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INTRODUCTION 

This manual describes the MMl 1-S 8K Core Memory and Control, which is a random-access magnetic core 
memory used with PDP-11/45 systems. 

Chapter 1 describes the purpose and use of the MM 11-S. 

Chapter 2 contains a detailed description of the MM 11-S logic operations. 

Chapter 3 provides maintenance information, adjustment procedures, and programming tests. 

Details about the PDP-11/45 system, particularly the KBl 1-A Central Processor Unit and the Unibus interface 
with the MMl 1-S are provided in the following related documents. 

PDP-11/45 System Maintenance Manual 

KB 11-A Central Processor Unit 
Maintenance Manual 

PDP-11 Peripherals and Interfacing 

Handbook 

PDP-11/45 Processor Handbook 

DEC-l l-H458-D 

DEC-11-HKBB-D 

112.01071.1854 

112.01071.1876 





1.1 INTRODUCTION 

CHAPTER 1 
GENERAL DESCRIPTION 

This chapter provides the user with the theory of operation and logic diagrams necessary to understand and 

maintain the MMl 1-S 8K Core Memory and Control. The level of discussion assumes that the reader is familiar 
with basic digital computer theory. Both general and detailed descriptions of the core memory are included. 

Although memory control signals and data pass through the Unibus, it is beyond the scope of this manual to 

describe the operation of the Unibus itself. A detailed description of the Unibus is presented in thePDP-11 
Peripherals and Interfacing Handbook, 112.01071.1854. 

A complete set of engineering logic drawings is shipped with each core memory. These drawings are bound in a 

separate volume entitledMMJ J-S BK Core Memory and Control, Engineering Drawings. The drawings reflect 

the latest print revisions and correspond to the specific memory shipped to the user. 

1.2 GENERAL DESCRIPTION 

1.2.1 Introduction 

This paragraph provides a physical description and specifications for the memory. The major functional units 

of the memory are briefly described and the basic memory operations are discussed. 

1.2.2 Physical Description 

The MM 11-S provides 8192 (8K) 16-bit words and requires three standard 8-1 /2 inch wide modules: two are hex­

height and one is quad-height. One hex-height module (G 110) contains the control logic, inhibit drivers, sense 

amplifiers, and 16-bit data register; the other hex-height module (G231) contains the address selection logic cur­

rent generator, and switches and drivers. The quad-height module (H214) contains the 8K memory stack. 
Figures 1-1, 1-2, and 1-3 show the component sides of the modules. The C, D, E, and F connectors on both 
these modules and the stack module connectors are pin-to-pin compatible. The pins on the A and B connectors 

of both these modules are also compatible with the standard Unibus pin assignments. 

1.2.3 Specifications 

The general memory specifications are listed in Table 1-1. 
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Type: 

Organization: 

Capacity: 

Access Time and Cycle Time: 

Bus 
Mode 

DATI 

DATIP 

DATO-DATOB 
(PAUSE L) 

DATO-DATOB 
(PAUSE H) 

X-Y Current Margins: 

Strobe Pulse Margins: 

Voltage Requirements 

Average Current Requirements: 

Power Dissipation (Worst Case): 

Environment: 
Ambient Temperature: 
Relative Humidity: 

1.2.4 Functional Description 

Table 1-1 
MM 11-S Memory Specifications 

Magnetic core, read/write, coincident current, 
random access 

Planar, 3D, 3-wire 

S 192( SK) words for MM l 1-S 

Cycle Time Access 
Interleaved 

650 ns 

450 ns 

650 ns 

450 ns 

Non-Interleaved Time 

900 ns 400 ns 

450 ns 400 ns 

900 ns 200 ns 

450 ns 200 ns 

±6%@ 0°c, ±7%@ 25°C, ±6%@ 50°C 

±30 ns@ 0°C, ±40 ns@ 25°C, ±30 ns@ 50°C 

+5V ±5% with less than 0.05V ripple 
-15V ±5% with less than 0.05V ripple 

Stand by: 

Memory Active: 

+5V: l.7A 
-15V: 0.5A 
+5V: 3.4A 
-15V: 6.0A 

GI 10 Control Module: '.::::'. 60W 

G231 Drive Module: "" 40W 

H214 Stack Module:'.::::'. 20W 

Total at maximum repetition rate: 12CM' 

0°C to 50°C (32°F to 122°F) 
0-90% (non-condensing) 

1.2.4.1 Introduction - The MMI 1-S memory is a read/write, random access coincident current, magnetic core 

type with a cycle time of 900 ns and an access time of 400 ns. It is organized in a 3D, 3-wire planar configura­

tion. Word length is 16 bits and the memory consists of Sl 92 (SK) words. 

The memory can be interleaved in SK increments for faster operation. Interleaving causes successive memory 
cycles to be performed within alternate 4K memory blocks. 

The major functional units of the memory (Figure 1-4) are briefly described in the following paragraphs. 
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Figure 1-1 Component Side of Control Module G 110 

1.2.4.2 G 110 Control Module - The G 110 Control Module contains the memory control circuits, inhibit drivers, 

sense amplifiers, data register, device selector, threshold circuit , and -SY supply. 

a. Memory Control Circuits - Control circuits are provided to acknowledge the request of the master 
device; determine which of the four basic operations (DATI , DA TIP, DATO, or DATOB) is to be 
performed; and set up the appropriate timing and control logic to perform the desired read or write 
operation . If a byte operation has been selected, address line AOO L determines the byte to be selected . 
The actual read or write operation is selected by control lines (COO and CO I) . The memory control 
logic also transfers data to and from the Unibus. 

b. Inhibit Driver - Each bit mat contains a single inhibit/ sense line that passes through all cores on the 
mat. To write a 0 into a selected bit , an inhibit current is passed through the inhibit/sense line that 
cancels the write current in the Y line . The core does not switch so it remains in the 0 state. With no 
inhibit current, the currents in the X and Y lines switch the core to the I state . 

c. Sense Amplifiers - During a read operation, the sense amplifier picks up a volatage induced in the 
sense/inhibit winding when a core is switched from a I to a 0. This signal is detected and amplified 
by the sense amplifier whose output sets a data register flip-flop to store a I. In effect, a 1 is read but 
the core is switched to the 0 state . Cores which were previously set to 0 are not affec ted. 

(continued on next page) 
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d. Data Register - The data register is a 16-bit flip-flop register used to store the contents of a word after 
it is destructively read from memory ; the same word can then be written back into memory (restored) 
when in the DATI mode. The register is also used to accept data from the Unibus lines to accommo­
date the loading of incoming data into the core memory during the DATO or DATOB cycles. 

e. Device Selector - The device address is decoded in the device selector to determine if the memory 
bank has been addressed . Unibus address lines BUS A ( 17 : 14) Lare used for device selection. 

f. Threshold Circuit and - SY Supply - The threshold circuit provides a reference threshold voltage to 
the sense amplifiers. During a read operation, if the threshold voltage ( ±20 m Y) is exceeded, the sense 
amplifier produces an output. The - SY supply provides a negative voltage for the s~nse amplifiers . 

F 

Figure 1-2 ComponentSideofDriverModuleG231 
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D c B AVI A AAI 

Figure 1-3 Compo nent Side of Stack Module H2 14 

1.2.4.3 G231 Drive Module - The G23 l Drive Module contai ns the address selection logic, switches and drivers, 

current genera tor, stack discharge circuit, and DC LO protection circuit. 

a. Add ress Selection Logic - The core memory receives an 18-bit address from the master device. The 
address is latched and decoded to de termine if the memory is the selected device and to determine 
the core location specifica lly addressed . If the operation is a byte operation , bus line AOO L indicates 
the byte to be used. The X and Y portion of the add ress is decoded through selection switches and a 
diode matrix to enable passage of read/ write current through the se lected X and Y drive lines of the 
memory. The coincidence of these currents selects the specifi c 1 6-bit co re memory location desired . 

b. Switches and Drivers - The switches and drivers direct the fl ow of current through the magnetic cores 
to ensure th e proper polarity for the desired fun ction . This ac tion is necessary because a single read/ 
write li ne is used , and the current for a write operation is opposite in polarity to the current required 
for a read operation . There are se para te switches and drivers for th e read and write circuits in these­
lection matri x. 

c. Current Generators - X and Y current ge nerators provide the current necessa ry to change the state of 
the magneti c co res. The linear rise time and amplitude of the output-current waveform have been 
se lec ted to provide optimum switching of the core states and maximum signal-to-noise ra tio for a wide 
ra nge o f temperatures. 

d. Stack Discharge Circu it - The stack di scharge circuit maintains the proper stack charge voltage during 
opera ti o n: approximately OV during a read opera ti on an d approximately I 4V during a write operation . 

(co ntinued on next page) 
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e. DC LO Protection Circuit - If any de voltage is out of tolerance, DC LO L is asserted on the Unibus. 
It is sensed by the DC LO protection circuit which inhibits the memory operation by opening the 
-1 SV line to the current source. This prevents spurious memory operation. 

1.2.4.4 H214 Stack Module -The H214 Stack Module contains the ferrite core array and the X-Y diode 

matrices. The core array consists of 16 mats, each wired in a 128 x 64 matrix. The stack also contains the re­

sistor-thermistor combination to control the X-Y current generator temperature compensation. 

1.2.5 Basic Memory Operations 

The core memory has four basic modes of operation. The main function of the memory is simply to read or 

write data. Additional modes are provided, however, to allow for byte operation and to eliminate the restore 

cycle when it is not needed, thereby increasing overall system efficiency. The four basic memory operations 
are: 

a. Read/restore (DATI) 
b. Read Pause (DATIP) 
c. Write (DATO) 
d. Write byte (DATOB). 

These four modes are discussed briefly in the following paragraphs. 

NOTE 
In the following discussions, all operations refer to 
the master (controlling) device. For example, the 
term data out indicates data flowing out of the mas­
ter and into the memory. 

1.2.5.1 Data In (DATI) Cycle -The DATI cycle is a read/restore memory cycle. During this operation, the 

memory reads the information from the selected core location, transfers it to the Unibus, and then writes the 

information back into the memory location. This last step is necessary because the core memory is a destructive 
readout device. During the first part of the cycle, the memory loads the data into a register; at the same time, 

the memory applies the data to the Unibus. Then, during the second part of the cycle, the memory takes the 
data from the register and writes it back into the addressed memory location. 

1.2.5.2 Data In, Pause (DATIP) Cycle - Normally in reading from memory, the information is destroyed in the 

particular location accessed, and the data must be restored. However, sometimes it is not actually necessary to 

restore the information after reading because the location is to have new data written into it. In this instance, 

eliminating the restore operation decreases the memory cycle time by approximately 50 percent. The DA TIP 

operation is used for this purpose. The data is read from memory and the restore cycle is inhibited. Because no 
restore cycle is used, a DATIP must always be followed by a write cycle (either DATO or DATOB) on the same 
address or data in both addresses will be destroyed and the memory controller will hang the Unibus. 

1.2.5.3 Data Out (DATO) Cycle -The DATO cycle is a write memory cycle used by the master device to trans­

fer data into core memory. To ensure that proper data is stored, the memory unit must first be cleared by read­

ing the cores (thereby setting them all to zero) before writing in the new data. During a normal DATO, the mem­

ory first performs the read operation to clear the cores and then performs a write cycle to transfer data from the 

bus into the selected core location. If a DATO follows a DATIP (rather than a DATI), the sequence is not the 

same. The DA TIP clears core and generates a pause flag; the DATO skips the read cycle and immediately begins 

the write cycle. This process reduces DATO cycle time by approximately SO percent. 
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Figure 1-4 MM! 1-S Memory Block Diagram 
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1.2.S.4 Data Out, Byte (DATOB) Cycle -The DATOB cycle is similar in function to the DATO cycle, except 

that during DATOB, data is transferred into the core memory from the bus in byte form rather than as a full 
word. Actually, an entire word is loaded into the selected memory location: the selected byte which is new 

data from the bus and the non-selected byte, which is restored data from the word previously stored in that 
memory location. During the read cycle, the non-selected byte is saved by reading it into the data register while 
the selected byte is transferred into the register from the Unibus. During the write cycle, only the selected byte 
portion of the word is loaded into the memory location from the bus. At the same time, the non-selected byte 
is restored from the data register into the memory location. In effect, the memory is first cleared and then 
simultaneously performs a restore cycle for the non-selected byte and a write cycle for the selected byte. This 
mode can follow a DATIP as described above. 
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2.1 INTRODUCTION 

CHAPTER 2 
DETAILED DESCRIPTION 

This chapter provides a detailed description of the MMl 1-S memory. The detailed description covers the core 

array, device and word selection, switches and drivers, current generation, stack discharge circuit, DC LO circuit, 

sense/inhibit circuitry, control and timing logic, and memory operating cycles. 

2.2 CORE ARRAY 

The ferrite core memory consists of 16 memory mats arranged in a planar configuration. Each mat contains 

8192 ferrite cores arranged in a 128 x 64 array. Each mat represents a single bit position of a word. This planar 

configuration provides a total of 8192 16-bit word locations. Each ferrite core can assume a stable magnetic 

state corresponding to either a binary 1 or a binary 0. Even if power is removed from the core, the core retains 

its state until changed by appropriate control signals. The outside diameter of each core is 18 mil; the inside 
diameter is approximately 11 mil. Each core is 4.5 mil thick. 

