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CHAPTER 1

INTRODUCTION

1-1 PURPOSE AND SCOPE

The purpose of this instruction manual is to aid personnel in the installation, operation and
maintenance of the DEC programmed data processor, PDP-4. The manual contains complete
descriptions of all portions of the standard PDP-4, and also describes several optional additions

to the PDP-4 input-output system.

1-2 CHAPTER SUBJECTS

A brief summary of system use andapplication is presented in Chapter 2, General Description.

This chapter also contains a listing of system specifications and physical characteristics.
Chapter 3, Installation, provides instructions for initial installation and set-up of the system.

Chapter 4, System Function, provides a full functional description of all system operations.
This chapter is written at a block diagram level, and éXpIa:ihs‘ what the system does, rather
than the way in which its functions are implemented in terms of hardware. Also included in
Chapter 4 is an explanation of the flow diagrams which show the actual operations performed

by the computer in the execution of the various program instructions and console functions.

Chapter 5, Operating Procedures, explains the use of all controls and indicators on the com-
puter control panels. This chapter also outlines the basic procedures to be followed for normal

computer operation.

Four chapters contain a detailed description of system logical design. The first of these is
Chapter 6, Control, which covers the computer timing system, the control of computer states,
and program control . Chapter 7, Arithmetic Unit, is a detailed description of the accumulator
and the associated logic required for logical and arithmetic computer operations. Chapter 8,
Memory, covers the operation of the computer core memory system. Chapter 9, Input=-Output
System, explains the control of the standard photoelectric tape reader, furnished with the

basic PDP-4. This chapter also describes three optional additions to the input-output system:

1-1



the real time option, the control unit for the paper tape punch, and the control unit for the

keyboard/printer.

Chapter 10, Circuit Description, explains the function, specifications, and theory of opera-

tion of the circuit modules used in.the PDP-4 system.

Chapter 11, Maintenance, contains information useful for the adjustment, calibration, trouble-

shooting and repair of the computer.

1-3 FIGURES

This manual includes three general classes of figures: logic diagrams, circuit schematics, and
miscellaneous figures such as photographs and block diagrams. The complete system logic is
shown in logic drawings for Chapters 6, 7, 8 and 9. The circuit schematics accompany
Chapter 10. The block diagrams and photographs illustrate Chapters 2, 3, 4, 5, 9and 11,

Also included in Chapter 11 are various layout drawings, and cabling and wiring diagrams.

All figures are assembled in numerical order at the back of the manual . Figure references to
all illustrations except the circuit schematics are of the form "Figure 5-1" (i.e., the first
figure referred to in Chapter 5). This circuit schematics are arranged in order by circuit type

designation.



CHAPTER 2

GENERAL DESCRIPTION

2-1 PURPOSE OF SYSTEM

The DEC Programmed Data Processor -4 is a compact solid-state stored program digital com-
puter. The PDP-4 is designed explicitly to bring to special purpose systems the flexibility,
economy, and reliabiiity of a production model general purpose machine. The basic function
of the PDP-4 is fo collec’.r[informaﬁon from, and distribute information to a wide variety of
peripheral devices according to a predetermined set of instructions. The computer may also

be used to advantage for many test and training applications.

The PDP-4 is a single address, general purpose computer, operating on 18-bit binary numbers.
A random access magnetic core memory with a complete cycle time of eight microseconds
achieves a computation rate of 62,500 additions per second. The computer can, with single

instructions, perform both 1s complement and 2s complement addition.

The PDP-4 includes all essential elements for optimum performance as a systems component.
The standard machine consists of:

An Internal Processor, which performs all computational operations, controls the memory, and

handles information entering and leaving the machine;

An Operator Console, which contains all controls needed to observe and modify the status of

the internal processor;

A 1024 or 4096 Word Memory, which provides storage for information being collected or dis-

tributed and instructions for the internal processor; and

A Paper Tape Reader,which permits information and instructions to be read from five-, seven-

or eight-hole perforated tape into the internal processor at the rate of 300 characters per

second.

A broad assortment of optional input-output equipment may be controlled by the computer
through the installation of a real time control. The PDP-4 is easy to install, operate and
maintain, since it runs on ordinary 60 cycle, 117 volt current, features simplified controls,

and contains built-in marginal checking to facilitate preventive maintenance. The standard
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computer is housed in two DEC equipment frames. No special wiring, subflooring or air con-

ditioning is required.

2-2 STANDARD EQUIPMENT

The equipment included in the standard PDP-4 is shown above the horizontal bar inFigure 2-1.

The internal processor contains both the control unit and the arithmetic unit.

The PDP-4 is available in two standard froms, depending upon the size of the core m'emo>ryo :
The core memory in the PDP-4A has a storage capacity of 1024 18-bit words. The core m'em;;y
in the PDP-4B has a storage capacity of 4096 18-bit words. Instructions are carried QUi"b);“tHH'e'
control circuits in multiples of the eight-microsecond memory cycle time. For e>'<qmp|"ey,. d::ld,,
deposit, and load are two=cycle instructions requiring 16 microseconds. The control unit con
tains all of the registers and control circuits necessary to execute the various instructions in
the program, and to handle the transfer of information between memory and the registers with~""

in the internal processor.

The arithmetic unit includes an accumulator, a link register, and the control circuits necessary
to execute all arithmetic and.logical operations. The link provides a one-bit extension to the
accumulator. It greatly simplifies the programming of double precision arithmetic, and allows -

the construction of products and quotients in multiplication and division by subroutine.

The standard PDP-4 includes one input-output device, a photoelectric paper tape reader. The

reader is governed directly by the internal processor through the reader control unit.

Mounted on one of the bays in the standard PDP-4 is an operator console. The contents of all
registers in the internal processor are displayed in the indicator lights on the console. This
panel also includes the keys and switches that control the mode of operation of the computer,

and the initiation of all operations within the computer.

2-3 EQUIPMENT OPTIONS

Some of the options which may be added to the standard PDP-4 are shown below the horizontal
bar inFigure 2-1. The memory capacity of the PDP-4B may be expanded to 8192 18-bit words
by adding the Type 17 Memory Option. This option includes a 4096 word core memory ident-

ical to that used in the PDP-4B, as well as several plug-in units which must be added to the |

internal processor to contro! the second memory module.

2-2



An assortment of input-output equipment may be added to PDP-4 by installing the Type 25

Real Time Option. This option includes a device selector which decodes the microinstruction
portion of the in-out transfer instruction into in-out pulses. These pulses control the transfer

of information between the in-out device control units and the internal processor. The in-out
pulses also control the initiation of all operations within the device control units, and can
sense the status of in-out devices for program control purposes. In addition to the device selec-
tor, the real time control also includes an information collector, an information distributor,

an in-out skip facility, and an interrupt control.

The interrupt control allows program, clock and data interruptions. In a program interruption,
a signal from an external device can interrupt the main program, transferring control to an
appropriate subroutine. Clock interruptions allow the computer to count pulses on a 60 cycle
clock so that the computer can be synchronized to durations in real time. In a data interrup=
tion, the program pauses for one memory cycle, while an external device gains direct access

to memory .

A wide variety of input-output options is available for use with PDP-4. Two of the most common

options are the following:

Keyboard/Printer and Cantrol Type 5. The Type 65 is a Teletype Model 28 Keyboard and

Printer, with an input and printing speed of ten characters per second.

Paper Tape Punch and Control Type 75. The Type 75 is a Teletype BRPE Punch, with an oper-

ating speed of 63.3 lines or characters per second. It punches eight-hole tape. However, the

punch may be modified fo punch five-hole tape or seven-hole tape, if desired by the user.

2-4 SYSTEM OPERATING SPECIFICATIONS

SYSTEM CHARACTERISTICS

Application General purpose
Timing Synchronous
Operation Parallel processing

COMPUTER WORDS
Word length 18 bits
Number length Sign: 1 bit; magnitude: 17 bits
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Instruction length

Memory reference

Augmented

Instruction type

ARITHMETIC UNIT
Internal number system
Operation

Number range

Addition time

STORAGE
Media
Cycle time

Capacity

INPUT-OUTPUT SYSTEM

Photoelectric Tape Reader

Paper Tape Punch

Keyboard/Printer

2-5 PHYSICAL CHARACTERISTICS

CONSTRUCTION

Internal processor, memory, and control units for in-out devices are housed in standard DEC

Instruction code: 4 bits

Indirect addressing: 1 bit

Address: 13 bits

Variable instruction code;
maximum length: 18 bits

Single address

Binary
Fixed point
-2 <nca-27Y)

16 microseconds, including both

instruction and operand access

Magnetic cores

8 microseconds

1024 words, or 4096 words
expandable to 8192 words

300 characters/second

5-, 7- or 8-hole paper tape
63.3 characters/second

5-, 7= or 8~hole paper tape

10 characters/second

bays (all steel construction). Control panel is aluminum.

