4d

Component Side Foil

FIGURE 16. PC Board for 3 3/4 and 3 1/2-Digit DPM (Shown 1/2 Size)

OVE

FIGURE 17. Stuffing Diagram for 3 3/4 and 3 1/2-Digit DPM (Shown 1/2 Size)
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LF13300

typical applications (Continued)
4 1/2-Digit (+19,999 Counts) DPM

The following circuit illustrates how a 4 1/2-digit DPM
can be realized using the LF13300 and the MM5330.
The MM5330 is the display .and control for this inte-
grating system. ’

It contains the counters and latches together with a
multiplexing system to provide 4 digits of display with
one decoder/driver. It also provides a sign bit that is
valid during overrange and a ten thousand count digit
for a full display of +19,999 counts. By eliminating

the right-most digits it may also be used as a 2 1/2 or .

3 1/2-digit DPM.

The LF13300 features automatic zeroing of all offset
voltages in its integrator, comiparator and buffer ampli-
fiers and, unlike conventional dual. slope techniques,
provides an input impedance > 1000 MS2.

The waveform at the integrator output is shown in
Figure 18. At the rising edge of the reset pulse the
unknown input voltage is applied to the integrator for
a reference period of 18,000 clock periods. After this
reference period, the 4.0000V reference is applied to the
integrator and the counter is started. The reference

voltage is integrated until the comparator switches.

At this point, the accumulated counts are transferred
from the counters to the latches and zeroing begins
until the next reset pulse.

COMPARATOR
QUTPUT

It may be obvious, however, that while ‘we have
eliminated several of the basic dual slope circuits
disadvantages, we have created another—the number
of counts are no longer proportional to VN but rather
to (VMAX—VIN). In fact,-when we short V| to ground
we are actually measuring our own 2.2000 VMAX-

What is done in the MM5330 is to code convert the
number of counts as shown in the count diagram. This
chart shows a code conversion starting at the time of a
reset. The first' 18,000 counts are the reference period
after which time the integrator changes slope. If a com-
parator crossing is detected within the next 2000 counts,
a plus overrange condition will occur at the display.

This condition results in a.lit “+" sign; a lit “1"" and 4

blanked right-most digits. A transfer at 20,000, however,
will create a reading of +1.9999, at 20,001 a reading of
19.998 and so on, until at 39,999 a reading of +0000
would be displayed. A transfer occuring at 40,000
would cause a —0000 display and so_on until 60,000
counts were entered,at which time a —1 with 4 blanked
digits would be displayed, indicating a minus overrange
condition. ' )

The display interface Used is a TTL, 7-segment decoder/
driver and 4 2N4403 transistors. The +1 digit is driven
directly by - TTL. The clock-synchronous reset and
transfer functions prevent any cyclic digit variations
and present a blink-free, flicker-free display.

INDETERMINATE

RESET
PULSE

o_..

Vour

INTEGRATOR |2VOUT _ 22-Vx

ouTPUT | Ot

oyt _ 22-40

dt RC

-Vg
S——
OFFSET
CORRECT

RAMP
UNKNOWN

OFFSET

CORRECT

RAMP
" REFERENCE

Note. Here the LF13300 always operates as an autozeroéd, high input impedance inverting intégrator;
bipolar input voltages are handled by offsetting the analog ground by 2.2V.

FIGURE 18. Timing Diagram for 4 1/2-Digit DPM




typical applications (Continued)

22v
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L o 2 s| X LI WD
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All resistors 1/4W, 5% unless otherwise noted.
All capacitor values in pF unless otherwise noted.
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MICROTRAN PCT6931 STAVER V6
TRANSFORMER HEAT SINK
a5y , a
LM34DET 5V
+
T 10,4F
+
4=
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NSB5917 Display (Front View) LSD - digit 5

FIGURE 19. Schematic Diagram for 4 1/2-Digit DVM
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typical applications (Continued)

FIGURE 21. Stuffing Diagram for 4 1/2-Digit DVM (Shown 1/2 Size)

ac test circuits (Continued)

00€E€Ld1

Test Circuit 1 Test Circuit 2
Analog Input Characteristics Test with RU — High Analog Input Characteristics Test with PD/RU+ High
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LF13300

ac test circuits (Continued)

Test Circuit 3
Reference Input Characteristic Test with RR High
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Offset Correction Input Current, foL Test
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ac test circuits (Continued)

Test Circuit 9
Buffer Slew Rate Test
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LF13300

ac test circuits (Continued)

Test Circuit 11
Comparator Response Time Test
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Analog to Digital (A/D) Converters

For additional application information, see
AN-155 at the end of this section.

OEESNIN

MM5330 4 1/2-digit panel meter logic block

general description features

The MM5330 is a monolithic integrated circuit which
provides the logic. circuitry to implement a 4-1/2 digit
panel meter. The MM5330 utilizes P-channel low thres-
hold enhancement mode devices and ion-implanted
depletion mode devices. All inputs and outputs are TTL
compatible with BCD output for direct interface with
various display drivers.

dc to 400 kHz operation

TTL compatible inputs and outputs
BCD output code '
Overrange blanking ‘
Valid sign bit during overrange |
Standard supply voltages; +5, =15V ;

connection and block diagrams

Dual-In-Line Package |
SsD TSD  LSD  RESET TRANSFER CLOCK INT  Vpp

16 15 14 13 12 1 10 9

Order Number MM5330N
See Package 19

1 2 3 4 5 6 7 8

MSD BCD BCD BCO SGN BCD 10k Vss
2t e g g

TOP VIEW

0

aesn——D = — -
T
ot o I ] Eoy )
| I

TT A . T ,
U L’ U L U U -
LATCHES LATCHES [ LATCHES

4701 MULTIPLEXER E

COMPLEMENT Jl—oq '
/Y YYYY

10k SGN LSD TSD 'SSD MSD
—_——

LATCHES

TRANSFER-
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N

absolute maximum ratings

Voltage at Any Pin Vgg + 0.3V to Vgg — 25V

Operating Temperature ) 0°C to +75°C
Storage Temperature —40°C to +125°C

Lead Temperature (Soldering, 10 seconds)

electrical characteristics -

300°C

T, within.operating range, Vgg = 4.75V to 5.25V, Vpp = —16.5V to —13.5V unless otherwise specified.

PARAMETER ' CONDITIONS MIN TYP MAX UNITS
Power Supply Voltage (Vgg) 4.75 5 5.25 A\
Power Supply Voltage (Vpp) -16.5 =15 -13.5 v
Power Supply Current (lgg) No Load 30 mA
Input Frequency dc 400 kHz
Réset or Transfer Pulse Width 200 ns
Input Voltage Levels Vgs =5V, Vpp =—15V
Logic “1" Inputs Driven by TTL or Square Waves 3 5 \4
Logic “0" Inputs Driven by TTL or Square Waves -15 0.8 Vv
Clock Input Voltage Levels
Logic 1" Driven by Sinewave Vgs0.5 Vgst0.3 \%
Logic 0" Driven by Sinewave Vgs—25 Vgs—4.5 \
Output Current Levels Vgs = 5V, Vpp =—15V
Digit Output State
Logic 1" T Vo Forced To 4.75V 100 MA
Logic “0"" o Vo Forced To 4.5V -5 -20 mA
All Other Outputs )
Logic 1" Vo Forced To 3V 100 HA
Logic ‘0" Vo Forced To 0.4V -2 . mA
Delay From Digit Output to BCD Output 0.1 5 us

-FUNCTIONAL DESCRIPTION

Counters: The MM5330 has four +10 counters, one
+4 counter, and one +2 for a count of 80,000 clock
pulses. A ripple carry is provided and all counter flip-
. flops are synchronous with the negative transition of
the input clock. The last flip-flop in the divider chain
(+2 in the block diagram) triggers with the “0" to ‘1"
transition of the previous flip-flop. The count sequence
is shown in the first column of the count diagram.

Reset: All counter stages are reset to “0”" and the INT
flip-flop (driving the INT output) is set to “*1" on the
first negative clock transition after a "“0” is applied to
the Reset input. The internal reset is removed on the
first negative clock transition after the internal reset
has occured and a ““1” has been applied to the Reset
input. This timing provides an on-chip reset at least one
clock cycle wide and a one cycle delay to remove reset
before counting begins.

Transfer: Data in the counters is transferred to the
latches when the Transfer input is at 0. If the
Transfer input is held low the state of the counters is
continuously displayed (see count diagram). Data will
cease to transfer to the latches on the first positive clock

transition after the first negative clock transition after a
1" is applied to the Transfer input. This provides a
transfer pulse at least one half clock cycle wide and a
half clock cycle delay to remove the transfer signal
before the counters change state.

INT: The integrate output is used to set the charge time
on a dual slope integrator. INT is "“1"" from reset to the
18,000th clock pulse, then ““0” until the next reset. The
dual slope integrator is the voltage monitoring part of
the external circuitry needed for a DPM. It charges a
capacitor at a rate proportional to the measured voltage
while INT is ““1,” then discharges at a rate proportional
to a fixed reference as shown in the dual slope diagram.
When, the output of the integrator reaches OV a pulse is
generated and fed into the Transfer input of the chip.
As the dual slope diagram indicates, the number in the
latches is proportional to the measured voltage.

Multiplexing: The modulo 4 muitiplex counter is
triggered by the carry from the second decade counter,
making the multiplex rate one hundredth the counting

rate (4 kHz for a 400 kHz clock). The LSD, TSD, SSD |

‘and MSD (least significant, third significant, second

significant and most significant digits) outputs indicate
by a low level which decade latch is displayed at the
BCD outputs.




FUNCTIONAL DESCRIPTION (Continued)

Overrange Blanking and Sign: The data in the latch for
the +2 counter is used to detect an out-of-range voltage.
If this latch is ““0’" the BCD and 10k outputs are forced
to all “1's"" and the SGN output is inverted. When the
datg in the overrange latch and the sign bit latch are ‘1"
the sign bit generates the 9's complement of the decade
Jatches and the complement of the 10k latch at the
respective outputs. When the overrange bit is 1" and
the sign-bit is “0” true BCD of the decade latches and
the uncomplemented 10k latch appear at the outputs.

APPLICATIONS INFORMATION

The MM5330 is the display and control for a modified
dual slope system. It contains the counters and latches,
together with a multiplexing system to provide 4 digits
of display with one decoder driver. It also provides a

count diagram

INTERNAL STATES OUTPUTS WITH TRANSFER LOW
fT-_- N r N
o
ut
Ow [»4
s u
E4E e & BCD
£E > 3 DECADE Sw o DECADE
(] x | 3
282 & COUNTERS Ed g 3 OUTPUTS
fo o o 0.0 0 o (1 1
o 0 0 0o 0 0 1 111
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. L ]
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L4 OVERRANGE o
L ° °
o 0 1 9 9 9 9 o 1 1
(1 1 0o 0 0 0 0) (0o 1 1 9 9 9 9
[ ] L]
[ ] L J
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1.0 0 9 9 9 9 NEGATIVE o 0o 0 9 9 9 9
OUTPUT < VALUE }
INTERVAL 10 1 0 0 0 0 o 0o t 0 0 0 @
L ] L
® [ ]
® [ ]
L1 0o 1 9 9 9 9) Lo o 1 .9 9 9 9
o0 1 0o 0o 0 0 O 0 0 1
BLANKING . NEGATIVE .
ZONE ° OVERRANGE .
. [ ] L]
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sign digit, either plus or minus, and a ten-thousand
counts digit for full display of £19999. By eliminating
the right-most digits it may also be used as a 2-1/2 or
3-1/2 digit DVM chip.

The basic modified dual slope system for which the
MM5330 is designed, is shown in Figure 1. The integrator
is now used in a non-inverting mode and is biased to
integrate negatively for all voltages below Viyax. Thus
if the maximum positive voltage at V y is 1.9999V, then
Vmax would be set.at 2.200V. In this way, all voltages
measured are below Vyax. This eliminates the need for
reference switching and provides automatic polarity with
no additional components. Also, it can be shown that

the amplifier input bias currents which cause errors in .

conventional dual slope systems are eliminated by merely
zeroing the display. Thus low bias current op amps are
not necessarily required unless a high input impedance is
desired at V,y.

0EESNIN
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APPLICATIONS INFORMATION (Continued)

Secondly, the use of a conventional op amp for a
comparator allows zeroing of all voltage offsets in both
the op amp and comparator. This is achieved by zeroing
the voltage on the capacitor through the use of the
comparator as part of a negative feedback loop. During
the zeroing period, the non-inverting input of the
integrator is at Vggg. As this voltage is within the active
common-mode range of the integrator the loop will
respond by placing the integrator and comparator in the
active region. The voltage on the capacitor is no longer

" equal to zero, but rather to a voltage which is the sum

of both the op amp and comparator offset voltages.
Because of the intrinsic nature of an integrator, this
constant voltage remains throughout the integrating
cycle and serves to eliminate even large offset voltages.

The waveforms at the output of the integrator are as
shown. The voltage at A is the comparator threshold just
discussed. Simultaneously, with the opening of switch A,
Vin is connected to the input of the integrator via
switch B. The output then slews to V. Integration then
begins for the reference period, after which time the
reference voltage is again applied to the input. The
output again slews the difference between Vger and
Vin and integrates for the unknown period until the
comparator threshold is crossed. At this point, the
accumulated counts are transferred from the counters
to the latches and zeroing begins until the next
conversion interval.

It may be obvious, however, that while we have
eliminated several of the basic dual slope circuits
disadvantages, we have created another—the number
of counts are no longer proportional to V,y but rather
to (Vmax—Vin). In fact, when we short V,y to ground
we are actually measuring our own 2.2000 Vo x -

What is done in the MM5330 is to code convert the
number of counts as shown in the count diagram. This

~ chart shows a code conversion starting at the time of a

reset. The first 18,000 counts are the reference period
after which time the integrator changes slope. If a com-

dual slope diagram

DURING INTEGRATION

I ) 18,000 : : POSITIVE OVERRANGE
! BLANKING zone\, L POSITIVE VALUES
[ {1

parator crossing is detected within the next 2000
counts, a plus overrange condition will occur at the
display. This condition results in a lit "+ sign, a lit 1"
and four blanked rightmost digits. A transfer at 20,000
however, will create a reading of +1.9999, at 20,001 a
reading of 19.998 and so on, until at 39,999 a reading
of +0000 would be displayed. A transfer occuring at
40,000 would cause a —0000 display and so on unt,il'
60,000 counts were entered at which time a —1 with
four blanked digits would be displayed indicating a
minus overrange condition.

A typical circuit for a low cost 4 1/2 digit DPM . is

shown in Figure 2. The display interface used isa TTL,
7-segment decoder driver and four P-type transistors.
The *1 digit,is driven directly by CMOS. The clock-
synchronous reset and transfer functions prevent any
cyclic digit variations and present a blink-free, flicker-
free display. CMOS analog switches are used as reference,
zero, and input switches and used also in the coi‘nparator
slew rate circuit.

A problem with all dual slope systems occurs when short
integrating times and high clock frequencies are used.
Because of the very slow rise time of the ramp into the
comparator, the output of the comparator will normally
ramp at -approximately 1/10 of its actual slew rate.
Thus, a significant number of extra counts are displayed
due to the slow rate of rise of the comparator. A
technique to improve this consists of capacitor Cg and
analog switch four. An unstable positive loop is created
by this capacitor when the comparator comes out of
saturation. This causes the output to rise at its slew rate
to the comparator threshold. As soon as this threshold
is reached the analog switch opens and zeroing is initiated
as previously discussed.

‘A simplified approach to performing the modified dual

slope function combines the MM5330 and the LF11300
dual slope analog block as in Figure 3. The LF11300
provides the front analog circuitry required. This
includes a FET input amplifier, analog switches, inte-
grator and comparator. The LF11300 provides auto
zero, > 1000 M input impedance, and a 10V analog
range. . i

i
| NEGATIVE

i
|
: NEGATIVE VALUES { OVERRANGE

Vx = POSITIVE OVEHRANGE

V is the analog valtage
to be converted.
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typical applications (Continued)
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N

Inverters > MM74C14 Hex Schmitt Trigger (MOS)
Two letters (AA, BB. . .) NAND gates ~ MM74C00 CMOS quad NAND gates
One letter (A, B...) NAND gates — DM7400 TTL quad NAND gates
1= analog ground
— digital ground
All resistors 1/4W, 5% unless otherwise noted.
All capacitor values in uF unless otherwise noted.
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FIGURE 3. 4 1/2-Digit DVM
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timing diagrams

4 1/2-Digit DPM

INDETERMINATE
COMPARATOR
© o ouTPUT
| |
RESET
PULSE
Vour
dVoyr _ 22-40
dt RC
INTEGRATOR | 9VOUT _ 22-Vx
ouTePyT | Ot
-vg /
N —
OFFSET OFFSET
CORRECT CORRECT
RAMP RAMP
UNKNOWN REFERENCE

Note. Here the LF 13300 always operates
as an autozeroed, high input impedance
inverting integrator; bipolar input volt-
ages are handled by offsetting the analog
ground by 2.2V.

529

0EESNIIN
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Analog to Digital (A/ D) Converters

MM5863 12-bit binary A/D building block

general description features

The MM5863 is the digital controller for the LF13300D* m 12-bit binary output

analog building block. Together they form an integrating m Parallel or serial output

12-bit A/D converter. The MM5863 provides all the = Parallel TRI-STATE output

necessary control functions, plus features like auto ® Polarity indicati

zeroing, polarity and overrange indication, as well as olarity m_'cé '°r_‘

continuous conversion. The 12-bit plus sign parallel and = Overrange indication

serial outputs are TRI-STATE® TTL level compatible. ® Continuous conversion capability

The device also includes output latches to simplify ®  100% overrange capability

data bus interfacing. ) = 5V, —15V power requirements
® TTL compatible

*See LF13300D data sheet for more infarmation m Clock frequency to 500 kHz

connection diagram

Dual-In-Line Package

- 28 (p/S) PARALLEL/SERIAL
{SCLK) SERIAL CLOCK o
2 27
(SC) START CONVERSION —= - (CLK) INPUT CLOCK
3 26_(PD) POLARITY
(OE) OUTPUT ENABLE —— — D) "0
(LSB) LEAST (,_12 4] 25
SIGNIFICANT BIT (Z Ve
113 22 oo
2-10 8 23 (EOC) END OF
CONVERSION
7 22
2-9— b— (RN) RAMP NEGATIVE
3 21
2-8 — b= (RP) RAMP POSITIVE
PARALLELDATA } ~ ;8 20 (0C) OFFSET
outePuT LiNEs ) 2 CORRECTION
¢ Pl '3 (RR) REFERENCE RAMP
1
2—5 ..l.l .—8. GND
_g 2] [17_(POL/SDO) POLARITY/SERIAL
2 DATA OUTPUT
13 16
23 - (OR) OVERRANGE
14 15_2-1 (wsB) MoST
-2
(22— ™ SIGNIFICANT BIT
TOP VIEW
Order Number MM5863N
See Package 23
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absolute maximum ratings

Supply Voltage (Vss)

Supply Voltage (VGG)

Voltage at Any Input

Operating Temperature

Storage Temperature

Clock Frequency

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

5.25V
~16.5V

5.25V

0°C to +70°C
—40°C to +150°C
500 kHz

300°C

Vgs = 5V, VGG = —15V, 0°C to +70°C, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Power Supply Voltage (Vgs) 4.75 5.00 5.25 \Y)

Power Supply Voltage (VGG) -13.5 -15.00 -16.5 Vv

Power Supply Current (Igg) 28 mA

Power Supply Current (IGG) 34 mA

Logic 1" Input Voltage 3.4

Logic ‘0" Input Voltage 0.8

Logic ““1" Output Voltage Vgg=4.75,10H = 100 uA 3.8

Logic “’0” Output Voltage Vgg=5.25, IgL =—1.6 mA 0.4

Width of EOC Auto Cycle 5/f Sec

Prop. Delay PD to EOC 4/f 5/f+1 us Sec

Output Enable Time OE to Any Data Output, 1.0 us
SC=1,P/S=0

Output Disable Time OE to Any Data Output, 24 us
SC=1,P/S=0

Output Enable Time P/S to Any Data Output 0.9 us
Except Polarity, SC =1,
OE=0

Output Disable Time P/S to Any Data Output 2.2 us
Except Polarity, SC=1,
OE=0

Output Enable Time SC to Any Data Output, 1.0 us
OE=0,P/S=0 '

Output Disable Time SC to Any Data Output, 24 us
OE=0,P/S=0

Prop. Delay Serial Clock SCLK to POL/SDO 0.6 us

Conversion Time Full Scale 8966/f Sec

Conversion Time 100% Overrange 13062/f Sec

5-31
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functional description
OPERATION

The MM5863 is designed for use with the LF13300
analog front end. Four control signals are supplied to
the LF13300 and 1 control signal is required from the
LF13300. The conversion cycle is composed of 5
distinct phases. They are: Phase | — Offset Correct;
Phase |l — Polarity Detect; Phase 11l — Offset Correct;
Phase IV — Ramp Unknown; Phase V — Ramp Reference.

Phase | — Offset Correct (256 Clock Periods)

This phase is initiated by taking the Start Conversion
(SC) and the Output Enable (OE) lines to a logic ““1".
At this time, Offset Correct (OC) will be a logic “1".
The LF13300 requires this phase to correct any intrinsic
offset voltage errors prior to the polarity detect phase.

Phase Il — Polarity Detect (256 Clock Periods)

This phase is used to determine polarity of the analog
input. At the midpoint of this phase, PD from the
LF13300 is examined for polarity. If PD = logic “1”,
then the input voltage is positive. If PD = logic 0", then
the input is negative. The Ramp Positive signal (RP)
will be a logic “1"", and Offset Correct will be logic ‘0"

for the entire phase of 256 clock periods. The above

operation is also necessary to determine which integrator
input (positive or negative) of the LF13300 should be

~used for proper A/D conversion (see LF13300 data

sheet). N

Phase 111 — Offset Correct (256 Clock Periods)

This phase is identical to Phase | and is used by the
LF13300 to eliminate any offsets induced as a result of
the Polarity Detect Phase. Offset Correct (OC) will be at
alogic 1",

Phase IV — Ramp Unknown (4096 Clock Periods)

The unknoWwn input voltage is integrated for a fixed
time during this phase. The result of the Phase Il
Polarity Detect Cycle determines whether RP or RN
will be at logic ““1””. If Phase 1l indicates a positive input,
the RP signal will be a logic “1". If phase Il indicates a
negative input, Ramp Negative (RN) will be a logic

truth table

“1". These 2 signals will never be at logic ““1” simul- '
taneously. . )

Phase V — Ramp Reference

This phase is a variable length phase depending on the
magnitude of the analog input voltage. During this time,
Ramp Reference (RR) will be in the logic “1" state.
When PD goes to a logic Q" state, or when the internal -
counter reaches 100% of full scale (8192 clock periods),
the Ramp Reference (RR) signal goes to the logic ‘0"
state, the counter output is loaded into the output
register, and the End of Conversion, (EOC) signal goes
to a logic "“1”. The Polarity Bit will reflect whatever
value was determined during Phase I|l. The output
register will hold the data until a new conversion is
completed and new data is loaded into the register.
The OE line must be low in the logic “0” state and SC
must be high in the logic *1” state to enable the outputs.

DATA OUTPUTS

Both serial and parallel outputs are available. In either
case, OE must be low and SC must be high to enable
the outputs. For parallel output, the P/S line must be
low in the logic 0" state. For serial outputs, the P/S
line must be high. In the serial mode, the data is shifted
out of the Polarity/Serial Output POL/SDO line and all
other data outputs are in the high impedance state.
Each Serial Clock (SCLK) will right shift the output
register one bit. Thus, 13 clock pulses are required to
fully shift out the data. The data will be shifted out in

" the following order: Polarity, Overrange, MSB, 2SB,

3SB, ..., LSB. If OE and P/S are in the logic ‘0" state
and SC in the logic 1" state, all outputs will momen-
tarily go to the logic “1” state for 1 clock period
immediately preceding EOC.

CONTINUOUS CONVERT MODE
In this mode, the End of Conversion (EQC) output is

connected to the OE input. As long as SC is in the
logic “*1" state, then each EQOC will initiate a new con-

version. The data outputs will be disabled for the first

5 clock cycles after EOC goes high.