Selection and switching of the cores is provided by three wires traversing each core in a special selection technique. 
An X-axis read/write winding passes through all cores in each horizontal row for all 16 mats. A Y-axis read/write 

winding passes through all cores in each vertical row for all 16 mats. Through the use of selection circuits which 
control the current applied to specific X-Y windings, any one of the 8192 word locations can be addressed for 

writing data into memory or reading data out of memory. A third line passes through each core on a mat to pro­

vide the sense/inhibit functions. There is one sense/inhibit line per mat. This single sense/inhibit line, as well as 

the selection circuits, are discussed in subsequent paragraphs. 

2.3 MEMORY OPERATION 

Figure 2-1 illustrates a typical portion of the core memory. An X and Y winding pass.through each core in the 

mat. The current passing through any one winding is such that no single winding produces a magnetic field strong 

enough to cause a core to change its magnetic state. Only the reinforcing magnetic field caused by the coincident 

current of both an X and a Y winding can cause the core located at the point of intersection to change states. It 

is this principle that allows the relatively simple winding arrangement to select one and only one memory core 

out of the possible 8192 contained on each mat. The current passing through either an X or Y winding is referred 

to as the half-select current. 

A half-select current passing through the X3 winding (Figure 2-1) from left to right produces a magnetic field 

that tends to change all cores in that horizontal row from the 0 to 1 state. The flux produced by the current is, 

however, insufficient to complete the state transition in any core. Simultaneously passing a half-select current 

through the Y2 winding from top to bottom produces the same effect on all cores in that particular vertical row. 
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Note, however, that both currents pass through only one core which is located at the intersection of the X3 and 

Y2 windings. This is the selected core and the combined current values are sufficient to change the state of the 

core. The arrows in Figure 2-1 show current direction for the write cycle. 

All X and Y windings are arranged in such a manner that whenever a half-select current is passed through each, 

the resultant magnetic fields combine in the core at the point of intersection. This combined, full-select current 

ensures that the selected core is left in the binary 1 state. The currents used to select the core are referred to as 

write currents. A typical hysteresis loop for a core is shown in Figure 2-2. 

In the MM 11-S Core Memory, the X3 windings in all 16 mats are connected in series as are the Y 1 windings. 

Therefore, whenever a full-select current flows through a selected core on one mat, it also flows through an iden­

tical core on the other 15 mats. The X3-Y2 cores on all mats switch to a binary 1, causing each of the 16 cores 

to become one bit of a 16-bit storage cell. 

Because of the serial nature of the X-Y windings, a method must be employed to set certain cores to the 0 state; 

otherwise, every 16-bit word selected would be all 1 s. The method used in the MM 11-S Core Memory is to first 

clear all cores to the 0 state by reading. During the write operation, cores on particular mats are inhibited by an 

inhibit winding. The inhibited cores remain Os even when identical cores on other mats are set to ls. 

The half-select current for the inhibit lines is applied from an inhibit current driver, which is a switch and a re­

sistor between the inhibit line and -l 5V. The current in the inhibit line flows in the opposite direction from the 

write current in all Y lines and cancels out the write current in any Y line. There is a separate inhibit driver for 

each memory mat, and each mat represents one bit position of a word; thus, selected bits can be inhibited to 

produce any combination of binary 1 s and Os desired in the 16-bit word. Remember that the inhibit function is 

active only during write time. 

The sense/inhibit lines are also used to read out information in a selected 16-bit memory cell. The specific core 

is selected at read time in the same manner as during the write cycle, with one notable exception: the X and Y 

currents are in the opposite direction. These opposite half-select currents cause all cores previously set to 1 to 

change to O; cores previously set to 0 are not affected. Whenever the core changes from 1 to 0, the flux change 

induces a current in the sense winding of that mat. This current is detected and amplified by a sense amplifier. 

The amplifier output is strobed into the data register for eventual transfer to the Unibus. 

Figure 2-3 shows a 16-word by 4-bit planar memory. The MM 11-S Core Memory functions in the same manner 

except that it has 128 X lines, 64 Y lines, and 16 core mats. The core stringing is identical, and the sense wind­

ings are strung through all 8192 cores with the interchange between X63 and X64, instead of between X 1 and X2. 

2.4 DEVICE AND WORD SELECTION 

2.4.1 Introduction 

When the processor or a peripheral device desires to perform a transaction with the memory, the processor as­

serts an 18-bit address on Unibus address lines A( 17: 00>. Four of these 18 bits indicate the address of the mem­

ory as a device. Bits A(l 7: 14) are used for non-interleaved operation and bits AO! and A(l 7: 15) are used for 

interleaved operation. Thirteen bits A(l 3:01) indicate the address of a specific word within the memory. Ad­

dress bit AOO is used to select the byte (8 bits) transaction when in the DA TOB mode. 

The memory address is decoded by the device selection circuit on the G 110 Control Module. The word address 

is stored in a register on the G231 Driver Module whose output is decoded to activate the X-Y line switches and 

drivers that select the addressed word. These circuits contain jumpers that are included or excluded to configure 

the memory as follows: establish a specific device address; and select interleaved or non-interleaved operation. 
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Table 2-1 lists the function of each address bit. Figure 2-4 is a simplified block diagram of the device and word 
address selection circuits. 

Bus Address 

AOO 

AOl 

A02, A03, AOIH* 

A04, A05, A06 

A07, A08, A09 

AIO, Al I, Al2 

Al4 

Al5, Al6, Al7 

*AOlH is not a Unibus signal. 

Table 2-1 

Addressing Fun~tions 

Controls Byte Mode 

Function 

Non-Interleaved Mode: Becomes AOlH to G231 
Interleaved Mode: Goes to Device Selector 

Decode Y Drivers 

Decode Y Switches 

Decode X Drivers 

Decode X Switches 

Non-Interleaved Mode: Goes to Device Selector 
Interleaved Mode: Becomes AO l H to G 231 

Goes to Device Selector 

2.4.2 Memory Organization and Addressing Conventions 

Prior to a detailed discussion of the address selection logic, it is desirable to understand memory organization 

and addressing conventions. 

The memory is organized in 16-bit words each consisting of two 8-bit bytes. The bytes are identified as low and 

high as shown below. 

15 
MSB 

08 07 
DATA BITS D<l5:00> 

DATA BITS 0(15:00} 

00 
LSB 

11-1174 

Each byte is addressable and has its own address location; low bytes are even numbered and high bytes are odd 

numbered. Words are addressed at even-numbered locations only; the high (odd) byte is automatically included. 

For example, an 8K word memory has 8,192 words or 16,384 bytes; therefore, 16,384 locations are assigned. 

The address locations are specified as 6-digit octal numbers. The 16, 384 locations are designated 000000 

through 037777 as shown in Figure 2-5. 
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Figure 2-5 Memory Organization 
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The address selection logic responds to the binary equivalent of the octal address. The binary equivalent of 

017772 is shown below as an example. 

ADDRESS BITS A<17:00> 

17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 BIT POSITION 

0 0 0 0 0 0 0 BINARY 

0 7 7 7 2 OCTAL 

II -1173 

Each memory bank requires its own unique device address. For example, assume that a system contains three 
8K memory banks as shown in Figure 2-6. The device selector for the 8K non-interleaved memory decodes four 

address lines (A<I 7: 14)). Examination of the binary states of these lines for the three memory banks shows that 
the changes in the states of bits A 14 and A 15 allow the selection of a unique combination for each bank. The 

combination, which is the device address, is hardware selected by jumpers in the device selector. 

17 16 15 14 13 12 BIT POSITION 

0 0 0 0 0 0 BINARY 

{ '" "'"" 0 0 OCTAL 

BANK 1 

LAST ADDRESS I o I o I 
0 I o I 1 I 1 

I 0 3 

{ '" •oo•rn I 0 
o I 

0 I o I 
0 I 1 

0 4 

BANK 2 

LAST ADDRESS I o I o I o 
11 I t I ' 

0 7 

{ "' •oo•m I 0 
I o I , I 0 

I o 

0 ' 

0 

BANK 3 

LAST ADDRESS I o I o I , I 0 
I , I 1 I 3 

H-1092 

Figure 2-6 Address Assignments for Three Banks of 8K Words Each 

2-8 



2.4.3 Device Selector 

The device selector is located on the control module, Drawing G 110-0-1, sheet 2 shows a logic diagram of the 
device selector in the 4K configuration. 

Address bits AOl and A<l 7: 14) are decoded in the device selector to provide the device selection signal D SEL H 
that is used in the control logic. Two combinations of these bits are decoded depending on the memory config­
uration as shown below. 

Memory Configuration 

8K Words (non-interleaved) 

8K Words (interleaved) 

Address Bits 

A(l7:14} 

AOl andA(l7:15) 

The control module is used for both 4K and 8K memories; therefore, two jumpers (W9 and W 10) are provided 

to include or exclude address bit Al 3 commensurate with the memory word size. Two jumpers (J3 and J4) on 

the driver module (Drawing G231-0-l, sheet 2) are provided for Al3 inclusion or exclusion in the word address­

ing logic. The same driver module is used for both memory capacities. Two jumpers (W7 and W8) in the device 

selection logic on the control module are used to select interleaved or non-interleaved operation of the 8K mem­
ory. 

Each memory bank must have its own unique device address. Four jumpers (W2, W3, W4, and W6) in the device 

selector provide this capability. In Drawing G 110-0-1, sheet 2, all the jumpers are shown in place and the device 

selector would respond only when high signals appear on the Unibus address lines A(l 7: 14). Some jumpers can 

be removed to allow the device selector to respond to a particular combination of high and low signals on these 

address lines. 

All highs at the inputs of the 7380 Unibus receivers (E 12 and E23) give lows at their outputs. Each receiver 
output goes to one input of a type 8242 Exclusive-NOR gate. Because the jumpers W7 and W8, only bit AOl or 

A 14 is decoded for a given configuration. As shown, the jumpers are set for 4K and bit A 14 is decoded. An ad­
ditional receiver is used to sense BUS DC LO Land its output (E23 pin 14) is sent to an 8242 gate (E24 pin 5). 

BUS DC LO L is asserted only when the de voltages from the power supply drop below specified limits. 

The other input of the 8242 gates associated with bits AOl or A14, Al3, AlS, Al6, and Al 7 can be connected 

to +SV or ground, depending on whether or not jumpers W2 through W6 are installed. The input is low (ground) 
with the jumper in; with the jumper removed, the input is high (+SV). Each 8242 gate is used as a digital com­

parator: its output is high only when both inputs are identical. The 8242 gates have open collectors and they 

are connected in common; therefore, the comparator output D SEL His high only when all gates detect matched 

inputs (both lows or both highs). 

An installed jumper requires a low signal at the output 7380 Unibus receiver. The 7380 is connected as an in­

verter so this signal is reflected as a high on the Unibus (logical 0 or asserted state for the Unibus). To configure 

the jumpers for a specific device address, find the binary equivalent of the assigned octal address and insert a 

jumper in each bit position that contains a 0. A specific jumper configuration is shown in Figure 2-7. 

In the 8K non-interleaved memory configuration, jumper W9 is removed and W 10 is installed. This removes bit 

A 13 from the input of Unibus receiver E 12 in G 110 and replaces it with +SV via resistor R 107. This receiver 

output (pin 14) always remains 0 so that jumper WS must remain installed to ensure a match on pins 12 and 13 
of gate El 3. In the 8K interleaved memory configuration, one more change must be made. Jumpers W7 and 

W8 must be connected in the "X" pattern shown by dotted lines in Drawing G 110-0-1, sheet 2. Bit AO 1 is now 
decoded by the device selector and bit Al4 is sent via jumper W7 to the word address register as AOlH. The 

jumper configurations for memory systems up to l 28K words are shown in Figure 2-8. 
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Figure 2-7 Jumper Configuration for a Specific Memory Address 

2.4.4 Word Selection 

Word selection requires two levels of decodirig. The word address bits are placed in the 13-bit word address 

register; some bits from the register output are combined in a gating network. The outputs from the gating net­

work and some outputs directly from the register are used as inputs to a group of decoders (Figure 2-4). The 

outputs of the decoders select the proper X and Y read/write switches and drivers. 

2.4.4.1 Word Address Register and Gating Logic - The word address register and gating logic are contained on 

the driver module. The circuit schematic is shown in drawing G 231-0-1, sheet 2. The register is composed of 

13 dual 74H74 D-type edge-triggered flip-flops. They are identified as El 1, El2, E13, El4, El8, El9, and E20. 

The output (pin 3) of gate E9 provides a high signal on the present input (pin 4 or pin l 0) of each flip-flop which 

prevents direct presetting of the flip-flop. Direct clearing of each flip-flop is prevented by a high signal on the 

clear input (pin l or pin 13) via the output (pin 2) of gate E9. The register cannot be directly cleared or preset; 

its output responds only to the signal at its data (D) input. 

2-10 



Device Address Jumpers (I) 
Memory Bank Machine Address 

(words) (words) W6 W4 W3 W2 
Al4(3\ AOI AIS A16 Al7L 

0-BK 000000-03 7776 In In In In 

8-16K 040000-077776 Out In In In 

16-24K I 00000-13 7776 In Out In In 

24-32K 14~000-177776 Out Out In In 
32-40K 200000-237776 In In Out In 
40-48K 240000-277776 Out In Out In 
48-56K 300000-337776 In Out Out In 
56-64K 340000-377776 Out Out Out In 
64-72K 400000-43 7776 In In In Out 
72-SOK 440000-477776 Out In In Out 
80-88K 500000-537776 In Out In Out 
88-96K 540000-577776 Out Out In Out 
96-104K 600000-63 7776 In In Out Out 
104-112K 640000-677776 Out In Out Out 
I 12-120K 700000-737776 In Out Out Out 
120-128K 74000-777776 Out Out Out Out 

(I) WS and WIO must be installed and W9 must be removed. 