MODULES

Standard DEC system plug=in units, series 1000 and series 4000.
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POWER EQUIPMENT

Power supplies series 700; power controls series 800.

LOGIC

Solid-state. Transistors and crystal diodes utilizing static logic levels (0 vdec and -3 vdc).

DIMENSIONS

Standard PDP-4 (excluding table)
Height 69 1/2 inches
Length 42 inches
Width 27 inches

Computer table
Height 27 inches
Width 80 inches,
Depth 23 inches
Reader ,
Height 8 1/2 inches
Width 19 1/2 inches
Depth 18 inches
Standard PDP-4 including table and reader
Weight 940 pounds
Reader and punch
Height 23 inches
Width 19 1/2 inches -
Depth 18 inches
Weight 90 pounds
Keyboard/printer
Height 15 3/4 inches (29 1/4 inches with top up)
Width 20 1/2 inches
Depth 23 1/2 inches
Weight 90 pounds
PDP-4 with table, reader, punch and keyboard/printer
Weight 1090 pounds

2-5



Memory expansion type 17
Requires extra bay, increasing length'to 62 inches.
Weight 250 pounds

2-6 POWER REQUIREMENTS

LINE VOLTAGE INPUT

105 to 125 volts, 60 cycle, single phase

CURRENT CONSUMPTION

Standard PDP-4B 8 amperes; 940 watts
Memory expansion type 17 1.5 amperes

Reader 1.0 ampere; 125 watts
Keyboard/printer type 65 1.2 amperes; 60 watts
Punch type 75 1.2 amperes; 75 watts

NOTE: With reader, punch and keyboard/printer in use, the com-
puter requires less than 12 amperes. However, because the punch

draws a 9-ampere surge at turn-on, the computer should be con-
nected to a 25-ampere line.

2-7 EQUIPMENT LISTING

The Standard PDP-4 and many of its options are housed in standard DEC bays. The front of
each bay can accommodate up to twelve horizontal 19-inch mounting panels. Each panel can
hold up to 25 of the standard DEC plug-in logic modules. Inside the double doors at the back
of each bay is an inner plenum door. The required power supplies and power control panels are

mounted on this door.

a BAYS -The PDP-4with reader, punch and keyboard/printer is shown inFigure 2-2. The
logic for the basic computer is contained in two DEC bays bolted together. As shown in
the figure, the operator console is at the front of the computer (mounted at the side of bay
1). The rear of the bays is at the left side of the console. The inner plenum doors which

hold the power equipment are inside the double doors shown in the figure.

In addition to the standard equipment, the real time option and the control units for the

punch and keyboard/printer can be mounted in bays 1 and 2. The type 17 memory option
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and most in-out options must be housed in‘separate units.

b LOGIC PANELS AND POWER EQUIPMENT - The mounting panels and logic wiring of
PDP-4 are shown inFigure 2-3. Bay 1, containing the internal processor, the console and
the control units for reader, punch and keyboard/printer, is at the left. Bay 2, containing
the memory logic and the real time option is at the right. Below the real time option is a
mounting panel for in-out plugs to connect the computer to peripheral equipment. Space

for control units of optional devices is available below the in-out plugs.

Figure 2-4 shows the plenum doors on the backs of the bays. In the center of bay 2 are the
large resistors for the mémory power supply. At the top of bay 2 are the main power cir-
cuit breakers and the fﬂém;‘ryE‘ po;ver switch. In the lower part of each bay are the type
728 power supplies. chh‘ofr’rhese supplies provides +10 and =15 volts dc required by the

plug=in modules.

Marginal check power supply controls are located at the top of bay 1. Behind these con-
trols is a variable power supply type 734. The output of this unit can be varied from 0 to
20 vdc and can be applied to either the +10 or =15 volt lines in any logic panel for mar-

ginal checking the plug=in unit components.

Figure 2-5 shows the interior of bay 2. At the left are the backs of the logic panels; at
the right is the inside of the plenum door. The plug-in units in the four panels at the top
are logic circuits for core memory. The third memory panel also contains the core bank.
Below the memory are three panels which contain the logic circuits for real time option.

In-out plugs aré located below the real time option.

At the bottom of the plenum door is a type 728 power supply which provides power for the
logic in the bay. Above the 728 supply is the memory power supply type 735. At the top
of the door is the power control panel containing delays and isolating circuits for the

power switches.

A complete logic layout and-power equipment layout of the PDP-4 is shown inFigure 2-6.
The figure shows six type 728 power supplies =~ four of which are required for the standard

computer. The bottom supply in each bay is for optional equipment.

The following table lists the mounting panel and power equipment requirements for the

standard PDP-4 and four options: Memory Expansion Type 17, Real Time Option Type 25,
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Keyboard/Printer Type 65, and Punch Type 75.

(1) Standard PDP-4

Space requirement _ 2 bays

Logic panels

Internal processor 6 mounting panels 1914 (1A to 1F)
Core memory 4 mounting panels 1914 (2A to 2D)
Reader control 1 mounting panel 1914 (1K)

Power equipment 4 power supplies 728

1 variable power supply 734
1 power supply 735
1 power control panel 813

1 marginal check switch panel

(2) Optional Equipment-

Memory expansion type 17

Space requirement 1 bay
Logic panels 4 mounting panels 1914
Power equipment 1 power supply 728; 1 power supply 735

Real time option type 25
Logic panels 1 mounting panel 1914 (2E)
2 mounting panels 1909 (2F, 2H)
Keyboard/printer control type 65

Logic panels 1 mounting panel (1M)
Power equipment 1 power supply 728*

Punch control type 75
Logic panels 1 mounting panel 1914 (1L)
Power equipment 1 power supply 728**

“* If punch and keyboard/printer are both installed, only one extra power supply 728

is required.
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¢ MODULE:LIST. The fgélglgyyigg,J,j;wt‘?;gg_,lg;;{gg;fq.l,[;]bq;.,p"lUjg-in;modules required by the
internal processor,: the 1K and 4K ffc;)rq.,_memgr,;igg\»“,‘:zréag[gr;c‘onfrol, memory option type 17,

real time option type 25, .keybpqr_d/zpr,im‘er‘,;con}{p| type 65, and punch control type 75.

(1) Internal Processsr - Numbers at the right are for the internal processor of PDP-4B.

Negahve numbers in parentheses indicate plug-in units that are removed for the PDP-
4A. Positive numbers in parentheses indicate plug-in units that must be added to the

internal processor if the type 17 memory option is installed.

Type h -_ Quantity
De!cxy line 1310 : 2(1
Delay line 1311 | 1(1)
Pulse amplifier 1607 N 1(1)
Plug adapter 1956 : 3
Inverter 4105 3
Inverter 4106 6
Diode 4111 2
Diode 4112 3
Diode 4113 5
Diode 4114 5
Diode 4115 1
Capacitor-diode 4127 10
Capacitor-diode 4129 4
Binary-to-octal decoder 4150 4
Flip-flop 4203 ' 19
Dual flip-flop 4204 - 21 (2) (-2
Quadruple flip-flop 4214 1
Quadruple flip-flop 4218 2
Delay 4301 1
Integrating one=shot 4303 1
Clock 4401 1
Pulse generator 4410 1
Pulse amplifier 4604 ‘ 17
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(2) Core ‘M‘éfﬁb}}-*-PiU'gf—'in unit requirements for the type 17 memory expansiioh"s are

equal fo the plug=in unit requirements for the 4K memory, plus the plug-in units that

must be qdded ;’rq,fhg.in’remql processor { see (1) page 2-9)

Type
PDP-4A
(1K)
nverfer 1103 6
Inverter 1104, . 5 ooy |
'_'<§uadn4ﬂefhp—ﬂop1213;f'““‘ B
Sense ampllﬂer 1540 = 18
Pulse amplvif.ier 1607 ‘_ 1
‘Power supply contral: 701 1
(in power supply 735 ..
’Read/wrt’re swn’rch 1972 o 16
Memory drlver 1973 . 3 2
Resistor 1976 ¥ 8
Resistor 1978 3
Inhibit driver 1982 5

(3) Reader Control
Inverter 4105

Inverter 4106

Diode 4112
Capacitor-diode 4127
Quadruple flip-flop 4218

Pulse generator 4410
Pulse amplifier 4604

(4) Real Time Option Type 25
Bus driver 1690

Inverter 4102

Inverter 4105

Diode 4114
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PDP-4B
(4K)
7
A
B
18
1
1
32
2
16
5
1
3
1
1
5
1
1
8
1
1
1



Type Quantity

Diode 4115 1
Capacitor~diode 4127 1
Capacitor-diode 4]2941& 20
Quadruple flip-flop 4218 2
Pulse generator 4410

Pulse amplifier 4604 9
Pulse amplifier 4605 3*

(5) Keyboard/Printer Control Type 65

Inverter 4105 1
Inverter 4106 1
Diode 4114 1
Capacitor-diode 4127 ]
Capacitor-diode 4128 3
Quadruple flip-flop 4214 2
Four-bit counter 4215 4
Quadruple flip-flop 4216 2
Clock 4407 | 1
Pulse amplifier 4604 | 2
Pulse amplifier 4605 1
(added to device selector)
Solenoid driver 4681 1

(6) Punch Control Type 75

Inverter 4105 1
Diode 4113 2
Quadruple flip-flop 4216 ' 2
Delay 4301 | 1
Pulse generator 4410 1
Pulse amplifier 4604 1

* For interrupt logic, status and reader; add 1 for each additional device.