- OVER-

INPUT sc | oe | p/s | LsB . MSB| oee | POLARITY
100% Full Scale 1 oo 1 1 1 1 1 1 1 11 1 1 1 1 1
Full Scale 1 oo | 1 1 11 1 1 1 1 1 1 1 0 1
Zero 1 ojlo|lo o o o o o o o0 0 O O0 0 0 1
Zero 1 o/lo|lo o o o o0 o o o 0 0 0 o0 0 0
—Full Scale 1 oo |1 1 1 1 1 1 1 1 1 1 1 1 0 0
—100% Full Scale | 1 o] o | 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Any 1 1 x|z 2z 2z 2z z z z z z z 'z z z oz
Any 1 0 1 z z 4 z z zZ z y4 z z z z p4 Serial Output
Any o | x| x|z 2z 2z z z z z =z z z z z z z

1 = High ) '

0= Low

Z = High Impedance
X =Don’t Care




timing diagrams

The following timing diagrams are shown for the MM5863 connected in the auto-cycle mode.
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EOC (OE)

QUTPUT
DATA

OFFSET CORR
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_ EOC (CE)
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timing diagrams (Continued)
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typical applications
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DIGITAL VOLTMETERS AND THE MM5330
INTRODUCTION

The first of what could be called the modern digital
voltmeter began to appear in the early sixties. Prior to

_ that time a few laboratory types were available, but

they were plagued by inaccuracy, temperature drifts,

- and other problems inherent in vacuum tube technology.

One of the first successful, relatively low cost DMVS
was a gated voltage-controlled oscillator configuration.

. The components of this technique consist of a high

gain amplifier, a dc-to-frequency converter, and a linear,
accurate frequency to-dc-converter developed from the
reference voltage, which supplies the summing voltage
at the input node. The amplifiers used were of the
chopper stabilized type, that is, the error voltage is
chopped to from an ac compenent which is amplified
by &c coupled amplifiers then reconverted to dc. The
choppers were made with light sensitive resistors, neon
bulbs and light pipes.

They were built as the only method possible to avoid
the drifts and offsets which were unavoidable in early
transistor technology. Obviously the low current op
amps so readily available today, are a significant advan-
tange over these old systems.

The gate voltage was developed from the 60 Hz line. A
problem which occurs when the gate is asynchronous
with the frequency fed to the display counter, is also
shown in Figure 7. A beat frequency effect is developed
between the gate and the dc to fréquency converter and
produces a cyclic one digit error. These early voltmeters
allowed this phenomenon to occur, today cyclic display
errors are unacceptable.

A second display characteristic of these early voltmeters,
was to use the ripple counters as the display storage,
that is, the rippled counts would move through the
display until the gate closed and the final value would be
displayed. This was done primarily because of the number
of discrete devices required to perform counting and
latching. With the coming of integrated circuits, displays
were improved, latches were employed, and blink-free
displays were adopted.

Analog to Digital (A/D) Converters

Polarity selection was made by a front panel switch
which internally rearranged references and other cir-
cuitry. '

An example of today's use of the VCO technique is
shown in Figure 2. This is a low cost digital thermometer,
which, while not a DVM, still employs the basic com-
ponents of the voltage-controlled oscillator system.
These are the high gain amplifiers contained in the
LM5700, the dc-to-frequency converter consisting of the
transistor source and LM555 timer, and the frequency-
to-dc converter consisting of the CMOS inverters and
reference voltage. This brings up a characteristic of
CMOS most useful in DVM’s and other analog-to-
digital converters, the ability to switch directly to the

‘supply and ground without offsets. In this case the

fixed width negative-going pulses, when filtered, produce
a feedback voltage directly proportional to the number
of pulses—frequency-to-dc conversion.

The early counter storage display system previously
mentioned, is shown in Figure 3. Because the best
display available was the gaseous tube, no attempt was
made to blank displays during the counting period.
When the gate closed, the counters had reached a
certain count and these counts were displayed.

After the development of the integrated circuit, displays
took on a configuration as in Figure 4. Between the
counters and display, latches were placed to display
previous data while new counts were accumulated. The
cost and pack count of this scheme made another
display technique popular, that of multiplexing.

Briefly, this technique consists of connecting, sequen-
tially, each of the latches to a single decoder driver
which drove the display digit which corresponded to
that latch. When sequenced at a 50 Hz rate or greater, a
flicker-free display results. For this type of display
system, TRISSTATE® counter-latches were developed
(Figure 5). This technique is still used today in many
DVM's.

v ocTo fo
™ FREQ. TO DISPLAY
COUNTERS
Veer
FREQ. TO
oc GATE
SIGNAL
6 COUNTS 5 COUNTS
llllllllll-ll lIIIIllIIII
] — — | S—

FIGURE 1. Basic VCO Scheme
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FIGURE 5. Muitiplexed Display

While multiplexing cuts display costs considerably, the
series connection of counters required to accumulate the
counts proportional' to voltage, could not be multi-
plexed to do the very nature of VCO or dual slope
voltmeter schemes.

The recirculating remainder circuitry to be discussed
next is unique in that the data is both derived and
displayed on multiplexed, that is sequential digit basis
(as seen in Figure 6.)

The technique used in the recirculating remainder
circuit is to subtract digit valued voltage steps from the
input voltage, until ten times the difference between
these two voltages is less than ten times the digit valued
steps. The number of voltage steps required is the
display data and the ten times the difference voltage
becomes the new voltage input for the next digit

" conversion. An example is shown in Figure 7.

An analog input of 6.903V is applied to the [(V,y—
Vgrep) x 10] amplifier. The +12 and decade counters
are clocked simultaneously until a (difference x 10) less
than Vgee is detected by the comparator. At this time,
the decade counter stops counting. In this example, the
decade counter ceases counting on a six during the digit
one period, thus a six is latched in the display. When the
digit period ends, both counters are reset and the
(difference x 10) voltage is recirculated via the CMOS
switch and sample and hold capacitor to become the
digit two input voltage (9.03V). The process is.then

repeated for the next digit. At a repetition rate of 50 Hz
or greater, this produces a flicker-free, blink-free display.
As such the recirculating remainder system has but one
counter, one latch, and one decoder driver for as many
digits as are desired. Once again CMOS is used for its
capability to swing directly to the supply rail and con-
trols the R-2R ladder directly from the reference voltage.

Some disadvantages of the system are the difficulties in
reading voltages of both polarities and an unusual sort
of error characteristic when slight ladder or reference
drifts occur. While both VCO and dual slope techniques
have gradual slope-or linearity errors, the recirculating
remainder errors are step-like in response to gradual input
voltage changes. Lastly, the update rate is fixed by
display flicker requirements and thus measurements of
noisy voltages cause an annoying inability to read the
last digits. It was however, an accurate low-cost technique
used successfully in pre-LSI digital voltmeters.

‘The most widely used system for analog-to-digital

conversion is the dual slope circuit. The basic dual slope
system appears in Figure 8. Assuming the integrator
output at zero when V, is applied, the integrator
begins to ramp with an output voltage V = I, t/C
where |, = -V, /R. Simultaneously with the beginning
of this ramping, counts from an oscillator are fed into
the display counters. At some fixed time, usually
counter -overflow, V, would be disconnected and the
reference voltage connected to the resistor. The integra-
tor now ramps at V = lgge t/C where Igee = Vgep/R.
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When the integrator crosses the comparator threshold,
the counters are latched to the number of counts
accumulated from T to Ty. Clearly the voltage at Tgeg
was |, Tree/C and the voltage integrated from Tgeg
to Ty was —lggr Tx/C and these two voltages are
equal. Therefore,

Ix Trer “lrer Tx
= — or
C C
Vx THEF

= Vgrer Tx

Thus, the number of counts accumulated in the display
from Tree to T, is proportional to the unknown
voltage. Thus, the basic dual slope system has no gate,
and requires stability of the R, C and count frequency
only over one conversion period.

The technique for insuring that the ramp begins at zero
on each conversion cycle, is to short the capacitor with
a switch after each conversion is made. This, of course,
forces the integrator output to zero until the next
conversion period begins. It is also necessary to start
each conversion cycle synchronously with the counter
input frequency, or cyclic display errors like that of
the gated VCO will appear in the display.

To measure both polarities in conventional dual slope
systems, Vggg must 'change in polarity. A problem
which can occur is that bias currents which will add to
the slope in one polarity, will subtract from the slope in
the other. The usual solution, is to use op amps of very
low input bias current. Also offset voltages in either the
op amps or comparator can cause significant error
unless carefully controlled.

Hence, while conventional dual slope has many advan-
tages, its use requires considerable care in op-amp, and
comparator selection. Also, the measurement of either
polarity requires two reference voltages which are, in
accurate systems, quite expensive.

The MMS5330 is the display and control for a modified
dual slope system. It contains, as shown in Figure 9, the
counters and latches, together with a multiplexing
system to provide four digits of display with one

" decoder driver. It also provides a sign digit, either plus

or minus, and a ten-thousand counts digit for a fyll
display of £19999. By eliminating the right-most digits
it may also be used as a 2 1/2 or 3 1/2 digit DVM chip.

The basic modified dual slope system for which the
MM5330 is designed, is shown in Figure 10. The
integrator is now used in a non-inverting mode and is
biased to integrate negatively for all voltages below
Vmax, Thus, if the maximum positive voltage at Vy
is.1.9999V, the Viyax would be set at 2.2000V. In this
way, all voltages measured are below Vpax. This
eliminates the need for reference switching and makes
the system automatic polarity, with no additional com-
ponents. Also, it can be shown that the amplifier input
bias currents which cause the aforementioned errors in
conventional dual slope systems, are eliminated by
merely zeroing the display. Thus, low bias current op
amps are not necessarily required unless a high input
impedance is desired at V.

Secondly, the use of a conventional op amp for a
comparator, allows zeroing of all voltage offsets in both
the op amp and comparator. This is achieved by zeroing
the voltage on the capacitor through the use of the
comparator as part of a negative feedback loop. During
the zeroing period, the non-inverting input of the
integrator is at Vggg. As this voltage is within the active
common-mode range of the integrator the loop will
respond by placing the integrator and comparator in the
active region. The voltage on the capacitor is no longer
equal to zero, but rather to a voltage which is the sum
of both the op amp and comparator offset voltages.
Because of the intrinsic nature of an integrator, this
constant voltage remains throughout the integrating
cycle and serves to eliminate even large offset voltages.
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The waveforms at the output of the integrator are as
shown. The voltage’ at A is the comparator threshold
just discussed. Simultaneously, with the opening of
switch A, V,y is connected to the input of the inte-
grator via switch B. The output then slews to V. Inte-
gration then begins for the reference period, after which
time, the reference voltage is again applied to the input.
The output again slews the difference between Vgee
and V,y then integrates for the unknown period until
the comparator threshold is crossed. At this point, the
accumulated counts are transferred from the counters
to the latches and zeroing begins until the next conver-
sion interval.

It may be obvious, however, that while we have eliminated
several of the basic dual slope circuits disadvantages, we
have created another—the number of counts are no
longer proportional to Vy -but rather to (Viyax=Vin)
In fact, when we short V| to ground we are actually
measuring our own 2.2000V Vyax-

What is done in the MM5330 is to code convert the
number of counts as shown in Figure 771. This chart
shows a code conversion starting at the time of a reset.
The first 18,000 counts are the reference period after
which time the integrator changes slope. If a comparator
crossing is detected within the next 2000 counts, a plus
overrange condition will occur at the display. This
condition results in a lit plus sign, a lit one and four
blanked right-most digits. A transfer at 20,000, however,
will create a reading of +1.9999, at 20,001 a reading of
19,998 and so on, until at 40,000 a reading of +0000
would be displayed. A transfer occuring at 40,001
would cause a —0001 display and so on until' 60,000
counts were entered at which time a —1 with four
blanked zeros would be displayed indicating a minus
overrange condition.

COUNTS AFTER
RESET

0

18,000

A typical circuit for a low cost 4 1/2 digit circuit is
shown in Figure 12. The display interface used isa TTL,
seven-segment decoder driver and four PNP transistors.
The *1 digit is driven directly by CMOS. The clock-
synchronous reset and transfer functions prevent any
cyclic digit variations and present a blink-free flicker-free
display. CMOS analog switches are used as reference,
zero, and .input switches and used also in a comparator
slew rate circuit.

A problem with all dual slope systems occurs when short
integrating times and high clock frequencies are used.
Because of the very slow rise time of the ramp into the
comparator, the output of the comparator will normally
ramp at approximately 1/10 of its actual slew rate. Thus
a significant number of extra counts are displayed due
to the slow rate of rise of the comparator. A technique
to improve this consists of capacitor Cs and analog
switch section four. An unstable positive loop is created
by this capacitor when the comparator comes out of
saturation. This causes the output to rise at its slew rate
to the comparator threshold. As soon as this threshold is
reached the analog switch opens and zeroing is initiated
as previously discussed.

The rapid improvement in display and LS| technology
has allowed considerable improvement in digital volt-
meters. The modified dual slope technique together
with the simplified display interface of the MM5330 are
felt to be a much improved technique when compared
to circuits of just a short time ago. While DVM chips do
not by themselves solve all inherent problems, their
careful use allows low cost, high accuracy units, with
excellent display characteristics.
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FIGURE 11. Code Conversion Table MM5330
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Analog to Digital (A/D) Converters

SPECIFYING A/D AND D/A CONVERTERS -

The specification or selection of analog-to-digital (A/D)
or digital-to-analog (D/A) converters can be a chancey
thing unless the specifications are understood by the
person making the selection. Of course, you know you
want. an accurate converter of specific resolution; but
how do you insure that you get what you want? For
example, 12 switches, 12 arbitrarily valued resistors, and

a reference will produce a 12-bit DAC exhibiting 12

quantum steps of output voltage. In all probability, the
user wants something better than the expected perfor-
mance of such a DAC. Specifying a 12-bit DAC or an
ADC must be made with a full understanding of accuracy,
linearity, differential linearity, monotonicity, scale, gain,
offset, and hysteresis errors.

This note explains the meanings of and the relationships
between the various specifications encountered in A/D
and D/A converter descriptions. It is intended that the
meanings be presented in the simplest and cléarest
practical terms. Included are transfer curves showing the
several types of errors discussed. Timing and control
signals and, several binary codes are described ‘as they
relaté to A/D and D/A converters.

MEANING OF PERFORMANCE SPECS

Resolution describes the smallest standard incremental
change in output voltage of a DAC or the amount of
inputvoltage change required to increment the output of
an ADC between one code change and the next adjacent
code change. A converter with n switches can resolve 1
part in 2N, The least significant increment is then 2N or
one least significant bit (LSB). In contrast, the most
significant bit (MSB) carries a weight of 2-1. Resolution
applies to DACs and ADCs, and may be expressed in
percent of full scale or in binary bits. For example, an
ADC with 12-bit resolution could resolve 1 part in 212
(1 part in 4096) or 0.0245% of full scale. A converter
with 10V full scale could resolve a 2.45mV input change.
Likewise, a 12-bit DAC would exhibit an output voltage

change of 0.0245% of full scale when the binary input .

code is incremented one binary bit (1 LSB). Resolution
is a design parameter rather than a performance specifi-
cation; it says nothing about accuracy or linearity.

Accuracy is sometimes considered to be a non-specific
term when applied to D/A or A/D converters. A linearity
spec is generally considered as more descriptive. An
accuracy specification describes-the worst case deviation
of the DAC output voltage from a straight line drawn
between zero and full scale; it includes all errors. A
12-bit DAC could not have a conversion accuracy better
than +% LSB or %1 part in 2121 (£0.0122% of full
scale due to finite resolution). This would be the case in
figure 1 if there were no errors. Actually, £0.0122% FS
represents a deviation from 100% accuracy; therefore
accuracy should be specified as 99.9878%. However,
convention would dictate 0.0122% as being an accuracy
spec rather than an inaccuracy (tolerance or error) spec.

Accuracy as applied to an ADC would describe the
difference between the actual input voltage and the full-
scale weighted equivalent of the binary output code;
included are quantizing and all other errors. If a 12-bit
ADC is stated to be =1 LSB accurate, this is equivalent
to 0.0245% or twice the minimum possible quantizing
error of 0.0122%. An accuracy spec describes the
maximum sum of all errors including quantizing error,
but is rarély provided on data sheets as the several errors
are listed separately.
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7

0
000 001 010 011 100 101 110 1M1
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FIGURE 1. Linear DAC Transfer Curve Showing Minimum
Resolution Error and Best Possible Accuracy




Quantizing Erro: is the maximum deviation from a
straight line transfer function .of a perfect ADC. As, by
its very nature, an ADC quantizes the analog input into
a finite number of output codes, only an infinite
resolution ADC would exhibit zero quantizing error. A
perfect ADC, suitably offset %2 LSB at zero scale as
shown in figure 2, exhibits only *% LSB maximum
output error. If not offset, the error will be 74 LSB as
shown in figure 3. For example, a perfect 12-bit ADC
will show a %2 LSB error of +0.0122% while the
quantizing error of an 8-bit ADC is % part in 28 or
+0.195% of full scale. Quantizing error is not strictly
applicable to a DAC; the equivalent effect is more
properly a resolution error.
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FIGURE 2. ADC Transfer Curve, ¥ LSB Offset at Zero
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FIGURE 3. ADC Transfer Curve, No Offset

Scale Error (full scale error) is the departure from design
output voltage of a DAC for a given input code, usually
full-scale code. (See figure 4.) In an ADC it is the depar-
ture of actual input voltage from design input voltage for
a full-scale output code. Scale errors can be caused by
errors in reference voltage, ladder resistor values, or
amplifier gain, et. al. (See Temperature Coefficient.)
Scale  errors may be corrected by adjusting: output
amplifier gain or reference voltage. If the transfer curve
resembles that of figure 7, a scale adjustment at % scale
could improve the overall £ accuracy compared to an
adjustment at full scale.
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FIGURE 4. Linear, 1 LSB Scale Error

Gain Error is essentially the same as scale error for an
ADC. In the case of a DAC with current and voltage
mode outputs, the current output could be to scale
while the voltage output could exhibit a gain error. The

" amplifier feedback resistors would be trimmed to correct

the gain error.

Offset Error (zero error) is the output voltage of a DAC
with zero code input, or it is the required mean value of
input voltage of an ADC to set zero code out. (See
figure 5.) Offset error is usually caused by amplifier or
comparator input offset voltage or current; it can usually
be trimmed to zero with an offset zero adjust potentio-
meter external to the DAC or ADC. Offset error may be
expressed in % FS or in fractional LSB.

FS

ANALOG OUTPUT

0
4
v Lsg 0003 001 010 011 100 101 110 111
OFFSET”

DIGITAL CODE

FIGURE 5. Linear, % LSB Offset Error

Hysteresis Error in an ADC causes the voltage at which a
code transition occurs to be dependent upon the direction
from which the transition is approached. This is usually
caused by hysteresis in the comparator inside an ADC.
Excessive hysteresis may be reduced by design; however,
some slight hysteresis is inevitable and may be objec-
tionable in converters if hysteresis approaches % LSB.

Linearity, or, more accurately, non-linearity specifica-
tions describe the departure from a linear transfer curve
for either an ADC or a DAC. Linearity error does not
include quantizing, zero, or scale errors. Thus, a specifi-
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cation of =% LSB linearity implies error in addition to -

the inherent *% LSB quantizing or resolution error. In
reference to figure 2, showing no errors other than
quantizing error, a linearity error allows for one or more
of the steps being greater or less than the ideal shqwn.

Figure 6 shows a 3-bit DAC transfer curve with no more
than +% LSB non-linearity, yet one step shown is of zero
amplitude. This is within the specification, as the maxi-
mum deviation from the ideal straight line.is +1 LSB
(% LSB resolution error plus % LSB non-linearity). With
any linearity error, there is a differential non-linearity
(see below). A % LSB linearity spec guarantees
monotonicity (see below) and < 1 LSB differential non-
linearity (see below). In the example of figure 6, the
code transition from 100 to 101 is ‘the worst possible

non-linearity, being the transition from 1 LSB high at.

code 100 to 1 LSB low at 110. Any fractional non-
linearity beyond *% LSB will allow for a non-monotonic
transfer curve. Figure 7 shows a typical non-linear curve;
non-linearity is 1% LSB yet the curve is smooth and
monotonic.

FS
1LSB DIFF
NON-LINEAR )
= 1188
£ % LSB DIFF =
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FIGURE 6. % LSB Non-Linea}ity (lmplies 1 LSB Possible
Error), 1 LSB Differentiai Non-Linearity (Implies
Monotonicity)
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FIGURE 7. 1% LSB Non-Linear, % LSB Differential Non-
Linearity .

Linearity specs refer to either ADCs or to DACs, and do
not include quantizing, gain, offset, or scale errors.
Linearity errors are of prime importance along with
differential linearity in either ADC or DAC specs, as all
other errors (except quantizing, and temperature and
long-term drifts) may be adjusted to zero. Linearity
errors may be expressed in % FS or fractional LSB.

¢
Differential Non-Linearity indicates the difference be-.
tween actual analog voltage change and the ideal (1 LSB)
voltage change at any code change of a DAC. For
example, a DAC with a 1.5 LSB step at a code change
would. be said to exhibit % LSB differential non-
linearity (see figures 6 and 7). Differential non-linearity
may be expressed in fractional bits or in % FS.

Differential linearity specs are just as important as lin-
earity specs because the apparent quality of a converter
curve can be significantly affected by differential non-
linearity even though the linearity spec is good. Figure 6
shows a curve with a =% LSB linearity and *1 LSB
differential non-linearity while figure 7 shows a curve
with +1% LSB linearity and t% LSB differential non-
linearity. In many user applications, the curve of figure 7
would be preferred over that of figure 6 because the
curve is smoother. The differential non-linearity spec
describes the smoothness of a curve; therefore it is of
great importance to the user. A gross example of differ-
ential  non-linearity is shown in figure 8 where the
linearity. spec is =1 LSB and ‘the differential linearity
spec is *2 LSB. The effect is to allow a transfer curve
with grossly degraded resolution; the normal 8-step curve
is reduced to 3 steps in figure 8. Similarly, a 16-step
curve (4-bit converter) with only 2 LSB differential non-
linearity could be reduced to 6 steps (a 2.6-bit conver-
ter?). The real message is, “‘Beware of the specs.”
Do not ignore or omit differential linearity character-
istics on a converter unless the linearity spec is tight
enough to guarantee the desired differential linearity. As
this chardcteristic is impractical to measure on a produc-
tion basis, it is rarely, if ever, specified, and linearity is
the primary specified parameter. Differential non-linear-
ity can always be as much as twice the non-linearity, but
no more.

FS 4

2 LSB DIFF
NON-LINEAR //

ANALOG OUTPUT

7
s
/

. 3iss 2 LSB DIFF
p; NON-LINEAR

s

0
000 001 010 011 100 101 110 111
DIGITAL CODE

FIGURE 8. *1 LSB Linear, +2 LSB Differential Non-Linear

Monotonicity. A monotonic curve has no change in sign

of the slope; thus all incremental elements of a mono-
tonically increasing curve will have positive or zero, but
never negative slope. The converse is true for decreasing
curves. The transfer curve of a monotonic DAC will

‘contain ‘steps of only positive or zero height, and no

negative steps. Thus a smooth line connecting all output
voltage points will contain no peaks or dips. The transfer
function of a monotonic ADC will provide no decreasing
output code for increasing input voltage.




Figure 9 shows a non-monotonic DAC transfer curve.
For the curve to be non-monotonic, the linearity error
must exceed % LSB no matter by how little. The
greater the linearity error, the more . significant the
negative step might be. A non-monotonic curve may not
be a special disadvantage in some systems; however, it is
a disaster in closed-loop servo systems of any type
(including a DAC-controlled ADC). A £% LSB maximum
linearity spec on an n-bit converter guarantees mono-
tonicity to n bits. A converter exhibiting more than %
LSB non-linearity may be monotonic, but is not
necessarily monotonic. For example, a 12-bit DAC with
+% bit linearity to 10 bits (not *% LSB) will be mono-
tonic at 10 bits but may or may not be monotonic at 12
bits unless tested and guaranteed to be 12-bit monotonic.

FS % LSB DIFF
NON-LINEAR - /|
e
5 +F
a. 7
5 o | H1sise
s o
S 1s8]4”
E]
E ¢ 1% LSB DIFF

000 001 010 011 100 101 110 111
DIGITAL CODE

FIGURE 9. Non-Monotonic (Must be > +% LSB Non-Linear)

Settling Time is the elapsed time after a code transition
for DAC output to reach final value within specified
limits, usually % LSB. (See also Conversion Rate below.)
Settling time is often listed along with a slew rate
specification; if so, it may not include slew time. If no
slew rate spec is included, the settling time spec must be
expected to include slew time. Settling time is usually
summed with slew time to obtain total elapsed time for
the output to settle to;final value. Figure 10 delineates
that part of the total elapsed time which is considered to
be slew and that part which is settling time. It is
apparent from this figure that the total time is greater
for a major than for a minor code change due to
amplifier slew limitations, but settling time may also be
different depending upon amplifier overload recovery
characteristics. )

Slew Rate is an inherent limitation of the output
amplifier in a DAC which limits the rate of change of
output voltage after code transitions. Slew rate is usually
anywhere from 0.2 to several hundred volts/us. Delay in
reaching final value of DAC output voltage is the sum of
slew time and settling time as shown in figure 10.