(2) The memory can be interleaved as I 6K only, using two adjacent contiguously addressed SK 
banks. When two 8K banks are interleaved, jumpers W7 and W8 must be in the configuration 
shown by the dotted lines. Bit AO I goes to the device selector gate controlled by jumper W6. 
One 8K bank must have W6 installed and the other must have W6 removed. 

When not interleaved, jumpers W7 and W8 must be in the configuration shown by the solid 
lines. Bit A I 4 goes to the device selector gate controlled by jumper W6. 

W7 

6b we 

6b 
NON· INTERLEAVED INTERLEAVED 

(TWO BK BANKS REQUIRED) 

CONTROL MODULE G110 

COMPONENT SIDE 
SHOWING PHYSICAL 
LOCATION OF 
JUMPERS 

A 

c 

v 

*Jumper W1 is for test purposes only. It must be installed for normal operation. 

iBt Jumper W11 should be removed for normal operation. When installed the memory 
responds to DATI only, regardless of state of control lines COO and C01. 

NOTE: 
Jumpers W5,W7,and WB must remain in the factory installed positions. 

B 

A 
V CONNECTOR EDGE _/ 

Figure 2-8 Device Decoding Guide 
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Address bits A{l3:02} are picked off the Unibus via type 7380 quad receivers (El5, El6, and El 7). The 

receiver outputs are sent to the corresponding flip-flop D-inputs. The 8K memory requires J4 in and J3 out. 

The flip-flop (E 11) associated with bit AO 1 receives its input from the device selector (Drawing G 110-0-1, sheet 2). 

The input signal is AOlH. which is obtained from bit AOl Unibus receiver for an 8K non-interleaved memory. For 

an 8K interleaved memory, AOlH is obtained from bit Al4 Unibus receiver, and the AOl Unibus receiver output 
goes to the device selector. 

The register flip-flops are clocked synchronously by CLK 1 H from the control logic (Drawing G 110-0-1, sheet 2). 

Clocking occurs on the positive-going edge of CLK 1 H. The generation and timing of this clock signal is dis­
cussed in Paragraph 2.8. When the register is clocked, the outputs of flip-flops AOl, A02, A04, A05, A07, A08, 

AlO, and Al 1 are sent to the type 8251 X-Y line decoders on.the driver module (Drawing G231-0-l, sheets 3 and 
4). The outputs offlip-flopsA06,Al2, and Al3 are combined in a group of six type 74Hl0 NAND gates (three 

E22s and three E25s) which are enabled by signal TSS H. Table 2-2 lists the states of flip-flops A06, A 12, and 

A 13 that are required to enable these gates. The outputs of flip-flops A03 and A09 are gated with TDR H in 

high-speed 2-input NAND gates and then applied to the decoders associated with the drivers. The six signals 
listed in Table 2-2 are also sent to the X-Y line decoders on the driver module. 

Table 2-2 

Enabling Signals for Word Register Gating 

Output Signals Enabling Signals 

Gate Asserted Signal FFA06 FF A12 FF A13 

E22 pin 12 (A06H) L Set x x 
E22 pin 8 A06L Reset x x 
E22 pin 6 (Al2H · A13H) L x Set Set 
E25 pin 12 (Al2L · Al3H) L x Reset Set 
E25 pin 8 (Al2H · Al3L) L x Set Reset 
E25 pin 6 (Al2L . Al3L) L x Reset Reset 

TSS His generated at the output (pin 3) of negative-input OR gate E4 during a read or write operation. During 

a read operation, the enabling signal is produced at NAND gate E4, pin 8 by ANDing READ H and TNAR H. 

During a write operation, the enabling signal is produced at NAND gate E4, pin 6 by ANDing WRITE H and 

TWID H. READ, TNAR, and TWID are generated by the control logic on the control moduie. WRITE is the 

complement of READ (produced by inverter E6). READ H comes from the 1 output of R/W flip-flop El3 

(Drawing G 110-0-1, sheet 2); READ H is produced when the flip-flop is set. When the R/W flip-flop is cleared, 
READ H is low and it is inverted by E6 to produce WRITE H. 

2.4.4.2 X and Y Line Decoding 

The basic decoding unit is a type 8251 BCD-to-Decimal Decoder. It converts a 4-bit BCD input code to a one­

of-ten output; however, only eight outputs are used. Figure 2-9 shows an 8251 and associated truth table. The 

inputs are DO, Dl, D2, and D3; they are weighted 1, 2, 4, and 8, with DO being the least significant bit. The out­

puts are 0-7 and are mutually exclusive. The selected output is low and all others ·are high. 
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Figure 2-9 Type 8251 Decoder, Pin Designation and Truth Table 

In the MMl 1-S memory, 10 decoders are used: 6 for the X-axis and 4 for the Y-axis. Each decoder controls 

four read/write switch pairs. Each pair is associated with a specific switch or driver. This switch matrix is com­

bined with the stack X-Y diode matrix to allow selection of any location out of the total 8192 locations (see 

stack drawing DCS-H214-0-1 for interconnections). 

The X and Y line switches are first differentiated as switches and drivers. The drivers are those switches that are 

connected to the diode end of the stack. Drivers and switches are further differentiated by function: either read 

or write. Another differentiation is made by polarity: negative or positive, depending on the physical connec­

tion. Read drivers and write switches are connected to the current generator outputs and are considered positive; 
write drivers and read switches are connected to -1 SV and are considered negative. 

Figure 2-10 shows the decoders associated with Y line read and write switches 4-7 and Y line read and write 

drivers 4-7. Also refer to the truth table in Figure 2-9. In both decoders (E28 for switches and E8 for drivers), 

the signal to input 03 selects the block of switch pairs. This signal must be low for any output to be selected. 
The signal to input 02, which is READ L for all decoders, controls the selection of read or write switches/drivers. 

When READ Lis low, outputs 0-3 are selected; these are read switches and read drivers. When READ Lis high, 

outputs 4-7 are selected; these are write switches and write drivers. The four combinations of the states of inputs 

DO and DI select the particular switch/driver. 

The four driver decoders (E3, E8, E43, and E46 in Drawing G23 l-O-J, sheets 3 and 4) have a NANO gate con­

nected to input 03. Signal TDR His an input to each gate; therefore, the driver decoders cannot be enabled 

unless TOR His high. This signal is generated on the driver module (Drawing G231-0-J, sheet 2, coordinates A-8) 

by ANDing TWID H and READ H or TNAR H and WRITE H. 
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Figure 2-10 Decoding of Read/Write Switches and Drivers Y 4-Y7 

Each switch/driver is connected to the decoder output by means of a transformer-coupled base drive circuit. 

When the decoder output is at ground (low), the switch/driver is turned on; it is turned off when the decoder 
output is at +3.SV (high). The base drive circuit for write switch YS7 shown in Figure 2-11 is typical. 

In this example, the decoder inputs have selected output 7 which is at ground. Current i1 flows into this decoder 

output circuit from the +SV supply via resistor R 11 and the primary winding (terminals 4 and 3) of transformer 

TS. The value of i1 is determined by the value of RI I and the voltage reflected into the transformer primary 

(approximately l .OV). An equal current i2 is induced in the base-emitter circuit of write-switch E29 which is 

connected to the transformer secondary winding (terminals 13 and 14). This current turns on E29. All the base 

current for E29 is provided by this circuit; i3 is the collector current. When the decoder is turned off, its output 

pull-up transistor tries to drive the tum-off current i4 in the opposite direction. This reverse current removes the 

forward bias from the base of E29 and turns it off. Capacitor C30 allows the decoder to pump reverse current i4 

into the transformer primary; it also speeds up tum-on current i 1 • Diode Dl prevents reverse breakdown of the 

base-emitter junction of E29; it also protects the decoder output. 

2.4.4.3 Drivers and Switches - Drivers and switches direct the current through the X and Y lines in the proper 

direction as selected by the read and write operations. 
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Figure 2-11 Switch or Driver Base Drive Circuit 

In the MM 11-S memory, 16 pairs of read/write switches and 8 pairs of read/write drivers are provided in the 

X-axis; 8 pairs of read/write switches and 8 pairs of read/write drivers are provided in the Y-axis. In conjunction 
with the stack diode matrix (Drawing H2 l 4-0- l, sheet 2), one driver and any one of 16 switches select 8 lines in 

the Y-axis. This allows selection of 128 lines in the X-axis and 64 lines in the Y-axis. This provides a 128 x 64 

matrix that selects any location out of 8192 locations. 

Figure 2-12 illustrates one-fourth of a Y selection matrix and shows the interconnection of the diodes and the 

lines from the switches and drivers. It shows how 4 pairs of switches and drivers are connected to select 16 lo­

cations. Refer to Drawing H2 l 3~0-l, sheet 2 for an extension of this method which uses 8 pairs of switches and 

drivers to select 64 locations. 

Figure 2-12 shows four pairs of drivers and four pairs of switches for the Y-axis only; polarities are shown for 

convenience. The diodes are identified to assist in associating them with the drivers and switches. Each line from 

a twin diode interconnection to a read/write switch pair passes through 64 cores and represents one line on each 

bit mat. Assume that a write operation is to be performed and the word address decoders have selected write 
switch WYSOO and write driver YNWD 1. The Y current generator sends current through write switch WYSOO 
(conventional flow) which puts a positive voltage on the anodes of diodes 03W, 02W, OlW, and OOW. The non­

selected write drivers (YNWD3, YNWD2, and YNWDO) provide a positive voltage on the cathodes of their asso­

ciated diodes (03W, 02W, and OOW respectively) which reverse biases them and prevents conduction. Write driver 

YNWDl, which has been selected, turns on and makes the cathode of diode OlW negative with respect to the 
anode which forward biases it. The diode conducts and allows current to flow to write driver YNWD 1. A half­

select current now flows through this line that links 64 cores per bit mat ( 1024 total for 16 mats). 

Figure 2-13 is a simplified schematic of two pairs of switches and drivers interconnected with the core stack and 

current generator. Read/write switches YS07 and read/write drivers YD7 are used as examples. These switches 

and drivers are chosen for convenience. For a read or write operation, there are 64 switch/driver combinations 
on the Y axis and 128 on the X axis. For a read operation, decoder E8 selects positive read driver E7 via trans­

former T3, and decoder E28 selects negative read switch E26 via transformer T7. Both E7 and E28 are turned 
on when they are selected. E7 conducts and removes the reverse bias on diode D67 which allows current from 

the Y current generator to flow through D67, E7, the associated matrix diode, and the cores on the selected 

line. After passing through the cores, the current flows through E26 and RZ7 to the -15V line. For a write 
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operation, decoder E28 selects positive write switch E29 via transformer T8, and decoder E8 selects negative 

write drivers ElO via transformer T4. Both E29 and ElO are turned on. E29 conducts and removes the reverse 

bias on diode D 17 which allows current from the Y current generator to flow through D 17, E29, and the cores 

in the opposite direction. After passing through the cores, the current flows through the associated matrix diode, 

ElO, and Rl 40 to the -1 SV line. Read current flow is shown as a solid line: a broken line shows write current 
flow. 

2.4.4.4 Word Address Decoding and Selection Sequence -This paragraph takes a specific word address through 

the decoding and X and Y line selection sequence. 

The word address is 017772 and it is assumed that a specific memory bank has been selected. The binary equiv­

alent of the address is shown below. A read operation is to be performed. 
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Figure 2-13 Typical Y Line Read/Write Switches and Drivers 

Bits A<I3:0I> are used to decode the word address. Bit AOl is sent to the device selector (Drawing G 110-0-1, 

sheet 2) and appears at word address flip-flop El 1 pin 2 as AOl H (Drawing G23l-O-l, sheet 2). Bits A<l3:0I> 

are sent to the Unibus receivers which are inputs to the associated word address flip-flops. 13 is out and J4 is in. 

Table 2-3 shows the state of bits A(13:0D and the decoding signals generated by the word address flip-flops after 

they are clocked. 

The output signals from flip-flops A06, Al2, and Al3 are not used directly from the flip-flops. They are sent to 
gating logic (E22 and E25) and are ANDed with signal TSS H. In this case, only two out of a possible six signals 

are generated: A06 His low from E22 pin 12 and(A12H • Al3L) Lis low from E25 pin 8. These signals and 

the outputs from the other word address flip-flops are sent to the inputs of the type 8251 decoders to select the 
appropriate switches and drivers. READ L is an input to each 8251 decoder. A read operation is to be performed; 
therefore, READ L is low. 

The decoders, switches, and drivers are shown in Drawing G231-0-l, sheets 3 and 4. Using the decoding signals 

in Table 2-3 and the operating characteristics of the decoders, it is possible to determine which decoders have 

been selected for word address 017772. A decoder is selected only when its D3 input is low. In this case, the 

selected decoders are E34 and E46 for the X line (Drawing G23 l-O-l, sheet 3), and E23 and E8 for the Y line 

(Drawing G23 l-O-l, sheet 4). READ L is low and is sent to input D2 of each decoder; it selects read drivers and 
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switches in this case. To verify this point, refer to the truth table and diagram in Figure 2-9. Decoder inputs 

DO and DI select the particular switch or driver as shown below. 

Decoder E34 - DI is high, DO is high: selects output 3 (pin 10) which is read switch XS07. 

Decoder E46 - D 1 is high, DO is high: selects output 3 (pin 10) which is read driver XPRD7. 

Decoder E23 - Dl is high, DO is high: selects output 3 (pin 10) which is read switch YS03. 

Decoder ES - Dl is low, DO is high: selects output l (pin 12) which is read driver XPRD5. 