Type e Quantity

Pulse amplifier 4605 1
(added to device selector)
Solenoid driver 4681 6
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CHAPTER 3

INSTALLATION

3-1 GENERAL

This chapter provides the information needed to install the standard PDP-4 computer system

and the more common in-out device options. Installation and inspection procedures are de-

scribed, together with general information on initial testing and use of the checkout programs.

INSTALLATION OF THE STANDARD COMPUTER

The standard PDP-4 consists of a two-bay central frame, a photoelectric paper tape reader,

and a separate table for the reader. The two most common items of optional in-out equipment

are a paper tape punch and a keyboard/printer. ‘The central frame is shipped fully assembled.

The in-out equipment items are packed separately and must be installed before the system is

ready for use.

a SITE SELECTION - Before installing the PDP-4 system, a suitable location must be
selected. Space requirements for the system depend upon the quantity of optional equip-
ment to be used. The floor area occupied by the central frame and the table is shown in
Figure 3-1. The central frame is 69-1/2" high. At least 3 feet clearance should be

allowed on all sides of the central frame for ease of access during maintenance.

Because the computer is mounted on casters, a level floor is required. The floor should be

capable of supporting 150 pounds per square foot.

The system is designed to operate efficiently over an ambient temperature from 50° to 104°.
The plug-in modules are cooled by blowing air out the front of the bays. Intake fans are
mounted in the floor of each bay. All necessary fans and blowers are installed at the

factory. No additional cooling equipment is required.

The user may elect to operate PDP-4 on either 110 or 220 vac. The internal power control
connections for one type of line voltage or the other are made at the factory before ship-

ment. Although the computer, including punch and keyboard/printer draws less than 12
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amperes (at 110 vac) while in operation, turn-on surges in the in-out equipment (particu-
larly the punch) may momentarily exceed this value. A 25 ampere line is therefore recom-
mended if the punch is included in the system. (Additional power must be provided for

other optional peripheral equipment.)

b UNPACKING AND HANDLING - The central frame is shipped on a skid, and may be
crated or not, depending on the mode of transportation. For truck shipment it may be left
uncrated. A crate is furnished for air shipment. ' The crate confqﬁnﬁng the central frame
is approximately 74 inches high, 3 feet wide and 4-1/2 feet long. The table and tape

reader are separately crated for all types of shipment.*

(1) If the central frame is crated, carefully remove all crating and strapping, and
any packing material . If the computer is shipped uncrated, remove any protective

padding .

(2) The plenum doors at the rear of the central frame bays have spring catches. To
reinforce these doors during shipment two bolts are used to hold each door shut. Re-

move these bolts and store them in the plastic loops provided.

(3) Remove any packing material, shipping blocks, etc. from the inside of the com-

puter.

(4) The plug=in modules are taped into the logic panels to prevent damage in ship-

ment. Remove the tape.
(5) Unpack the computer table and place it in front of the console (See Figure 2-2).

(6) Below the table is a panel of power plugs for the in~out equipment. On the floor
of bay 1 is a power cable with a female plug. Run the cable through the hole in the
bay floor and plug it into the single male socket in the power panel. The power

cables for the in-out devices may be plugged into any of the four female sockets.

NOTE: If the user plans to reship the computer (or move it more
than a short distance) in the near future, special packing materials
should be saved for reuse. The containers for the reader, punch and
keyboard/printer in particular, have been designed especially to
accommodate the equipment, and are the safest means of packing it
for reshipment.
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c INSTALLATION OF TAPE READER - The single standard in-out device is a photoelec-
tric paper tape reader. The reader is mounted in'a cabinet, and the entire assembly is
shipped in a single container. If the computer also includes a tape punch, the two devices
are installed together (see paragraph 3-3a). For installation of the reader alone, follow

~ the procedure listed below.

(1) Uncrate the reader and place it on the computer table. Remove the cabinet top
by unscrewing the three Phillips screws on each side of the cabinet. Inspect the reader

to make sure that nothing has come loose during shipment.

(2) The reader power and data cables are coiled inside the reader cabinet. Run the
cables through the hole in the bottom of the cabinet, over the edge of the computer
table, and through the trough connected to the underside of the table. The data con-
nection from the reader to the computer is through a 22-pin Amphenol connector. Run
the data cable into bay 1 through the hole in the computer floor, and plug it into the
socket at the end of mounting panel 1K. Plug the power cable into one of the female

sockets in the power plug panel.

(3) Replace the cabinet top.

3-3 INSTALLATION OF OPTIONAL EQUIPMENT

Two of the more common optional devices used with the PDP-4 are a paper tape punch and a
keyboard/printer. If the punch is included in the system, the punch and the reader are in-

stalled together.

a READER AND PUNCH - The tape reader is mounted in a cabinet, and the entire assem-
bly is shipped in a single container. The punch and its cabinet are shipped in separate
containers. Packed inside the punch cabinet are the power and data cables, the punch

cover, the tape catcher, and the chad box.

(1)  Uncrate the punch cabinet and place it on the computer table. Open the door on
the right side of the cabinet, and remove the punch cover, the tape catcher and the
chad box. Coiled inside the cabinet are the power and data cables; these cables are

attached to the switches on the front of the cabinet.
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(2) Uncrate the tape reader. Place the reader cabinet on top of the punch cabinet,
so that the hole in the bottom of the reader cabinet is directly above the hole in the
top of the punch cabinet. Remove the top of the reader cabinet by unscrewing the
three Phillips screws on each side. Inspect the reader to make sure nothing has come
loose during shipment. Attach the reader cabinet to the punch cabinet by screwing

down the two captive bolts at each side of the reader.

(3) The reader data and power cables are coiled inside the reader cabinet. Run these
cables through the hole in the floor of the reader cabinet into the punch cabinet. Re-

place the top of the reader cabinet.

(4) Carefully uncrate the punch and remove all packing material . Check for loose
wires, screws etc. Place several magazines or other such flat objects on the computer

table under the open door of the punch cabinet. Place the punch on the open door.

(5) Attach the punch power and data cables to the punch. The power cable has a
Twist=Lok connector; the data cable has an Amphenol type 57-30240 connector.

(6) Run the data and power cables for both the reader and the punch through the hole
in the bottom of the punch cabinet, over the edge of the computer table, and through
the trough attached to the underside of the table. The data cables are connected to
the computer with 22-pin Amphenol connectors. Run the data cables into bay 1
through the hole in the computer floor. Plug the reader cable into the socket at the
left end of mounting panel 1K. Plug the punch cable into the socket at the left end

of mounting panel 1L.

(7) Place the cover on the punch. Note the two aluminum seating studs on the floor
of the punch cabinet. The two mounting plates fit over these studs. Place the punch

on the seating studs and determine that it is securely in position.

(8) Place the tape catcher in position and secure it fo the cabinet floor by screwing
down the two captive bolts. Hang the chad box in position on the front of the punch,

and close the cabinet door.

(9) Plug the reader and punch power cables into the female sockets in the power plug

panel .
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b KEYBOARD/PRINTER - The keyboard/printer is shipped in a single container. The

power and data cables are already connected to the unit, and are coiled under the unit

inside the container,
(1) Uncrate the keyboard/printer, and place it on the computer table.

(2) Run the power and doto cables over the edge of the table and through the trough
attached to the underside of the table. The data cable is connected to the computer
through a 22-pin Amphenol connector. Run the data cable into bay 1 through the
hole in the computer floor, and plug it into the socket at the left end of moﬁnting
panel TM. P!Og the power cable into one of the female sockets in the power plug

panel .

3-4 - INSPECTION AND ADJUSTMENT

~ The PDP-4 system is thofoughly tested and checked before it leaves the factory. However, it
should be inspe;:ted and checked again after installation to ‘make sure that no damage has

occurred ering shipment.,

a VISUAL INSPECTION - After the computer has bé»en unpacked and the in-out equip~

ment is in place, the system should be inspected visually. Check the following:
(1) Have all the shipping blocks, packing materials, tape, etc. been removed? If
not, remove them,
{2) Are all plug=in units iﬁsem‘ed fir’mly in position? Secure any that are loose.
(3) Are there any loose nuts cr bolts?. If so, tighten them.
(4) Are there any loose or broken wires? (Refer to Chapter 11 for repair of wiring.)
{5) Are the in-out device power and data c;:lbles plugged in?
(6) Make sure conscle POWER switch is off (left).

(7) Plug in system power cable (the coiled cable is on the floor of bay 2). The cable
is equipped with a Miller Electric Type 034-2 connector.