Overshoot and Glitches occur whenever a code transition
occurs in a DAC. There are two causes. The current
output of a DAC contains switching glitches due to
possible asynchronous switching of the bit currents
(expected to be worst at half-scale transition when all

25/01V

1 |
- SETTLING TIME

T
DAC OUTPUT

- SLEW TIME

(a) Full-Scale Step

T T T 1
10 mV/DIV CONTROL LOGIC

DAC OUTPUT

r

SETTLING TIME

'l 1;fs/DlV

(b) 1 LSB Step

FIGURE 10. DAC Slew and Settling Time

bits are switched). These glitches are normally of
extremely short duration but could be of % scale
amplitude. The current switching glitches are generally
somewhat attenuated at the voltage output of the DAC
because the output amplifier is unable to slew at a very
high rate; they are, however, partially coupled around
the afnplifier via the amplifier feedback network and
seen at the output. The output amplifier introduces
overshoot and some non-critically damped ringing which
may be minimized but not entirely eliminated except at
the expense of slew rate and settling time.

Temperature Coefficient of the various components of a
DAC or ADC can produce or increase any of the several
errors as the operating temperature varies. Zero scale
offset error can change due to the TC of the amplifier
and comparator input offset voltages and currents. Scale
error can occur due to shifts in the reference, changes in
ladder resistance or non-compensating RC product shifts
in dual-slope ADCs, changes in beta or reference current
in current switches, changes in amplifier bias current, or
drift in amplifier gain-set resistors. Linearity and mono-
tonicity of the DAC can be affected by differential
temperature drifts of the ladder resistors and switches.
Overshoot, settling time, and slew rate can be affected
by temperature due to internal change in amplifier gain
and bandwidth. In short, every specification except
resolution and quantizing error can be affected by
temperature changes.
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Long-Term Drift, due mainly to. resistor and semicon-
ductor aging can affect all those characteristics which
temperature change can affect. Characteristics most
commonly affected are linearity, monotonicity, scale,
and offset. Scale change due to reference aging is usually
the most important change.

Supply Rejection relates to the ability of a DAC or ADC
to maintain scale, offset, TC, slew rate, and linearity
when the supply voltage is varied. The reference must, of
course, remain constant unless considering a multiplying
DAC. Most affected are current sources (affecting
linearity and -scale) and amplifiers or comparators
(affecting offset and slew rate). Supply rejection is
usually specnﬁed only as a % FS change at or near full
scale at 256°C.

Conversion Rate is the speed at which an ADC or DAC
cah make repetitive data conversions. It is affected by
propagation delay in counting circuits, ladder switches
and comparators; ladder RC and amplifier settling times;
amplifier and comparator slew rates; and integrating time
of dual-slope converters. Conversion rate is specified as a
number of conversions per second, or conversion time is
specified as a number of microseconds to complete one
conversion (including the effects of settling time). Some-
times, conversion rate is specified for less than full
resolution, thus showing a misleading (high) rate.

Clock Rate is the minimum or maximum pulse rate at
which ADC counters may be driven. There is a fixed
relationship between the minimum conversion rate and
the clock rate depending upon the converter accuracy
and type. All factors which affect conversion rate of an
ADC limit the clock rate.

Input Impedance of an ADC describes the load placed
on the analog source.

Output Drive Capability describes the digital load driving
capability of an ADC or the analog load driving capacity
ofaDAC; it is usually given as a current level or a voltage
output into a given load.

CODES

Several types of DAC input or ADC output codes are in
common use. Each has its advantages depending upon
the system interfacing the converter. Most codes are
binary in. form; each is described and compared below.

Natural Binary (or simply Binary) is the usual 2" code
with 2, 4, 8, 16, ..., 2" progression. An input or output
high or 1" is considered a signal, whereas a ‘0" is
considered an absence of signal. This is a positive true
binary signal. Zero scale is then all "zeros" while ful|
scale is all “‘ones.”

Complementary Binary (or Inverted Binary) is the
negative true binary system. It is identical to the binary
code except that all binary bits are inverted. Thus, zero
scale is all “ones” while full scale is all “zeros.”

Binary Coded Decimal (BCD) is the representation of
decimal numbers in binary form. It is useful in ADC
systems intended to drive decimal displays. lts advantage
over decimal is that only 4 lines are needed to represent
10 digits. The disadvantage of coding DACs or'ADCs in
BCD is that a full 4 bits could represent 16 digits while
only 10 are represented in BCD. The full-scale resolution
of a BCD coded system is less than that of a binary

coded system. For example, a 12-bit BCD system has a
resolution of only 1 part in 1000 compared to 1 part in
4096 for a binary system. Thns represents a loss in
resolution of over 4:1.

Offset Binary is a natural binary code except that it is
offset (usually % scale) in order to represent negative and
positive values. Maximum negative scale is represented to
be all “zeros’’ while maximum positive scale is represented
as all “ones.’” Zero scale (actually center scale) is then
represented as a leading ““one’” and all remaining ‘‘zeros.”
The comparison with binary is shown in figure 11.

Twos Complement Binary is an alternate and more
widely used code to represent negative values. With this
code, zero and positive values are represented as in
natural binary while all negative values are represented
in a twos complement form. That is, the twos comple-
ment of a number represents a negative value so that
interface to a computer or microprocessor is simplified.
The twos complement is formed by complementing each
bit and then adding a 1; any overflow is neglected. The
decimal number -8 is represented in twos complement
as follows: start with binary code of decimal 8 (off
scale for + representation in 4 bits so not a valid code in

the * scale of 4 bits) which is 1000; complement it to

0111; add 0001 to get 1000. The comparison with offset
binary is shown in figure 11. Note that the offset binary
representation of the * scale differs from the twos
complement representation only in that the MSB is
complemented. The conversion from offset binary to
twos complement only requires that the MSB be inverted.

m
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011

OUTPUT CODE

010 -

001

ANALOG SCALE

ia) Zero to + Full-Scale

on
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001

000
100

m
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100 000 k&
4 A oFFsET BINARY
TWOS COMPLEMENT BINARY
SIGN + MAGNITUDE

(b) % Full-Scale”

FIGURE 11. ADC Codes
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Sign Plus Magnitude coding contains polarity information
in the MSB (MSB = 1 indicates a negative sign); all
other bits represent magnitude only. This code is com-
pared to offset binary and twos complement in figure 11.
Note that one code is used up in providing a double
code for zero. Sign plus magnitude code is used in
certain instrument and audio systems; its advantage is
that only one bit need be changed for small scale changes
in the vicinity of zero, and plus and minus scales are
symmetrical. A DVM might be an example of its use.

CONTROL

Each ADC must accept and/or provide digital control
signals telling it and/or the external. system what to do
and when to do it. Control signals should be compatible
with one or more types of logic in common use. Control
signal timing must be such that the converter or con-
nected system will accept the signals. Common control
signals are listed below.

Start Conversion (SC) is a digital signal to an ADC which
initiates a single conversion cycle. Typically, an SC signal
must be present at the fall {or rise) of the clock waveform
toinitiate the cycle. A DAC needs no SC signal; however,
such could be provided to gate digital inputs to a DAC.

End of Conversion (EOC) is a digital signal from an ADC
which informs the external system that the digital output

data is valid. Typically, an EOC output can be connected
to an SC input to cause the ADC to operate in continu-
ous conversion mode. In non-continuous conversion
systems, the SC signal is a command from the system to
the ADC. A DAC does not supply an EOC signal.

Clock signals are required or must be generated within
an ADC to control counting or successive approximation
registers. The clock controls the conversion speed within
the limitations of the ADC. DACs do not require clock
signals.

CONCLUSION

Once the user has a working knowledge of DAC or ADC
characteristics and specifications, he should be able to
select a converter to suit a specific system need. The
likelihood of overspecification, and therefore an un-
necessarily high cost, is likewise reduced. The user will
also be aware that specific parameters, test conditions,
test circuits, and even definitions may vary from
manufacturer to manufacturer. For practical production
reasons, parameters may not be tested in the same
manner for all converter types, even those supplied by
the same manufacturer. Using information in this note,
the user should, however, be able to sort out and under-
stand those specifications (from any manufacturer)
pertinent to his needs.

9GL-NV
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MM5303

' MM5303 universal fully asynchronous receiver/transmitter

general description

The MM5303 is a fully asynchronous receiver/transmit-
ter, fabricated with National’s metal-gate, depletion load,
PMOS technology. All inputs and outputs are fully TTL
compatible, requiring no external resistors or level
shifting.

This device is a programmable interface between an
asynchronous serial data channel and a parallel data

‘ channel. The transmitter section converts parallel

data into a serial word which includes: start bit, data,
parity bit (if selected), and stop bit(s). The receiver
converts a serial word of the same format into a par-
allel one and automatically checks start bit, parity (if
selected), and stop bit(s).

Both transmitter and receiver are doubly buffered; in
addition, received data out and status words may be
TRI-STATED, facilitating bus configurations,

Status conditions are: transmission complete, Tx buffer
register empty, Rx data available, parity error, framing
error, and over-run error.

The MM5303 is fully programmable. It can operate
full or half duplex, transmitting and receiving simulta-
neously at different baud rates; word length may be 5,
6, 7 or 8 bits; parity generation/checking may be even,
odd or inhibited; the number of stop bits may be either
1 or 2, with 1 1/2 bits when transmitting a 5 bit code.

features
= Low power
®  High speed

Communications/CB Radio Circuits

Fully externally programmable:
Word length
Parity mode
Number of stop bits

® Fully double buffered eliminating need for precise
synchronization

®  Full or half duplex operation

® Direct TTL/DTL compatibility

® Automatic data received/transmitted status genera-
tion

® TRI-STATE outputs

®  Automatic start bit generation/verification

® [nternal pull-ups on all inputs

applications

Peripherals

Terminals

Mini computers

Facsimile transmission

Modems

Concentrators

Asynchronous data multiplexers
Card and tape readers

Printers

Data sets

Controllers

Keyboard encoders

Remote data acquisition systems
Asynchronous data cassettes

connection diagram
Dual-In-Line P

ackage

Vss‘;A
Vee 3]
e
RDE —
RO 8 —
RD 7 —f

’RDS—H'
RD5-T‘

RD 3 ===y i

31 Order Number MM5303N
See Package 24

TOP VIEW
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absolute maximum ratmgs (Notel)

Voltage at Any Pin 25V/Vss +0.3v*

Operating Temperature Range —25°C to +70°C ‘ l
Storage Temperature Range ~65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

*Outputs should not have more than Vgg — 15V

dc electrical characteristics
T, within operating temperature range, Vgg = 5V 5%, Vpp = 0V, Vgg = —12V 5% unless otherwise noted.

PARAMETER CONDITIONS ' MIN TYP MAX UNITS
Vin High Input Voltage Levels (Note 3) Vgg—1.5 Vgs+0.3 \%
Vi Low Input Voltage Levels : ] : Voo 0.8 Y
Vou High Output Voltage Levels low = —100uA : 2.4 \
Voo Low Output Voltage Levels loL = 1.6 mA 0.4 \%
'™ High Level Input Current Levels Vin = Vss 10 HA
L Low Level Input Current Levels Vin =04V, Vgg = 5.25V 1.6 mA
lov Output Leakage Current Level SWE = RDE =V, . =1 UA
0< Vour <5V
log Output Short Circuit Current | Vout =0V, (Note 4) ) 25 mA
© Level )

Cin Input Capacitance (Note 2)

All Inputs Vin = Vgs, f=1MHz . 5 10 pF
Cout Output Capacitance :

All OQutputs SWE =RDE=V,y,f=1MHz 10 20 pF
Iss Power Supply Current All Inputs at Vgg 13 25 mA
lee Power Supply Current All Inputs at Vgg 6 15 mA

ac electrical characteristics at 25°C

PARAMETER CONDITIONS ‘ MIN TYP MAX UNITS
Ciock Frequency RCP, TCP dc 500 ~ kHz
tew  Pulse Width » : a
Clock RCP, TCP . 1 s
Master Reset MR ' 5 s
Control Strobe ES__ ' 1. us
Tx Data Strobe TDS ) 300 ‘ ns
Rx Data Available Reset RDAR, (Note 5) 200 ns
“te Coincidence Time 7DS : ‘ 300 ns
Cs 1 us
tseT Input Set-Up Time TD1-TD8 0 ns
NPB, NSB, NDB, POE 0 ns
tyoLp Input Hold Time TD1-TD8 300 . .ns
NPB, NSB, NDB, POE o - ns
toa0 Output Propagation Delay to RDE, SWE Enable to Outputs Low ' | s00 ns
Low State
tpan Output Propagation Delay to ‘ RDE, SWE Enable to Outputs High ) 500 ns
High State

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
Temperature Range’ they are not meant to imply that the devices should be operated at these limits. The table of “’Electrical Characteristics’’
provides conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.
"Note 3: Positive true logic notation is used:
! Logic “1"" = most positive voltage level
Logic 0" = most negative voltage level

Note 4: Only one output should be shorted at a time.
Nota 5: Refer to Receiver Timing diagram for detail.
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MM5303

functional block diagrams

T08 TD7 TD6 TBS TD4 TD3 TD2 TOD1
7

337 329 3§ 307 297 287 2 25$

ol

1 rll TII YII TII TII Tll T'l T
TRANSMITTER HOLDING
ER

flow charts

eoweruvpanD | |
MASTER RESET

Transmitting Sequence

TBMT -
TEOC-
Tsa-

SET CONTROL BITS
AND STROBE CS (NOTE 1)
SET DATA INPUT AND
STROBE TDS

1
1
1

LOAD DATA INTO
SHIFT REGISTER
TS0 - 0(STARTBIT)
TEOC- 0

TBMT- 1

PV D S,

OPERATION EXTERNAL
TO UART

LAST STOP BIT
BEEN SENT

[

58609
' ' ' d tﬁ TIMING
AND
WORD LENGTH CONTROL
SELECT
00§ 0§ P P SHIFT
IIRANASIEIAS IR
T 1 1 7T
TRANSMITTER
REGISTER
1 1 1 | 1
T T [ 1T T T 1
EMPTY DETECT +— GEN

14 15 4

POE RPE
noTe LD~ TRISTATE" OUTPUT

s s] 6] 7] 8] ol 1] n] 12] 19
RFE RDAR ROR FADE RDS RD7 RD6 RDS RD4 RD3 RDZ RD1  RDA

Receiving Sequence

POWER UP AND
MASTER RESET

SET CONTROL BITS

i AND CONTROL STROBE

CS (NOTE 1)

RETRANSMISSION OR
ERROR CORRECTION
ROUTINE

RPE = AFE = ROR =RDA - 0

MARK T0 SPACE
TRANSITION MADE

START BIT
VERIFIED

SENSE CONTROL INPUT
AND RECEIVE DATA
BITS AND A PARITY BIT

PARITY
VERIFIED

TRANSFER DATA
AND PULSE RDAR

(NOTE 3)

OPERATION EXTERNAL
UART

T

|

!

|

] STOP BIT no
' VERIFIED

|

| ———

|

o=

I [roc ]

‘| meceiven surreR REGISTER -
RECEIVER SHIFT REGISTER
-1

el

Note 1: Control Strobe should be made only at the beginning of transmission and remain inactive during transmission.
It may be tied high if no change is necessary.
Note 2: The line must stay low for 8 RCP pulses to be verified.

Note 3: RDAR + 0 will cause RDA « 0, refer to receiver timing for detail.

WORD LENGTH NDB1
SELECT NDB2
10 £ 0 0 8 s
T T T T T T T 1 Vgg
DATA
RECEIVER f\EG’STEH 2 Vg
L4y | e
T T T T 17 3 Vop
S L Y Y 0w e
P APR A PR AP0 AR 8P AUl
IERGEASRASIAARAGEASEASANE]
T T T T 1T
RECEIVER HOLDING F/E
REGISTER
Ll 11
SWE
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pin functions

PIN NO.
1

S~ WN

20

21

22

23

24

25

26-33

34.

35

36

SYMBOL
Vss
Vee
Voo
RDE

RD8-RD1
RPE
RFE

ROR

SWE
RCP
RDAR

RDA

RSI

MR
TBMT
TDS
TEOC
TSO
TD1-TD8
cs

NPB

NSB

NAME
Power Supply
Power Supply
Ground
Received Data Enable

Receiver Data Outputs

Receiver Parity Error
Qutput

Receiver Framing Error
Output

Receiver Over Run
Output

Status Word Enable
Input

Receiver Clock

Receiver Data Available
Reset Input

Receiver Data Available
Output

‘Receiver Serial Input

Master Reset

Transmitter Buffer Empty
Output

Transmitter Data Strobe
Input

Transmitter End of
Character Output

Transmitter Serial Output

Transmitter Data Inputs

Control Strobe Input

No Parity Bit

Number of Stop Bits

FUNCTION

+5V supply

—12V supply

Ground

A low-level input enables the outputs (RD8—RD1) of the
receiver buffer register.

These are the 8 TRI-STATE data outputs enabled by RDE.
Unused data output lines, as selected by NDB1 and NDB2,
have a low-level output, and received characters are right
justified, i.e., the LSB always appears on the RD1 output.
This TRI-STATE output (enabled by SWE) is at a high-level
if the received character parity bit does not agree with the
selected parity.

This TRI-STATE output (enabled by SWE)is at a high-level
if the received character has no valid stop bit.

This TRI-STATE output (enabled by SWE) is at a high-level
if the previously received character is not read (RDA output
not reset) before the present character is transferred into the
receiver buffer register. .
A'low-level input enables the outputs (RPE, RFE, ROR, RDA,
and TBMT) of the status word buffer register.

This input is a clock whose frequency is 16 times (16X) the
desired receiver baud rate.

A low-level input resets the RDA output to a low-level.

This TRI-STATE output (enabled by SWE) is at a high-level
when an entire character has been received and transferred

into the receiver buffer register. . '

This input accepts the serial bit input stream. A high-level
(mark) to low-level {space) transition is required to initiate

data reception. .

This input should be pulsed to a high-level after power turn-on.
This sets TSO, TEOC, and TBMT to a high-level and resets RDA,
RPE, RFE and ROR to a low-level.

This TRI-STATE output (enabled by SWE] is at a high-level
when the transmitter buffer register is empty and

may be loaded with new data.

A low-level input strobe enters the data bits into, the transmitter
buffer register.

This output appears as a high-level each time a full character is
transmitted. It remains at this level until the start of transmission
of the next character or for one full TCP period in the case of
continuous transmission.

This output serially provides the entire transmitted character.
TSO remains at a high-level when no data is being transmitted.
There are 8 data input lines (strobed by TDS) available.

Unused data input lines,as selected by NDB1 and NDB2, may

be in either logic state. The LSB should always be placed on TD1.

A high-level input enters the control bits (NDB1, NDB2, NSB,
POE and NPB) into the control bits holding register. This line
may be strobed or hard wired to a high-level.

A high-level input eliminates the parity bit from being trans-
mitted; the stop bit(s) immediately follow the last data bit. In
addition, the receiver requires the stop bit(s) to follow imme-
diately after the last data bit. Also, the RPE output is forced
to a low-level. See pin 39, POE .

~ This input selects the number of stop bits, 1, 1 1/2, or 2 to be

transmitted. A low-level input selects 1 stop bit; a high-level
input selects 2 stop bits, except when 5-bit data is selected,
then 1 1/2 stop bits will occur.

6-5
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pin functions (con’t).

PIN NO. SYMBOL NAME FUNCTION
37-38 NDB2, Number of Data Bits/ These 2 inputs are internally decoded to select either 5, 6, 7
NDB1 Character. .or 8 data bits/ character as per the following truth table:
NDB2 NDB1 data bits/character
L L 5
L H 6
H L 7
H H 8 )
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB
Select input, determines the parity mode for both the receiver and
transmitter, as per the following truth table:
. NPB POE MODE
L L odd parity
L H even parity
H X no parity
X =don't care
40 TCP Transmitter Clock This input is a clock whose frequency is 16 times (16X) the

desired transmitter baud rate.

timing diagramsA

Transmitter Timing — 8-Bit, Parity, 2 Stop Bits

= U U
TBMT I ' l l
I r—" N N
Ts0 START I DATA 1 | eres ‘IDA'IAE{ PARITY o STOP1  STOP2 START !

— o i A
— I

Transmitter Start-Up

_,1 1116 BIT TIME l"* Upon data transmission ‘initiation, or when not

o . transmitting at 100% line utilization, the start
oS I B | | l bit will be placed on the TSO line at the high
.~ to low transition of the TCP clock following
M
TS0 I . l .
S N

the trailing edge of TDS.
Receiver Timing—8-Bit, Parity, 2 Stop Bits

RSI START [—DATA 1_r' vee ‘T—DA'\TA 8_r PARITY | STOP1 STOP2 START
. l_l —— L L1 _J |_ —
| I I
BIT . K
SAMPLE
RDA I N

Resetting RDA
RDAR may go low any time after the RDA

ROA ’ |
comes up but must stay low for at least 200 ns
ace after the first clock pulse period. RDAR
may be hard wired low, in which case RDA

will go high and remain high for the duration of
the positive clock pulse.

1RCP MIN '|———‘—i-.}‘~ 200 ns MIN

66




timing diagrams (con’t)
Data/Control Timing Diagram

-
o
ol

DATA INPUTS
y=t=200s
SET-UP20
tHOLD 20

cs

CONTROL INPUTS

OUTPUTS
{RD1-RD8, RDA,
RPE, RFE, TBMT)

Vin

ViL

Vin

viL

Vin

Vig

Vin

- tpw
) \ 7
1SET.UP —=| I‘— — = tHOLD [
4
¢
¥
'VW
L )
1SET-UP —=| — ‘HDLDI"_
)ﬁ -

Output Timing Diagram

.

X
/T

OUTPUTS DISABLED ->|

—_———————— ———-
K

f

e tp 1. tpdg — |

Note: Waveform drawings not to scale for clarity.