The last step is to follow the outputs of the drivers and switches to the stack diode matrix (Drawing H2 l 3-0-l, 

sheet 2). For the X line, the circuit is from driver XPRD7 to diode junction E7-l l, across termination 35 to 

switch XS07. For the Y line, the circuit is from driver YPRD5 to diode junction E4-9, across termination 15 to 
switch YS03. The terminations indicate the point on the stack printed circuit board where the X or Y line is 

soldered. Physically, the wire that is connected across the termination is strung through 64 cores per bit mat 

(total of 1024 cores in series for 16-bit memory). 

Table 2-3 

Word Address Decoding Signals 

Address Bit Unibus Receiver Output Flip-Flop State Flip-Flop 
Receiver Input Output Signals 

AOl L H set AOIH=H 
A02 H L reset A02H= L 
A03 L H set A03H = H, A03L = L 
A04 L H set A04H = H 
A05 L H set A05H = H 
A06 L H set A06H = H, A06L = L 
A07 L H set A07H = H 
A08 L H set A08H = H 
A09 L H set A09H = H, A09L = L 
AlO L H set AIOH = H 
Al 1 L H set AllH=ll 
A12 L H set A121l=H,Al2L=L 
Al3 - - reset Al3H = L, A13L = H 

2.5 READ/WRITE CURRENT GENERATION AND SENSING 

2.5.l Introduction 

Aside from the addressing and control logic, four functional units are involved in generating current to switch 

the cores and detect their state. The X and Y line current generators supply the drive current (via switches and 

drivers); the inhibit drivers allow Os to be written during a write operation; the sense amplifiers detect ls during 

a read operation; and the memory data register (MDR) temporarily stores data to be written or data that has 

been read from the memory. The following paragraphs discuss each functional unit and their interrelation. 
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2.5.2 Read/Write Operations 

The discussion of the read/write operations shows the interrelation of the current generator, inhibit drivers, sense 

amplifiers, and memory data register. Details of the operation of each functional unit are discussed in subsequent 

paragraphs. Several control signals are mentioned; however, details of their generation and timing are described 

in Paragraph 2.8. 

For clarity, one data bit (D07) of the selected word is discussed and the text is referenced to Figure 2-14 which 

is a simplified block diagram. Detailed logic for the MDR, Unibus receivers and drivers, sense amplifiers, and 

inhibit drivers for all 16 data bits is shown in Drawings G 110-0-1, sheets 3 and 4. 

During a read operation, half-select currents flow in the X and Y lines for the selected word in each bit mat. 

These currents flow opposite to the write currents; therefore, cores in the l state are switched to the 0 state and 

cores in the 0 state are unchanged. Switching the core from the 1 state to the 0 state induces a voltage pulse in 

the sense winding. This pulse is detected by sense amplifier ES2 as a differential voltage on input pins 6 and 7 

that exceeds the threshold reference voltage. This pulse is amplified and when STROBE OH is generated at pin 11, 

the output of sense amplifier ES2 goes high. Just prior to the strobe signal, the control logic generates RESET 0 

which clears (resets) flip-flop ES4. The sense amplifier output is inverted by ES6 and sent to the present input 

(pin 10) of MDR flip-flop ES4. A low on the present input sets the flip-flop; its 1-output (pin 9) is a high and 

its 0-output (pin 8) is a low. The high from pin 9 of the flip-flop is sent to input pin 1 of the Unibus driver E2 l. 

The other input to this gate is the data out signal. When the control logic generates DATA OUT H, the output 

of E2 l is low (logical 0 for memory logic and logical l for Unibus logic). This is the read-out of bit D07 and is 

sent to the requesting device via the Unibus. Timing diagrams for the sense operation are shown in Figure 2-15. 

The read operation is destructive: all cores at the specified location are now 0. The data that was read must be 

restored by a write operation which immediately follows the read operation. Flip-flop ES4 is still in the set state; 

therefore, its 0-output (pin 8), which is high, is sent to input pin 9 of NAND gate ES3. The control logic generates 

the inhibit driver control signal TINHO H which is the other input to gate ES3. The gate is not asserted (pin 8 is 

low) and the inhibit driver is not turned on. With no inhibit current in the inhibit line to oppose the half-select 

Y line current, a 1 is written back into the appropriate cores. 

In this example, if bit D07 is a 0 in core, it does not switch during the read operation and the output of sense 

amplifier ES2 does not go high. Flip-flop ES4 remains cleared (reset): its 1-output (pin 9) is low and its 0-output 

(pin 8) is high. When the control logic generates DATA OUT H, the output of Unibus driver E2 l is high (logical 1 

for memory logic and logical 0 for Unibus logic). The 0-output of flip-flop ES4, which is high, is sent to NAND 

gate ES3. During the subsequent write operation, TINHO H is generated which produces a low output ·signal at 

ES3 pin 8. This activates the inhibit driver which produces a current that opposes the Y line current and pre­

vents a 1 from being written into this bit of the selected word. 

The read/write operation which has been discussed is a read/restore operation (DATI). The requesting device wants 

to read a word from memory and, as an internal requirement, the memory must restore the word by writing it back 

in core. In this case, the MDR flip-flops are preset by the sense amplifier outputs when 1 s are read from the core. 

The flip-flop outputs are used in the subsequent write (restore) operation to control the inhibit drivers. If the re­

questing device wants to write a word into memory (DATO), it must load the data into the MDR flip-flops. The de­

vice asserts the data on the Unibus from which it is picked off via Unibus receivers. In this example, bit D07 is sent 

to pin 7 of Unibus receiver E 1 O. The bit is inverted by the receiver and sent to the D-input (pin 12) of flip-flop ES4. 

At the start of the DATO cycle, the control logic generates LOAD 0 H which clocks the flip-flop. If the D-input is 

high, E54 is set and its 0-output is low. Control gate E53 is not asserted by TINHO H and the inhibit driver is not 

turned on. A 1 is written into the selected core. If the D-input is low, E54 is reset and its 0-output is high. Control 

gate E53 is asserted by TINHO H and the inhibit driver is turned on. A 0 is written into the selected core. Because 

RESET L and STROBE H are disabled in this mode, the read operation is used only to magnetically clear the cores. 
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2.5.3 X and Y Current Generators 

Two identical current generators are provided: one each for the X and Y drive lines. They generate the current 
pulses that are used during read and write operations to switch the cores. The current generators and associated 

reference voltage supply are shown in Drawing G231-0-l, sheet 2. This discussion refers to Figure 2-16 which 

shows the Y current generator and reference voltage supply. 

Optimum core switching requires repeatable current pulses of constant amplitude with a linear rise time. The 

current generator and reference voltage circuit provide current pulses that meet these requirements. The ampli­

tude of the output current pulse is determined by the reference voltage circuit; the rise time is determined by an 

RC circuit in the current generator; and pulse duration is determined by the length of the triggering pulse TWID H. 

During the quiescent state of the current generator, input transistor Q8 is on; its collector voltage is 4.7V and is 

connected to the cathode of diode 062 which reverse biases it. The anode of D62 is connected to the emitter of 

transistor Q4 which is the output of the reference voltage circuit. In this state, D62 blocks the output from the 

reference voltage circuit to the current generator. With Q8 on, both output transistors Q9 and Q 10 are turned 

off and the current generator is off. 

Operation of the current generator is triggered by a high TWID H signal from the control logic. TWID His double 

inverted by two E6 inverters and sent to the base of Q8 which turns it off. When Q8 is cut off, capacitor CS 2 

starts charging. This provides base drive to output transistors Q9 and QlO and they start to conduct. With Q8 
off, its collector goes negative until it reaches the forward bias level of 062 which is the value of the reference 

voltage minus the voltage drop across 062. The rise time of the current pulse is determined by the time constant 

TWIO H 

MOUNTED ON STACK r---.----, 
I 
L TEMP. COMP. 

058 C48 R94 

R90 

R91 J1 

R93 

-15V 

I 
_J +5V 

+5V 

R83 C52 R85 

R84 Q8 

C51 

062 
-15V 

Q4 

VREF 

R95 063 

Figure 2-16 Y Current Generator and Reference Voltage Supply 

2-21 

R86 

TOY AXIS 
SWITCHES ANO 
DRIVERS 

061 

.,.. 

TO: X CURRENT 
GENERATOR 

,,-1101 



of C52, R87 and R88. The amplitude of the pulse is detennined by the value of the reference voltage. When 

TWID H goes low again, the current generator is turned off and the output pulse is terminated. 

A resistor network in the base circuit of Q4 in the reference supply is used to set the amplitude of the current 

generator to approximately 410 mA. The total resistance of parallel network R90, R91, and R92 is changed by 

the configuration of jumpers J 1 and J2. The amplitude of the current generator output pulse is factory set as 

close as possible to 410 mA at 25°C. It should not be changed in the field. 

The base circuit of Q4 is temperature compensated by a resistor and thennistor that are mounted on the stack. 

This ensures that the amplitude of the current generator output pulse remains within specified tolerances over 

the temperature range of 0°C to 50°C. This temperature compensation is approximately -0.8 mA/°C. 

2.5.4 Inhibit Driver 

A detailed schematic of the inhibit driver for bit D07 is shown in Figure 2-17; it is typical of all 16 inhibit drivers 
(Drawing G 110-0-1, sheets 3 and 4). 

When the inhibit driver is off, none of the currents shown in the schematic are flowing. Transistor Q7 is held off 

by the negative voltage on its base. The output of NAND gate E53 goes low (ground) when this inhibit driver is 

selected. Current i1 flows into the output circuit of E53 from the +SY supply via resistor R87 and the primary 

winding (tenninals 15 and 16) of transfonner TS. An equal current is induced in the base-emitter circuit of Q7 

which is connected to the transfonner secondary winding (tenninals 1 and 2). This base current overcomes the 

reverse bias voltage and turns on Q7. Current i1 , and therefore induced-current i2 , is determined by resistor R87 

and the reflected base-emitter voltage V be of Q7. When Q7 is turned on, current flows from ground, through 

Balun transformer T7, isolation diodes D 13 and D 14, and the sense/inhibit winding to the common inhibit ter­

minal (071N). The Balun transformer balances the two inhibit half-currents. At terminal 071N the full inhibit 

current flows through resistor R72 and Q7 to -15V. The value for inhibit current is calculated as follows: 

iinh 
R72 + Rcore mat 

15 - 0.8 - 1.2 

13 + 4.5 

13 
o::!-- ~ 

17.5 
740mA 

Each leg of the sense/inhibit sees half the inhibit current; i.e., approximately 370 mA. Capacitor C55 decreases 

the rise time of the current. 

The inhibit driver is turned off when the output (pin 8) of gate E53 goes from low to high. At turn-off time, 

the back emf caused by the stack inductive reactance tries to drive the collector of Q7 highly positive; however-, 

diode D43 clamps this voltage to ground. When the output of E53 goes high (approximately +3.2V), its output 

pull-up transistor (an integral part of the gate circuit) tries to drive the turn-off current 4 in the opposite direc­

tion through the transfonner primary winding. An equal current induced in the secondary winding removes the 

forward bias from the base of Q7 and turns it off. With Q7 off, all dynamic current flow ceases in the circuit and 

the negative voltage on the base of Q7 keeps it turned off until the output of gate E53 goes low again. 

Capacitor C74 allows the gate to pump reverse current 4 into the transfonner primary; it also helps to decrease 

the turn-on time of Q7. Diode D59 prevents reverse breakdown of the base-emitter junction of Q7. 
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A detailed schematic of the sense amplifier circuit for bit D07 is shown in Figure 2-17; it is typical of all 16 sense 

amplifier circuits (Drawing G 110-0-1, sheets 3 and 4). It consists of the sense amplifier, terminating network for 

the sense/inhibit winding, and threshold voltage network. 

The sense amplifier input (E52 pins 6 and 7) is across the sense/inhibit winding (points 07SB and 07SA). Re­

sistors R 13 and R 14 are matched to terminate the sense/inhibit line in the desired impedance. Practically speak­

ing, during the sense operation, the inhibit driver connection is an open circuit through the driver transistor Q7. 
The effect of the inhibit driver circuit, Balun transformer T7, and isolation diodes D 13 and D 14 can be ignored 

during the sense operation, because the diodes are reverse biased. 

Sense amplifier E52 is one-half of a dual IC package (type 7528). A simplified block diagram of the package is 

shown in Figure 2-18. The two identical circuits are marked 1 and 2. Each consists of a preamplifier and sense 

amplifier. The output of the preamplifier is available as a test point to observe the amplified core signal and to 

facilitate accurate strobe timing. Both circuits share a reference voltage (or threshold voltage) amplifier (pins 4 

and 5). In this application, pin 4 is grounded and a positive threshold voltage of approximately 20 mV is supplied. 
to pin 5. This voltage is obtained from the +5V supply through resistor voltage divider R57 and R58; C40 is a 
bypass capacitor. Operation of the sense amplifier is discussed in Paragraph 2.5.2. 
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2.5 .6 Memory Data Register 

The memory data register (MDR) is a 16-bit flip-flop register that is used to store a word after it is read out of 

the memory, or to store a word from the Unibus prior to its being written into the memory. It is composed of 

eight 74H74 dual high-speed D-type flip-flops: bits DOO-D07 are shown in Drawing G 110-0-1, sheet 3 and are 

identified as E54, E57, E60, and E63; bits DOB-DIS are shown in Drawing G 110-0-1, sheet 4 and are identified 
as E42, E45, E48, and ES 1. 

At the start of a memory operation, the MDR is cleared directly via the CLEAR input (pin 1 or pin 13) of each 

flip-flop; the clear signal is RESET 0 L for bits DOO-D07 and RESET 1 L for bits D08-D15. 