CAUTION

Unless the system has been modified for use with 220 vac, the power

cable must be plugged into a 110 volt outlet.
(8) Are the three MAIN POWER circuit breakers on the type 813 power control panel
on? If not, turn them on (up). Make sure the MEM POWER switch is off (down).

b  METER READINGS - Before starting to run the test program, all machine voltages should

be checked with a meter.

(1) With the computer connected fo its power source but with MEM POWER off, turn
on the POWER switch on the console. The associated indicator should light.

(2) The type 728 power supplies each have three output lines: —}7].0 vdc, ground, and
-15 vdc. The output voltdges should be checked for each type 728 supplyl before
operating the computer. Measure these voltages at mounting panels 1A, 1F, and 2A.
If the computer includes the optional real time control, also measure the voltages at
mounting panel 2F. All A pins in each mounting panel are bussed together. Similar-
ly, the B pins, the C pins, and the D pins are also bussed together. Pins A and B are
at +10 vdc; pin C is at =15 vdc; pin D is at ground.

(3) Now turn on MEM POWER . This switch can now be left on permanently.

c¢  PREOPERATIONAL CHECKOUT - The PDP-4 program library includes a set of DEC

Maintenance Programs. These programs are designed to check out different portions of the
coniputer to ensure that they are functioning correctly . Maintenance programs are a

powerful aid in diagnosing computer malfunctions.

The test programs usually run at installation include Instruction Test, Checkerboard,
Reader and Punch Test, and Teleprinter Input-Output Test. All of these programs are
included in CONTEST, the consolidated maintenance test. Because all computer opera-
tions, including the running of test programs, depend on proper functioning of the instruc-
tions, the Instruction Testshould be run first.  After the computer has passed the Instruc-
tion Test, the memory Checkerboard should be run, followed by the Reader and Punch Test.
The Teleprinter Input-Output Test should be run-last.

More detailed instructions concerning use and applications of the PDP-4 maintenance

programs are furnished in the maintenance chapter of this manual, Chapter 11.
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CHAPTER 4

SYSTEM FUNCTION

4-1 LOGICAL ORGANIZATION

The logical configuration of the PDP-4 is shown in Figure 4-1. The computer logic is divided
into four parts: control unit, arithmetic unit, memory and input-output system. The control

unit and arithmetic unit together constitute the.internal processor.

a CONTROL UNIT - The control unit of the computer governs the timing of all computer
operations, the information transfers between the internal processor and the memory or
input-output system, and the operation of the various registers. The control unit includes

three internal registers, IR, PC and MA, and two console switch registers, AS and ACS.

The instruction code of each instruction is decoded from the four=bit instruction register,
IR, to govern the execution of the instruction. Each instruction word is retrieved from the
memory location specified by the contents of the 13-bit program counter, PC. During the
execution of each instruction the program counter is advanced one position; consecutive

instructions are thus taken from consecutive memory locations.

Every memory access is made to the location specified by the contents of the 13-bit mem-
ory address register, MA. The MA register is loaded from the program counter for instruc-
tion retrieval; it is loaded from the address portion of the instruction word (in the memory
buffer) for either deferred address retrieval or memory reference. The operator can manu=
ally provide addresses and data words for use by the computer through two switch registers

on the console control panel: the address switches, AS, and the accumulator switches,

ACS.

In addition to these registers the control unit also includes the operating switches, the
operating keys, and the control logic. The operating switches govern the mode of opera-
tion of the computer; the operating keys start and stop the specific computer operations.
The control logic contains those control flip~flops and logic nets that govern computer

states, information transfers, and the operation of computer registers. The control logic
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also contains the timing system of the computer.

Most elements of the control unit are described in paragraph 4-3. However, those ele-
ments of control that are directly associated with the arithmetic unit or the memory are

described in conjunction with those units (paragraphs 4-4 and 4-5 respectively).

b ARITHMETIC UNIT - The arithmetic unit includes two 18-bit registers, AC and MB,

and a 1-bit register, L.

The memory buffer, MB, serves two distinct functions: d memory function, and an arith-
metic function. All transfers of information between memory and the other parts of the
computer are made through MB. The memory buffer is used in the arithmetic unit as a
passive register, that is, it serves only to hold the operand in arithmetic and logical in-
structions. However, all indexing (i.e., incrementing by 1) is done directly in MB with-

out using AC., |

The cccumulo’ron", AC, is the major register in the arithmetic unit. It serves both as an
accumulator and as an in-out register. The accumulator input logic includes transfer,
rotate, logical, and arithmetic gating. The accumulator is used in the execution of all
two-term logical and arithmetic instructions. Furthermore, the result of all such instruc-
tions always appears in the accumulator. The AC input gating allows the computer to
perform the logic functions AND, exclusive OR, and negation, as well as arithmetic op-
eration of addition. All other arithmetic operations must be programmed by using combina-
tions of negation and addition. The inclusive OR function must be programmed by combin-

ing negation and conjunction.

The bits of AC can be rotated in either direction. The ends of the register are connected
through the 1=bit link, L, and the 19-bit combination is rotated. Besides functioning as
a computational register, AC also serves as the in-out register. All transfers of informa-

tion between the computer and low=speed or programmed peripheral devices are made

through AC.

The link, L, extends the capability of the accumulator. This 1-bit register connects the
ends of AC so that the 19-bit combination of L and AC can be rotated as a single register.

The programmer can use the link to construct products and quotients one bit at a time.
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¢ MEMORY - Two versions of the standard PDP-4 are available, depending upon the
type of memory module. The memory module of the PDP-4A provides storage for 1024
words; the memory module for the PDP-4B provides storage Fobr 4096 words. Both modules
are magnetic-core, coincident-current memories which store 18-bit words. The memory
of PDP-4B can be expanded to 8192 words by adding the type 17 memory option. This

option includes a 4096 word memory module and the necessary controlling circuits for the

internal processor.

The lengths of the program counter and memory address register vary with the type of
menﬁory included in the computer. These registers may be 10, 12 or 13 bits in length, de-
pending upon whether a 1K, 4K or 8K memory is used. During each 8-microsecond mem-~-
ory cycle, access is made to the memory location specified by the contents of MA. The

. addresses of the core registers in memory are always given in the octal number system so
that the addresses are the same as the configuration of bits (taken three at a time) dis-
played in the console indicators. Addresses may therefore vary from 0 to 1777, 7777 or
17777 depending on memory capacity.

The word read from memory is transferred into the memory buffer by a strobe. Since the
‘read operation is destructive, the word contained in MB must be written back into the
core memory during the same cycle. In preparation for the deposit of new information in
memory, the strobe is inhibited so the information read from the core register does not
reach MB. New information is then transferred into MB from the internal processor, and

written into the addressed memory location by the write portion of the memory cycle.

d INPUT-OUTPUT SYSTEM - The input-output system in the standard computer includes
one input device--a paper tape reader with its associated control unit. The control unit

is governed directly from the internal processor by in-out pulses generated from instructions
in the in-out transfer group. All transfers of data between the reader buffer and the com-

puter are made through the accumulator.

A large number of optional in-out devices may be added to the computer. Two of the
more common optional devices are the paper tape punch for output, and the keyboard/-
printer for both input and output. Whenever any optional in-out equipment is added to

the computer, the real time option must also be installed. Then all devices (including the
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reader) are controlled from the internal processor through the real time option. This op-
tion includes a device selector, an information distributor, an information collector, an

in-out skip facility, and an interrupt control.

The device selector, DS, decodes the device code portion of the in-out transfer instruc-
tion (bits 6 to 11) and switches the in-out pulses from the internal processor to the control
unit of the selected device. Transfers of data between the computer and the control unit
buffers are made through the accumulator. Input information is gathered from various
control units by the information collector, IC; output information is distributed to the vari-
ous control units by the information distributor, ID. During in-out operations data trans-

fers between a device and its associated control unit are performed automatically.

The interrupt control allows various external signals to interrupt the program sequence. A
program break saves the current program address and transfers control to an appropriate sub-
routine. A clock break may be used to keep track of real time and thus correlate internal
operations to real time. A data break causes the program to pause for one memory cycle
while a high-speed automatic device makes direct access to memory. For example, with
the automatic tape control unit, control information goes through the accumulator, but
data is transferred directly between the memory buffer and the control unit through a direct

access channel.

4-2 PROGRAMMING

This paragraph describes the programming characteristics and the instruction repertoire of

PDP-4,

a NUMBER SYSTEM - PDP-4 is a fixed-point machine using binary arithmetic. Nega-
tive numbers are represented as either the ones complements or the twos complements of the
positive numbers. Bit O is the sign bit, which is O for positive numbers., Bits 1 through 17
are magnitude bits, bit 17 being the least significant. The actual position of the binary
point may be assigned arbitrarily to best suit the problefn at hand. Two common conven-

tions in the placement of the point are:

The binary point is placed to the right of the least significant bit;

all numbers then represent integers.