Start Bit Detect/Verify

" BEGIN VERIFY o BEGINVERWFY
RSI i
S
If the RSI line remains spacing for_1/2 a bit
time, a genuine start bit is verified. Should the
line return to a marking condition prior to 1/2

a bit time, the start bit verification process
begins again.
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MM5393

‘Communications/CB Radio Ci'rcuits

MM5393 push button telephone dialer

general description features

The MM5393 is a monolithic metal gate CMOS integrated ® 21-digit storage

circuit which provides all logic required to convert a Selectable interdigital pause
push button input to a series of pulses suitable for Redial of last number
simulating a telephone dial. Storage is- provided for 21

digits, therefore, the information is retained after the 690 Hz tone .

call is completed and the number is available for redial. Line powered operation
Entering a new number simply overrides the previous
one. An interdigital pause can be externally selected
as either 415 ms or 830 ms. A muting output is supplied
to mute receiver noise during outpulsing, and a 600 Hz
tone is activated every time a key is depressed.

connection diagram Dual-In-Line Package
1 U 18
K4 — =03
K1 —Z- -ll 02
3 16
K2 i — 01
K3 2 18 IDP SELECT
] N
HOOK SWITCH == [— TONE
13
0sC1 -q — Vpp
7 12
0SC 2 — = Vss
0sc3 _8 £ MUTE
9 10
DIAL PULSE —4 = NC
TOP VIEW

Order Number MM5393N
See Package 20

block diagram

Vss Voo
A S N S ,
|
! i
K1 —>f —-— — ,
K2 ¥ kevsoaro [ waite f—— 21 X4 RAM — READ 1
K3 INTERFACE fo conTROL || l—  Locic
[} I :
] I ________ [ I ’ i
| 1
o KEYBOARD 0sC. AND OUTPULSING ID_I T
02 j—— P——1  TIMING DECODER b Soree
SCAN , CONTROL LOGIC PULSE
03 le— 1
| i
| l ________ I )
1 |
I — '
| MAIN CONTROL READ AND WRITE i
LOGIC CONTROL COUNTERS
1 — |
I |
L+ - -—— - e - e e = — - — - [ -
HOOKSWITCH  IDP MUTE 600 Hz TONE T T T
DETECT  SELECT

0SC1 0SC2 0sC3
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absolute maximum ratings

Voltage at Any Pin
Operating Temperature Range
Storage Temperature Range
VDD~ Vss
Lead Temperature (Soldering, 10 seconds)

Vsg— 0.3V to Vpp + 0.3V
—30°C to +65°C

—40°C to +70°C

6V max

300°C

electrical characteristics Ta within operating temperature range, Vs = Gnd, 2V < Vpp < 5.5V

PARAMETER CONDITIONS MIN TYP “MAX UNITS
Input Voltage Levels
Logical ““1” Vpp—0.25 VDD \
Logical 0"’ Vss Vgs+0.25 \
Qutput Current Levels
Dial Pulse :
Logical “1"” Vpp =3V, Vout=VDD~ 05 150 uA
Logical “0” Vpp =3V, VoyuTt =Vss +0.5 150 nA
Mute
Logical “1" Vpp =3V, VouTt=VpD~05 100 uA
Logical 0" Vpp =3V, VouTt=Vss+0.5 100 HA
Tone .
Logical “1” Vpp =3V, Vout=VDD 05 10 MA
Logical 0" Vpp =3V, VouT = Vss + 0.5 10 MA
01, 02,03
Logical 1" Vpp =3V, VouT =VDpD — 0.5 20 uA
Logical “0" VDD = 3V, VOUT = Vs§ + 0.5 150 LA

functional description

The time base for the MM5393 is an RC controlled
oscillator nominally tuned to 20 kHz. This is succes-
sively divided to provide timing signals for the various
counters. The keyboard inputs, K1—K4,in conjunction
with the scan counter outputs, 01—03, indicate the
presence of a particular key depression. If only one
key is detected for 5 ms, the decoded key will be loaded
into the RAM. The push button inputs are accepted at
an asynchronous rate, loaded into a first-in-first-out
memory, and outpulsing of the correct number of
pulses begins immediately after the first digit is entered.
After the first digit has been completed, outpulsing will
cease unless another key has been entered. This allows
use in a PBX system to ensure receipt of a dial tone
before entering the remainder of the number. If the call
was not successful, it can be redialed at a later time by
pressing the redial key (#). If an access code is required
as in a PBX system, it can be entered, the dial tone can
be established, then the redial key can be pushed. Only
one key can be entered before pushing the redial key
because after the second key entry, the memory is
erased. A block diagram of the MM5393 is shown in
Figure 1.

KEYPAD DATA INPUTS

Keypad closures cause the connection of 2 of 7 switch
contacts arranged as a matrix (shown in Figure 2).
Key closures are protected from contact bounce for
5 ms.

' IMPULSING MARK-TO-SPACE RATIO .

The mark-to-space ratio is 1.6:1 (61.5% to 38.5%).

IMPULSING OUTPUT

The number of pulses will correspond to the input
digit. For example, key 5 will generate 5 pulses. The
outpulsing rate is 10 Hz, and it can be varied by
adjusting the frequency of the oscillator. Because it is
intended to drive a transistor buffer, the outpulsing data
is inverted. Digits are separated by an interdigital pause
which is pin programmable for either 415 ms or 830 ms.

6-9
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MM5393

switching time

KEY CLOSURE (3)

waveforms
KEYBOARD SCAN

0 ||

02 L_[

03

1

DIALPULSE M I l ) |
00 INTERDIGITAL PAUSE
ms 415 ms OR 830 ms —ﬂ
(PIN PROGRAMMABLE)
MUTE | | |
Note. All times are based on a 20 kHz oscillator.
FIGURE 1
keypad matrix
72 -2 A S—
4 zl i
& L K2
4 D 2 N4 W
ﬂ =
v/ v K4
o1 02 03
FIGURE 2
typlcal appl'cat|on Proposed Interface
PHONE LINE el ' 1
!_./—‘ !
* *
s 0——“_4;
<
< < <
& 1m* & 2k *
° b3
011 4F ¥ REC
II IL 3/ OS5
¢ i S0k .
AA
VWA MW L??T"ESR i o AAA
iDP -J—-C S VVv
SELECT T 300 F =
< >— 25k %
Vpp 0SC1 osc2 0sc3 AAA
- 01 s A A Ad J
. % — 02 :>
I=} > —
_J gl o p: >
T AuF* 5 MM5393 WUTE *
—Y * 2 k1 WMUTE k‘
x | —K2
* —1k3 DIAL PULSE * VY, ¢
— Ves _
HOOKSWITCH " . .
DETECTOR *Components added to existing network
PHONE LINE ad
FIGURE 3
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Communicatjons/CB Radio Circuits

\

S6ESNIIN

MM5395 TOUCH TONE® generator

general description

The MM5395 is an integrated -circuit that can provide Interface with single contact low-cost keypad option

all tone frequency pairs required for the TOUCH ® Multi-key lockout with single tone capability
TONE® telephone dialing system. The output frequen-

i Sl ® On-chip high band and low band tone generators and
cies are gener;ited b;/- progrtar'nmalzly“(gvldln‘?l tthe mixer
frequency of the on-chip crystal-controlled oscillator; . .
thuci, acZurate output ::reqt\:encies can be obtained ® High band pre-emphasis
without tuning. The only external component needed ® Low harmonic distortion ‘ !
for the oscillator is an inexpensive 3.579545 MHz ® Accurate tone frequencies
crystal. ® Open emitter, emitter follower output
= Mute switch output
The device has four row and four column inputs. Inputs, ® Can be powered directly from the telephone line

- to the device can either be in a 2-out-of-8 code format
from a keyboard, or by BCD signals to the row inputs.

The device is fabricated using our low. voltage CMOS
process so that it may be powered directly from the
telephone line.

functional description

The functional block diagram of MM5395 is shown in
Figure 1. The device can be operated in Keypad Inter-
face Mode or Signal Interface Mode (BCD into row
input) depending on the logical level at " Control”
input. In either mode, the MMb5395 will digitally syn-
thesize the high and/or low band sine waves when valid
signals are applied to row or column inputs. The sum of
the two sine waves is then provided at the ‘“Tone
® 3V to 5V supply Output.” The base of the output NPN: transistor is
‘™ On-chip 3.579545 MHz crystal-controlled oscillator brought out (“FILTER") for easy filtering. Operational
= Interface with standard telephone keypad functipnal features are summarized in tables.

The MMB5395 is designed to be used in a wide variety of
tone signaling and data transmission applications.

features

block diagram

0sc

C

€2 ——d

out B
PROGRAMMABLE DIVIDER
ost IN : > : HIGH BAND
42 B
4 Y Voo
CONTROL ] . WAVEFORM
XMIT _‘ . . GENERATOR
. MIXER :
Rl —— : TONE
I | ouTPUT
R2 =1  KEYBOARD v . X‘E‘:‘V:HTTF:,":
R3 LOGIC FILTER |
+ PROGRAMMABLE DIVIDER .
R4 —f CONTROL
LoGIC > . +66
<13 +59 +16 SRG LOW BAND

C3 et
[ [4—>| KEY DEBOUNCE CIRCUIT

» MUTE

FIGURE 1 '




MM5395

absolute maximum ratings

Voltage at Any Pin

Operating Temperature Range
Storage Temperature Range
VDD — Vss

Vgs— 0.3V to Vpp + 0.3V

Lead Temperature (Soldering, 10 seconds)

electrical characteristics
TA within operating temperature, 3V < Vpp — Vgg < 5V, unless otherwise specified.

—40°C to +70°C
—65°C to +150°C
' 6V

300°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

Input Pull-Up Resistor @ Co'lumn‘ Inputs VIN = Vss 100 400 k§2
Input Pull-Down Resistor @ “Xmit"’ VIN = VDD 100 400 39)
Internal Resistor @ Row Inputs ‘

To Vpp (Option A) VIN = Vss 100 400 kQ

To Vss (Option B) VIN = VDD 100 400 Q)
Input Voltage Levels

Logical 1" Vpp—0.25 VpD \%

Logical 0" Vgs Vgst0.25 vV
Qutput Voltage Swings @ “TONE VpD — Vss = 3.0V, )
OQUTPUT” R > 50002

Low Band Only 820 mVp-p

High Band Only 1000 mVp-p
Harmonic Distortion RL > 5008, -20 dB

No External Filtering
Tone Frequency Deviation 1.0 %
Operating Frequency 3.679545 MHz
Key-Down Debounce Time 7 11.35 ms
Key-Up Debounce Time 4 7.15 rr;s
Power Dissipation VpD — Vss =6V, 30 mW
R = 50082

Output Current Level @ “MUTE" VpD - Vss =30V

Logical 1" o VouT = VDD — 0.2V 20 uA

Logical 0" VouT = Vss + 0.5V 2.0 mA

functional description (Continued)

TABLE 1. Interface Mode Control

INTERFACE MODE

CONTROL XMIT
0 Open Keypad
1 0 idle BCD Signal
1 1 Send tones}e‘g, MM5393
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functional description (Continued)

TABLE Il. Keypad Interface
(a). Functional Truth Table

ROW COLUMN LOW BAND HIGH BAND
None None DC DC
One One fL fH
None One DC fH
One None fL DC
Two or more None DC DC
Two or more One DC fH
None Two or more DC DC
One Two or more fL DC
(b). Output Frequencies
DESIRED ACTUAL
INPUTS FREQUENCIES FREQUENCY PERCENT
DEVIATION
fL (Hz) fH (Hz) (Hz)
R1 697 = 699.1 0.306
R2 770 - 766.2 -0.497
R3 852 - 8474 -0.536
R4 941 - 948.0 0.741
c1 - T 1209 1215.9 0.569
c2 - 1336 1331.7 —0.324
c3 - 1477 1471.9 -0.35
ca - 1633 1645.0 0.736
TABLE I11. Functional Truth Table for Signal Interface
f FREQUENCIES
XMIT c1 Cc2 R1 R2 R3 R4 GENERATED
fL (H2) | fy (Hz2)
0 X X X X X X DC DC
1 Open Open 0 0 0 0 941 1336
1 Open Open 0 0 0 1 697 1209
1 Open Cpen o] 0 1 0 697 1336
1 Open Open 0 0 1 1 697 1477
1 Open Open 0 1 0 0 770 1209
1 Open Open 0 1 0 1 770 1336
1 Open Open [§] 1 1 0 770 1477
1 Open Open 0 1 1 1 8562 1209
1 Open Open 1 0 0 ‘0 852 1336
1 Open Open 1 | o 0 1 852 1477
1 0 Open fL DC
1 Open 0 Valid BCD Inputs DC fH
1 0 0 DC DC

6-13
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MM5395

typical applications

Standard Telephone Keypad

Vss

CoLumMn

COLUMN

HOOK SWITCHES

r—=" -
TS > 3
I | |
o Voo I
c2
~c3 l * l RR
ca | |
Rl | | |
| R2 R
uuTrgsg —VW—e I l i
. Ce | |
R3
FILTER -—I I—« w3 | |
R4 | I TRANSMITTER
CONTROL .
0SC IN —@—
ves I I
osc out I |
l +—® =
I~ | 1 S I
I I 1 I
()
I 4 I
L REV) RECEIVER |
COMMON SWITCHES
| @—j !
0
. TERMINALS .
Single Contact Keypad
RINGER J
-
|
o VoD E: 5.1k 3: 200
| c2 :
] .
cs I‘A
R1 'j |\
>
R2 S:
RV -———
r—l
" MUTE | : :
R4 'll.A l_k‘_{ | é’D
J:—- oscm O 'c" L——j : J_
= " FILTER ——l I'—-ll
-r—— osc out :
CTRL * Vss

-




connection diagram

Dual-In-Line Package

1 U 18
Vss— . Voo
ost_2] 1
N [ TONE
3 16
NC =g — FILTER
osc 4 15
ouT = XMIT
5 14
MUTE ~— == CONTROL
6 S k]
C4 =~ - R1
. 12
c3 '—7" — R2
8 11
C1 = —R3
9 10
C2 =i — R4
TOP VIEW
Order Number MM53,95N>

See Package 20

G6ESWIN
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MM55104, MM55106, MM55114, MM55116

Communications/CB Radio Circuits

MM55104, MM55106, MM55114, MM55116 PLL frequency synthesizer

general description
The MM55104 and MM55106 devices contain phase frequency, and $VCO provides a low level voltage (sinks

locked loop circuits useful for frequency synthesizer current) when the VCO frequency is higher than the
applications in C.B. transceivers. The devices operate lock frequency. The ¢VCO output goes to a high impe-
off a single power supply and contain an oscillator, dance (TRI-STATE®) condition under lock conditions,
a?2 0 or 2! divider chain, a binary input programmable and the lock detector output LD goes to a high state
divider, and phase detector circuitry. The devices may under lock conditions,

be used in double L.LF. or single I.F. systems. The
MM55104, MM55114, MM55106 and MM551186, use a
10.24 MHz or 5.12 MHz quartz crystal to determine the
reference frequency. The MM55106 and MM55116 have
an output pin which provides a 5.12 MHz signal, which features
may be tripled for use as a reference oscillator frequency

R C a S
in two crystal systems. Also, the MM55106 provides an Single power supply
addmonal input to the programmable divider which ® Low power CMOS technology
allows 29 — 1 division of the input frequency (F|N). ® Binary input channel select code
The inputs to the programmable divider are standard ® 5 kHz or 10 kHz output from oscillator divide
binary s‘ignals. .Selection of a channel is accorpplished by ® 512 MHz output (MM55106 and MM55116 only)
mfachamcal §w:tches or by e'zx.ternal electronic program- ® On-chip oscillator
ming of the programmable divider. A . i
® Pull-down resistors on programmable divider inputs
The ¢VCO output provides a high level voltage (sources ® Low voltage operation—5V (MM55104, MM55106)
current) when the VCO frequency is lower than the lock ®m High voltage operation—8V (MM55114, MM55116)
block diagrams
FREQ SELECT FREQSELECT
N “1” = 10 kHz ) 5.12MHZ “1”=10kHz
0sc out “07"=5kHz $VCO DUTPUT 0sc DUT ouT s -5kHl 6VCO OUTPUT
|s Is |8 Is i
I | 10 kHz/
_}_ REFERENCE 0SC DIVIDER 3] REFERENCE OSS DIVIDER 5 kHz
0Sc| |0SCILLATOR 210gR 211 LocK 0sc] osclu.AToR oR 210 Lotk
IN LDETECTGR IN " PHASE \I_‘_B_DETECTOR
. “1" for locked DETECTOR “1" tar locked
2 a “0” for unlocked 2 9 *“0” for unlocked
FE- PROGRAMMABLE DIVIDER 28-1 F;;“— PROGRAMMABLE DIVIDER 29-1
T T T T T T 11 IlllLllll
v hefis ha ez [T le |8 Tt e 17 e s fia |13 iz Tinho s
VecGND PO P1 P2 P3 P4 P5 P6 P7 Vgc GND PO P1 P2 P3 P5 PG P7 PB
MM55104, MM55114 MM55106, MM55116
pin descriptions o truth table
Truth table for binary inputs to programmable divider.
PO—-P8 Programmable divider inputs N P8 P7 ] P5 P4 P3 P2 P1 PO
FIin Frequency input from VCO (mixed 1 [¢] 4] 0 0 ] 0 0 0 X
down) : 2fojoflofo]Jojofo]1]o
OSC IN Oscillator amplifier input terminal
OSC OUT Oscillator amplifier output terminal .
LD Lock detector 511 1 1 1 1 1 1 1 1 1
¢VCO Output of phase detector for control
of the VCO F = Fn/N
1
FS Frequency division select 10 kHz or our N

5 kHz — 1" is 10 kHz; “0" is 5 kHz 1 = High voltage level, VoH

5.12 MHz OUT OSC Frequency divided by 2 output 0= Low voltage level, VoL

X = Don’t care
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absolute maximum ratings

Ve Max
Voltage at Any Pin Vce +0.3V to Gnd— 0.3V MM55104, MM55106 vAY)
Operating Temperature Range -30°Cto +75°C MM56114, MM55116 12V
Storage Temperature Range —40°C to +125°C Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics TA-25°C
PARAMETER CONDITIONS MIN AL MAX UNITS

Supply Voltage (Vce) !

MM55104, MM55106 4.5 5.0 55 \Y

MM55114, MM55116 ‘ 7.0 8.0 10.0 \Y

Supply Current (Icc) Freq @ Osc In = 10 MHz,
@ FN = 2.5 MHz, All Other
1/0 Pins Open, (Note 1)

9LLSSWIN ‘PLLSSININ “90LSSININ "YOLSSWIN

MM55104, MM55106 Vee =5V 3 10 mA

MM55114, MM55116 Vce =8V 8 16 mA
Logical “1" Input Voltage (VIN(1)) '

PO—P8, FS, FIN (Vee—04V) v
Logical “0" Input Voltage (V|N(0))

PO-P8, FS, FIN 0.4 v
Logical “1"" Output Voltage

5.12 MHz Out, LD lp=0.5mA

$VCO 10 = 0.4mA (Vee—0.5V) v

Osc Out 10 = 0.25mA )
Logical /0" Output Voltage

¢VCO, 5.12 MHz Qut, LD 10 =-0.5mA

Osc Out _ 10 = -0.25mA 05 v
Logical 1" Input Current

FS (Pull-Up) 1.0 uA

MMS55104, MM55106 | po_pg Ve =5V 5 20 50 uA ‘

MM55114, MM55116 | (Pull-Down) Vee =8V . 10 40 100 uA
Logical 0" Input Current ‘ :

P0—P8 (Pull-Down) ‘ 1.0 MA

MM55104, MM55106 Vgee =5V -10 -35 —100 uA

. FS (Pull-Up)

MM55114, MM55116 Vee = 8V -30 -120 -300 uA
Toggle Frequency @ F ) 3 ' MHz
Oscillator Frequency @ Osc In 10.24 MHz
TRI-STATE Leakage @ $VCO ' 10 uA
connection diagrams (Dual-In-Line Packages, Top View)

GND PO d P2 P3 173 PS5 P6 GND PO ; Pl P2 P3 P4 PS5 P6 P7
s Jis Jia fs e | ho s . hs v lis lis be |s bz Jo |
IR EERE o s 8 I8 |1 ‘1 |3 ]4 ‘5 ls I7 |a |9
Veg Fiy OSC OSC FS 4VeO LD P7 Vgg Fiyo OSC OSC 512 FS ovCO LD PB
N o IN  OUT MHz
out
Order Number MM55104N or MM55114N Order Number MM55106N or MM55116N
See Package 19 See Package 20




MM55104, MM55106, MM55114, MM55116

typical applications
INTRODUCTION TO FREQUENCY SYNTHESIS
The components of a frequency synthesizer are shown
in Figure 1. The voltage controlled oscillator produces
the desired output frequencies spaced fy, Hz apart
according to the relation:

fy=f N
The reference frequency, fr, must be equal to or less

than the (channel) spacing between the frequencies
being synthesized.

nsmumc’_’i N PHAS
§ ETECTO!
FELTTTT
CHANNEL SELECT cuni
(0UTPUT) ¢, v

L
T

FIGURE 1. Basic Frequency Synthesizer

Although simple in concept, the circuit of Figure 7 has
certain difficulties. In CB, we are synthesizing the
following frequencies: '

Cch1 26.965
Ch2 26.975
Ch23 27.225

Although the channel spacing is 10 kHz, a reference
frequency of 5 kHz would be necessary due to the odd
5 kHz in the assigned channel. This in itself poses no

el o I_.L[,n
T e ]}
' 1
T

FIGURE 2(a). Frequency Prescaling

26.965

problem; howevér, present technology limits the counting
speed of programmable dividers to something less than
5 MHz, ruling out the approach shown in Figure 1.

Two solutions to this problem are shown in Figure 2.

Frequency prescaling shown in Figure 2(a) reduces the

VCO frequency by M (a fixed number) to a frequency

that can be divided by the programmable counter. The .
reference frequency fr must also be reduced by M. In the

case of CB, if M =10, fy = 26.965 MHz, the input to the

programmable divider will be 2.6965 MHz, and the

5 kHz reference frequency will be reduced to 500 Hz.

This poses problems in speed of response of the phase

locked loop.

The second technique mixes the output frequency of
the VCO with a stable fixed frequency to obtain a
related reference frequency.

fy = Nfy + fo

This technique has the advantage of allowing a 10 kHz
reference frequency in the loop instead of 5 kHz.

Further complexity arises when one considers that the
synthesizer must also generate a local oscillator signal as
well as a transmitter input signal for the radio (Figure 3).
A system which provides these frequencies, as well as
the proper offset to allow the programmable divider to
operate within its limits is shown in the typical applica-
tions diagrams (Figure 4). The only departure from the
ideal situation shown in Figure 3 is that the first IF
frequency of 10.7 MHz must be changed to 10.695 MHz
(a change of 5 kHz).

OFFSET
GENERATOR

FIGURE 2(b). Frequency Offset

[TRANSMITTER,

FIGURE 3. Signals Needed to Transmit and Receive Ch 1
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typical app_lications (con‘t)

TO RECEIVER 2ND
MIXER

BUFFER

10240 MHz u _l ﬁ-

4 ) Qs
1

|
3| [ReFerence 0S¢ DIVIDER
OSCILLATOR 2100R 21

MM55104

|
T

PROGRAMMABLE DIVIDER 28 — 1

171717 rr1ri1 |

L1 &is K1a J13 Siz §ir Lo g &8 &8
vio 24<N<250 Vs
BUFFER

AMP
om0 -2s00mn:

11.80666 MHz

= 10.695 MHz

-

= TO TRANSMITTER
26.965 — 27.225 MHz

FIGURE 4(a). MM55104 or MM55114 3-Crystal Application

. 15.360 MII1| I
TO RECEIVER
2ND MIXER

T0 REC. MIXER
37.660 - 37.950

10.240 MHz | ___I
> ( l
P4 —
b: =
5.120MHz
] 5
|
3 REFEREMCE osc mvmsn
oscn.u\mn 23
L 1outz ) oeterron .or—
= 2
r PROGRAMMABLE mvumug -1
T T 11 | L
An &6 515 61451: 611 buém 59 = b3
91 <N <120 ]
BUFFER N =150 FOR CH 50
AMP,

= T0 TRANSMITTER

TO0 REC. MIXER
16.270 — 16.560
26.965 - 27.225 MHz

FIGURE 4(b).MM55106 or MM55116 2-Crystal, 23-Channel Appln:anon

10.24 MHz TO TRANSMITTER
26.965-27.225 MHz
I I TO RECEIVER

MIXER

1STMIX
16.27-16.56 MHz

w

MM55106

PROGRAMMABLE DIV. 29-1

SWITCH
WAFER
R L] A

182 < N <240 Ry
213< N < 331 Ty

1 switcH
WAFER
B

—mm—————————

1 CHANNEL
--4 SELECT
1 SWITCH

SWITCH
WAFER
c

| — —
le— le—
— j—_ ]

LED DISPLAY

bemecr e e =

FIGURE 4(c). MM55106 or MM55116 Single Crystal,

23-Channel Application
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MM55108, MM55110

Communications/CB Radio Circuits‘

MM55108, MM55110 PLL frequency synthesizer with receive/transmit mode

general description

The MM55108 and MM55110 PLL freduency synthe-
sizers are monolithic metal gate CMOS integrated
circuits which contain phase lock loop circuits useful for
frequency synthesis applications in CB transceivers. The
devices operate from a single power supply and contain
an oscillator with feedback resistor, divider chain,
a binary input programmable divider with control logic
for the transmit mode (+ by (N + 91)), and the necessary
phase detector logic. The de\nces may be used in double
IF or single IF systems.