The operation of the MDR during a read/restore operation (DATI) and a write operation (DATO) is discussed 

in Paragraph 2.5.2. 

2.6 STACK DISCHARGE CIRCUIT 

The stack discharge circuit assists the stack capacitance in recovering and shortens the rise time of the stack cur­

rent. It also reduces unwanted currents in the seven unselected lines associated with the selected driver. 

Figure 2-19 shows the stack discharge circuit. Its output is taken from the emitter of transistor Q2 and goes to 
the junction of each X and Y read/write switch pair via a resistor. This common interconnection is labeled V 0 • 

It is desired that V0 ~ OV (ground) during a read operation; and v0~ -lSV during a write operation. The effec­

tive stack capacitance associated with each line is shown as Cstack· 

During a write operation, READ His low; it is inverted and ANDed with TWID H at NAND gate E4. The low out­

put (pin 11) of E4 is inverted by E6 and sent to the cathode of diode D51 which reverse biases it. The emitter of 

Ql becomes more positive, overcomes the constant positive base bias, and turns on transistor Ql. When QI conducts, 

it provides base drive for Q3 which also turns on. When Q3 conducts, it reduces the base drive on Q2 and it turns 

off. The emitter voltage of Q2 goes to approximately -14V, which is V 0 on the switch node for the stack. Diode 

D57 prevents hard saturation of Q3. Diode D55 holds Q2 off. During a write operation, V 0 = -l 4V and the 

stack discharge circuit is considered to be turned on (input transistor QI is on). 
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During a read operation, READ H is high; it is inverted and ANDed with TWID H at NAND gate E4. The gate 

is not asserted and its output (pin 11) is high. This signal is inverted by E6 and sent to the cathode of diode DS 1 

which forward biases it. The voltage on the emitter of Q 1 produced by the current through R 77 is not enough 

to overcome the constant positive bias and Ql is turned off. With Ql off, Q3 looses its base drive and turns off. 

Now, DSS cannot hold Q2 off. As long as the stack capacitance is charged negatively, base current exists for 

Q2 and it remains on. The stack capacitance now charges in the positive direction until it reaches ground poten­

tiaL During a read operation, V 0 ~ OV and the stack discharge circuit is considered to be off (input transistor 
Ql is off)_ 

To see how the stack discharge circuit reduces unwanted currents on the seven unselected lines associated with 
the selected driver, see Figure 2-13. 

During a read operation, the stack discharge circuit is off and V0 = OV; The current generator drives the read 

driver node of the stack towards ground; the current generator output is clamped to ground by diode D61. The 

anodes of the eight read diodes are at ground. The stack discharge circuit is on and the cathodes of the seven 

unselected diodes are also at ground which back biases them; therefore, they are off. The read switch pulls the 

cathode of the selected line towards -l4V which forward biases it and allows conduction through the diode. 

Current flows only through the selected line. Reverse biasing of the diodes in the unselected lines prevents cur­

rent from flowing between the unselected nodes and the selected read driver. 

The stack discharge circuit performs the same task during the write operation by back biasing the anodes of the 

diodes in the unselected lines with -l4V. 

2.7 DC LO CIRCUIT 

A circuit on the driver module (Drawing G23l-O-l, sheet 2) opens the -lSV supply line to the current generators 

when power is interrupted to the power supply. When power is interrupted, the +SV supply is lost and the oper­

ation of all logic is indeterminate. In tltis state, it is necessary to cut off the -lSV supply to the X and Y line 

current generators to prevent them from destroying stored data. The circuit that performs the -1 SV cut off is 

called the DC LO circuit (Figure 2-20). 
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The -ISV supply for the X and Y line current generators passes through transistorQ7 in the DC LO circuit. Q7 
must be turned on for the -ISV to reach the current generators. 

The circuit monitors BUS DC LO L from the power supply via the Unibus. This signal is sent to the base of 
transistor QS. When power is on, BUS DC LO Lis high (not asserted). The voltage across R96 forward biases 

QS and it turns on which turns on Q6. The conduction through QS and Q6 forward biases Q7 which turns it on. 
The -ISV flows through Q7 to the X and Y line current generators. 

When power is interrupted, BUS DC LO L goes low (asserted). QS is now reverse biased and it turns off which 

turns off Q6. With QS and Q6 off, Q7 is also turned off which opens the -1 SV line to the current generators. 

This circuit still functions when BUS DC LO L is asserted even if the +SV supply drops to zero. 

2.8 OPERATING MODE SELECTION WGIC 

When the memory is addressed by the master device, one of four bus transactions is selected. The transaction 

(or operation) selected is determined by the states of control bits COi and COO and address bit AOO as placed on 

the Unibus by the master device. Table 2-4 shows the states of these bits for each transaction. 

The logic that decodes the mode and byte control bits is shown in Drawing G 110-0-1, sheet 2; it appears at the 

bottom of the sheet and is identified as the byte masking logic. Bits BUS CO 1, BUS COO, and BUS AOO are taken 

from the Unibus to three E29 receivers. One input of each gate associated with COi and COO is connected to the 

output of the PROTECT LOW gate (E29 pin 3). Both inputs to this gate are tied to +SV so that its output is 

always low. For troubleshooting purposes, a jumper (Wl 1) can be installed that makes the gate output high 

which allows only DATI operations to be performed regardless of the states of bits COl and COO. This jumper 
hardwires the memory as a read-only device. 

The outputs of the three E29 receivers (COl, COO, and AOO) are sent to the byte masking logic to generate 

LOAD 0 H AND LOAD 1 H and to qualify a group of gates which are enabled by control signals to generate 

RESET 0 L, RESET 1 L, STROBE 0 H, STROBE 1 H, and DATA OUT H. The logic also conditions the D-input 

of the PAUSE flip-flop (E4 pin 12) to allow it to be set or reset. It also applies conditioning signals to the wired­

AND that provides the clocking signal to the Slave Synchronization (SSYN) flip-flop. The PAUSE flip-flop and 

the SSYN flip-flop are part of the control logic. 
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Table 2-4 
Selection of Bus Transactions 

Mode Control 
Transaction Mnemonic Control AOO Function 

C(Ol :00) Octal 

Data In DATI 00 0 x Data from memory to master. Memory 
performs read and restore operations. 

Data In, DATIP 01 1 x Data from memory to master. Restore 
Pause operation is inhibited. Must be followed 

by DATO or DATOB. Read operation 
is inhibited. 

Data Out DATO 10 2 x Data from master to memory (words). 

Data Out, DATOB 11 3 l Data from master to memory. High 
High Byte byte on data lines D(l5:08). 

Data Out, DATOB 11 3 0 Data from master to memory. Low byte 
Low Byte on data lines D(07:00>. 

The signals generated for each bus transaction are shown in Table 2-5. The memory operational sequences are 
discussed in subsequent paragraphs. To avoid confusion in interpreting the transactions listed in Table 2-5, the 

purpose of the PAUSE flip-flop is discussed briefly. During DATIP, the PAUSE flip-flop is set during the read 

operation which inhibits the restore (write) operation. The DATIP must be followed by a DATO or DATOB on 

the same address. The DATO or DATOB that follows a DATIP is shorter than a standard DATO or DATOB be­

cause the initial read operation is eliminated. In Table 2-5, the suffix PAUSE L identifies the standard transac­

tions; the suffix PAUSE H identifies the DATO and DATOB transactions that must follow a DATIP. 

2.9 CONTROL LOGIC 

2.9.1 Introduction 

The control logic generates the precisely timed signals that initiate and stop the memory operations that are re­

quested as a result of the decoding of the bus transaction. The heart of the control logic is the delay line timing 

circuit. For better understanding, the timing circuit, slave sync circuit, pause/write restart circuit, and strobe 

generating circuit are described separately. Then, each bus transaction is discussed in detail. The discussion is 
to detailed logic level but the signals are not traced through each component. The text is referenced to logic 

Drawing G 110-0-1, sheet 2 and the timing diagrams in Drawing MMl l-L-3. 

2.9.2 Timing Circuit 

The heart of the memory control logic is the timing circuit. When activated, it generates a series of precisely 

timed signals that control memory operation. The major component of the timing circuit is a delay line (DLI) 

with multiple 25-ns taps (Drawing C 110-0-1, sheet 2). The delay line outputs are gated to produce the control 

signals. Figure 2-21 shows the timing of the delay line outputs and the timing of the control signals obtained by 

gating these outputs. A brief statement of the function of each control signal is included. Absolute timing is 

obtained from the engineering timing diagram (Drawing MM 11-L-3). The discussion is referenced to Figure 2-21 

and the control logic Drawing G 110-0-1. 
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Table 2-S 

Generation of Memory Operating Signals 

Signals Generated 
Mode Q - Q - Q -= Byte Control State of ~ ~ 

~ t Q Q E-
Mode Control PAUSE f:IQ 

~ < < ::> Operational Sequence 
~ 

ti.I 
AOO Flip-Flop ga ga g s 0 

cot coo tl tl ~ 
< 
Q 

DATI x 0 0 ~eset x x x x x Read-restore. 

DA TIP x 0 l Reset-Set x x x x x Read-pause. Restore inhibited by 
PAUSE flip-flop. 

DATO x l 0 Reset x x Clear-write. 
PAUSE L 

DATO x l 0 Set x x Write. Must follow DATIP. 
PAUSEH 

DATOB 0 l l Reset x x x Clear-write selected byte 0. Oear-
PAUSEL restore nonselected byte 1. 

DATOB 0 l l Set x x x Write selected byte 0. Restore 
PAUSEH nonselected byte 1. Must follow 

DA TIP. 

DATOB l l l Reset x x x Clear-write selected byte 1. Oear-
PAUSE L restore nonselected byte 0. 

DATOB l l l Set x x x Write selected byte 1. Restore 
PAUSEH nonselected byte 0. Must follow 

DA TIP. 
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(8H·9L) .E2.s_-_P_1_0--1-----------------' 
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Figure 2-21 Basic Timjng and Control Signal Functions 

.2-29 



When the system is turned on, the processor asserts BUS INIT L on the Unibus. This initializing signal is sent 

to pins 6 and 7 of the bus receiver E7. It is inverted by E7 to produce a high which is sent to pins 9 and 10 of 

the memory select reset (MSEL RESET) gate E 16. The output (pin 8) of E 16 is a low which is used to clear 

(reset) MSEL flip-flop E2 via the l 00 ns delay DL3. The output of E7 is also inverted by E 18 to provide a low 

which clears read/write (R/W) flip-flop E3. The output of E7 is also inverted by El S to provide a low which 

clears PAUSE flip-flop E4. The low output of El S is double inverted by two E38 gates to clear the DEL flip­

flop E28. The master places the address, mode control state, and data (if required) on the Unibus. The device 

address is decoded and DSEL His generated and sent to pin 13 of EI, which is one of four input signals (pins 10, 

11, 12, and 13). Pin 11 is high via the 0-output of MSEL flip-flop E2. SSYN flip-flop E4 is preset and it makes 

pin IO of El high via its I-output (pin S). When the master asserts BUS MSYN L to bus receiver E23, pin 12 of 

E 1 is high also. The output of EI (pin 8) is a low which is sent to pin 13 of ES, pins 4 and S of E 14, and pin I 
of delay line DL2. El4 inverts the low from El to start the positive CLK I H pulse. DL2 provides a 30-ns delay 

for the low signal from EI which is inverted by El S to start the positive CLK 2 H pulse. The output (pin 3) of 

DL2 is also sent to the preset input (pin 4) ofMSEL flip-flop E2. This low signal directly sets E2; pin 6 goes 

low and is fed back to pin I 0 of EI to disable it. The output (pin 8) of EI is now high and this signal terminates 
both clock pulses (CLK I Hand CLK 2 H) via gates El4 and EIS. These clock pulses are approximately SO-ns 

wide. 

Gate ES also inverts the low from El because pin 12 (WRITE RESTART L) of ES is high. The positive transi­

tion at the output (pin 11) of ES clocks delay (DEL) flip-flop E28 which sets it. Pin S of E28 is high and it is 

connected to pins I and 2 of DL I driver gate E34. The low from the output (pin 3) of E34 is the input to delay 

line DL I. This signal remains low for approximately 22S ns until DEL flip-flop E28 is cleared by DELAY FF 

RESET L. This provides a negative pulse that propagates through the delay line and can be picked off at 2S-ns 

intervals. 

DLI taps 2, 4, S, 6, 7, 8, and 9 are used to generate control signals. Using Figure 2-21 as a guide, each control 
signal is discussed and related to the logic drawing (G 110-0-1, sheet 2). 

DELAY FF RESET 

Tap 6L is inverted by EIS and sent to pins 3 and S of 3-input NAND gate'E27; the third input (pin 4) is a tap 8H. 

The output (pin 6) ofE27 is the signal that clears DEL flip-flop E28; however, it is ORed with INIT Lin gate 

E38 (pins 9 and 10) and inverted by E38 pin 11 so that either (6L • 8H) or BUS INIT L can produce DELAY FF 
RESET L which clears E28 via its clear input (pin 1). This signal is generated in both read and write operations. 

RESETH 

Tap 2L, tape 4H, and READ H are gated to generate RESET H which triggers the strobe delay circuit and gen­

erates RESET 0 Land RESET I L during the read operation only. Tap 4H and READ H (high during read op­
eration) are ANDed at pins I 0 and 9 of E 17. The low output of E 17 is ANDed with tap 2L in gate E7. The high 

output (pin 3) is RESET H. 