The binary point is placed to the right of the sign bit; all numbers

then represent fractions between =1 and +1.

Subroutines can automatically perform both the conversion of decimal numbers into binary
for use in the computer, and also the output conversion of binary numbers into decimal.
Operations for floating=point numbers are handled by interpretive programming or sub-

routines.

b INSTRUCTION FORMAT - There are two classes of PDP-4 instructions: memory refer-

ence instructions and augmented instructions.

Memory reference instructions need access to memory for an operand, and therefore re-
quire two memory éycles for execution. Augmented instructions, on the other hand, have
no operand, and for this reason are performed in one memory cycle. The bits used to ad-
dress the operand.in the memory reference instructions are instead used, in the augmented
instructions, to augment the control capability of the instructions. Accordingly, the aug-

mented instructions are those instructions having augmented instruction codes.

There are also two instructions which fall into neither of these classes. These instructions,
Jump and Load Accumulator with n, use their own address portions as operands and thus
are executed in a manner similar to the memory reference instructions. However, because
these two ‘instructions require no actual access to memory, they are executed in a single

cycle.

Memory reference instructions include arithmetic instructions, logical instructions, data
handling instructions, and program control instructions. The augmented instructions are
divided into two groups, the operate group and the in-out transfer group. Each group is
actually a class of microinstructions produced by microprogramming the non=instruction

code portion of the instruction word.

The instruction words for memory reference instructions require both an instruction code
and a memory address. The instruction code (bits O through 3) specifies the particular
instruction to be performed. The location in memory to which reference must be made is

specified by the memory address portion, Y (bits 5 through 17).

Bit 4 of the instruction is the indirect address bit. This bit is normally 0. If bit4isa 1,
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the original address Y of the instruction is not used to locate the operand, jump location,
deposit location, etc. of the instruction. Instead, the address portion of the instruction

is used to locate a memory register that contains a new address. The new address is used
in place of the address portion of the original instruction. This indirect addressing techni-

que frequently expedites the programming task.

Furthermore, address indexing may be combined with indirect addressing, avoiding the
need for separate indexing instructions. For this purpose, memory registers 10 through 17
are available as index registers. Whenever an instruction is indirectly addressed to one of
these memory index registers, the direct address is indexed before being written back into
memory . The indexed direct address is then used for the required memory reference. In
this way, a single indirectly addressed instruction of a program loop may refer to a succes=

sive memory location in each iteration of the loop.

An instruction which uses an indirect address is called a "deferred” instruction because the
actual operation which the instruction performs is deferred until the new address is retrieved
from memory. Thus in a deferred instruction, Y is not the location of the operand, but

the location of the location of the operand. All memory reference instructions except law
can be indirectly addressed. Load AC with n must have a 1 in bit 4 because it used the

same primary four-bit code as the augmented instructions in the operate group.

Augmented instruction words use the entire word for the instruction code. Thus the entire
class of augmented instructions uses only:two of the available sixteen primary codes to
perform a very large number of instructions. The instructions under each primary code are
referred to as an instruction group. For example, in the operate instructions, the group is
specified by the standard four-bit code in bits 0 to 3 plus a 0 in bit 4, while the specific
instruction within the group is specified by the configuration of bits 5 to 17. The instruc-
tions in the operate group include skips, rotations of the accumulator, and various other

logical operations.

The code for the in-out transfer group is bits 0 to 3 of the instruction word, while the
generation of in-out pulses and the clearing of the accumulator for in-out transfers are
controlled by bits 14 to 17. In the standard computer the in-out pulses are applied directly
to the reader control unit. If the type 25 real time option is installed, each device is

selected according to the configuration of the device code (bits 6 to 11). Bits 4, 5, 12
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and 13 may be used to form subfunctions in the device code or they may be used for other

control purposes.

c  COMPUTER STATES ~ All instructions and interrupt operations are performed in multi-
ples of the basic 8~microsecond memory cycle. The computer performs every memory cycle
in one and only one of four major states. These states are fetch, execute, defer and
break. The first three of these major computer states (fetch, execute, and defer) are pro-
gram states, i.e., whenever the computer is in one of these states, it is performing those
operations necessary for the execution of an instruction in the program. The fourth major

state of the computer, the break state, is that state in which the computer performs all in-

terrupt operations.

Whenever the computer is in one of the three program states, fetch, execute, or defer,
it must also be in one of the minor computer states. This means that the computer must be
performing some specific instruction. These minor states correspond to individual memory

reference instructions, and to groups of augmented instructions.

During the fetch cycle of each instruction, the instruction word is retrieved from memory .
Augmented instructions are completed during this single memory cycle. Note, however,
that during the fetch cycle of an in-out transfer instruction, the internal processor merely
generates the appropriate in-out pulses. These pulses either are applied to the device
control unit or else transfer information from the control unit into the internal processor.
Actual operations within the control unit and the transfer of information to the control

unit may occur much later.

If an instruction is deferred (indirectly addressed) the computer goes into a defer cycle at
the completion of the fetch cycle. During this defer cycle, the address portion of the in-

struction is used to retrieve a new address for the instruction operand.

In memory reference instructions, the fetch cycle (or the defer cycle, if the instruction is
indirectly addressed) is followed by an execute cycle. During the execute cycle, the
operand is retrieved from or depositied in memory, and the operations required by the in-

struction are completed.

An instruction may be completed in any of the three program cycles, depending upon the

type of instruction. Augmented instructions are always completed in a fetch cycle. The
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instruction Jump may be completed either in a fetch cycle or in a defer cycle. All mem-
ory reference instructions are completed in an execute cycle. After an instruction is com-
pleted, the program sequence may be interrupted by an external signal through the inter=-
rupt logic. When this occurs, the computer enters the break state. There are three types

of break cycles; these are for a data break, a clock break, or a program break .

In a data break , the main program pausés for one memory cycle while a high-speed device,
such as magnetic tape, gains direct access to memory. At the beginning of the cycle,

the device control unit provides an address to MA . If information is requested by the de-
vice, the word read from memory is. made available to the control unit. If information is
being transferred into the computer, the strobe is disabled, and new information is trans-

ferred into the memory buffer.

In a clock break, the computer indexes the word contained in memory location 7. If this
index operation increments the word to zero (in twos complement arithmetic), the clock
flag is set. The program may therefore count external time signals by checking the clock
flag. In a program break, a signal from an external device can break the normal program
sequence and transfer control to a subroutine appropriate to the device. When a program
break occurs, the address in the program counter is deposited in memory location 0, and

program control is transferred to memory location 1,

d CONSOLE CONTROL - The states of all internal processor registers and control de-
vices are shown in indicator lights on the console. The console control panel also includes
the switches through which the operator exercises control over the computer. These switches
allow the operator to start and stop computer operations, control the mode of operation,

and specify words and addresses to be used by the computer. The initiation of any opera-
tion from the console is timed by a chain of special pulses, SPO through SP4. After com-
pletion of this special pulse chain, the regular memory cycle timing system of the com-

puter begins.

The computer has four modes of operation: normal, single step, single instruction, and re-
peat. In the normal program-running mode, one memory. cycle follows another without
interruption until the computer is halted by either the program or the operator. There are

two manual-operate modes: single step and single instruction. These are controlled by the



single step and single instruction switches. In a manual mode, operations are begun from
the console in the normal manner but the computer halts at the end of the first memory
cycle (single step) or the end of the first complete instruction (single instruction). During
any operation the computer must be in one, and only one, of the above three modes (nor-
mal, single step, or single instruction). Furthermore, while in any of these three modes,
the computer may also be in a fourth mode =~ the repeat mode. While the repeat switch
is on, the operation associated with any console key that is held on is repeated at a rate

determined by the setting of the speed switches.