Both the MM55108 and the MM55110 use a 10.24 MHz
quartz. crystal to determme the reference frequency.
The MM55108 has a 217 divider chain which generates
a 5 kHz reference frequency. The MM55110 has a
selectable 210 or 217 divider chain which gives either a
10 kHz or 5 kHz reference frequency. The selection of
reference frequency is made by use of the FS pin.
In addition, the MM55110 contains an amplifier for filter

- applications and an addmonal input. to the program-

mable divider which allows 210 — 1 division of the input
frequency (f|N) for FM applications. Due to the internal
amplifier stage at input frequency input (fiN), the
MM55108 and MM55110 may take a 1 Vp-p signal at
fIN as the input frequency for the programmable divider.
Inputs to the programmable divider are standard binary
signals. Selection of a channel is accomplished by
mechanical switches or by external electronic program-
ming of the programmable divider. The ¢VCO output

provides a high level voltage (sources current) when the
®VCO frequency is lower than the lock frequency, and
¢VCO provides a low level voltage (sinks current) when
the ¢V CO frequency is higher than the lock frequency.
The ¢VCO output goes to a high impedance state
(TRI-SSTATE®) while in lock mode, and the lock
detector output LD also goes to a high state under lock
condition.

features

® Single crystal operation

Single power supply

Low power CMOS technology

Binary input channel select code

210 or 211 divider chain from oscillator input
(MM55110), 211 divider chain (MM55108)

Buffered 5.12 MHz and buffered 10.24 MHz outputs
On-chip oscillator with bias resistor

Pull-down resistors on programmable divider inputs

Receive/transmit input for + by (N+91) while in
transmit mode

Amplifier for filter applications (MM55110)
Programmable 29 — 1 division of fIN

®  Additional programmable mput for 210 - 1 division
of fiN (MM55110)
= Amplifier stage on | input to accept 1Vp-p signal

block 'diagrams

5.12MHz  10.24 MHz sveo
ouT ouT ouTPUT
5 5 7
1024 MHz _4
osc ouT
)
5M
CRYSTAL 3 OSCILLATOR DIVIDER 5 kiz
0sCIN M
) PHASE 18 Lock
m MMS5108 DETECTOR DETECTOR
2 PROGRAMMABLE DIVIDE| “1" FOR
fin — » O 291 R LOCKED
"0UFOR
ol 1 UNLOCKED
I | 7] |rs|rafasfiz[aifrofe
Vge GHD Pl P2 P3 Ry P4 P5 PG P7 Pg
iy
MM55108
FREQUENCY
SELECT
5.12MHz 1020MHz “1710kHz FILTER  FILTER  4VCO
out 0UT 0" 5kHz N oUT  OUTPUT
. 5 3 1 8 B 10
1024 MHz _4 10M
st 0UT Vee ;.D
5M
CRYSTAL 3 | OSCILLATOR DIVIDER 5 kHz/10 kHz
o0sC IN ’ 210 gR 211 .
PHASE 111 Lock
pAA ss110 DETECTOR DETECTOR
2 PROGRAMMABLE DIVIDER “1" FOR
fin=—1 2101 LOCKED
9" FOR
UNLOCKED
I & |z3]22]2t [ao[rs a7 Jie]is e ]3] 72
Vee GND PO P1 P2 P3 Ry P4 PS5 P6 PT P8 PY
Tx
MM55110
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absolute maximum ratings

Voltage at Any Pin Vge +0.3V to Gnd — 0.3V
Operating Temperature Range —30°Cto +75°C
Storage Temperature —40°C to +125°C
Operating VcC 2v
Lead Temperature (Soldering, 10 seconds) 300°C

OLLSSWIN ‘80LSSWIN

electrical characteristics Ta=25°C, Ve = 8V unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Voltage (V) 45 10 \Y
Supply Current (Icc) Freq. at Osc. In = 10.24 MHz 4 10 mA
at fiN = 2.5 MHz, All Other
/O Pins Open
Logical ““1" Iinput Voltage (VN(1)) (Vgc—0.4) \%
PO—P9, Ig
Logical “‘0" Input Voltage (Vin(o)) 0.4 \Y
PO—PY, Ig ,
Logical. 1" Output Voltage lo=-0.5mA (Vcc—0.5) \
¢VCO, 10.24 MHz Qut, 5.12 MHz Out, -
Osc. Out, LD
Logical ‘0" Output Voltage lo=05mA 0.5 \%
¢VCO, 10.24 MHz Out, 5.12 MHz Out,
Osc. Out, LD
Logical *1" Input Current
Filter In (Pull-Up) 1 ) HA
Rx/Tx (Pull-Up) . 1 HA
FS,PO—P9 (Pull-Down) '+ 20 40 60 MA
Logical 0" Input Current ) .
Filte_r In (Pull-Up) -1 MA
Rg/Tx (Pull-Up) —60 -120 —180 MA
FS, PO—P9 (Pull-Down) ' 1 UA
Toggle Frequency at fj\ 3 MHz
Input Signal at f|N (Maximum 3 MHz) For ac Signal or 1 Vp-p
1 Vingy) (Vec0.4) \Y
(Vin(o) 0.4 v
Oscillator Frequency at Osc. In 10.24 MHz
TRI-STATE Leakage at VCO VouT = Vcc or Gnd 11 uA
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MM55108, MM55110

connection diagrams

Dual-In-Line Package

GND P P2 P3  Ry/Ty

I'Ill |I7 |15 I15 IM

P4

|13

P5 P6 P?
| 12 I‘H IIII

T T I IT

Is

Ve fin 0SC  OSC 51z 1024
N out MHz MHz
TOP VIEW

Order Number MM55108N

See Package 20

pin descriptions

VL0

Lo

T —
2
©

GND

po Pl P2 P3

P P8
]za Iza Izz Iu Im Iw ||n Iw I1s |1s Iu Iu

Dual-In-Line Package
NC Rx/Tx P4 P5 PG

Vee

|| Iz |3 Ia |5 Is lv |s In Im In I1z
fiy 0OSC OSC 512 1024 FS FIL Py
IN  OUT MHz MHz N

FIL ¢VCO LD
ot

“TOP VIEW

Order Number MM551 10N

See Package 22

PO—P9 'PPogrammable Divider Inputs 5.12 MHz OQUT Buffered 5.12 MHz Output (Oscillator
fin Frequency Input From VCO (Mixed down) Frequency + By 2)
OSC IN Oscillator Amplifier Input 10.24 MHz OUT  Buffered 10.24 MHz Output {Oscillator
0SC OUT Oscillator Amplifier Output Frequency)
LD Lock Detector FILTER IN Filter Amplifier Input
pVCO Qutput of Phase Detector for Control of VCO FILTER OQUT Filter Amplifier Output
FS Frequency Division Select Rx/Tx Receive/Transmit Input
1" for 210 Division 0" for Transmit Mode (+ by (N+91))
“0" for 211 Division
typlcal appllcatlons
OPEN-Ry
GND - Tx 2
o— A
Rx/Tx
SWITCH
100 pF TuH
= 5 pF )
104F | L d
I 1
| 200 = 0eF 300
P71 f10 ﬁ_l 10 - 10 5| l
VWA - 01 F 0.01 4F
I ] 0.01 ul L e
0.1 4F I & 100k
pe__ |11 8 11 8 =
I l = — 300 - b1
ps |12 . 7 12 7 I
20pF =
cnanner . P13 ] 13 6 °
SELECT 0.014F
SWITCH 10k
1 MM55108 d AN = LM1862 l }
22pF I 0.0 uf 5 0F ™
P35 4 | = 15 4 Il 158
1 1024 1 0001 4F 1r S8pF ==
218 _l-" ==a = ‘,_l l'_‘. } 3 = |_.__ )
P1 17 2 17 2 ‘1‘[!!;
hid 0544
4 10 pF 0.01 4F .
10 pF — L
18 1 18 |_| L o
—-;E jf-— ' I 0 5 Tx 0UT
= 15.360 MHz —_L_ " 26.965 - 27.405 MHz
f f l'
200 pF 100 pF 200 pF 0544 1ok
l 05uH | TuH l 3
Ve + 89 O ' ' ' | 2ND MIXER

¥ 10.24 MHz OUT

_ FIRST MIXER

FIGURE 1. Single Crystal 40-Chanbnel Low Side Injection with MM55108 and LM1862

x 0UT
16.27 — 16.71 MHz
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typical applications (Continued)

R TO TRANSMITTER
> I@—b 26.965 — 27.405 MHz
p

OLLSSIWIN ‘8OLSSIINL-

| —— TO RECEIVER
MIXER |- - 1ST MIXER
1627 - 16.71 MHz
15.36 MHz
E" vca_‘
BUFFERED BUFFERED 4
10.24 MHz 5.12 MHz L
I 4 5| O0UT 6| ouT - .
= M .
3 OSCILLATOR DIVIDER
. o 7 oveo
PHASE" | ] |

DETECTOR
L ] L ouT
2 » o PROGRAMMABLE DIVIDER =
291

p8 [P [pe [ps Jra [ry [P3 [p2 [p1 Jro
x =
18 g s [ fn |1z f13 [a [1s i [17
W GND Vg i an

O
SW OPEN - Ry
SW CLOSE - Ty

CHANNEL -
SELECT 182 < N < 270 where N = binary

SWITCH number for programmable divider

FIGURE 2. MM55108 Single Crystal 40-Channel Low Side Injection

»| mixer TO TRANSMITTER

" 26.865 ~ 27.405 MHz
[ 1 LY TO RECEIVER
MIXER

* P 15T MIXER
36.75 — 37.19 MHz

35.84 MHz

BUFFERED BUFFERED . >
) 10.24 MHz 5.12 MHz
out 6] our

DETECTOR 8

OSCILLATOR DIVIDER
21 7 oVe0
PHASE I A ]

PROGRAMM?BLE DIVIDER
291

P71 |p6 |75 Jea [ax [P3 [Pe [Pt [P0
7’
mx =
ga l‘ ) V 0 1 [ ku 14 5'5 6 |17
GND Vg o
SWOPEN - Ry
SWCLOSE - Ty

I|}_/Og
<
<
:

CHANNEL 182 < N < 270 where N = binary
SELECT N
SWITCH number for programmable divider

FIGURE 3. MM55108 Single Crystal 40-Channel High Side Injection
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MM55108, MM55110

truth tables

TABLE l. Binary Inputs to Programmable Divider for MM55108

INPUTS
Ry /Tx Rx/Tx

“1” OR “OPEN" | “0” OR “CLOSED”| 28 27 26 25 24 23 22 21

N N P8 | P7 | P6 | P5 | P4 | P3 | P2 | P1

1 92 0 0 0 0 0 0 0

2 93 0, 0 o 0 0 o] 1

4 95 0 0 0 0 0 1 0

Channel 1 — 182 273 0 1 o 1 1 0 1 1

Channel 40 — 270 361 1] oo o] ol 101

510 601 1 1 1 1 1 1 1 1

1 = logical “1"*
0 = logical “0"”
TABLE il. vBinary Inputs to Programmable Divider for MM55110
INPUTS
Rx/Tx Ry/Tyx

1" OR “OPEN" |“0” OR “CLOSED"| 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20
N N P9 | P8 P7 P6 P5 | P4 P3 P2 | P1 PO
1 92 0 0 [o] o] 0 0 0 0 0 X
2 93 0 0 0 o] o] o] [¢] [ t 0
3 94 0 o] 0 0 0 4] o] 0 1 1
Channel 1 — 182 273 0 [o] 1 0 1 1 0 1 1 0
Channel 40 — 270 361 0 1 0 (¢} 0 0 1 1 1 0
1023 1114 1 1 1 1 1 1 1 1 1 1

X =don’t care
1 = logical 1"
0 = logical “0"
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MM5829

MM5329 LED watch circuit

general description

The MM5829 is a low threshold: voltage, ion-implanted,
metal-gate CMOS integrated circuit that provides or con-
trols all signals needed for a 3 1/2 digit LED watch. The
display format is 12 hours. The circuit time base is a
32768 Hz crystal controlled oscillator. This time base
frequency is successively divided to provide drive signals
for a multiplexed 7 segment LED display of either
HOURS-MINUTES or SECONDS upon demand. Out-
puts interface with currently available standard bipolar
segment and digit driver integrated circuits. The device
operates from a single 2.4V to 5.0V supply. A STOP
MODE is provided such that an entire watch may be
placed .in a powered down state with the oscillator
stopped when still connected to the battery. The
MM5829, is available in a 30-lead ceramic flat package or
as unpackaged die suitable for hybrid assembly.

Watches

features

® 32768 Hz crystal controlied operation
® Single 3V_supply

® Low power dissipation (15uW typ)

® Seconds, minutes and hours operation
® 3 1/2 digit, 12 hour display format

= Simple display/set controls

® Power-down mode

® Easy interface to standard bipolar IC’s for disblay
drive

block diagram'

chip pad layout

i 138 MILS
4095 Hz TEST 1 Hz/TEST FREQ 0O seT Voo I
[¢] o 1 0 TimE 30
DIGITS
os¢ o FREQ |1 M2/TEST FREQ ar o
N DIVIDER SELECT | Oa MMs829
0s¢ 1 132 MILS oscour O
ouT DIGIT g2 Os
2 H CONTROL DIGITS :
— 3| tocic [—O3 CIE ¢ SEGMENTS
. . DISPLAY - .
TiME O—b] sTRosE > DispLAY » l—0 1 s
s 7| CONTROL 14
SET O—p|  STORE LOGIC Oc TEST
I-' Vss LAVIP FREQ TEST 4036 OSCIN
Oo 0O 0 oo o g
HOLD HRS -
: . SET HOURS
- SETMIN RESET FIGURE 2.
SECONDS
v v vV y v
=12 60 60 - =
HOURS | ADvANCE |4 MINUTES | ADVANCE |4 SECONDS | RESET connection dlag ram
COUNTER COUNTER COUNTER
8 e ©
T 7 N
U U
B NC T 2 Voo
A\ SELECT COUNTER 2
» et SET :ﬁl IF:' Ne
v
ss PO e— p—1
A © 4321 WBW2
Voo TIME 5 2
SEGF 6
$ v a BN 7-SEGMENT DECODE SEGA 7
SEGB 8
Lamp A B C DEF G SEGE b
————
SEGMENTS SEGC Mga31a1s 15171819
SEGD | —INC
FIGURE 1. NE ::l 2096 e
Vs 2 TEST
LAWP € 2 1 Ha/TEST
FREQ
TOP VIEW
FIGURE 3.
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absolute maximum ratings

628SWIN

Voltage at Any Pin Vgs—0.3V to Vppt0.3V
Operating Temperature Range ) —5°C to +70°C
Storage Temperature Range
Dice —25°C to +85°C
Packages —55°C to +125°C - ‘
VDD - VSS 5V max
Lead Temperature (Soldering, 10 seconds) 300°C ‘

electrical characteristics ,
Ta within operating temperature range, Vss = GND, 2.4 < Vpp < 4.0V, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Oscillator Start Voltage Ta =25°C 27 v
Input Voltage Level @ Time, Set Voo = 3.0V
Logical “1”"" . 1/2 Vpp Vbp \
Logical “0” 300 k£2 Puli-Down to Vgg Open \Y
Input Voltage Level @ Test Frequency Vpp = 3.0V .
Logical 1" Vpp—0.25 Voo \Y
Logical “‘0"" . Vss Vgs51+0.25 \
Input Voltage Level @ Lamp, Test Vpp = 3.0V
Logical 1" ) 1 MQ Pull-Up to Vpp : Open Vv N
Logical 0" . Vgs Vgs+0.25 v
Input Current @ Time and Set Vin = Vpp, Sink Oniy. Vpp =3.0V 10 MA
Input Current @ Lamp and Test Vin = Vss, Source Only, Vpp = 3.0V 3 MA
Input Capacitance f=1.0MHz, V,y =0.0V - 5 pF
All other pads GND
Output Voltage Level @ Segment Drivers - v
Logical “1" Voo = 2.4V, lsource > 10uA Vop—0.2 Voo v
Logical “0" Vop = 2.4V, Igink > 300uA Vss Vgs+0.5 \Y
Qutput Voltage Level @ Digit Drivers
Logical “1” Vop = 2.4V, Isource > 840uA Vpp—1.3 Voo v
Logical 0" Voo = 2.4V, Igjnk > 20uA Vss Vgs+0.2 v i
Output Voltage Level @ 4096, 1 Hz Voo = 3.0V ] i 7
Logical 1" Isource > 10uA : Vpp—0.2 Voo %
Logical 0" Isink = 100A Vss Vgs+0.2 \% .
Supply Current (Ipp) : = 32768 Hz, To = 25°C 5 10 HA
Vpp = 3.0V, Unused Inputs Open,
Outputs Open
Supply Current (Ipp) Stop Mode, T = 25°C, Vpp =3.0V, . 1 HA
Unused Inputs Open, Outputs Open
functional description v ‘ ' ‘
A block diagram of the MM5829 digital watch chip is  quartz crystal, and (c) provide added phase shift for
shown in Figure 1. A chip pad layout is shown in Fig- good start-up and low voltage circuit performance.
"ure 2 and a package connection diagram in Figure 3. Capacitors C1 and C2 in series provide the parallel load
B capacitance required for precise tuning of the quartz
Time Base ‘ crystal. .
The precision time base of the watch is provided by the The network shown provides >100 ppm tuning ran‘ge
interconnection of a 32768 Hz quartz crystal and the when used with standard X-Y flexure crystals trimmed
RC network shown in Figure 4 together with the CMOS for C: = 12 pF. Tuning to better than 2 ppm is easily
inverter/amplifier provided between the oscillator in and obtainable. . .
oscillator out terminals. Resistor R1 is necessary to bias
the inverter for class A amplifier operation. Resistor R2 The 4096 Hz output or 1 Hz output can be used to
is required in order to (a) reduce the voltage sensitivity monitor the oscillator frequency during initial tuning
of the network, (b) limit the power dissipation in the without disturbing the network itself.
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MmM5829

functional description (con’t)

Time Display

The HOURS-MINUTES/SECONDS Display feature is
controlled by a normally open switch connected to the
Time input as shown in Figure 6. A logic 1"’ applied
to the Time input will cause HOURS-MINUTES to be
displayed for not less than 1.5 seconds or more than 2.0
seconds. The hours digits can display values 1—12 while
the minutes digits can display values 00—59. All zero
values are displayed for minutes and leading zero values
of hours are blanked. The character display font is
shown in Figure 5. Holding a logic “1” on the Time
input after the time-out of HOURS-MINUTES will cause
SECONDS to be displayed in digit positions 3 and 4
until the Time input is opened. SECONDS will blink
while displayed. Each value is visible for 0.5 seconds and
blanked for 0.5 seconds. The SECONDS digits can dis-
play values 00—59. All zero values are displayed.

Display Multiplexing

Outputs from each counter are time-division multiplexed
to provide digit-sequential access to the time data. Thus,
instead of requiring 28 leads to interconnect a four digit
(7 segments/digit) watch, only 11 output leads are re-
quired. Figure 6 shows the interconnection of an LED
watch system. The four digit outputs of the MM5829 are
designed to interface with the bipolar DM8650 digit
driver chip. The seven segment outputs are designed to
interface with the bipolar DM8651 segment driver chip.
The four digits of the LED Display are multiplexed with
a 25% duty cycle, 1024 Hz signal during Display. The
digit drivers are turned off for 15us during change of
digits to allow the seven segments to change “without
“ghosting” of the Display. When the MM5829, DM8650,
and DM8651 are used as shown in the typical applica-
tion of Figure 6 the peak segment on currents are
typically. 9 mA. The 0101 LED Display gives excellent
brightness under these drive conditions.

Time Setting

A normally open switch connected to the Set input is
used in conjunction with the Time switch to set hours,
minutes, and synchronize seconds.

HOURS: A logic 1" applied to the Set input will cause
HOURS-MINUTES to be displayed and will advance

CMOS INVERTER

oSt N osc ouT
SR
R2 S 200k :

1M : ‘ ZEROD
AAA
VW—
—3
j :l I
32768 Hz

CL-‘IZ pF

[ —— 1
5-36 pF 7‘D :D 45 pF . —
Voo OR Vs _ FIVE

FIGURE 4. Crystal Oscillator Network

HOURS at a 1Hz rate. The Seconds and Minutes
counters- continue normal counting during this
condition.

SECONDS: With a logic 1" on the Time input, the
application of a logic “1” to the Set input will immedi-
ately reset the Seconds counter to 00 and allow a normal
seconds count from there.

MINUTES: A logic “1” applied to both the Time and
Set inputs will allow HOURS-MINUTES to be displayed
and will advance the MINUTES at a 1 Hz rate. A transi-
tion from 59 to 00 will not advance the Hours counter
in this condition.

CONTACT BOUNCE: Debounce circuitry is provided
on the Time and Set inputs to remove any logic
uncertainty upon either closure or release of switches
providing switch bounce settles within 20 ms.

Oscillator Stop

The oscillator can be stopped in order to conserve
battery life during shipment of the watch. The oscillator
will stop if a logic 1" is momentarily applied to the
Time input and while HOURS-MINUTES are displayed
a logic “1" is momentarily applied to the Set input.
The Display is inactive during this mode. The oscillator
will start again when a logic 1" is applied to the Set
input. '

Test Points )

Four pins are provided for test purposes. A 4096 Hz
symmetrical signal is brought out for oscillator tuning.
The pin 1 Hz/Test Frequency is an input/output under
control of Test. With Test open, a 1 Hz output will
appear on the 1 Hz/Test Frequency pin. If Test is con-
nected to a logic “’0,” the 1 Hz/Test Frequency becomes
an mput and any frequency connected to it will be
divided by the Seconds counter in place of the normal
1 Hz signal. This feature is provided to allow high speed
functional testing of the watch system. If lamp is con-
nected to a logic “0,” all segments will be forced to an
on . condition under control of the normal 25% duty
cycle of the digit drivers. An internal pull-up resistor will
normally hold the lamp input to logic “1.”