TWID Hand TNAR H 

The 0-output of DEL flip-flop E28 is ORed with tap SL and tap 7L in separate gates (E14) to produce TWID H 

and TNAR H. Tap SL is sent to pin 13 ofE14; the other input to this gate (pin 12) is from the 0-output of DEL 

flip-flop E28. Tap 7L is sent to pin IO of another E 14 gate; pin 9 of this gate also is connected to the 0-output 

of DEL flip-flop E28. These gates are 2-input NAND gates (type 7437); however, they are shown as logically 

equivalent negative-input OR gates because it is desired to have them asserted high (logical 1) when TWID H or 

TNAR H is asserted. 
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At the start of a read or write cycle, just before E28 is set, TNAR and TWID are low because both inputs to 

each gate are high E28 is set and pins 12 and 9 ofE14 go low; TNAR and TWID are both high which starts the 
positive TNAR and TWID pulses simultaneously. When taps 5 and 7 go low (E28 is still set), TNAR and TWID 

remain high. At the end of the read or write cycle, E28 is cleared (taps 5 and 7 are still low) and TNAR and 

TWID still remain high. When tap 5 is high again, TNAR goes low because both inputs (pins 12 and 13) of E 14 

are high. This terminates the positive TNAR pulse. Approximately 50-ns later, tap 7 is high again and TWID 

goes low which terminates the positive TWID pulse. To summarize, TNAR Hand TWID Hare started together 

by the setting of DEL flip-flop E28 before taps 5 and 7 are low; they are not affected when taps 5 and 7 go low. 

TNAR H and TWID H are terminated when taps 5 and 7 return high. The intervening clearing of E28 does not 

affect TNAR H or TWID H. 

TNAR H and TWID H provide various control functions related to the operation of the switches, drivers, current 

generators, inhibit driver, .and stack discharge circuit. At this point, the discussion digresses to follow TNAR H 

and TWID H through some additional logic to understand their functions. The logic is spread throughout several 

engineering drawings. To simplify the discussion, all the logic is shown in Figure 2-22. 

TWID His ANDed with the 0-output (pin 8) of R/W flip-flop E3 at pins 9 and 10 of gate E25. With TWID H 
high, E25 is asserted only when E3 is high; this occurs only during a write operation. The output (pin 8) of E25 

is inverted by El4 to produce TINH 0 Hand TINH 1 H. 

The output of E 14 is physically divided into two paths: TINH 0 H activates the inhibit drivers for bits 0(07: 00> 
and TINH 1 H activates the inhibit drivers for bits 0(15:08). These signals do not leave the control module be­

cause the inhibit drivers are on this module also. 

-----G110-0-1 SH2 

TWID H 

-, 
I 
I 

L 

READ H 

11 

12 READ L TO ALL SWITCH AND "X>----- DRIVER DECODERS 

10 

">-4 ___ TO X - AND Y CURRENT 
GENERATORS 

TO STACK 
>---~~Ht:GE CIRCUIT 

o-OFF 

-----· 1 
3 TINH 0 H I TO INHIBIT DRIVERS 

FOR BITS D<07:00> 
TINH 1 H TO INHIBIT DRIVERS 

- - - - - - - - __J FOR BITS D<15:0B> 

Figure 2-22 TWID H and TNAR H Control Logic 
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TWID Hand TNAR H leave the control module(Gl lO)·and are sent to the drive module (G23l). TWID His 

sent to pin 4 of E2R and TNARH is sent to pin 2 of E2W. Gates E2 and E4 are marked W and R in Figure 2-22 

to show their association with write or read operations. READ His sent from the 1-c>utput (pin 9) ofR/W flip­

flop E3 on the control module to pin 9 of inverter E6 on the driver module. READ H is high during a read op­

eration and it is low during a write operation. Assume that a read operation is selected. READ H is high at pin 9 

of E6 and is sent to pin 5 of E2R to be ANDed with TWID H. This gate is asserted and its low output is sent to 

pin 12 of /negative-input NOR gate E2 which inverts it to produce TDR H. This signal is a decoding input for 

the memory read/write drivers only. Gate E2W is not asserted because WRITE H, which is the inversion of 

READ H, is low. Therefore, TWID H controls decoding signal TDR H during a read operation. During a write· 

operation READ H is low and WRITE H is high. TDR H is asserted via the output of gate E2W using the ANDing 

of WRITE Hand TNAR H. Decoding signal TDR His controlled by TNAR H during a write operation. 

A similar logic network is used to control signal TSS H which enables six decoding signals that control memory 

read/write switches only. Gates E4W, E4R, and E4 are used; TSS H is generated at the output (pin 3) of E4. 

During a read operation, TNAR H controls enabling signal TSS H; TWID H controls TSS H during a write opera­

tion. TWID H controls the operation of the X and Y current generators. During read and write operations, when 

TWID H is high, it is double inverted by two E6 inverters to turn on both current generators. 

TWID H also controls the operation of the stack discharge circuit. It is ANDed with WRITE H at pins 13 and 12 

of NAND gate E4. The output (pin 11) of E4 is inverted by E6 to control the stack discharge circuit. This cir­

cuit is considered to be turned on when the output (pin 2) of E6 is high. This occurs during a write operation: 

TWID H and WRITE H both high. 

Although not part of the timing circuit, Figure 2-22 shows READ H inverted by two E6 inverters to become 

READ L which is a decoding input to all type 8251 decoders for the memory switches and drivers. During a 

read operation, READ H is high and READ L is low which selects only read switches and drivers. Conversely, 

READ Lis high during a write operation which selects only write switches and drivers (Paragraph 2.4.4.2). 

MSEL.RESET 

The Memory Select (MSEL) flip-flop E2 is cleared (reset) at the end of a read operation in DATIP mode and at 

the end of a write operation in all other modes (DATI, DATO, and DATOB) by MSEL RESET L. This signal is 

generated at the output (pin 8) of gate El6. This gate is a type 74H53 2-2-2-3 input AND-OR-invert gate. Three 

of its four AND inputs are used to facilitate the various methods used to generate MSEL RESET L (Figure 2-23). 

E26 PIN 4 

IN1 D~~~ ------'1.;;.2 -1 

R/W FF1 ~~u~~uf _____ ,~3-; 

R/W FF E3 PIN 8 
0-0UTPUT 

11 

PAUSE FF o~6ifi!~u¥ ------------~ 

Figure 2~23 Generation of MSEL RESET L 
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When the system is turned on, the processor asserts BUS INIT L on the Unibus. The output of bus receiver E7 

is high and is sent to pins 9 and I 0 of E 16 to generate MSEL RESET L at its output (pin 8). MSEL RESET L is 
passed through a I 00-ns delay line (DL3) to the clear input (pin 1) of MSEL flip-flop E2 which directly clears 

(resets) it. All memory operations start with E2 cleared; however, it is set shortly (approximately 75 ns) after 

the processor asserts BUS MSYN L. It remains set until it is cleared by one of the following operations. 

In the DATIP mode, pin 12 of AND gate E6 is high; in all other modes it is low, which disqualifies E6. A read 

operation is performed in DATIP so R/W flip-flop E3 is set. The I-output of E3 is sent to pin 13 of E6. At this 

time pin 13 is high and a high is generated at the output (pin 11) of E6. This signal is sent to pin 13 of E 16. 

This AND input is qualified when pin I is also high. This occurs when DLI tap 6 is high and DLI tap 8 is low. 

Tap 6H is inverted by E35 and sent to pin 12 of E26. Tap 8L is sent directly to the other input (pin 11). The 

gate is asserted and sends a high pin 1 of E 16. This generates MSEL RESET L at the output (pin 8) of E 16. 

This low signal clears MSEL flip-flop E2 at the end of the read operation (timed by 6H and 8L). 

In all other modes (DATI, DATO, and DATOB), MSEL RESET Lis generated at the end of the write operation. 
Each of the three modes starts with a read operation (except DATO or DATOB following a DATIP). The R/W 
flip-flop is set so its 0-output (pin 8) is low which disqualifies the 3-input (pins 4, 5, and 6) AND gate in El6. 

Taps 6H and 8L cannot qualify this AND input nor can they qualify the other AND input (pins 1 and 13) be­

cause the memory is not in the DATIP mode. Therefore, the read operation is completed and MSEL RESET L 

is not generated. The write operation is now started and the R/W flip-flop is cleared. This puts a high on input 5 
of E 16; input 6 is high because the PAUSE flip-flop is reset (pin 8 is a 1 ). When tap 6 is high and tap 8 is low, 

input 4 of E 16 is high. This generates MSEL RESET L to clear MSEL flip-flop E2 at the end of the write 

operation. MSEL functions as a memory busy flip-flop. 

R/WRESET 

The timing for the generation of the signal to clear (reset) R/W flip-flop E3 is obtained from taps 8 and 9 of DLI. 

Tap 9 is sent directly to pin 8 of E26. Tap 8 is inverted by E35 and sent to pin 9 of E26. When tap 9 is low and 

tap 8 is high, E26 is asserted (output pin 10 is high). This signal is sometimes called R/W RESET H. It is ANDed 

with READ Hat pins 2 and 1 ofNAND gate El8 to generate R/W RESET L. When this signal is a low, it directly 

resets R/W flip-flop E3 via its clear input (pin 13). READ H is high when the R/W flip-flop is set because it comes 

from the I-output (pin 9). The remainder of the control signals shown in Figure 2-21 are discussed in the circuit 

descriptions contained in Paragraph 2.9.3, Slave Sync Circuit; Paragraph 2.9.4, Pause/Write Restart Circuit; and 

Paragraph 2.9.5, Strobe Generating Circuit. 

2.9.3 Slave Synchronization (SSYN) Circuit 

Slave synchronization (SSYN) is the response of the slave device to the master, usually a response to master syn­
chronization (MSYN). The master places address information, mode control information, and data (if a DATO 

or DATOB is selected) on the Unibus. It then asserts BUS MSYN L only if BUS SSYN L from the slave is cleared, 
which indicates that the slave can participate in a bus transaction. The slave asserts BUS SSYN L when it has 

data to send (DATI or DATIP) or when it has received data (DATO or DATOB). The master receives BUS SSYN L 

in both cases and clears BUS MSYN L. 

When the slave receives the cleared BUS MSYN L it clears BUS SSYN L which frees the bus. This brief statement 

of the SSYN/MSYN interaction is necessary to understand the operation of the memory SSYN circuit. Details of 

the SSYN/MSYN interaction during all bus transactions can be found in the PDP-11 Unibus Interface Manual, 

DEC-11-HIAB-D. 

The SSYN circuit is shown in Drawing G 110-0-1, sheet 2; however, for clarity, only the SSYN circuit is shown 

in Figure 2-24 along with the appropriate timing diagram. 
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During a DA TI or DA TIP transaction, BUS SSYN L is asserted by the memory when the data is placed on the 

Unibus by the memory data register. During a DATO or DATOB transaction, BUS SSYN Lis asserted by the 

memory when it takes in the data from the Unibus. At the start of each transaction, the master first places the 

memory address (device and word) and mode control information on the Unibus. (Data is included if the trans­
action is DATO or DATOB.) 

For a DA TI or DA TIP, BUS COi L is high at pin I 0 of bus receiver E29. The output (pin 14) of E29 is low and 

it is sent to the D-input (pin 6) of COi latch E30 and to pin S of the ES WRITE gate. BUS MSYN L has not been 

asserted yet so the output (pin I 3) of bus receiver E23 is low. This signal is sent to pin 2 of NOR gate E26; the 

other input (pin 3) of this gate is always low because MSYN A L is normally not connected. The output (pin 1) 

of E26 is inverted by El S to produce SSYN RESET L which sets the SSYN flip-flop E4 via its preset input (pin 

4). The 0-output (pin 6) is low and is sent to both inputs of bus driver ES. The output of this gate is the slave 

sync signal (BUS SSYN L) and, at this point, it is not asserted. As long as BUS MSYN Lis not asserted, the 

SSYN flip-flop is preset. Now, the master asserts BUS MSYN L which disables the preset signal to the SSYN flip­

flop (SSYN RESET L is high). Clock signal CLK I H is generated and clocks CO I latch E30. The latch is reset 

and its 0-output (pin 11) is a high which is sent to pin 10 of the ES READ gate in the wired-AND. The wired­

AND output is CLK SSYN which is high. It remains high as long as both ES NAND gate outputs are high. This 

occurs when at least one input of each gate is low. The output of ES WRITE remains high because input pin S 

is held low by the output CO 1 receiver E29. The output of this gate is not changed when the CLK 2 H pulse 
appears at pin 4. The output of ES READ remains high until STROBE H goes high, at which point, its output 
goes low. When STROBE H goes low again, the wired-AND output is high again. This positive transition clocks 
the SSYN flip-flop which now resets because its D-input is tied to ground (low). The 0-output (pin 6) of the 

SSYN flip-flop is a high which asserts BUS SSYN L at the output (pin 3) of bus driver ES. The master receives 

the asserted BUS SSYN L signal and clears BUS MSYN L. The memory receives the cleared BUS MSYN L at bus 

receiver E23 and generates SSYN RESET L via gates E26 and El S to set the SSYN flip-flop. The memory is 
now ready for the next transaction. 

For a DATO or DATOB, the sequence is the same except that BUS COi Lis low at pin 10 of bus receiver E29. 

This conditions the wired-AND so that the output of ES READ remains high. In this case, the CLK 2 H pulse 

generates the CLK SSYN pulse that clocks the SSYN flip-flop via ES WRITE. 

2.9.4 Pause/Write Restart Circuit 

The PAUSE flip-flop is used to inhibit the restore (write) operation during a DA TIP. This transaction is used to 

advantage when it is not necessary to restore the data after reading because the location is to have new data 

written into it. Eliminating the restore operation decreases the memory cycle time by approximately SO percent. 