Console control of computer operations is exercised through seven operating keys. Six of
these console functions initiate computer operations; the seventh halts the computer. In
all of these functions except Contihue and Stop, the special pulse SP1 produces the BE-
GIN pulse. BEGIN clears various registers and flip-flops to prepare the computer for

_operation. The console functions are as follows:
Start

The computer starts normal operation in the fetch state. The first instruction is taken from
the memory location addressed by the address switches. Start also initiates the first cycle

of operation in the manual modes.
Continue

The computer resumes normal operation at the state indicated by the console lights. In the

manual modes, continue also initiates each cycle or instruction after the first,

Examine
The contents of the memory register addressed by the address switches are displayed in the
accumulator and memory buffer lights on the console. The address contained in the address

switches is transferred to the program counter and incremented by 1.
Examine Next

The contents of the memory register addressed by the program counter are displayed in the
accumulator and memory buffer lights on the console. The contents of the program counter

are incremented by 1.
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Deposit

The word contained in the accumulator switches is deposited in the memory location ad-
dressed by the address switches. The address contained in the address switches is trans-

ferred to the program counter and incremented by 1.
Deposit Next

The word contained in the accumulator switches is deposited in the memory location ad-
dressed by the program counter. The contents of the program counter are incremented by

1.
Stop

The computer halts at the end of the current memory cycle.

e INSTRUCTION LIST = This list includes the title of the instruction, the normal execu-
tion time (i.e., without indirect addressing), the mnemonic code, the octal representation
of the instruction code, and a short description of the instruction. In the following list,
the contents of a register are indicated by C( ). Thus C({Y) means the contents of memory
location Y; C(AC) means the contents of the accumulator. A specific bit of a register is

indicated by a subscript number following the symbol for the register. Thus MB. _, repre-

sents bit 17 of the memory buffer. v
For memory reference instructions the octal instruction codes are given as two digits. The
more significant digit represents the first three bits of the four-bit instruction code. The
second octal digit (with one exception) is either 0 or 4, depending upon whether the
fourth bit of the instruction code is 0 or 1. Thus the two-digit octal code is equal to the
first two digifs of the octal instruction word, assuming that bits 4 and 5 of the word are
both 0. In memory reference instructions, bit 4 is the indirect address bit, and bit 5 is

the most significant bit of the 13-bit address. Therefore, the second digifof asix~digit in-
struction word whose instruction code ends in 0 may be 0, i, 2 or 3 while the second digit
of an instruction word whose code ends in 4 may be 4, 5, 6 or 7, depending upon the con-

figuration of bits 4 and 5.

The one exception to this convention is the nondeferable instruction law. This instruction

requires a | in bit 4 because both law and the operate of augmented instructions use the
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the same primary four-bit instruction code. Thus, law has a five-bit code represented by
octal 76 (111 11) while the primary portion of the augmented codes for the operate group

is represented by octal 74 (111 10). The in-out transfer group is represented by octal

70 (111 0) but the second digit in the instruction word varies according to the configuration
of bits 4 and 5, which are part of the augmented code. For all augmented instructions

(comprising the two groups, opr and iot) the entire six~digit octal code is given.

- Memory Reference Instructions:

Call Subroutine (16 psec) ......... .. cal Instruction Code 00

This instruction is equivalent to the instruction jms 20. The address portion, Y, is ignored.
Call Subroutine may be used as part of a master routine to call subroutines. The address
20 may be interpreted as an indirect address =~ that is, cal indirect is equivalent to jms

20 indirecf.

Deposit Accumulator (16 psec).......... dac Y Instruction Code 04

The C(AC) replace C(Y) in memory. The C(AC) are unchanged, the original C(Y) are lost.

Jump to Subroutine (16 psec) .......... jms Y Insturction Code-10:

The C(PC) replace C(Y) in memory. When the transfer takes place, the program counter
holds the address of the instruction following the jms in normal sequence. The program

then executes the instruction in memory location Y + 1. The original C(Y) are lost.

Deposit Zero in Memory (16 psec)....... dzm Y  Instruction Code 14

The contents of memory location Y are replaced by zero (i.e., memory location Y is

cleared). The original C(Y) are lost.

Load Accumulator (16 psec) ........... . lac'Y Ins*ruction Code 20

The C(Y) are placed in the accumulator. The C(Y) are runchonged; the on’*i”ginal C(AC)

are lost.
Exclusive OR (16 psec)....oovvivnnnn. xor Y Instruction Code 24

The bits of C(Y) operate on the corresponding bits of C(AC) to form the exclusive OR.

The result is left in the accumulator. The C(Y) are unaffected.
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Ones Complement Add (16 psec)......... addY Instruction Code. 30,

The final C(AC) are the sum of the C(Y) and the original C(AC); C(Y) are'unchanged. The
addition is performed in 1s complement arithmefic. If the sum excéeds the capacity of the

.accumulator, the link is set.

“In 1s complement arithmetic, a negohve number is represenfed by ’rhe complernenf of the
corresponding positive number. Thus a posmve number is chqnged to a nego;fl\;é number
by changing the sign bit to 1, and changing all the 0s to 1s and all the Ts to. 05 in the
magnitude portion of the number. Since the complement of a singlebit is te.q'ui\{g"hen'r to
subtracting the bit from 1, comp|emen’r|ng the binary ln’reger n is equwclen’r to sub’rrac'rlng

n from 2" = 1. Thus the number -n is represen‘red inls complement arl’rhmeflc as ‘

IR 15
©© =(2"=n~=1). This convention results in 'rwo represenfq’rlons for fhe number zero all 0s

ey

“(H0), or all 1s (=0). Minus zero results from adding -0 to -0, or cddmg -n fo +n '

PRASREAE

Twos Complement Add (16 psec)......... tad Y Ins’rruc’rion Code 34

The final C(AC) are the sum of the C(Y) and ’rhe original C(AC); C(Y) are unchanged The
~ addition is performed in 2s complement arithmetic. If there is carry out of bit 0 of the

accumulator, the link is set. This feature is useful in multiple precision arithmetic.

In 25 complement arithmetic, a negative number is represented by adding 1 to the com-
_ plement of the corresponding positive number. Thus the rnumber =n is represented in 2s

. . n
complement arithmetic as -(2 - n).

Execute (8 psec plus time of instruction

executed). ... it . xctY Instruction Code 40

The instruction in memory location Y is executed. The program counter remains anhonged
(unless a jump or skip were executed). Execute acts exactly as though the instructjon be-
ing executed replaced the Execute instruction in ’rhe program. Execute may be indirectly
addressed, and the instruction being execu’red may also use indirect addressmg An xct

instruction may execute other xct commands.

Index and Skip if Zero (16 psec)......... isz Y Instruction Code 44

" The C(Y) are replaced by the C(Y) + 1. Thel C(AC) are unaffected by this inslfrur‘c’rion.

The addition is performed in 25 complement arithmetic. If the sum is zero, the program
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counter is advanced one extra position and the next instruction in sequence is skipped.
Logical AND (16 psec). .ovvovenienonse and Y Instruction Code 50

The bits of C(Y) operate on the corresponding bits of C(AC) to form the logical AND. The

result isleft in the accumulator. The C(Y) are unaffected.

Skip if Accumulator and Y Differ (16 psec).sad Y Instruction Code 54

The C(Y) are compared with the C(AC). If the two numbers are different, the program
counter is indexed one extra position and the next instruction in sequence is skipped. The

C(AC) and the C(Y) are unchanged.
Jump (Bpsec). ...l imp Y Instruction Code 60

The address Y replaces C(PC). The next instruction in the program is then taken from mem-

ory location Y. The original C(PC) are lost.

Load Accumulator with n (8 psec)........ law n Instruction Code 76

The instruction word replaces C(AC). The original C(AC) are lost. Since the instruction
code is all 1s, the binary word in AC is interpreted as a negative number (ACO =1), and
consequently the magnitude of the address portion is equivalent to the magnitude of the
entire word. As a result, the programmer may load a negative number -n (where n 2]3)
into the accumulator by placing the negative representation of n in the address portion of

a.law instruction.

Augmented Instructions:

Operate Group (8 psec)................ opr Instruction Code 74

The instructions in this group perform miscellaneous logical operations primarily up on the
registers in the arithmetic unit. The group also includes the conditional skip instructions.

All instructions in the group require 8 microseconds.

In these instructions the instruction code is 18 bits. The primary code (bits 0 to 4) speci-
fies the operate group while the address portion specifies the operation to be performed or
the skip condition to be sensed. The various operations can be microprogrammed -- that

is, the addresses of the different instructions may be combined to form the union of the

functions. For example, instruction 740403 causes the computer to skip the next instruc-
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tion, if the link is 1 at the beginning of the operate, and complements both the accumula-

tor and the link.

Included in the operate group are the rotate and skip instructions. Rotate is a cyclic shift.
A shift is an information transfer from bit to bit in a single register. Transfer of C(ACn)
into AC is a left shift: C(AC ) into AC
n=1 n n+1
ends of the accumulator are logically joined together through the link and information is

is a right shift. In a cyclic shift the two

rotated through the 19-bit combination as though it were a ring.

The skip instructions sense various elements in the arithmetic unit and cause the computer
to skip the next instruction in sequence if the addressed condition is satisfied. The intent
of any skip instruction is determined by the programming of bit 8 of the instruction word.
For example, the instruction 740200 is Skip on Zero Accumulator, while 741200 is Skip

on Nonzero Accumulator.

The logical operations specified by the operate instructions are performed by one or the
other of two operate pulses, OP1 and OP2. These pulses occur at different times during
the memory cycle. Not only can the programmer combine several operate instructions to
perform operations on different elements but, because of the time interval between the
two pulses, the programmer can also combine operate instructions in such a way as to
perform two operations on the same element at different times. In the following list, the
time of occurrence is given for the arithmetic unit operations. The skip instructions cause
a skip by incrementing the program counter at OP1 if, at that time, the skip condition is
satisfied. The instruction Halt clears flip=flop RUN at OP1, but before stopping, the

computer completes the cycle.