FIGURE 5. Character Display Font




functional description (con‘t)

AAA,

6Z8SNIN

W '
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U
A semesk: | g ,
CRYSTAL P
pd !
|
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VssOR Vpp ‘
0sC IN 0SC 0UT
TIME
Voo —1 MM5829
v (cmos) |
= SET |
i
Vss '
vy Jr lr vy yYveww . . j
|
Vop = SEGMENT DRIVER DIGIT DRIVER . . |
DMB651 . DMgg50 L v
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FIGURE 6. Typical Application
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MM5860, MM58601, MM5880, MM58801

Watches

MM5860, MM58601, MM5880, MM58801
two time zone LED watch circuits

general description features

The MM5860/MM5880 is a low threshold voltage, ion- ™ 32,768 Hz crystal controlled operation
implgnted, metal~gat§ CNI.OS integrated. circuit t!@t = Single 3V supply

provides or controls all signals ) needed for a 4-digit ]

LED watch. The display format is either 12 or 24 ® Low power dissipation (15uW typical)
hours. The.circuit tin?e base is a 3.2'768 HZ_ crystql con- m Seconds, Minutes, Local and Zone Hours, Date, and
trolled .oscnl:ixtor.' This time basel is successively divided Month display

to provide drive signals for a multiplexed 7-segment LED

display of Date-Month, Local Hours-Minutes, Zone ® 4 year calendar

Hours-Minute:c,, or Seconds upon. denixand for 'the = 4.digit, 12/24 hour display format
MM5860 version.. The MM5880 version will vary only in

the date display by displaying Month-Date. The = AM indication in 12-hour format Co
MM58?(01 versions WI'|| blink ﬂ?e Month durlr_ng the = Simple display/set controls

date display. Outputs interface with currently available

standard bipolar segment and digit driver integrated - ® Auto return from Set and Display mode

circuits.  The device operates from a single 24-40V

, . A Easy interface to standard bipolar IC’s for display
supply. All versions are available as unpackaged die : )

" X N o drive :
suitable for hybrid assembly or in 40-lead dual-in-line
packages for evaluation purposes. . ® Display brightness control
block and connection diagrams
‘ TEST 4 Hz/TEST FREQ
4096 Hz O- 4 Hz > S:EE:.:IT RESET
0sc out | HheTEST
i 15STAGE | 1Hz
0S¢ KO- DIVIDER oM
LAMP —-0 01 .
o * DIGIT ou 4 HY/TEST FREQ —;4 U 190 test
SET/DISP , coNTROL| T O R OIBITS we =2 39 awe
CYCLE O- p)  DiSP&SET o Lo 4096 Hz —] L
[conTRoL Losic] > —-a0 04 3 37 S
ZONE O} . I . Ne — e
ne — = ne
coLoN e _57' ER e
NC — . | seamento
8 33
oscouT -—!- ? SEGMENT C
0SCIN —‘— T SEGMENT E
I 4 + I . I < 4 . w2 — Fy SEGMENT 6
p| seconos MINUTES LOCAL DATE MONTH s 2] ECEp
SEC| N - —_ - —
COQUNTER COUNTER [—>|  HOUR COUNTER COUNTER ol 8 SEGMENT A
., {COUNTER DIGIT 4 —I-; .ZT SEGMENT F
Voo Ty £ SET/DISPLAY
" =] 0
RETE ne — N el
HOUR |« - O 24 HR NC — R 12 e
:ounTERI 2 up = 12 e
19 PR P71
DIM =y = CYCLE
. . 21
COLON — I~ ZONE
- TOP VIEW
1 vy [ f
N c;]au&irn FIGURE 2.
LOGIC
7SEGMENT -
e DECODE -
A B LD G

o
m
-

SEGMENTS

FIGURE 1.
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absolute maximum ratings 2
[3)]
Voltage at Any Pin Vss — 0.3V to Vpp + 0.3V g
Operating Temperature Range -5°C to +70°C o
Storage Temperature Range R —25°C to +85°C N
Vpp — Vss 5V max 2
Lead Temperature (Soldering, 10 seconds) 300°C g
[$)]
0
»
. - Q
electrical characteristics :
TA within operating temperature range, Vgg = Gnd, 2.4V < Vpp <4V, unless otherwise noted. S
PARAMETER CONDITIONS MIN TYP MAX UNITS 3]
Oscillator Start Voltage TA = 25°C, Circuit of Figure 4 2.7 Y g
Input Voltage Levels at Cycle, Vpp =3V 9 i
Set/Display and Zone g
Logical 1" 1/2Vpp Vpp \ g
Logical 0" 300k$2 Internal Pull-Down to Vgg Open o
Input Voltage Levels at 4 Hz/Tesf Freq, g
24 Hr. o
ey
Logical 1" Vpp—0.25 VDD \
Logical 0" Vss Vgs+0.25 \
Input Voltage Levels at Lamp, Test Vpp =3V
Logical 1" T M Internal Pull-Up to Vpp Open
Logical “0"” Vss Vgg+0.25 \2
Input Véltage Levels at Dim
Display Duty Cycle = 21.875% 5 MS Pull-Down to Vgg Open or Vgs+0.3 \%
Display Duty Cycle = 9.125% Vss+0.9 Vpp-1.1 \
Display Duty Cycle = 3.125% Vpp-0.5 \
Input Current at Cycle, Set/Display VIN = VDD. Sink Only, 0.2 10 MA
and Zone Vpp =3V
Input Current at Lamp and Test VN = Vss, Source Only, 0.2 5 uA
) Vpp =3V 7
Input Current of Dim VIN = VDD, Sink Only, 0.1 2 uA
Vpp =3V '
Input Capacitance f=1MHz, VN =0V, 5 pF
Al Other Pads Gnd
Qutput Current Lgvels at Segment Drivers
Logical “1,” Source Vpp =24V, VouT=VpDp - 0.2V 10 30 uA
Logical “'0,"” Sink Vpp = 2.4V, VouT = Vss + 0.5V 300 600 HA
Output Currént Levels at Digit Drivers
Logical “1,” Source Vpp =24V, Vout=Vpp — 1.3V -840 1500 uA
Logical “’0,” Sink Vpp = 2.4V, VoyT = Vgs + 0.2V 10 30 MA
Output Curreﬁt Levels at 4 Hz/Test Freq, Vpp = 3V.
4096 Hz
Logical "1,” Source VouT = Vpp — 0.2V 10 uA
Logical “0,” Sink VouT = Vss + 0.2V 10 MA
Qutput Current Levels at Colon
‘ Logical “0,” Sink Vpp =24V, Voyt=1V 0.8 mA
Supply Current (Ipp) f=32,768 Hz, Tp = 25°C, 5 10 MA
VpD = 3V, Unused Inputs Open,
Outputs Open
Supply Current (Ipp) Oscillator Stopped, Ta = 25°C, 0.05 1 HA
VpD = 3V, Unused Inputs Open,
QOutputs Open
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MM5860, MM58601, MM5880, MM58801

functional description

Unless otherwise specified, all references to the
MM58X0 will also refer to the MM58X01. A block
diagram of the MM5860/MM5880 is shown in Figure 1.
The connection diagram is shown in Figure 2 and the
chip pad layout in Figure 3.

r Oaosevz - O a O vgO
A H2/TEST  TEST LAMP
OoscauT  rren o
Joscin . g
0z s}
SEGMENTS { G[J
159 MILS

80
DIGITS AD
O3 fO
Os SET/DiISPLAY [T

24HR DIM COLON  ZONE  CYCLE

OvppO m] a [m]

| 188 MILS |

FIGURE 3. Pad Layout

Time Base: The precision time base of the watch is pro-
vided by connecting a crystal-controlled RC network to
the on-chip CMOS inverter/amplifier as shown in Figure
4. For proper operation, the network should be tuned
to 32,768 Hz. Resistor R1 is used to bias the on-chip

- inverter for class A amplifier operation. Resistor R2 is

used to (a) reduce the voltage sensitivity of the network;
(b) limit the power dissipation in the quartz crystal; and
(c) provide added phase shift for good start-up and low
voltage circuit performance. Capacitors C1 and C2 in
series provide the parallel load capacitance required for
precise tuning of the quartz crystal. The network shown
in Figure 4 provides greater than 100 ppm tuning range
when used with standard X-Y flexure quartz crystals
trimmed for C|_ = 12 pF. Tuning to better than 2 ppm
is.easily obtainable.

c2
5-36 pF

70 COUNTERS

FIGURE 4. Oscillator RC Network

The 4096 Hz output or the 4 Hz output can be used to
monitor the oscillator frequency during initial tuning
without disturbing the network itself.. '

Display Multiplexing: The counter data selected to be

displayed is time-division muitiplexed to provide digit- -

sequential presentation to the LED display. This reduces
the number of outputs required to drive the 4-digit
display to 11 (7 segment drivers and four digit drivers).
The display font is shown in Figure 5. Figuré 6 is a
schematic diagram of a typical LED watch using the
MM5860/MM5880 watch chip. The digit outputs of the
MM5860/MM5880 are designed to interface with the
bipolar DS8658 digit driver chip and the segment driver
outputs will interface with the bipolar DS8659 segment
driver chip. The four digits of the LED display are
multiplexed with a 25% duty cycle, 1024 Hz signal
during the display period. The digit drivers are dis-
abled for 32us at the beginning of each digit enable time

to allow the segment decoding circuitry adequate time
to switch to the next digit's information. This eliminates
the possibility of “ghosting” information between digits.
When the MM5860/MM5880, DS8658 and DS8659 are
used in a typical appli‘cation as shown in Figure 6 the
peak segment “ON” currents are typically 11 mA.
The NSCO101 LED display gives excellent brightness
under these drive conditions.

i A s A O
ol E I

E FE 9 &
J 8 | a3

FIGURE 5. Character Display Font
DISPLAY CONTROL

The Time and Date display sequence is controlled by a
normally open switch connected to the Set/Display
input. With the display off, depressing the Set/Display
switch will activate the Local Hour: Minute display. This
display will remain on for 1.25 seconds £0.125 seconds.
If the switch is still held in at the end of this time out,
Seconds will be displayed, blinking on for 0.25 seconds
and off for 0.75 seconds, until the Set/Display switch is
released. If, during the Hour:Minute display, the Set/
Display switch is released and depressed a second time
the date will be displayed as Date Month in the MM5860
version and as Month Date in the MM5880 version..
The Month will blink on for 0.25 seconds and off for
0.75 seconds in the MM58601 and the MM58801
versions and not blink in the MM5860 and the MM5880
versions. The display will remain on for 1.25 seconds
and turn off automatically if the Set Display switch has
been released. Holding the Set/ Display switch -in past
the display time out will maintain the display  until
the Set/Display switch is released. Zone Hour:Minute
can be displayed by depressing the Zone switch. This
display will also remain on for 1.25 seconds +0.125
seconds. Holding the Zone switch depressed beyond
this period will cause Seconds to be displayed until
the switch is released. The date information can not
be displayed using the: Zone switch. Leading zeros are
blanked on the Month, Date and Hour displays.

TIME SETTING

The setting sequence is controlled by a normally open
switch connected to the Cycle input. Depressing the
Cycle switch will advance the watch to the next set
mode.

Set Hour Mode: With the watch in normal Run mode
and the display off, depressing the Cycle switch will
advance the watch to the Set Local Hour mode. In this
mode local hours will be displayed in digit positions 1
and 2 followed by the colon. The AM dot will be on
during AM time display. Depressing the Set/Display
switch will advance the Local Hour counter at a 2 Hz
rate. Depressing the Zone switch while in the Set Local
Hour mode will cause zone hours information to replace
the local hours information in digit positions 1 and 2.
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FIGURE 6. Sysi:em Schematic

The colon and the AM dot will still be presented as in
the Local Hours display. The Zone Hour counter can
now be advanced at a 2 Hz rate by depressing the Set/
Display switch.

In either of the above Set Hour modes if no switches are
depressed for 5.25 seconds +0.125 seconds consecu-
tively, the watch will automatically return to the Run
mode. Depressing the Cycle switch while in the Set
Zone Hour mode will return the watch to the. Run
mode. Depressing it while in the Set Local Hour mode
will place the watch in the Set Minutes mode.

Set Minutes Mode: The Set Minutes mode will display
minutes in digit positions 3 and 4 preceded by the .colon.
Depressing the Set/Display switch while still holding
the Cycle switch in will enable the Hold flag but will not
allow advancement of the Minutes Counter. Depressing
the Set/Display switch after the Cycle switch has been
released wil| do the following:

a. Reset and hold the Seconds Counter
b. Enable the Hold flag, and
c. Advance the Minutes Counter at a 2 Hz rate

If none of the switches are depressed for 5.25 seconds
+0.125 seconds consecutively while in the Set Minutes
mode, the watch will automatically return to the Run
Mode if minutes have not been set or will jump to the
Hold mode if minutes have been set. Depressing the
Cycle switch while in the Set Minutes mode will advance
the watch to the Set Date mode for the MM5860 version
or the Set Month mode for the MM5880 version. '

Set Date Mode: The Set Date mode ' will display the Day
of Month in digit positions 1 and 2 in the MM5860
version, or in digit positions 3 and 4 in the MM5880
version, with no colon displayed. Depressing the Set/
Display switch while in the Set Date mode will advance
the Date Counter at a 2 Hz rate.

If none of the switches are depressed for 5.25 seconds
+0.125 seconds consecutively while in the Set Date
mode, the watch will automatically return to the Run
mode if the Minutes Counter was not set or will jump to
the Hold mode if the Minutes Counter was set. Depres-
sing the Cycle switch while in the Set Date mode wili
advance the watch to the Run mode if the Minutes
Counter was not set or will advance it to the Hold mode
if the Minutes Counter was set for the MM5880 version.
Depressing the Cycle switch while in the Set Date mode
of the MM5860 version will advance the watch to the
Set Month mode.

Set Month Mode: The Set Month mode will display the
month in digit positions 3 and 4 in the MM5860 version,
or in digit positions 1 and 2 in the MM5880 version,
with no colon displayed. Depressing the Set/Display
switch while in the Set Month mode will advance the
Month Counter at a 2 Hz rate.

If none of the switches are depressed for 5.25 seconds
+0.125 seconds consecutively while in the Set Month
mode, the watch will automatically return to the Run
mode if the Minutes Counter was not set or will jump
to the Hold mode if the Minutes Counter was set.
Depressing the Cycle switch while in the Set Month
mode will advance the watch to the Run mode if the
Minutes Counter was not set or will advance it to the
Hold mode if the Minutes Counter was set for the
MM5860 version. Depressing the Cycle switch in the Set
Month mode of the MM5880 version will advance the
watch to the Set Date mode.

Hold Mode: In the Hold mode the Seconds Counter is
held at 00. Local Hour:Minute will blink on for 0.25
seconds and off for 0.75 seconds. Depressing the Cycle

switch while in the Hold mode will put the watch back

into the Set Hour mode and then the counters can be
set as described previously. With the Hold mode still
activated, the watch will return to the Hold mode only.
Depressing the Set/Display switch while in the Hold
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MM5860, MM58601, MM5880, MM58801

and “Cycle”

mode will place the watch into the display Local Hour:
Minute mode and allow the Seconds Counter to begin
normal operation.

There is no roll-over of the next higher counter while a
counter is being set. For example, while the Minutes
Counter is set from 59 to 00 neither the Local Hour nor
the Zone Hour Counter will be advanced.

Figure. 7 is a state diagram showing the display and set
functions for both the MM5860 and the MM5880.

COLON OUTPUT

" This output provides direct drive of the colon in the

LED display unit. Colon will sink current when acti-
vated. The colon output will be activated during the
display of either one of the hour counters or the minute
counter or both.

CONTACT BOUNCE

Debounce circuitry is provided on the “Set/Display”’
inputs to remove any logic uncertainty
upon either closure or release of switches provided
switch bounce settles within 100 ms.

12/24 HOUR OPTION

12/24 hour mode operation of the watch is controflled

] pispLay zone
i HR:MIN/SEC
—

by the logical state of the “24 Hr" input. If the 24 Hr""
input is a logical 1’ the watch will operate in the 24
hour mode. When the “24 Hr” input is a logical 0"
the watch operates in 12 hour mode.

DIM INPUT

The Dim input is a three level input used to control
the display intensity of the watch. This input has a pull-
down to Vgs to hold it normally at a logical “0.”

In this condition the display will normally be at maxi-
mum intensity. With the Dim input at 1/2 Vpp, the dis-

play will be at approximately 1/2 of full intensity.

Placing the input.at Vpp will reduce the display inten-
sity to approximately 1/8 of full intensity. Figure 8
shows the switching threshold ranges for the three level
DIM input.

TEST POINTS

Four pads are provided for test purposes.

4096 Hz: This pad outputs a 4096 Hz signal that can be
used for oscillator tuning.

] RUNSTATE

DISPLAY LOCAL nA“T’ESlI'\I’;(lA':YH
HR:MIN/SEC
(MONTH DATE)

IDISPLAY LOCAL
Hi

SET ZONE DISPLAY ZONE |
HOUR HOUR

SET LOCAL
OUR HOUR

|
|
L—1t

DISPLAY ¢ > SET MINUTES
MINUTES | | SET HOLD

DISPLAY l ¢ » I | {
DATE (MONTH) DATE (MDNTH)

DISPLAY

P -1 monTH (DATE) >,

MONTH (DAT:)!

L — 5]

= e = AUTOMATIC TIME QUT
CONTROLLED ROUTES

e USER CONTROLLED ROUTES

FIGURE 7. Control State Diagram MM5860 (MM5880)

DISPLAY TIME/DIGIT

DISPLAY CONDITION

VIN = VDD 3.125%
ViN=VDD — 0.5V
VIN=Vpp — 1.1V
VN = Vgs + 0.9V
VIN = Vgs + 0.3V

VIN = Vss

9.125%

21.875%

Threshold Region

Threshold Region

Low Ambient Light Levels
Moderate Ambient Light Levels

High Ambient Light Levels

‘ FIGURE 8. Counter Yoltage Levels at Dim Input
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TEST POINTS (CON'T)

4 Hz/Test Freq: This is an input/output pad under the
control of the “Test’ input. When ““Test” is at a logical
”0,” the “4 Hz/Test Freq” pad becomes an input and
any ~frequéncy connected to it will replace the normal
internal 4 Hz signal. This feature is provided to allow
high speed functional testing of the watch system.
When “test”” is open or at a logical 1", a 4 Hz output
will appear on the ‘4 Hz/Test Freq" pad. )

Test: This pad is used as an input to control ‘4 Hz/
Test Freq.” An internal pull-up resistor will normally
hold “Test” at a logical *1.”

Changing the Test input from a logical 1" to a logical
0’ will generate a reset pulse which will Set the internal
counters to 1 PM on January the first. The watch is now
in a known state for testing purposes.

Lamp: When the ““Lamp” input is at a logical “'0,” all
segments of the display will be forced to an “ON”
condition under control of the normal 256% duty cycle
of the digit drivers. An internal pull-up resistor will
normally hold the “Lamp” input at a logical “1.”

7-11

LO88SWIN '088SINIIN ‘LO98SINIIN ‘098SININ




-MM5879, MM5889, MM5899

)

v

general description

The MM5879, MM5889, MM5899 are RC circuits
which may be used in watch modules and other similar
applications. They are available in die form. All die

Watches

| MM5879, MM5889, MM5899 RC circuits

absolute maximum ratings

Voltage at Any Pad Vgs + 0.3V to Vgg — 20V
Operating Temperature -5°C to +70°C

) Storage Temperature —65°C to +150°C
are pad-for-pad interchangeable, offering a range of
capacitance and resistance values.
T
schematic diagram
R1 PART NUMBER R R2 CAP (Note 1)
Vss M- R1 MIN MAX MIN MAX MIN MAX
c MM5879 1256k 235k 15M 30M 9 pF 13 pF
1 MM5889 250k 470k 15M 30M 45pF | 55pF
| o l I ComMoN MM5889AB 250k 470k | 1M 30M 24pF | 36pF
MM5899 250k 470k 15M 30M 14 pF 20 pF
R2 ) .
Vss —W——‘ R2 Note 1: Capacitances are measured periodically only. Capacitance measured from
Vgs to common.

chip pad Iayout

30 MILS

comm

36 MILS

R2

FIGURE 1.




Watches

MM5885, MM5886 direct drive LED watch

general description

The MM5885, MM5886 is a low threshold voltage,
jon-implanted, metal-gate  CMOS integrated circuit
that provides or controls all signals needed for a 4-digit
LED watch. The display format is 12 hours. The circuit
time base is a 32,768 Hz crystal controlled oscillator.
This time base frequency is successively divided to
provide drive signals for a multiplexed 9-segment, alpha-
numeric LED display of DAY-DATE,HOURS-MINUTES
or SECONDS upon demand. A Month counter is
provided to control the count sequence of the Date
counter. The MM5885 uses one button to display while
the MM5886 uses two buttons for display purposes.
Outputs interface directly with an alphanumeric LED
display. The device operates from a single 2.4V to 4.0V
supply. Both the MM5885 and MM5886 are available
as unpackaged die suitable for hybrid assembly or in
a 40-lead dual-inline package for evaluation purposes.

features '

m No external parts except the battery, LEDs and
crystal

32,768 Hz crystal controlled operation
Single 3V supply
Low'power dissipation (15uW typ)

Seconds, Minutes, Hours, Day-of-Week, Date and
Month operation

"4 year calendar

4-digit, 12 hour display format

Simple display/set controls

Inertial switch input ) §
Alphanumeric display

Direct drive outputs

Display brightness control

AM/PM indication during set hours

Month indication during set month

Test features

Single button display control (MM5885)

block diagram

4096 Hz O

TEST 4 Ha/TEST FREQ

oscouT O 1 T
FREQ SELECT AND 1He
[ e ———
0SC IN 13 STAGE DIVIDER 2 STAGE DIVIDER

RESET

AP o._:l_
.

SET/DISP Quemmameeeeeip |

CYCLE Q| DISP AND SET
DAY/DATE Q———emep] ~ CONTROL LOGIC

N —01t

»|  0iGIT CONTROL oz .
LOGIC AND DIGITS
BUFFERS 03

g —0 4

HR/MIN Qi |

vy

4 I A I v v
Ny

SECONDS MINUTES
COUNTER COUNTER

vy
DATE MONTH DAY
COUNTER COUNTER COUNTER

=

Vss O———> COUNTER SELECT
LOGIC
Vop O———p l
9SEGMENT
LAMP O DECODE AND
BUFFERS

I

DEF
SEGMENTS
FIGURE 1.

o
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MM5885, MM5886

absolute maximum ratings

Voltage at Any Pin

Operating Temperature Range
Storage Temperature Range
Vop ~ Vss

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

Vgs —0.3V to Vpp + 0.3V
~5°C to +70°C

-25°C to +85°C

5V max

300°C

T within operating temperature range, Vg = GND, 2.4 < V5 < 4.0V, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Oscillator Start Voltage Ta =25°C 27 v
Input Voltage Levels at Cycle,
Set/Display, Day/Date, Hour/Min
Logical 1" 300 k§2 Internal Pull-Down 1/2Vpp Voo \
to Vgg
Logical 0" . Open
Input Voltage Levels at
4 Hz/Test Freq.
Logical "1 Vpp—0.25 Voo v
Logical “'0" Vss Vgs+0.25 v
Input Voltage Levels at Lamp, Test
Logical 1" 100 k€2 Internal Pull-Up Open
) to Vpp . : .
Logical 0" Vgs Vss10.25 Y
- Input Voltage Levels at Dim, 5 MQ Pull-Down to Vgg
Display Duty Cycle = 21.875% ‘ Open Vgs10.3
Display Duty Cycle = 9.125% Vsst0.9 Vop~1.1
‘Display Duty Cycle = 3.125% Vpp—0.5 Voo
Input Current at Cycle, Set/Display, Vpp = 3.0V, Viy =Vpp, 30 50 MA
Day/Date, Hour/Min Sink Only
Input Current at Lamp, Test Vpp =3.0V, V| = Vgg, 30 50 HA
Source Only
Input Capacitance f=1MHz, V,y =0V, 5 pF
All Other Pads GND
Output Current Levels at Vpp = 2.7V
Segment Drivers.
“ON" Source VouT = Vpp — 0.5V 7 10. 15 mA
OFF"" Source Vout = Vpp ~ 1.1V 50 A
Output Current Levels at Vpp = 2.7V
Digit Drivers
“ON’* Sink Vout = Vs + 0.6V 50 70 . 2 mA
“‘OFF" Sink Vout = 2.0V, All Digit Drivers Tied 1 UA
in Parallel
Output Current Levels at
4 Hz/Test Freq., 4096 Hz )
Logical ‘1" Source Vout = Vpp — 0.2V 10 MA
Logical 0" Sink Vout = Vgs + 0.2V 10 MA
Operating Supply Current {I5p) f=132,768 Hz, T, =25°C, 5 10 uA
Vpop =3V, Unused Inputs Open,
Outputs Open »
Quiescent Supply Current (I5p) Osc In @ Gnd, Vpp = 3V, 0.05 1 MA

Ta = 25°C, Other Inputs and
Outputs Open
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functional description

A block diagram of the MM5885/MM5886 direct drive
digital watch is shown.in Figure 7. The chip pad layout
is shown in Figure 2 and a package connection diagram
in Figure 3.

" Time Base: The precision time base of the watch is
provided by the 32,768 Hz crystal controlled oscillator,
which consists of the quartz crystal, the CMOS inverter/
amplifier and the RC network shown in Figure 4.
Resistor R1 is necessary to bias the inverter for class A

. amplifier operation. Resistor R2 is required in order to
(a) reduce the voltage sensitivity of the network; (b)limit
the power dissipation in the quartz crystal; and (c) pro-
vide added phase shift for good start-up and low voltage
circuit performance. Capacitors C1 and Cgg in series
provide the parallel load capacitance required for precise
tuning of the quartz crystal. The network shown in
Figure 4 provides greater than 100 ppm tuning range
when used with standard X-Y flexure quartz crystal
trimmed for C_ = 12 pF. Tuning to better than 2 ppm
is easily obtainable.

Cap: This pin is used with Oscillator Out to add more
capacitance to the oscillator RC network shown in
Figure 4.