A DATIP must always be followed by a DATO or DATOB. In this case, the DATO or DATOB is shortened by 

eliminating the normal clear (READ) operation that is performed prior to the write operation. The location has 

been cleared previously by the DA TIP so the DATO or DATOB performs only the write operation. 

The pause/write restart circuit is shown in Drawing G 110-0-1, sheet 2; however, for clarity, only the pause/write 

restart circuit is shown in Figure 2-2S. 

At the start of all bus transactions, the PAUSE flip-flop is reset and it remains in this state during the whole 

transaction except for a DATIP during which it is set during the read operation. The PAUSE flip-flop is clocked 

by the 0-output (pin 6) of the SSYN flip-flop when it is reset. The state (set or reset) of the PAUSE flip-flop is 
determined by its D-input (pin 12): D is high to set and Dis low to reset. The D-input state is controlled by the 

Unibus mode control bits COi and COO; only the mode control representing a DATIP provides a high to the D­

input of the PAUSE flip-flop. During a DA TIP, COi is high and COO is low at bus receivers E29 pin 10 and E29 
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pin 7. These signals are inverted by the receivers and applied to the D-inputs of the CO 1 and COO latches: COO 

latch E30 pin 3 is high and COl latch E30 pin 6 is low. When the latches are clocked by CLKl H, latch COl is 
reset and COO is set. This puts a low on each input of negative-input AND gate E26 which generates a high at its 
output. This is the D-input to the PAUSE flip-flop. The PAUSE flip-flop is now conditioned to set when it is 
clocked. 

BUS C01 L .....,,...-------...... 

ALWAYS O~-,____, 

WRITE RESTART L 

READ=SET=O 
WRITE= RESET=1 

INIT L 

CLK1 H 

R/W RESET L 

,,_,,44 

Figure 2-25 Pause/Write Restart Circuit 

Going back to the start of the DATIP, the PAUSE flip-flop is reset. Its D-input is conditioned (Dis high) but it 

has not been clocked so its 0 output (pin 8) is high. This output goes to the D-input of the read/write flip-flop 

(R/W E3). It is clocked early in the sequence by CLK 1 H so it is set; this permits a read operation. The 0-output 

(pin 8) of the R/W flip-flop is low and is sent to pin 4 of E 17. The other input (pin 5) of E 17 comes from the 

0-output (pin 8) of the PAUSE flip-flop and it is a high at this time. The output of E 17 is a high and is inverted 

by E 15 which puts a low on the clear input of the write restart flip-flop (WRRS E2). The output of E 15 also 

goes to input 2 of E25. The WRRS flip-flop is cleared (reset) and its 0-output (pin 8) is a high which is sent to 

the other input (pin 1) of E25. The output of E25 is the WRITE RESTART L signal which is produced to trigger 

the timing circuit and produce a write operation. It is high now, which is correct, because a read operation is 

being performed. 

At the end of the read operation, the SSYN flip-flop is clocked which resets it. The positive transition at its 0-

output (pin 6) clocks the PAUSE flip-flop which sets it and puts a low on pin 5 of El 7. The timing circuit clears 
(resets) the R/W flip-flop which puts a high on pin 4 of E 17. The output of E 17 remains high which inhibits the 

WRITE RESTART L signal and prevents the initiation of a write operation. 
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For any other transaction (DATI, DATO, or DATOB) the PAUSE flip-flop is not set when it is clocked because 

its D-input is low. It remains reset which keeps a high on pin S of El 7. When the R/W flip-flop is cleared, it puts 

a high on pin 4 of E 17. Now, the output of E 17 is low and is inverted by EIS and sent to pin 2 of E25. The 

WRRS flip-flop is reset so pin 1 of E25 is high also. The output (pin 3) of E25 goes low which generates WRITE 

RESTART L. This starts the formation of a low WRITE RESTART L pulse. This output is inverted by E25 

pin 6 and clocks the WRRS flip-flop which sets it because its D-input is connected to +3V. Pin 8 of the WRRS 

now goes low and is fed to pin I of E25. This makes the output of E25 high again which terminates the low 

WRITE RESTART L pulse. This pulse triggers the timing circuit and initiates a write operation. 

For a DATO or DATOB following a DATIP, the PAUSE flip-flop is reset by the SSYN flip-flop because the DATO 

or DATOB transaction started with the PAUSE flip-flop set previously by the DATIP. 

2.9.S Strobe Generating Circuit 

The strobe generating circuit produces a narrow positive pulse (STROBE H) during the read operation to enable 

the STROBE 0 H and STROBE 1 H signals for the sense amplifiers. 

The strobe generating circuit is shown in Drawing G 110-0-1, sheet 2; however, for clarity, only the strobe gener­

ating circuit is shown in Figure 2-26 along with an appropriate timing diagram. 
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During the read operation, the timing circuit generates RESET H which is a positive pulse. It is sent to pin 5 

of the strobe delay one-shot (ST DEL E36). This 74121 one-shot provides complementary outputs but only 

the Q (negative pulse) output (pin l) is used. Pins 3 and 4 of the ST DEL one-shot are connected to ground so 

that only a positive-going edge at pin 5 triggers it. 

Prior to receiving the triggering signal (RESET H), the strobe generating circuit is in the quiescent state. The 
STROBE OS flip-flop E28 is in the reset state. (When the memory is powered up, E28 is driven to the reset state 
by E36 if it did not come up reset randomly.) The I-output (pin 9) of E28 is low which is sent to pin l3 of El 7. 
The ST DEL one-shot is inhibited so its Q output (pin I) is high which is sent to pin 12 of El 7. The output (pin 

l l) of El 7 is high and is inverted by the next El 7 gate (pin 3). This is the STROBE H signal and it is low at 

this time. 

The timing circuit generates a positive RESET H pulse that is sent to pin 5 of E36. The positive edge of RESET H 

triggers E36 and its Q-output (pin 1) goes to low. This is the start of a single negative pulse whose duration is de­

termined by an external RC circuit connected to pins 10 and 11 of E36. The output of E36 directly sets STROBE 

OS flip-flop E28 via its preset input (pin 10). The I-output (pin 9) of E28 goes high and is sent to pin 13 of E 17. 

The other input to this gate (pin 12) is now low. E 17 pin 11 is high and is inverted so E 17 pin 3 is still low (no 

strobe pulse yet). When E36 times out, its output (pin 1) is high again. Pins 12 and 13 of E 17 are now both 

high and the output (pin 11) of E 17 is low. This signal is inverted and E 17 pin 3 is high. This is the beginning of 

the STROBE H pulse. The positive transition at El 7 pin 3 also clocks flip-flop E28. It is reset because its D-input 

is connected to ground (low). Pin 9 of E28 is now low. It is fed back to pin l3 of El 7 which makes El 7 pin 3 

low again. This terminates the positive STROBE H pulse. The circuit is back to its quiescent state where it re­

mains until another RESET H pulse comes along to trigger ST DEL one-shot E36. 

2.9.6 Data In (DATI) Operation 

The discussion of the DATI operation, as well as the DATIP, DATO, and DATOB operation, is descriptive. Signals 

are not traced through circuit components; rather, various events are integrated to describe a complete memory 
operating cycle. All the circuits involved have been discussed in detail in the preceding paragraphs of this chapter. 

Refer to engineering logic drawings G 110-0- l, sheets 2, 3, and 4; G 231-0-1, sheets 2, 3, and 4; MM 11-L-3 (timing 

diagram); and Figure 2-27 which is a flow chart for memory operation. 

In a DA TI operation, the master requests that a selected memory location be read and the information trans­

ferred to the master via the Unibus. The readout is destructive because the read operation forces all cores in the 
selected location to 0. However, during readout, the information is temporarily stored in the memory data regis­

ter (MDR) and is automatically restored to the selected location by a write operation that immediately follows 

the read operation. 

At the start of the DATI, MSEL flip-flop is reset, DEL flip-flop is reset, R/W flip-flop is reset, PAUSE flip-flop is 

reset, and SSYN flip-flop is set. The address lines and mode control lines (COi and COO) are decoded. The master 

asserts BUS MSYN L and the cycle begins. CLK l H is generated, the DEL flip-flop is set, and the R/W flip-flop 

is set. Setting the DEL flip-flop initiates the timing chain via delay line DLl. The timing chain generates 

TWID H and TNAR H. CLK 2 H is generated at the same time and it presets the MSEL flip-flop which prevents 

the start of another cycle until it is reset. Signal READ H from the R/W flip-flop and signals TNAR H and 

TWID H go to the driver module to select the appropriate read drivers and switches; turn on the X and Y current 

generators; and control the stack discharge circuit. As a result of these signals, the X and Y half currents are 

directed to the selected memory location and all 16 cores (one per bit plane) are set to 0. Just prior to this event, 
the timing chain generates RESET 0 Land RESET 1 L which clear the memory data register. The timing chain 

generates STROBE H which sends STROBE 0 H and STROBE 1 H to the sense amplifiers. The strobe pulses are 
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timed to arrive at the same time as the pulses induced in the sense/inhibit line. If a selected core was a 1, a pulse 

is induced in the sense/inhibit line that exceeds the sense amplifier threshold and it produces an amplified positive 
pulse. This output is inverted, presets its associated MDR flip-flop, and a 1 is stored in the flip-flop. STROBE H 

also clocks the SSYN flip-flop which resets. The SSYN flip-flop output asserts DATA OUT Hand BUS SSYN L. 
Signal DATA OUT H gates the output of the memory data register to the Unibus. BUS SSYN L is a Unibus signal 

that informs the master that the memory has read the selected location and placed the data on the Unibus. The 
master takes the data and clears BUS MSYN L which generates SSYN RESET L to set the SSYN flip-flop. BUS 

SSYN L is cleared to indicate that the Unibus is free; however, another bus transaction cannot be initiated even 

if the master asserts BUS MSYN L because of the lockout feature of the MSEL flip-flop, which is still set. Prior 
to the assertion of BUS SSYN L, the timing chain generates DELAY FF RESET L which resets the DEL flip-flop 

and allows the TNAR H and TWID H pulses to terminate as a function of taps 5 and 7 of the delay line. The 
timing chain also generates R/W RESET L which resets the R/W flip-flop. 

The memory now enters the write (or restore) cycle. With the R/W flip-flop and PAUSE flip-flop both reset, the 

pause/write restart circuit generates WRITE RESTART L which initiates another timing cycle by setting the DEL 
flip-flop. 

The timing chain generates TWID H and TNAR H. These signals plus a low READ H signal from the R/W flip­

flop go to the driver module to select the appropriate write drivers and switches, turn on the X and Y current 

generators, and control the stack discharge circuit. In addition, TWID H and an output from the R/W flip-flop 

are ANDed to generate TINH 0 H and TINH 1 H. These signals control the operation of the inhibit drivers. 

TINH 0 Hand TINH 1 Hare ANDed with the outputs of the MDR flip-flops. If a 1 is stored in the MDR flip­

flop, the associated inhibit driver is not turned on and a 1 is written into this bit of the selected memory location. 

If a 0 is stored in the MDR flip-flop, the associated inhibit driver is turned on and produces a current that op­
poses the Y line current and prevents a 1 from being written into this bit. The timing chain generates DELAY 

FF RESET L which resets the DEL flip-flop and allows TNAR H, TWID H, and the inhibit pulses (TINH 0 H 

AND TINH 1 H) to terminate. The timing chain also generates MSEL RESET L which resets the MSEL flip-flop. 

2.9.7 Data In Pause (DATIP) Operation 

In a DATIP operation, the master requests that a selected memory location be read and the information trans­
ferred to the master via the Unibus. However, unlike the DATI, this information is not to be restored after 

reading; this location is to have new information written into it. The DATIP performs only a read operation; 
the write operation is inhibited. A DA TIP must always be followed by a write transaction (either DATO or 

DATOB). 

The read operation of a DATIP is identical to that of a DATI (Paragraph 2.9.6) until the time the SSYN flip-flop 

is reset (clocked by STROBE H). At this time, the SSYN flip-flop output clocks the PAUSE flip-flop which sets 
it because its D-input is a 1 (only during DATIP due to the state of mode control bits COi and COO). The timing 

chain generates R/W RESET L which resets the R/W flip-flop. The output of the PAUSE flip-flop and R/W flip­

flop prevents the pause/write restart circuit from generating WRITE RESTART L. With this signal inhibited, 

the write operation is not produced. The timing chain generates DELAY FF RESET L which resets the DEL 
flip-flop and terminates TNAR H and TWID H. The timing chain also generates MSEL RESET L which resets 

the MSEL flip-flop. The memory is now ready to accept another request from the master. The next cycle is 

forced to be a DATO or DATOB. Normally, a DATO or DATOB starts with a read operation to set all selected 

cores to 0 (clear) before writing new information into them. A DATO or DATOB following a DATIP has this 

initial clear operation eliminated because the cores have been cleared by the previous DATIP operation. 
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The DATO or DATOB following a DA TIP starts when the master asserts BUS MSYN L. Pulse CLK 1 is generated 
but it does not set the R/W flip-flop because the PAUSE flip-flop is set. The master places the information to be 
written on the Unibus where it is picked off by bus receivers and sent to the D-input of the memory address regis­
ter flip-flops. Decoding the mode control bits (COi and COO) for a DATO or DATOB generates LOAD 0 Hand 

LOAD 1 H which clock the MDR flip-flops. The outputs of the MDR flip-flops are gated with TINH 0 H and 

TINH 1 H to control the associated inhibit drivers to write ls or Os into the selected memory location. As in the 

write operation of a DATI, the timing chain generates TWID Hand TNAR H which select the appropriate write 

drivers and switches, tum on the X and Y current generators, and control the stack discharge circuit. They also 

generate inhibit driver control signals TINH 0 H and TINH 1 H. Signal CLK 2 H clocks the SSYN flip-flop (resets 

it) which asserts BUS SSYN L to tell the master that the data has been taken from the Unibus. When the master 

clears BUS MSYN L, the SSYN flip-flop is reset which in turn resets the PAUSE flip-flop. At the end of the write 

operation, the timing chain generates DELAY FF RESET L and MSEL RESET L to restore the control signals 

to their original states. 