No Operation......covuven. B 1] Instruction Code 740000

The state of the computer is unaffected by this operation and the program counter continues

in sequence.

Clear Accumulator........ verereaneees cla Instruction Code 750000

Clears AC at OP1.
ClearLlink....oooveneeneennnneeneonas cll Instruction Code 744000

Clears L at OP1.



Complement Accumulator. ............. " cma Instruction Code 740001

The C(AC) replace C(AC) at OP2,

Complement Link.....oovveeooeoneoons cml Instruction Code 740002

The C(L) replace C(L) at OP2.

Rotate Accumulator and Link Left....... ral Instruction Code 740010

Rotates the contents of AC and L left one place at OP2.

AC = AC _,AC. = L, L= AC__.
n n-1 0 17

Rotate Accumulator and Link Right...... rar Instruction Code 740020

Rotates the contents of AC and L right one place at OP2.

ACn = Acn+],"'fAC]7 = L, L= ACO°

Rotate Twice Left..ovveeooceneecnons rtl Instruction Code 742010
Rotates the contents of AC and L left two places. ACn = A-Cn~2’ AC] = L,
ACO = AC]7' L= Acléf

Rotate Twice Right..o.covoeecreooonos rtr Instruction Code 742020
Rotates the contents of AC and L right two places. ACn = ACn+2, AC]‘s = L,
AC]7 = ACO' L= AC]o

Inclusive OR AC Switches with AC...... oas Instruction Code 740004

The inclusive OR function of C(ACS) with C(AC) replace C(AC) at OP2. If AC is cleared
at OP1 by combining cla with oas (750004), at the end of the instruction C(AC) = C(ACS).

Halt. .o s eeeioiiiooonoconoeconenooncs hit Instruction Code 740040

Stops the computer.

Skip on Plus Accumulator.....oveveonnn spa Instruction Code 741100

Skip if AC, is 0.



Skip on Minus Accumulator............. sma " Instruction Code 740100

Skip if AC0 is 1,

Skip on Zero Accumulator......cvoenene sza Instruction Code 740200

Skip if all accumulator bits are 0.

Skip on Nonzero Accumulator........... sha Instruction Code 741200

Skip if any accumulator bit is 1.

Skipon Zero Link.......cicvieuveneons szl Instruction Code 741400

Skip if L is 0.

Skip on Nonzero Link.................. snl Instruction Code 740400

Skip if L is 1.
SKIP.eeorseoesreerosennaennsnneeansns skp Instruction Code 741000

~ Skip the next instruction unconditionally.

In-out Transfer Group (8 psec)...ceucn.n. iof Instruction Code 70

All in-out transfer instructions use instruction code 70 (111 0) in bits O to 3 of the instruc-
tion word. The programmer specifies the in-out device and the specific operations to be

performed by microprogramming the rest of the instruction word. In-out transfers are gov-
erned by a set of three in-out pulses, PIO1, PIO2 and PIO4. The programmer controls the
generation of these pulses during the execution of an iot by programming 1, 2 or 4 respec-

tively, as the final octal digit in the instruction word.

The first PIO pulse is generated after the iof instruction is retrieved from memory in a fetch
cycle. The second pulse is generated 2.0 microseconds later. The third pulse then follows
at the beginning of the next cycle 1.3 microseconds later. Since the pulses occur at dif-

ferent times, a single instruction may use more than one pulsé; but only those pulses speci-

fied by the instruction are actually generated.

In addition to microprogramming specific operations within the iof instruction, the pro-

grammer must also specify the device by placing a device code in bits 6 to 11 of the in-



struction word. In the standard computer,, the RIO pulses are applied directly to .:frhe reader
control unit and no devuce code is necessary . If the computer includes ’rhe type .25 real

" time option, the devnce sele;for dec;é;sfltiié de\:/lcé' code and swutches ’rhe PIO pulses onto
the lines appropriate to the specified device. The pulses for each devnce are named ac-
cording to the configuration of the instruction ‘codé producing them. For- excmple, the
three P1O pulses for the reader (device caode Q). are. IOTOIOI, IOT0102 omd 1070104

respectively. T A

Complehon of most in-out operations requires a definite minimum time. This:minimum time

is USUdlly very long compared to the computer memory cycle° The iot msfruchons serve

- S e bl 9

“mérely to mmcﬂe operahons m the c]ev:ce con’rrol unifs -- ’rhe control unit: then carries
xw‘“"v’ s,k

out operaflons au’romatlcally while the compu’rer may conhnue execuhng other instructions.

When the entire operation is complefed the program must- resynchromze the device and

the computer either by utilizihg the interript’ foglc or by sensing the device flag.

~In.all iot's, PIO1-is used to senseé a'dévice flbg, while PIO2 usually clears the flag. For
input devices, PIO4 initiates operations ifi ‘thé device control unit. After the operation
is completed, the programmer. may kclear;.,,thg'}qc"cumulafor by programming a 1 in bit 14 of
an iot instruction word, and can fhen transfer information from the device buffer to the

i‘

accumulator with PIO2. For output dewces, PIO2 clears the device flag and the device

|
buffer. A PIO4 pulse in the'same instrocion may then transfer information to the device

buffer and begin operation of the.control.yniti.:

In addition to the device code in bits 6 1o T'l,: ahd the standard coding of bits 14 to 17 of
the instruction word the, programmer may use, blts 4, 5, 12 and 13 to produce subfunctions
in the device code or for other control purposeso For example, in reader mstruchons the
state of bit 12 specifies whether the fape {s46be read in qlphaﬁumerlc mode or in bmary
mode. The following list includes only. the standard instructions for.governing the real
time control, ’rhe reader, the punch and the keyboard/prln’rer The programmer may, of
course, genercn‘e o’rher instructions for these devnces by varylng the conflguranon of bits
14 to'17. Each iot requires only en‘her ficroséddnds of internal processor ’rlme, however,
the time glven‘ with each instruction is the, tl,l.‘pgh‘eureq~U1red;For the device to conplete the

entire operation.



Interrupt Off (8 psec)......... veseseess iof Instruction Code 700002

Clear program enable flip-flop, preventing program breaks from interrupting the normal

program sequence.
Interrupt On (8 psec)....ovvvnvennnn., ion Instruction Code 700042

Set program enable flip-flop, allowing the normal program sequence to be interrupted by

program breaks through the interrupt logic.

In-out Read Status (8 psec)...... faeeenes iors Instruction Code 700314

This instruction sets specific bits of the accumulator according to the status of the various

in-out devices. The meaning of the information transferred into AC is as follows:

AC Bit If Set
0 Program interruptions are being allowed.
1 Tape reader buffer has been.loaded but not yet read by
an rrb.
2 Tape punch ready for output.
3 Keyboard key struck and not yet read by a krb.
4 Teleprinter ready for output.
5 Displayed point sensed by light pen.
6 Clock count is complete.
7 Clock interruptions are being allowed.

The rest of the AC bits are used for the status of other optional equipment.

Clock Skip on Flag (8 psec)......... cees csf Instruction Code 700001

Skip of clock flag is on, indicating that a clock count has been completed.
Clock Off B psec)eevevveeeneneennnnna. cof Instruction Code 700004

Clear clock enable flip-flop, preventing further clock interruptions of the normal sequence,

and clear clock flag.



Clock On (B psec)ecococceceaocrasann .. CON . - Instruction Code 700044

Set clock enable flip-flop, allowing clock to interrupt the normal program sequence, and

clear clock flag.

Reader Skip on Flag (8 psec).v.ceccocas ooorsf Instruction Code 700101

Skip if reader flag is on, indicating that reader buffer contains information not yet read by

an rrb.

Reader Start in Alphanumeric (3.3 ms).... rsa Instruction Code 700104

Clear reader buffer and reader flag. Start reader operdtion in alphanumeric mode. All
eight holes of a single line on the tape are read into the reader buffer. When reading is

completed, reader flag goes on.

Reader Start in Binary (10ms)......c..... rsb Instruction Code 700144

Clear reader buffer and reader flag. Start reader operation in binary mode. Holes 1 to 6
in each of three lines on the tape are read and assembled into a full compu’rer. WOrd in the
reader buffer. A line is recognized in binary mode only if hole 8 is punchea, i.e., lines
with no eighth hole are skipped. Hole 7 is ignored. The reader flag goes on when a full

word has been assembled.

Reader Read Buffer (Bpsec)soooeivensans rrb Instruction Code 700112
Transfer contents of reader buffer into accumu_lafor and clear reader flag.

Punch Skip on Flag (8 psec)......... oeo psf Instruction Code 700201

Skip if punch flag is on, indicating that the punch is ready for output.

Punch Load and Start (5.0 to 15.8 ms).... pls Instruction Code 700206
Clear punch flag and load punch buffer from AC]O-]7° Punch one line of tape. If AC]7
is 1, hole 1 is punched; if AC]é is 1, hole 2 is punched; and so on to AC]O which controls

the punching of hole 8. When punching is completed, punch flag goes on. Time required
to punch is 5 milliseconds; time between lines is 15.8 milliseconds. If a punch instruction
follows immediately after punching is completed, 15.8 milliseconds are available for the

program .
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Punch Clear Flag (8 psec). v vvvvvvuunnn. pcf Instruction Code 700202

Clear punch flag.