‘Display Control: The

FIGURE 2. Pad Layout

——Do—w[—b TO COUNTERS
3 I Sm < m2
36 pF | oS ;» 200k
osc ot 1

Vo OR Vgs
car |

37pF T 8pF
Vss Vss

FIGURE 4(a)." Oscillator RC Network for
Anti-Resonant Quartz Crystals

Note 1: 32,768 Hz anti-resonant |
quartz crystal, Cy_ %12 pF |

“Time” and “Date” display
sequence is controlled by normally open switches
connected to SET/DISPLAY, DAY/DATE (MM5886),
and HOUR/MINUTE (inertial switch) inputs. With the
display ““OFF,” depressing the SET/DISPLAY switch
will activate the HOUR-MINUTE display. This display
will remain “ON” for 1.25 seconds +0.125 seconds.
If the switch is still held in at the end of this time out,
SECONDS will be displayed blinking “ON" for 0.25
seconds and “OFF” for 0.75 seconds until the SET/
DISPLAY switch is released. If, during the HOUR-
MINUTE display, the SET/DISPLAY switch is released
and depressed a second time, the date will be displayed
as DAY-DATE in the MM5885. The DAY-DATE display
will remain “ON” for 1.25 seconds *0.125 seconds
and turn “OFF" automatically if the SET/DISPLAY
switch has been released. Holding the SET/DISPLAY
switch past the display time out will maintain the
DAY-DATE display until the SET/DISPLAY switch
is released. In the MMB5886, depressing the SET/
DISPLAY a second time has no effect. To display
DAY-DATE information in the MM&886, depress the
DAY/DATE switch. The DAY-DATE display will remain
“ON"" for 1.25 seconds *0.125 seconds. If the switch
is still held in at the end of this time out, the display
will remain until the DAY/DATE switch is released.
“Time" may also be displayed in both the MM5885 and

159 MILS i
55 5.4 1222 159
430 982 1535
, | b
5. rh (uml l'h 1 a0
D‘I-:;-‘z s ‘2—' ‘-c-‘ SEGMENT | ~— o SEGMENTE
1
) s 26 2 =1 0-FH— 1387 DiGIT2 — = SEGMENT C
! =24 NG — — NC
310 —4-H3 016 1 (H10) =23 N = 1R
. . N = = ne
4”1—{%:22 =26 F— 11 Ne —d 35 nc
45X5.0 NG i {34 NC
8 )
572 —-F 016 3 (m10) =21 = | DIGIT 1 e f— SEGMENT D
HH 3vpo FH— 114 s T
Vs = MM5885 = SEGMENTG
. DIGIT3 == MM5386 L v,
18— s [Tl 0
DIGIT4 ] j— SEGMENT B
80.7 —HE 016 4 (V1) =20 MMS385, MM5886 2 2
n:u.ls - b f (ALL PADS ARE 5.0 X 5.0 MINIMUM) 4096 Hz -] f— SEGMENTF
. 1 8
e cAP — -;-7— SEGMENT H
99.2 — -3 06 (e =19 ) b oseouT =21 o JEOMENTA
: ' NC — nC
107.9 —-E13 cap #18 4.5 SQUARE, TYP 0sCIN E 125 ¢
17 24
oM — = LAwP
=64 EH— 381 A H2/TEST el L2 ser/miseLay
1317 —-E 0sc ouT =17 Py =8(Ncy TEST % :2—' cYCLE
71— = DAY, P
16 10ATE a8 LA HR/MIN —] |— DAvY/DATE (MMSBBE)
0SC =15 =14 =13 ' =12 (NC) (MODE) (DISPLAY) a2 | -
N DIM 8 HZTEST HRMIN CYCLE  SET A 152 ToPVIEW
i mm m m m m ) B
155.5 gy ) 28] = T o 28]
161 [] FIGURE 3. Connection Diagram
- 189 | 362 89.1 117.3
102 216 125 1032 1312

OSCIN ‘ -

-[‘——h[—%—» T0 COUNTERS

[ 3
S R <SR
O | Swm < 2k
| oscout |

! -
| T upF
[ VL

Note 1: 32,768 Hz waing fork quartz erystal, C,_ = 9 pF

FIGURE 4(b). Oscillator RC Network
for Tuning Fork Quartz Crystals
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MM5885, MM5886

functional description (con‘t)

MM5886 by activating the HOUR/MINUTE input.
The HOUR/MINUTE input is used with an inertial
switch that is normally open. Closing the switch activates
the HOUR/MINUTE display. This display will remain
“ON” for 1.25 seconds *0.125 seconds and then turn
“OFF"" automatically.

Time Setting. The setting sequence is controlled by a
normally open switch connected to the Cycle input.
Depressing the Cycle switch will advance the watch to
the next set mode. Figure 5 is a flow diagram showing
the display and set functions for both the MM5885
and the MM5886.

Set Hour Mode: With the watch in the normal Run mode

and the display '‘OFF,” depressing the Cycle switch will
put the watch into the Set Hour mode. In this mode,
HOURS will be displayed in digit positions 1 and 2
followed by the colon. An A or a P will be displayed in

"digit position 4 to indicate AM or PM, respectively.

Depressing the SET/DISPLAY switch will advance -the
Hours counter at a 2 Hz rate. If neither the SET/
DISPLAY switch nor the Cycle switch are depressed
for 5.25 seconds +0.125 seconds, the watch will auto-
matically return to the Run mode. Depressing the
Cycle switch while in the Set Hours mode will advance
the watch to the Set Minutes mode.

Set Minutes Mode: The Set Minutes mode will display
minutes in “digit positions 3 and 4 preceded by the
colon. Depressing the SET/DISPLAY switch while
still holding in the Cycle switch will enable the hold

" flag but will not allow advancement of the MINUTE

counter. Depressing the SET/DISPLAY switch after the
Cycle switch has been released resets and holds the
SECOND counter, enables the hold flag, and advances
the MINUTE counter at a 2 Hz rate. If neither switch

_is depressed. for 5.25 seconds *0.125 seconds while

the watch is in the Set Minutes mode, the watch will
automatically return to the Run mode if minutes have
not been set or will jump to the Hold mode if minutes
have been set. Depressing the Cycle switch while in the
Set Minutes mode will advance the watch to the Set
Day mode.

Set Day Mode: The Set Day mode will display DAY-OF-
THE-WEEK in digit positions 1 and 2. Depressing the
SET/DISPLAY switch while in the Set Day mode will
advance the DAY counter at a 2 Hz rate. If neither
switch has been depressed for 5.25 seconds +0.125
seconds while in the Set Day mode, the watch will
automatically return to the Run mode if the hold flag
was not set or will jump to the Hold mode if the hold
flag was set. Depressing the Cycle switch while in the Set
Day mode will advance the watch to the Set Date mode.

DISPLAY
! DAY/DATE
§ R A;/n
v 1 ! N
1
/D s
v i s sic > i §76 L
DISPLAY | DiseLay DISPLAY DISPLAY DISPLAY
RUN wm HR:MIN wrmin [P pavioare - AN m HA:MIN HR:MIN
> r- >
r
| J | T
¢ I ¢ |
| /0 50 | /0 )
P DISPLAY . - S DISPLAY S
T > L > seconns T > ¥ seconos
i |
| s/ ! 3 L s
DISPLAY S70 SET oiseay  f 5 SET
| HOURS * HOURS | Hgurs  |® HOURS
[ T ! ~
¥ [
| | s | | s
| DISPLAY | 5/ SET | DISPLAY 578
MINUTES ~ MINUTES/HOLD MINUTES ~ MINUTES/HOLD
| Y ! ) L 4
A ol
| s/0 1 L s
| pispLay g SO SET | DispLAY | g STD SET
DAY N DAY DAY T DAY
| s 4 . | - <
' lc Ic
1 . ' I o
| DISPLAY | t s SET | DISPLAY t 57H SET
| DATE T DATE | DATE T DATE
L. - - .
1 ‘c | | lc |
| | sio | s
| oseeay | | 5 SET ] oispLay [ | S SET
monh  [# MONTH month  |* MONTH
| -+ | -
| i J | C
—_ — —
! /D = SET/DISPLAY I /0 = SET/DISPLAY
| HiM = HOUR/MINUTE | HIM = HOUR/MINUTE
L €= CYCLE Lo . €= CYCLE
— — — =TIME-OUT ROUTE — — — - TIME.OUT ROUTE
VES VES
£ HOLD £ HOLD

FIGURE 5(a). MM5885 Flow Diagram

S/0

FIGURE 5(b). MM5886 Flow Diagram
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functional description (con’t)

Set Date Mode: The Set Date mode will display DATE in
digit positions 3 and 4. Depressing the SET/DISPLAY
switch while in the Set Date mode will advance the
DATE counter at a 2 Hz rate. If neither the SET/
DISPLAY nor the Cycle switches have been depressed
for 5.25 seconds *0.125 seconds while in the Set Date .
mode, the watch will automatically return to the Run
Mode if the hold flag was not set or will jump to the
Hold mode if the hold flag was set. Depressing the
Cycle switch while in the Set Date mode will advance
the watch to the Set Month mode.

Set Month Mode: The Set Month mode will display
MONTH in digit positions 3 and 4 and an “M" in digit
position 1. Depressing the SET/DISPLAY switch while
in the Set Month mode will advance the MONTH counter
at a 2 Hz rate. If neither the SET/DISPLAY nor the
Cycle switches have been depressed for 5.25 seconds
+0.125 seconds while in the Set Month mode, the watch
will automatically return to the Run mode if the hold
flag was not set, or will advance to the Hold mode if
the hold flag was set. Depressing the Cycle switch while
in the Set Month mode will advance the watch to the
Hold mode if the hold flag was set; otherwise, the watch
will advance to the Run mode.

Hold Mode: in the Hold mode the SECOND counter is
held at 00, and the HOUR-MINUTE display will blink

[ [f]l -
) )

“*ON"" for 0.25 seconds and “OFF’ for 0.75 seconds.
Depresssing the SET/DISPLAY switch will place the
watch in the display HOUR/MINUTE mode for 1.25
seconds *0.125 seconds. Depressing the Cycle switch
while in the Hold mode will advance the watch to the
Set Hour mode. There is no roll-over of the next higher
counter while a counter is being set at a 2 Hz rate.

Month Counter: The MONTH counter provides,”smért
Date’” but is only displayed during the Set Month mode.
The DATE counter will count 28 days in February,
30 in April, June, September and November, and 31
in the remaining months.

Contact Bounce: Debounce circuitry is provided on the
SET/DISPLAY, CYCLE, DAY/DATE and HOUR/
MINUTE inputs to remove any logic uncertainty upon
either closure or release of the switches. 20 ms debounce
protection is provided for SET/DISPLAY, CYCLE and
DAY/DATE inputs and 200 ms protection is provided
for the HOUR/MINUTE input.

Display Multiplexing: The counter data selected to be
displayed is time-division multiplexed to provide digit-
sequential presentation to the LED display. This reduces
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FIGURE 5(c). Set Display Font
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MM5885, MM5886

functional description (con’t)

the number of outputs required to drive the 4-digit
display to thirteen (9-segment drivers and 4-digit drivers).
The display font is shown in Figure 6. Figure 8 is a
schematic diagram of a typical LED watch using the
MM5885 watch chip. The segment and digit drivers
are designed to interface directly with the LED display.
The four digits of the LED display are multiplexed
with a 23% duty cycle, 1024 Hz signal during the display

-period. The digit drivers are disabled for 32usec at the

beginning of each digit enable time to allow the segment
decoding circuitry adequate time to switch to the next
digit’s information. This eliminates the possibility of
*‘ghosting” information between digits.

Dim Input: The Dim input is a 3-level input used to
control the display intensity of the watch. This input
has a pull-down to Vgg to hold it normally at a logical
“0.” In this condition, the display will normally be at
maximum intensity. With the Dim input at 1/2 Vpp
the display will be at approximately 1/2 of full intensity.
Placing the input at Vpp will reduce the display inten-
sity to approximately 1/8 of full intensity. Figure 7
shows the switching threshold ranges for the 3Ievel
Dim input.

Colon Output: Colon information is present on the “h”
and “i"” segment outputs during digit position 4.

e 445

il
1L

MONDAY

Q,:‘[I

TUESDAY

Test Points: Four pads are provided for test purposes.

4096 Hz: This pad outputs a 4096 Hz signal that can be
used for oscillator tuning.

4 Hz/Test Freq: This is an input/output pad under the
control of the Test input pad. When ““Test” is at a logical
“0,” the 4 Hz/Test Freq pad becomes an input and any
frequency connected to it will replace the normal

- internal 4 Hz signal. This feature is provided to allow

high speed functional testing of the watch system.
When “Test” is open or at a logical “1,” a 4 Hz output
will appear on the 4 Hz/Test Freq pad.

Test: This pad is used as an input to control the 4 Hz/
Test Freq pad. An internal pull-up resistor will normally
hold ““Test” at a logical ““1.” Changing the Test input
from a logical “*1"’ to a logical “0" will generate a reset
pulse which will set the internal counters to 1 AM on
Sunday, January the first. The watch is now in a known
state for testing.

Lamp: When the Lamp input is at a logical “‘0,” all
segments of the display will be forced to an “ON”
condition under control of the normal 23% duty cycle
of the digit drivers. An internal pull-up resistor will
normally hold the Lamp input at a logical “'1.”

=T
THY [
77 ]

I
= ZZ;M%IZ:

WEDNESDAY
A

o

THURSDAY FRIDAY

By
7

SATURDAY

FIGURE 6. Display Font

21.875% DUTY CYCLE I I

9.375% DUTY CYCLE J

I
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i

D

3.125% DUTY CYCLE

—

L ‘

90.5us —=— -
f=— 30.5us

213.6us

976.5us

DISPLAY CONDITION

Vin DISPLAY TIME/DIGIT
Vbp 3.125% Low Ambient Light
Vpp — 0.5V Threshold Region
Vpp — 1.1V 9.375% Moderate Ambient Light
Vgg +0.9V Threshold Region '
Vss +0.3V 21.875% - High Ambient Light
Vss

FIGURE 7. Dim Input Levels
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functional description (con’t)
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FIGURE 8(a). System Schematic for MM5885 LED Watch (Anti-Resonant Crystal)
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FIGURE 8(b). System Schematic for MM5885 LED Watch (Tuning Fork Crystal)




MM5890

Watches

MM5890 LCD chronograph circuit

general description features

The MM5890 is a low threshold voltage, ion implanted, ® Direct continuous LCD drive capability
metal-gate CMOS integrated circuit that provides all .
signals needed to drive an LCD watch of six digits plus ® 32.768 kHz crystal controlled operation

nine information segments. The circuit time base is a = Single 1 b i
32.768 kHz crystal controlled oscillator. This base Single 1.5V battery operation
frequency is divided down to provide SECONDS, MIN-

. -
UTES, HOURS, DAY-OF-THE-WEEK, DATE and Voltage multiplier

MONTH information in the normal watch mode with ® Low power dissipation

separate minutes, seconds, and hundredths of a second

available in the stopwatch mode. Time display can be & 6-digit plus 9 information segment display
bonded to either 12 or 24 hour format. 51 phase con-

trolled outputs are provided for direct drive of the ® Colon display

display. The 32 Hz output is used as the backplane

drive for normal operation and as a test frequency ® 12 or 24 hour format

input during testing. The MM5890- operates on a single
1.4V to 1.6V supply. An on-chip voltage multiplier is
used to provide 2 or 3 times the battery voltage to drive
the display. The MM5890 is available in die form suit-

® 4 year calendar

= Stopwatch with split operation

able for hybrid assembly or mounted on a 68-lead m B-function watch
dual-in-line  PCB assembly for test and evaluation
purposes. ® 4 button sequential operation

block diagram

a TesT 12HR CAP1 CAP2 CAP3 Vgg Vg Vpp
i o T o o (T (o] T T
, < .
0SC CAP O—p] < ouTPUT
o0sc FREQ PHASE
0sc 1N O—>] . ©oseeer | CONTROL
oscouT [ VOLTAGE
» MULTIPLIER
15STAGE |
DIVIDER — *
I A4 l y l v v y I L 2 1 J
MULTIPLEX SEC MIN HR DAY DATE MONTH
CONTROL TR CTR TR CTR CTR TR
START/STOP O—b} v Jr v l ¥
SET/DISP O » COUNTER
cveie o—py SHTTROL G seeer —> oeconen
vioDE ) > LOGIC
SW DISABLE O—bp} L 4 T [
| LATCH LATCH LATCH
STOPWATCH STOPWATCH STOPWATCH
| wseccta [P seccounter > WNUTE trR
F v V¥ )
SPLIT Qe - v

QUTPUT DIGITY DIGIT 2 DIGIT3 DIGITA DIGITS DIGIT6 DAYS-OF-THE )
MONTH O—=1 | AtchES ‘_—l ® I ) I ® I m I I ) I WEEK (7) ]‘—'m',mwms

£OLON O~—r

47 SEGMENT DRIVE QUTPUTS

FIGURE 1.
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absolute maximum ratings §
Voltage at OSC IN, OSC OUT, Vpp + 0.3V to Vgg — 0.3V Storage Temperature Range —25°C to +85°C g
12 HR. SW Disable, Double, Triple ) VoD ~- VEE ) 6.5V 0
Set/Display, Cycle, Mode, Start/Stop VbD - Vss ) 3.0V o
Voltage at Any Other Pin Vpp +0.3V to VEg ~0.3V Lead Temperature (Soldering, 10 seconds) ) 300°C
Operating Temperature Range —5°C to +70°C :
electrical characteristics
T A within operating range, Vpp — Vss = 15V, Vpp — VEE = 4.5V, Vpp @ Ground unless otherwise noted.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Oscillator Start Voltage Ta = 25°C, (Note 1) 1.40 v
Oscillator Sustaining Voltage TA= —5°C, (Note 1) 1.30 A"
Input Voltage Levels
Set/Display, Cycle
Start/Stop, Mode
Logical ““1" Vpp—0.25 \%
Logical ‘0" Internal Pull-Down to Vss Open \
Test
Logical 1" Vpp—0.256 \
Logical “0"" Internal Pull-Down to VEE Open \%
32 Hz/Backplane Test Input = Vpp
Logical “1"” Vpp—0.25 \'
Logicai “0" VEE+0.é5 \%
12 HR, SW Disable
Logical “1" Vpp—0.25 Y
Logical 0" Vgs+0.25 \Y
Input Current Levels :
Set/Display, Cycle, Start/Stop, VIN = VDD 30 50 A
Mode, Test ) ‘ .
Input Capacitance =1MHz, Vin =0V,
All Other Pads Gnd g
0OSC OuUT 8 pF
0SC Cap 37 pF
All Others 5 pF
Output Current Levels )
Segment Drivers
Logical ““1"" Source VouT = VDD — 0.2V, 20 MA
(Vpp — VEE = 3V)
* Logical 0" Sink VouT = VEE +0.2V, 2.0 MA
: (Vpp — VEE = 3V)
‘BP/32 Hz Output ' :
Logical *“1" Source VouT =VpD — 0.2V, 200 HA
(Vpp — VEE=3V)
Logical 0" Sink VouT = VEE + 0.2V, 200 A
: (Vpp = VEE=3V)
Output Current Levels
Double, Triple )
Logical “1,” Source ' VouT = Vpp —0.25V, 7.5 HA
Phase 2< 1 ms
Logical “0,” Sink VouT = Vss + 0.25V, 35.0 HA
Phase 3
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electrical characteristics (Continued)

MM5890

PARAMETER CONDITIONS MIN TYP‘ MAX UNITS
Cap 1 ., ) !
Logical “1,” Source VVOUT =Vpp—0.25V, 75 MA .
Phase 1 .
Logical “‘0,” Sink VouT = Vss + 0.25V, 20.0 HA -
. Phase 2 b
Leakage VouT =VDpD — 3.0V, 0.6 MA
. Phase 3
) Cap 2
Logical “0,” Sink VouT = Vss + 0.25V, 35.0 WA
Phase 1
Leakage VouT = VEE + 1.5V, 0.6 HA
Phase 2
VEE
Logical “0,” Sink Cap2=Vpp —4.2v, 250.0 o uA
Phase .3 '
VouT =Vpp — 3.95V
Input Debounce Test Input Open i
Cycle, Mode Osc. In Freq = 32.768 kHz 120 260 ms
Set (0 to 1" Transition) ‘ 120 260 ms
Set (1" to 0" Transition) 60 130 : ms
Start/Stop 60 130 ms
Supply Current (Ipp) Ta=25°C, IEE =1 uA,
Doubler Operation f=232,768 Hz, Vpp — Vgg = 3.0 6.0 MA
Tripler Operation 1.6V, (Note 1) ‘ ‘ 6.0 8.0 CuA
Supply Voltage (VEE) TA = 25°C, C=0.047 uF,
Doubler Operation |EE =1 1A, f=32,768 Hz, 25 ) \Y
Tripler Operation VDD — Vss = 1.5V, 38 -V
(Figure 9), (Note 2)

Note 1: In oscillator network shown in Figure 4.
Note 2: External capacitors connected as shown in Figure 9.

functional description

A block diagram of the MM5890 chronograph chip is
shown in Figure 1 with the chip pad layout shown
in Figure 2.

)
Time Base: The precision time base of the chronograph
is provided by connecting a crystal controlled RC net-

“work to the on-chip CMOS inverter/amplifier as shown

in Figure 3. For proper operation the network should be
tuned to 32.768 kHz. Resistor R1 is used to bias the
on-chip inverter for class A amplifier operation. Resistor
R2 is used to: a) reduce the voltage sensitivity of the
network; b) limit the power dissipation in the quartz
crystal; and c) provide added phase shift for good
start-up and low voltage operation. Capacitors C1 and
C2 in series provide the parallel load capacitance required
for precise tuning of the quartz crystal. The network
shown in Figure 4 provides greater than 100 ppm
tuning range when used with standard X-Y flexure
quartz crystals trimmed for Cp_ = 13 pF. Tuning to
better than 2 ppm is easily obtainable. The 32 Hz output

can be used to monitor the oscillator frequency during
initial trimming without disturbing the network itself.

DISPLAY CONTROL

Watch Mode: When used ‘as a watch, the MM5890 has
two display- modes. The first mode displays the HOUR
in digit positions 1 and 2, the MINUTE in digit positions
3 and 4, the DATE in digit positions 5 and 6 and the
DAY-OF-THE-WEEK (Figure 5). The second mode will
display SECONDS in digit positions 5 and 6 instead of
the DATE. Depressing the Set/Display switch will change
the watch from one mode to the other.

Leading zero values of the DATE and HOUR are
blanked. The circuit contains a 4 year calendar which’

© will automatically reset the Date Counter to 1 and

advance the Month Counter at the end of each month
(except for February in leap Year). The character
display font is shown in Figure 6. ‘




functional description’ (Continued)

135, us 165 1083 1243 1403 153 1723 TEST
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FIGURE 4. Crystal Oscillator Network
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MM5890

functional description (Continued)

0 0 0004
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Stopwatch Mode: Depressing the Mode Switch will
switch the watch from the normal watch mode to the
stopwatch mode. When used as a stopwatch, the
MMB890 displays the stopwatch MINUTE in digit posi-
tions 1 and 2, the stopwatch SECOND in digit positions
3 and 4, and the stopwatch 1/100 SECOND in digit
positions 5 and 6. Depressing the Start/Stop Switch will
either start the stopwatch if it is not counting or stop
it if it is counting.

Depressing the Set switch will activate the Split Time
mode. In this mode the watch will freeze the time
showing on the display at the instant the Set switch is
depressed. The stopwatch continues counting and the
colon will begin blinking at a 1 Hz rate to indicate the
continuing count. Depressing the Start/Stop switch will
stop or start the stopwatch counters. The colon will
remain “ON" in the Split Time mode if the stopwatch is
not counting. The Split indicator (refer to Figure 5) will
be “ON" during the Split- Time mode. Depressing the
Set switch while the watch is in the Split Time mode
will return the accumulated time in the stopwatch to the
display and the Split indicator will turn “OFF.”

Depressing the Set switch while the stopwatch is not
running and is not in the Split Time mode will clear the
stopwatch counters to a zero count. Depressing the
Mode switch while the stopwatch mode is active will
transfer the watch to the normal watch mode. This
transfer will not affect the stopwatch function and the
stopwatch will continue performing the same function
until the stopwatch mode is again activated with the
mode switch.

Setting Control: A normally open switch connected to
the Cycle input is used in conjunction with the Set/
Display input to set the MONTH, DATE, DAY-OF-
THE-WEEK, HOUR, MINUTE and synchronize the
SECOND information.

HOUR: With the watch in the watch mode depressing
the Cycle switch will put the watch in the Set Hour
mode. The HOUR information will be in digit positions
1 and 2 with either an A or a P in digit position 4
indicating AM or PM. While in this mode, depressing the
Set/Display switch will cause the HOUR counter to
advance at a 1 Hz rate until the switch is released.

MINUTE: Depressing the Cycle switch while the watch
is in the Set Hour mode will put the watch in the Set
Minute mode with the MINUTE information dispfayed
in digit positions 3 and 4. Depressing the Set/Display
switch will advance the MINUTE counter at a 1 Hz rate
and activate the Hold mode.

DAY-OF-THE-WEEK: Depressing the Cycle switch
while the watch is in the Set Minute mode will place it
in the Set Day mode with the DAY-OF-THE-WEEK dis-
played. Depressing the Set/Display switch will change
the DAY-OF-THE-WEEK at a 1 Hz rate until the switch
is released.

DATE: Depressing the Cycle switch while the watch is
in the Set Day mode will advance it to the Set Date
mode with the DATE (day of the month) displayed in
digit positions 5 and 6. Depressing the Set/Display
switch while the watch is in the Set Date mode will
advance the DATE at a 1 Hz rate until the switch is
released.

Month: Depressing the Cycle switch while the watch is
in the Set Date mode will advance it to the Set Month
mode with the Month displayed in digit positions 5 and
6 ‘and the Month indicator “ON.” Depressing the Set/
Display switch while in this mode will advance the
Month caunter at a 1 Hz rate until the switch is released.

Depressing the Cycle switch while the watch is in the
Set Month Mode will place the watch in the normal
display mode with HOUR, MINUTE, DATE, and DAY-
OF-THE-WEEK information displayed.