I 

2.9.8 Data Out (DATO) Operation 

In a DATO operation, the master sends a word of 16 bits to be written into the selected memory location. The 

transaction starts with a read (clear) operation to set the selected cores to 0 before writing new data into them. 

The standard DATO consists of a read operation followed by a write operation. (As described in Paragraph 2.9. 7, 
a DATO following a DATIP does not perform read operation.) 

The read operation of a DATO is similar to a read operation of a DA TI except that no RESET 0 L, RESET 1 L, 
STROBE 0 H, and STROBE 1 H pulses are generated. The memory data register is not cleared and the sense 

amplifiers are not strobed. This read operation is required only to clear the memory location by setting all the 
selected cores to O; it is not necessary to readout and store the information in the MDR. 

The information on the Unibus data lines is sent to the inputs of the MDR flip-flops. Decoding the mode control 

bits (CO 1 and COO) generates LOAD 0 H and LOAD 1 H which clock the MDR flip-flops. The MDR outputs ( 16 

bits) are gated with TINH 0 H and TINH 1 H to control the associated inhibit drivers. The timing chain generates 

the other control signals that provide the selection of the appropriate write drivers and switches and a write op­

eration is initiated. This write operation is the same as that described in Paragraph 2.9. 7 for a DATO following a 

DA TIP. 

2.9.9 Data Out Byte (DATOB) Operation 

In a DATOB operation, the master sends a byte (8 bits) to be written into the selected memory location. A high 

byte (bits D(l 5: 08)) or a low byte (bits D(07: 00>) can be selected. Byte selection is made by the state of address 

bit AOO. A DATOB is the same as a DATO except that the selected and non-selected bits are handled differently. 

Assume that the low byte (bits D(07:00)) is selected (AOO=O). Neither RESET 0 Lor STROBE 0 Hare generated 

for the selected byte because new data is to be written into bits D(07:00> (low byte). LOAD 0 His generated so 

that the data on Unibus bits D(07:00) can be written into the selected byte location. 

The non-selected byte (bits D<I 5:08)) is to be restored so RESET 1 Land STROBE 1 Hare generated; this 

strobes the byte into the MDR for restoration during the write operation. Restoration is necessary because this 

byte does not receive new data. LOAD 1 His not generated; therefore, any data on Unibus bits D05:08) has no 
effect on the non-selected byte. 

When the DATOB is complete, the selected byte contains new data and the non-selected byte remains unchanged. 

A DATOB operation following a DA TIP is the same, except that the read portion is eliminated. 
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CHAPTER 3 
MAINTENANCE 

3.1 INTRODUCTION 

This chapter discusses the preventive and corrective maintenance procedures that apply to the MM 11-S memory. 
A major point in the maintenance philosophy of this manual is that the user understand the normal operation 
of the memory as described in Chapter 2. This knowledge, plus the maintenance information included in this 

chapter, will aid the user in isolating and correcting malfunctions. 

3.2 PREVENTIVE MAINTENANCE 

Preventive maintenance consists of specific tasks performed at intervals to detect conditions that could lead to 

subsequent performance deterioration or malfunction. The following tasks are considered preventive maintenance 
items. 

a. Visual inspection of modules for broken wires, broken connectors, or other obvious defects. 

b. +5V and -15V checks: both must be within ±3 percent tolerance. 

c. X and Y current generator check (Paragraph 3.2.2). 

The two pieces of test equipment recommended for checking and troubleshooting the memory are the Tektronix 
453 dual trace oscilloscope or equivalent, and the Honeywell 33R Digital Voltmeter or equivalent with 0.5 per­
cent accuracy. 

3.2.1 Initial Procedures 

Before attempting to check, adjust, or troubleshoot the memory, perform the following steps. 

NOTE 
All tests and adjustments must be performed in an 
ambient temperature range of 20°C to 30°C (68°F 
to 86°F). 

1. Verify that all modules are properly and securely installed. 

CAUTION 
Make sure all power is off before installing or removing 
modules. 

2. Visually check modules and backplane for broken wires, connectors, or other obvious defects. 

3. Verify that power buses are not shorted together. 

(continued on next page) 

3-1 



4. Turn on primary power and check that both the -lSV and +SV powers are present and within 
tolerances (±3 percent). 

5. Start the system. The memory should operate without errors. If not, check the output of the current 
generator (Paragraph 3.2.2). If the memory still does not operate properly, a malfunction has occurred. 
Proceed with corrective maintenance (Paragraph 3.3). 

3.2.2 Checking Output of Current Generators 

The amplitude of the current pulse from each current generator (X and Y) is factory set at 410 ±5 mA. It is not 
adjustable in the field. 

The X and Y current generators are located on the Driver Module (G231). Each output has a current loop on its 
output line for attaching a test probe. Loop JS is for the Y generator and loop J6 is for the X generator (Drawing 

G231-0-l, sheet 2). The amplitude of each READ current pulse should be 410 ±5 mA. At the time of measure­

ment, -1 SV and +SV power must be within the specified tolerance of ±3 percent. 

3.3 CORRECTIVE MAINTENANCE 

This paragraph describes the strobe delay adjustment which is a specific corrective maintenance procedure. It 

also includes three aids for performing corrective maintenance: a troubleshooting chart, waveforms for the sense 

inhibit circuits, and waveforms for the drive circuits. 

3.3.1 Strobe Delay Check and Adjustment 

CAUTION 
Strobe delay is factory adjusted and should be adjusted 
only when one of the three modules is replaced. It is a 
critical adjustment and must be done carefully. 

The strobe must be set while cycling worst case patterns. The proper setting is mid-way between the two end 

points where the memory starts to error as strobe time is moved from earliest to latest. As the strobe time is 

varied, allow adequate time to cycle completely through the worst case pattern at each strobe position. Figure 

3-1 shows the strobe pulse waveform and the READ pulse waveform and the points at which they are picked 

off for display. 

3.3.2 Corrective Maintenance Aids 

Figure 3-2 is a troubleshooting chart arranged as a 2-axis grid that identifies faults versus cause location. Figure 

3-3 illustrates the sense/inhibit waveforms and Figure 3-4 illustrates the drive waveforms; both figures include 

schematics to indicate the points in the circuit where the wave~orms occur. In addition to nominal waveforms, 

dotted lines are used to indicate waveforms that appear if specific components are faulty. 

3.4 PROGRAMMING TESTS 

Certain DEC programs can be used to test various memory operations as an aid to troubleshooting. The purpose 

of each of these memory-related test programs, as well as the program abstract, is given in the following para­

graphs. Each program contains instructions for use. 

3.4.1 Address Test Up (MAINDEC-11-DIA) 

The purpose of the Address Test Up program is to demonstrate that the selected memory area is capable of basic 

read and write operations when address propagation is upward through memory. 
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This test program writes the address of each memory location (within the test limits) into itself and then 

increments through memory until the address corresponding to the high limit is reached. After this location 

has been written, the memory enters the read cycle. The read cycle starts with the high limit location and reads 

and compares each word location, decrementing down to the low limit location. The program halts on an error. 

This program checks that all addresses are selectable and can also be used to isolate bad switches, wiring errors, 

or address selection errors. It will also find double selection errors when two bus addresses select the same core 
address. 

READ H 
G110 OR G231 

PIN CU2 

G110 TEST POINT 1 

!---- T STROBE ---1 
STROBE H I\ 

INPUT TO E5 PIN 9 ---------~ '--------------
11-1138 

Figure 3-1 Strobe Pulse Waveform 

3.4.2 Address Test Down (MAINDEC-11-DlB) 

The purpose of the Address Test Down program is to demonstrate that the selected memory area is capable of 

basic read and write operations when address propagation is downward through memory. It is a companion test 

to the Address Test Up program (Paragraph 3.4.1). 

This test program writes the address of each location into itself, downward through memory. After writing down, 

the program reads and checks back up through the memory test area. The program halts on an error. 

The Address Test Down program resides in the high portion of core memory. It does not check memory below 

address l 00, as these locations are reserved for trap and vector locations. The program verifies that all modules 

can perform their basic functions, checks that all addresses are selectable, and can also be used to isolate faulty 

switches, wiring errors, or address selection errors. 

3.4.3 No Dual Address Test (MAINDEC-11-DIC) 

The purpose of the No Dual Address Test program is to check the unique selection of each memory address 

tested. 

This test is divided into two parts. The first portion of the test fills the test field with 1 s and writes Os into the 

first test location. This is followed by a read check from this location. The program then checks each field lo­

cation to ensure that there are no variations from the 1 s configuration. Upon completion of this test, the test 

location pointer is incremented. The next location is then write-read exercised with Os and the test field re­

checked for any change in content. When the selected test field has been tested in this mode, the program sets 
a flag and the second portion of this mode, the program sets a flag and the second portion of the test is begun. 

The program fills the test field with Os and the field is then tested with a write-read exercised with 1 s. 

This program checks for faulty switches or wiring errors, checks the complete address selection scheme, and 

checks all 16 bits in the data field for 1 s and Os operation. 
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3.4.4 Basic Memory Patterns Test (MAINDEC-11-DlD) 

The Basic Memory Patterns Test program has two main purposes: 

a. Verify that the selected memory test field is capable of writing and reading fixed data patterns. 

b. Verify that the memory plane is properly strung. 

This test program writes a specific pattern throughout a given memory zone, then reads the pattern back and 

compares it with the original for correctness. If the pattern read fails to compare correctly with the original, 

the program initiates a call to the error subroutine. After completely checking the pattern, the program contin­

ues on to the next pattern test. 

3.4.5 Worst Case Noise Test (MAINDEC-11-DlG) 

The purpose of the Worst Case Noise Test program is to generate the maximum possible amount of plane noise 

during execution of memory reference instructions to check system operation under worst case conditions. 

This test program is designed to produce the greatest amount of plane noise possible during memory read and 

write cycles. The noise parameters are affected by a number of factors. The noise generated is distributed across 

the core plane algebraically and adds to the normal dynamic noise present on the sense lines. This can cause 

misreading of data (within the plane) that is in the low ( 1) or high (0) category. The sense windings of the most 

memories are such that worst case patterns can be caused by alternately writing -1 and 0 data configurations 

throughout memory. Under these conditions, worst case noise is generated by performing a read, write, comple­

ment, read, write, complement, operation at each location. The test is repeated after complementing all of the 

pattern data stored in the memory test zone, so that all cores are tested worst case as both 1 s and Os. The pat­

tern, or its complement, is written into the memory test zone as determined by the exclusive-OR between ad­

dress bits 3 and 9. 

The Worst Case Noise Test program is divided into two parts. Part 1 is run first and, during this part of the pro­

gram, a -1 configuration is written into all locations having an address with an exclusive-OR state between bits 3 
and 9. All other locations are loaded with the 0 configuration. After the test zone has been loaded, the memory 

is rescanned. Thjs time, each location is read, complemented, read, and complemented (RCRC). Any location 

detected as being disturbed by a previous RCRC operation is flagged as an error. Upon conclusion of the read 

scan loop, the program au~omatically switches to Part 2. 

During Part 2 of the program, the data patterns stored in memory are complemented. In other words, 0 patterns 

are stored in locations having addresses with an exclusive-OR between bits 3 and 9. All other locations are 

loaded with the -1 configuration. 

The exclusive-OR pattern distribution for Parts 1 and 2 is summarized for reference as follows: 

Part 1 

Part 2 

Exclusive-OR (3 and 9) = -1 pattern 
No Exclusive-OR (3 and 9) = 0 pattern 

Exclusive-OR (3 and 9) = 0 pattern 
No Exclusive-OR (3 and 9) = -1 pattern 

After memory is loaded, it is scanned again with a read, complement, read, complement (RCRC) loop as de­

scribed previously. Any location detected as being disturbed by a previous RCRC operation is an error. 

Before writing or reading any location (in either part of the program), the program issues a call to subroutine 

XORCK (exclusive-OR check) which tests bits 3 and 9 and sets the XORFLG if the exclusive-OR condition is 

present. 
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Subroutine ERRORA is called for any location disturbed from the -1 configuration; subroutine ERRORB is 

called for any location disturbed from the 0 configuration. 

The program prints out errors and repeats when complete without interruption. Upon completion, the program 

rings' the Teletype® bell and then halts if switch 12 is present. A continue from the halt initiates another pass. 

If the program indicates an error, use the troubleshooting chart as a guide to locate the fault. 

®Teletype is a registered trademark of Teletype Corporation. 
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READER'S COMMENTS MMl 1-S CORE MEMORY MAINTENANCE MANUAL 
DEC-11-HCMMC-D 

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of 
our publications. 

What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well 
written, etc.? Is it easy to use? 

What faults do you find with the manual? -------------------------

Does this manual satisfy the need you think it was intended ~o satisfy? ---------------

Does it satisfy your needs? ---------- Why? ------------------

Would you please indicate any factual errors you have found. 

Please describe your position. ------------------------------
Name _________________ __ 

Organization ---------------

Street----------------- Department 

City----------- State ------------ Zip or Country -------
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