Hold: If the Hold mode was activated while in the Set
Minute mode the colon will not blink in the normal
time display but remain on continuously. The SECOND
counter is held at 00, forcing the watch to remain at the
displayed time. Depressing the Set/Display switch will
switch the watch to the alternate time display mode
(HOUR, MINUTE, SECOND, and DAY-OF-THE-WEEK)
and release the SECOND counter allowing normal
operation to begin. While in any of the Set modes,
advancing the selected counter will not cause a roll-over
of higher state counters. For example, advancing the
HOUR counter from 11 PM to 12 AM will not cause the
DATE or DAY-OF-THE-WEEK counters to advance.

A control state diagram for the MM5890 is provided in
Figure 7.

Contact Bounce: Debounce circuitry is provided on the
Set/Display, Cycle, Start/Stop, and Mode inputs to
remove any logic uncertainty upon either closure or
release of switches provided switch bounce settles
within 120 ms (Set/Display release bounce must settle
within 60 ms.)

12/24 Hour Option: 12/24 hour operation is controlled
by the logical state of the 12 HR pad. Connecting the
12 HR pad to a logical “1” will cause the watch to
operate in the 12 hour mode while connecting the
12 HR pad to a logical “0” will cause the watch to
operate in the 24 hour mode.
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CYCLE

functional description (Continued)

Segment Outputs: The Segment outputs are designed to
drive field-effect liquid crystal displays. Each display
segment has its own output which supplies the proper
32 Hz drive signal. By definition, the segment is “OFF"

“when its drive signal is in phase with the Back Plane

drive signal (BP/32 Hz) and the segment is “ON" when
the drive signal is 180° out of phase with the Back Plane
drive signal (refer to Figure 8).

BP/32 Hz: This input/output pad is under control of
the Test input. When Test is open or at a logical “0,”
a 32 Hz signal is provided at BP/32_Hz which is used to
drive the backplane of the LCD unit or to monitor the
oscillator frequency. If Test is at a logical “1,” the

BP/32 Hz pad is converted into an input and any fre-

quency connected to it will replace the normal internal
32 Hz signal. This feature allows high speed testing of
all timekeeping and stopwatch counters.

SET RESET
> COUNTERS
DISPLAY (CLEAR DISPLAY —i
»| 0AY DATE  |Hop)| DAY SECOND SET
HOUR : MINUTE HOUR : MINUTE v
-
SET )
DISPLAY sgT |DISPLAY SPLIT TIME
CYCLE MODE MINUTE : SECOND | MINUTE : SECOND
1100second [ 1/100 SECOND
v v HOLD COUNT HOLD COUNT
DISPLAY HOUR | ool ADVANCE START 4 START 4
WITHAORP | HOUR v  /STOP y  /sTOP
DISPLAY _SET IniSPLAY SPLIT TIME
& CYCLE MINUTE : SECOND | MINUTE : SECOND
1/100 SECOND ggr | 1100 sECOND
SET ADVANCE STOPWATCH | STOPWATCH
DISPLAY MINUTE [¢—P MINUTE COUNTING »  counting
SET HOLD MODE
& CYCLE
DISPLAY SET ADVANCE
oavorweek [€ ] oavorweek
 CYCLE .
DISPLAY SET ADVANCE
DATE il DATE
CYCLE
y
DISPLAY SET ADVANCE
MONTH > MONTH
FIGURE 7. Control State Diagram
Vpp
BACKPLANE
Ve
Voo
SEGMENT
VEE
| on |

I OFF

FIGURE 8. Phase Drive Signals
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MM5890

functional description (contirued)

Test: This input is used to control the BP/32 Hz pad as
described  above. When Test is at- a logical ““1” the
phase-control is disconnected from the segment drive
outputs and the segment information is referenced to a
logical ““0” backplane. Switching the Test input from a
logical 0" to a logical ‘1’ generates a reset pulse that
will reset the counters to Sunday, 1 AM on January the
first. All stopwatch counters will be set to 00 and the
watch will be placed in the normal time display mode.

SW Disable: This input is used to control accessability
to the stopwatch functions. If SW Disable is at a logical
0" the Mode switch can be used to activate the stop-
watch functions. |f SW Disable is at a logical *“1°* the
Mode switch is inoperative and the stopwatch functions
are locked out.

5-36 pF
/H/ Vpp OR Vgg
) 32.768 kHz 50 pF TYP
[] | —_—
v miRL
osc 0sc
IN ouT Voo
0sc
CAP 12 HR
<+ START/STOP O o—e
|
[ A
I SET/DISPLAY f—O
: CYCLE p—=O
|
| MODE ) Ol
L}
Y] S —
DISPLAY 51 T
SEGMENT
unIT SUTPOTS TRIPLE |
; MM5890 I
0.05uF
| . ,,.\"'—. 0.05 uF
I CAP1 l
| 0. 05,1F
I cap2 _I —_
I
! v
| B[]
| 0.054F
L | VDD _l— +
Y
BP v
SW DISABLE §8

L

FIGURE 9. Typical Application
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MM58104 direct drive LED watch
general description

The MM58104 is a low threshold voltage, ion-implanted,
metal-gate CMOS integrated circuit that provides or
controls all signals needed for a 3 1/2 digit 3-function or
a 4-digit 4-function LED watch. The display format is
12 hours. The circuit time base is a 32,768 Hz crystal
controlled oscillator. This time base frequency is suc-
cessively divided to provide drive signals for a multi-
plexed 7-segment LED display. Upon demand MM58104
will display HOURS-MINUTES or SECONDS when it
is used as a 3-function watch and will also display DATE
when it is used as a 4-function watch. The outputs will
directly drive a 7-segment LED display. The device
operates from a single 2.4V to 4.0V supply. The
MM58104 is available as unpackaged die suitable for
hybrid assembly or in 40-lead dual-in-line packages
for evaluation purposes.

Watches'

features

m 32,768 Hz crystal control oscillator

= Single 3V supply

® Low power dissipation (15uW typical)

m 3 1/2 digit (3-function) or 4-digit (4-function) option
= 12 hour display format

= Simple display/set controls

= Direct drive outputs for LED’s

= Display brightness control

= On-chip oscillator bias network

functional description

A block diagram of the MM58104 digital watch chip is
shown in Figure 1. A chip pad layout is shown in
Figure 2 and package connection diagram in Figure 3.

block diagram

chip pad layout

146.0MILS |
4 H; T
056 He B 10295 57.3 2095 0
cAPO—— I |25|.75 nnim a5 ‘ w.lsa
3 i
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o0scouT < . -Q DTCYEL
LAMP O—4 13 &—F—oom
1 O DIGIT 1 113.06 — | ] segy
DISPLAY 3 O—t—] DIGIT DIGIT2
DISPLAY AND SET CONTROL O DIGIT3
DISPLAY 3 O—1—) CONTROL LOGIC L06IC
SET O—t—>| d 0DIGITA
COLON 93.3— | [J seG,
I T
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142.0 _ 5
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) a1.0— 4wz
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T
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MM58104

absolute maximum ratings

Voltage at Any Pin

Operating Temperature Range
Storage Temperature Range
Vbb ~ Vss

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

Vgs — 0.3V to Vpp + 0.3V
~5°C to +70°C

~25°C to +85°C

5V max

300°C

T, within operating temperature range, Vgg = GND, 2.4 <V < 4.0V, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Oscillator Start Voltage T =25C 2.7 v
Input Voltage Levels @ Display 3, Vpp = 3.0V
Display 4, Set :
Logical “1" . 1/2Vpp Voo \
Logical 0" 300 kS2 Internal Pull-Down to Vgg Open
Input Voltage Levels @ 4 Hz/ Vpp = 3.0V
Test Freq, Dtcycl
Logical “'1"” Vpp—0.25 Voo \
Logical 0" Vss Vgs+0.25 \
Input Voltage Levels @ Lamp, Test Vpp = 3.0V
Logical “1" 1 MQ Internal Pull-Up to Vpp Open
Logical 0" Vss Vgs+0.25 \%
Input Current @ Display 3, Display 4,5et | V,y = Vpp, Sink Only, Vpp = 3.0V 30 50 MA
Input Current @ Lamp and Test » Vin = Vss, Source Only, Vg = 3.0V 30 50 HA
Output Current Levels @ Segment Drivers | Vg = 2.7V . )
““ON" Source Vout = Vpp — 0.5V 7 10 15 mA
“OFF" Vour = Vg + 1.1V 50 uA
Output Current Levels @ Digit Drivers Vpp = 2.7V
“ON" Sink VouT = Vs +0.6V 50 70 mA
“OFF" Vout = 2.0V, All Digit Drivers 2 MA
Tied in Parallel
‘ Output Current Level @ COLON Vpp =2.7V .
“ON" Sink Vour = Vgs +0.7V 6 mA
“OFF"” Vour = Vpp — 1.6V 0.5 HA
Output Current Levels @ 4096 Hz, Vpp =3.0V
4 Hz/Test Freq.
Logical “‘1,"” Source VouTt = Vpp — 0.5V 10 KA
Logical *“0,"” Sink Vout = Vgg + 0.5V 10 HA
Supply Current (lgp) f=32,768 Hz, T, =25°C, 5 10 HA
Vpp = 3.0V, Unused Inputs Open,
Outputs Open .
Supply Current (Ipp) Ta =25°C, Vss, OSC IN & Dteycl @ GND, 0.05 1 ' MA
Vpp = 3.0V, Unused Inputs Open,
Outputs Open
Input Capacitance f =1.0MHz
0SC OUT Vin = 0.0V 8 pF
CAP All Other Pads GND 37 pF
All Others 5 pF
Input Voltage Level @ DIM Vpp = 3.0V
Positive-Going Threshold (V,) 1.5 \Y
Negative-Going Threshold (V_) 1.0 \
Vr, — Vy_ Hysteresis 0.5 . \
Input Current @ DIM Vin = Vss, Vpp = 3.0V, Source Only 03 uA
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functional description (con’t)

Time Base: The precision time base of the watch is
provided by the interconnection of a 32,768 Hz quartz
crystal and the RC network shown in Figure 4 together
with the CMOS inverter/amplifier provided between the
oscillator in and oscillator out terminals. Resistor R1 is
necessary to bias the inverter for class A amplifier
operation. Resistor R2 is required in order to (a) reduce
the voltage sensitivity of the network; (b) limit the
power dissipation in the quartz crystal; and (c). provide
added phase shift for good start-up and low voltage
circuit performance. Capacitors C1, C2 and C3 provide
the parallel load capacitance required for precise tuning
of the quartz crystal. The RC network except the trim
capacitor C3 is integrated on-chip.

The network shown provides > 100 ppm tuning range
when used with standard X-Y flexure quartz crystals
trimmed for C_ = 12 pF. Tuning to better than £2 ppm
is easily obtainable. ’

The 4096 Hz output or 4 Hz output can be used to
monitor the oscillator frequency during initial tuning
without disturbing the network itself.

Display Multiplexing: Outputs from each counter are
time-division multiplexed to provide digit-sequentiat
access to the time data. Thus, instead of requiring 28
leads to interconnect a four digit (7 seégments/digit)
watch, only 11 output leads are required. The character
display font and segment identification is shown in
Figure 5. Figure 6 shows the interconnection of a LED
watch system. The 4-digit outputs, colon output and the

R1
1M
e AAA————

CMOS INVERTER

-

7-segment outputs of the MM58104 are designed to
interface directly with the NSCO101 LED display. The
four digits of the LED display are multiplexed with a
25% duty cycle, 1024 Hz signal during Display. The
digit drivers are turned off by the internally generated
inter-digit blanking signal during the change of digits to
allow the segments to change without “‘ghosting” of
the Display. When MM58104 is used as shown in the
typical application of Figure 6, the segment on currents
are typically 9 mA. The NSC0101 LED Display gives
excellent brightness under these drive conditions.

The switch inputs “Display 3’’ and ““Display 4" of the
MM58104 are to be used for 3 and 4-function LED
watches, respectively. However, “Display 3 can be
connected to an inertial switch for HOURS-MINUTES
Display in a 4-function watch. In subsequent paragraphs,
the term "‘Display’’ will take the place of “’Display 3"
and/or “Display 4,”" unless otherwise specified.

Time Display: The DATE and HOUR-MINUTES/
SECONDS displays are controlled by a normally open
switch connected to “Display” input as shown in Figure
6. DATE or HOUR is displayed in digit positions 1 and
2. MINUTE or SECOND is displayed in digit positions
3 and 4. Colon output will be “ON’" except when the
Display involves -DATE. The two colon dots are to be
connected in parallel with their anodes to Vpp and
cathodes to the “COLON" output. -

Closure of the “‘Display” switch will cause HOUR:
MINUTES to be displayed for 1.25 +0.125 seconds.

8 pF 37 pF

FIGURE 4. Crystal Oscillator Network
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functional description (con‘t)

Holding the “Display” switch closed after the time-out
of HOUR-MINUTES display will cause SECONDS to
be displayed until the ““Display’’ switch is open. SEC-
ONDS will blink while displayed. Each value is visible
for, 0.25 second and blank for 0.75 second. HOURS
digits can display values 1—12 with an AM indicator,
which is the F segment of digit 1. Leading zero values
of hours are blanked. MINUTES or SECONDS digits
can display values from 00 to 59. All zero values of
minutes or seconds are displayed.

Closure of the “Display 4’ switch twice before the
time-out of HOURS-MINUTES display will cause
DATE to be displayed for 1.25 +0.125 seconds. Holding
the ““Display’’ switch closed will continue DATE display.
until the switch is open. Date digits can display values
fram 1 to 31. Leading zero values of Date are blanked.

Time Setting: A normally open switch connected to
the ““Set” input is used in conjunction with the “’Dis-
play” switch to set date, hours, minutes and synchronize
seconds. . ’

DATE: Closure of the “Display 4" switch twice and
holding it closed will cause DATE to  be displayed

continuously. Closure of the “Set” switch will then
advance DATE at a 2 Hz rate until the “‘Set” or both
switches are opened. Seconds, Minutes and Hours
counters continue normal counting during this condition.

HOURS: Closure of the “Set switch will cause HOURS-
MINUTES to be displayed and will advance HOURS at a
2 Hz rate until the "“Set’” switch is opened. Seconds and
Minutes counters continue normal counting during this
condition. )

MINUTES:  Closure of both “Display” and “Set”
switches will cause HOURS-MINUTES to be displayed
and will advance MINUTES at a 2 Hz rate after both
switches have been closed for 0,751t0 1.0 seconds. When
the minutes count is correct, opening the “Set’’ switch
while keeping the “Display” switch closed will cause
HOURS-MINUTES to be displayed and Hold the watch.
HOURS-MINUTES will blink while displayed, visible
for 0.25 second.and blank for 0.75 second. The seconds
counter is reset and held at 00 during Minutes setting
or during the Hold Mode. All counters resume their
normal counting when both “Set” and “Display”’
switches are opened. With the ““Display’ switch closed,

= = — | — —
[ ] H HI:I [ :I
ZERO ONE ™wO THREE FOUR
Hl_l — I:H [ ] I’f:ﬁ
 — = — ) AL 1M | N
l—lﬂ — J —— :l:l
FIVE sIX SEVEN EIGHT NINE

SEGMENT IDENTIFICATION

FIGURE 5. Character Display Font




functional description (con’t)

a closure of the “Set” switch for less than 0.75 second
will reset the seconds counter to 00 without advancing
the minutes.

There .is no roll-over of the higher counters while the
lower time counters are being set. For example, while
setting Minutes a 59 to 00 transition will not advance
the Hours counter. !

Contact Bounce: Debounce circuitry is provided on the
“Display”’ and “Set” inputs to remove any logic uncer-
tainty upon either closure or release of switches provided
switch bounce settles within 20 ms.

Display Brightness Control: The display brightness is a
function of digit on-time which is a fraction of the digit
multiplexers. The digit on-time varies from 1/8 to 7/8
of the digit multiplexer in steps depending on the logical
levels of both “DIM’* and “DTCYCL" inputs as shown
in Table I. The “DIM” input has an internal pull-up
resistor which will hold the open input at a logical
1." The logical levels at the “DIM’’ input can be
established by a network as shown'in Figure 6.

Test Points: Four pads are provided for test'p‘urposes.

4096 Hz: is an output. A 4096 Hz symmetrical signal
is brought out for oscillator tuning.

4 Hz/TEST FREQ: is an input/output under the control
of “TEST.” When “TEST" is open or at a logical “'1," a
4 Hz signal will appear on the “4 Hz/TEST FREQ
pad.” If “TEST"” is at a logical “0,” the "4 Hz/TEST
FREQ pad"” becomes an' input and any frequency
connected to it will replace the normal internal 4 Hz
signal. This feature ‘is provided -to allow high speed
functional testing of the watch system.,

TEST: is an input. It is used to control “4 Hz/TEST
- FREQ’" as described above. An internal pull-up resistor
will normally hold the “TEST” input to a logical “1.”

LAMP: is an input. When "LAMP” is at logical ’0," all
segments will be forced to an “ON" condition under
control of the normal 25% duty cycle of the digit
drivers. An internal pull-up resistor will normally hold
the “LAMP” input to a logical “1.”

(PHOTO-TRANSISTOR)

ot
I I . 32,768 Hz
- v Voo DM gse
ouTt
4
@ e DISPLAY 4 osc
N
CASE Gl MM58104
. . -
= e SET
DTCYCL
. SEGMENTS DIGITS
1] Vss a-g COLON 1-4

)

<I

.
| w—— —] —
COLON ° f * | nscoto
ANODES L U1 e || ]wscom
Voo —— l—]:}ﬂ g m—" AR A=—n | e bispray
. .
[ — i 2l
N d

The DOT in the first digit is tied to segment bus “F.”

Itis used as the AM indicator.

FIGURE 6. Typical Application of MM58104 in LED Digital Watch System

TABLE |. Display Brightness Control

(Fraction of Digit Multiplexer)

DIGIT ON-TIME

DTCYCL DIM
1 1
1 0
0 1
0 0

7/8
2/8
4/8
1/8
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MM58115

Watches

MM58115 digitally tuned direct drive 6-function LED watch

general description

The MM58115 is a low threshold voltage, ion-implanted,
metal-gate CMOS integrated circuit that provides or
controls all signals needed for a 4-digit, 6-function LED
watch. The display format is 12 hours. The circuit time
base is a 32,768 Hz crystal controlled oscillator. This
time base frequency is successively divided to provide
drive signals for a multiplexed 9-segment, alphanumeric
LED display of HOURS-MINUTES, .DAY-DATE,
MONTH-DATE or SECONDS upon demand. A month
counter is provided to control the count sequence of
the Date counter. Inputs are also provided to digitally
tune the time base (i.e., no tuner capacitor is required).
The MM58115 uses one button for display purposes.
Both segment and digit outputs can be directly inter-
faced with 100 mil LED displays of the NSC9101 type.
Special circuitry is included to provide uniform digit-to-
digit brightness. The device operates from a single 2.4V
to 4V supply. The MM58115 is available as unpackaged
die suitable for hybrid assembly or in a 40-lead dual-in-
line package for evaluation purposes.

features

®  No external parts except the battery, LED display
and crystal

= Single button display control

Direct drive outputs‘

Digital tune network

Uniform display brightness

32,768 Hz crystal controlled operation

Single 3V supply

Low power dissipation (10uW typ)

Seconds, Minutes, Hours, Day-of-Week, Date and

Month operation

4 year calendar

4-digit, 6-function, 12-hour display format

Simple display/set controls

Alphanumeric display

Display brightness control

AM/PM indication during set hours

Month indication during set month

Test features

block diagram

LT S ———

A/D P P2 PA PE BSECONDS  TEST

4 Ha/TEST FREQ.

0S¢ 0UT T I T T T
0SC IN Qi I 13 STAGE DIVIDER
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Lo

DISP AND SET
CONTROL LOGIC
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LOGIC AND
BUFFERS
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FIGURE 1.
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absolute maximum ratings

SLLBSININ

Voltage at Any Pin Vgs — 0.3V to Vpp + 0.3V
Operating Temperature Range —5°C to +70°C
Storage Temperature Range —25°C to +85°C
VDD — Vss "5V max
Lead Temperature (Soldering, 10 seconds) . 300°C

electrical characteristics

TA within operating temperature range, Vgs = Gnd, 2.4 < Vpp < 4V unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
‘Oscillator Start Voltage Ta=25°C 2.7 \
Input Voitage Levels at Cycle,
Set/Display, Hour/Min
Logical ‘1" ‘ 100 k€2 Internal Pull-Down 1/2Vpp VpD \)
Logical ‘0" . to Vgg Open
Input Voltage Levels at 4 Hz/
Test Frequency
Logical ‘1" Vpp—0.25 VDD \
Logical 0" Vss Vgg+0.25° \Y
Input Voltage Levels at Lamp, Test .
Logical “'1" 100 kL2 Internal Pull-Up to Vpp Open
Logical *‘0"” Vss Vggt+0.25 \%
Input Voltage Levels at Duty Cycle ‘
Logical 1" No Pull-Up (Must Be Bonded) . VDD \%
Logical “'0"" ) Vss \
Input Voltage Levels at Dim Duty Cycle = Vgg ' ‘ .
display duty cycle = 21.8756% 5 M Pull-Down to Vgg Open . Vgs+0.3 Y 7
display duty cycle = 9.375% : : Vpp—0.5 VpD A
Input Voltage Levels @ A/D, P1-P8 10 M Internal Pull-Down to
Logical 1" Vss Vpp—0.25V VDD \%
Logical 0"’ Open
Input Current at Cycle, Set/Display, Vpp =3V, VIN = VDD, ‘ 30 50 MA
Hour/Min Sink Only
Input Current at Lamp, Test Vpp =3V, VIN = Vss, 30 50 MA
Source Only
Input Current @ A/D, P1, P2, P4, P8 Vpp =3V, VIN=VDD
Logical "1 ' 350 nA
Logical 0" : ‘
Input Capacitance f=1MHz, VN =0V, All Other
' Pads Gnd ‘
Osc. Out . 8 pF
CAP 1 ) 37 . pF
CAP2 . 15 pF
Ali Others , - Sl s pF
Output Current Levels at Segment Drivers Vpp = 2.7V
“ON,” Source -1 VouT=Vpp - 0.5V 7 ) 10 15 mA
““OFF,”" Leakage VouTt=Vpp - 1.1V » 50 MA
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'

electrical characteristics |

Continued)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Current Levels at Digit Drivers Vpp =2.7V
“ON,"” Sink (6 or 7-segment display) |Voyt = Vss + 0.6V 50 70 mA
(5 or 4-segment display) | If Colon is “ON,” Add 2 mA 60% of 6 or 7-segment current
(1, 2 or 3-segment display)| to Digit 4 Sink Current 46% of 6 or 7-segment current
“OFF,"” Leakage VouT = 2V, All Digit Drivers 2 MA
Tied in Parallel
Output Current Levels at 4 Hz/Test
Freq, 4096 Hz, 8 Sec.
Logical **1,”” Source VouT = Vpp - 0.6V 10 MA
Logical “0,” Sink VouT = Vss + 0.6V 10 HA
Supply Curren; (Ipp) Ta=25°C, f = 32,768 Hz, 35 7 HA
Unused Inputs Open, OQutputs
Open
Supply Current (Ipp) Ta = 25°C, Vgg, Osc. In, Duty 0.05 .15 A
Cycle Control at Gnd, Vpp = 3V,
Unused Inputs Open, Outputs
Open

functional description

A block diagram of the MM58115 direct drive digital
watch is shown in Figure 7. The chip pad layout is
shown in Figure 2 and package connection diagram
in Figure 3.

Time Base: The precision time base of the watch is
provided by the 32,768 Hz crystal controlled oscillator,

which consists of quartz crystal, a CMOS inverter/

amplifier and the RC network shown in Figure 4.
Resistor R1_biases the inverter for class A amplifier
operation. Resistor R2 {a) reduces the voltage sensitivity
of the network; (b) limits the power dissipation in the
quartz crystal; and (c) provides added phase shift for
good start-up and low voltage circuit performance.
Capacitors C1 and CEFF in series provide the parallel

load capacitance required for precise tuning of ‘the
quartz crystal. The network shown in Figure 4 provides
greater than 100 ppm tuning range when used with
standard X-Y flexure quartz crystals trimmed for C_ =
12 pF and a 5—36 pF trim capacitor. If digital tuning
is used, the tuning range is 114 ppm and no trim
capacitor is required.

Cap 1: This pin is used with Oscillator Out to add more
capacitance to the oscillator RC network shown in

* Figure 4.

Cap 2: This pin is used with Oscillator In to form the
RC network shown in Figure 4 i