Keyboard Skip on Flag (8 psec).......... ksf Instruction Code 700301

Skip if keyboard flag is on, indicating that keyboard buffer contains a character not yet
read by a krb.

Keyboard Read Buffer (8 psec)........... krb Instruction Code 700312
Clear keyboard flag and transfer a character from keyboard buffer to AC]3_]7.

Teleprinter Skip on Flag (8 psec)........ tsf Instruction Code 700401

Skip if teleprinter flag is on, indicating that the teleprinter is ready for output.

Teleprinter Load and Start (100 ms)....... tls Instruction Code 700406

Clear teleprinter flag and print character specified by AC]3_17.

Teleprinter Clear Flag (8 psec).......... tcf Instruction Code 700402

Clear teleprinter flag.

4-3 CONTROL

This paragraph describes those elements of the control unit which are not discussed under arith-
metic or memory. These control elements include the timing system, state control, program
control, and the transfer logic. The symbols used in the drawings to represent the logic ele=-

ments are also described.

a TIMING SYSTEM - The fundamental timing system of the computer is based upon a se-
quence of seven time pulses, Tl to T7. These time pulses occur at irregular intervals cho-
sen so as to optimize memory operations. There is no repetitive standard clock pulse pro-
viding a fundamental time unit for the computer. The seven time pulses follow each other
in a chain covering one memory cycle of eight microseconds. Each time pulse is triggered
through a delay from the previous time pulse. The transition from one cycle to the next is

controlled by flip-flop RUN. If RUN is 1 the final time pulse in one cycle triggers the

first time pulse for the beginning of the next cycle. When RUN is cleared, the computer
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halts at the end of the current memory cycle because the final pulse in the cycle cannot

trigger the first pulse of the following cycle.

The organization of a single memory cycle is shown in Figure 4-2. The seven irregularly
spaced time pulses are shown from left to right across the 7.9-microsecond cycle. During
~each such cycle a single memory access is executed. The specific actions performed at

each time pulse depend upon the particular operation in which the memory cycle occurs.

The functions that control the actual rﬁemory access durfng each cycle are also shown in
the figure. Each memory module cbnf_ains four- flip=flops which control a set of four func-
tions. Three of these, the read, inhibit and write functions, are levels thf control core
driving. These functions are shown by the horizontal lines in the figure. The fourth func-
tion, vthe strobe, is a pulse that samples the output at the core memory sense amplifiers 0.7

microsecond after the initiation of the read function.

b STATE CONTROL - Major states of the computer are controlled by a quadristable de~
vice; minor states are controlled by the instruction register. The major states device, MS,
has four outputs == F, D, E and B; these outputs represent fetch, defer, execute and break.
At the end of each cycle, one of the four inputs to MS is pulsed. This asserts the corres-
ponding output (and negates the other three outputs) so that the computer performs the next

cycle in the appropriate major state.

When the computer is in one of the program sfqtes, fetch, defer or exeéufe, it must also be
in one of the minor states -- that is, the computer must be performing a specific instruction.
During each fetch cycle, the memory strobe transfers an instruction word from memory into
the memory buffer. The instruction code (bits O to 3) is then transferred to the instruction
register IR, Although for programming purposes the instruction codes are given as two-
digit octal numbers, for control purposes the contents of IR are decoded by a binary-to-
quaternary decoder. In the two=digit octal code, the more significant digit represents the

binary number contained in IR The second octal digit is 0 or 4, depending upon

0-2°
whether bit 3 of the instruction word (IR3) isOor 1.

For the instruction register, however, the four bits are decoded into a pair of levels giv-
ing a quaternary representation of the insfruction code. The contents of bits 0 and 1 are
decoded into one of the IA levels, IAQ to IA3. The contents of bits 2 and 3 are decoded

into one of the IB levels, IBO to IB3. The execution of each specific instruction is con-
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trolled by the pair of asserted levels from the instruction decoder. Furthermore, operations
common to entire groups of instructions may be controlled by a single IA or IB level. For
example, all instructions whose binary codes begin with 00 deposit information in  memory;

thus, IAO disables the memory strobe.

If the computer is performing an augmented instruction, the appropriate pulses are produced
during the remainder of the fetch cycle. The operate pulses are generated at T5 and T7;

the programmed in-out pulses are generated at T5, T7 and T1.

Any one—cyclé instruction that is not deferred is completed during the fetch cycle. The
computer then remains in the fetch state to retrieve another instruction word from memory.
If the instruction is deferable, a 1 in MB4 causes T7 to put the major states device into the
defer state. The computer then retrieves a new operand address from memory. In a two-
cycle instruction, the fetch state or defer state is followed by the execute state, during
which the required operand reference is made to memory. At the completion of an in-
struction (which may occur in the fetch, defer or execute state), if a break is requested
the computer enters the break state. In this state the required type of cycle is performed,
depending upon whether the break is a data break, a clock break or a program break, At

the completion of all requested breaks, the computer returns to the fetch state.

c PROGRAM CONTROL - At the beginning of each fetch cycle the contents of the pro-
gram counter are transferred into the memory address register. The current instruction in
the program is then retrieved from the memory location addressed by the contents of MA.
After the address transfer, the contents of the program counter are incremented by 1. This
causes the next instruction to be taken from the succeeding memory location: during the

following fetch cycle.

During a skip instruction, if the skip condition is satisfied, the program counter is advanced
one extra position. This causes the program to skip the next instruction in normal sequence.
The opr skip instructions can sense the states of arithmetic unit elements; the iot skip in-

structions can sense flags associated with the in-out devices.

Program control is transferred to a new location by loading a new address into the program
counter. The counter is loaded from the memory buffer on jmp; it is loaded from the ad-

dress switches for console operations; and it is loaded from the memory address register for

4-22



SUbrOLg'rjne-ch[iqgfrpnsfers_,,,,‘,;;gA_',;,‘\}:@;;.: et . ' o

gl_ LOGIC SYMBOLS - Thes;/mbolsused on the Ilogic drawings are shown in Figure 4-3.
Note that in the rectangle which. represents-a flip~flop, the O-out terminal’E énd the 1-out
terminal F.q.r,e shown twice.- Over:the "0" the two terminals are shown with'the polarities
‘they have when the flip=flop is in the 0 state; over the "1" the two terniinals &é shown
with the polarities they have when the flip~flop is in the 1 state. Therefsré; the "0" and
"1" in the rec’rqngle represent bo’rh 'rhe output terminals and the contents of the flip-flop.
In the normal convenhon the "0" is at fhe left of the rectangle and the 0-out terminal is

represented by the Ief‘r dlamond in bofh pairs. N

The two go’roble mpu'rs are shown at the bottom of the rectangle with the O-m terminal at
the |eft Ungomble dlrect pulse lnpu‘rs are clwqys shown at the sides of a flip-flop. In

’fhe example in the flgure a dlrec’r cleor input is shown at the left.

; ,::S"Ome flip-flops. also have complement inputs. Such inputs are shown at ‘the boftom center
. .,of the rectangle. A carry out of a flip-flop is shown at the left side. A difécf carry into
_a flip=flop is shown at the right, while a gated carry in is shown in the Usutil ‘Eomplement

A s

position.
o !l

" Instead of representmg a bmary digit, a flip~flop somehmes represents a palr of mutuclly ex-
" clusive logic functions. In such a case the outputs are often labeled wn'rFm the names of the
functions rather than with usual "0" and "1". For example, the states of fhe read mode the

flip~flop in reader control are read binary (RD BIN) and read alphanumeric (RD'ALPHA) .

The prihcipal advantage of having four logical outputs to represent two oufpu’r terminals at
* two assertion levels is that there 'is never any need to invert a signal name‘wh;ch appears
as an input to a logic net. Even though the computer uses inverter Ioglc, all |og|ca' con-
ditions appear’in the drawings with correct truth values. When a FI:p—FIop output is used
as the input to a logic net, the signal name indicates the correct state of the Fli.p-flop that
enables the net. .
“To determine the physical source of the signal (i.e., the output terminal to which the sig-
nal line'is corinected) one must consider both the signal name and the assértzloﬂlj\‘lé;/el For

1
example, the signal A" at the negohve assertion level oc'ruqlly orlgmafes at ’rhe ]-—ouf

‘terminal of flip-flop A; the sngnol A at 'rhe grouncl assertion level actuo”y orlgmo’res at
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the O-out terminal of flip-flop A. The signal designation A] can thus refer to the output

signal generated at either terminal of flip-flop A, when that flip=flop is in the 1 state.

e TRANSFER LOGIC - All information transfers must take place between two information=
storing devices. In most cases the transfer is made from one flip-flop register to another.
A bit of information contained in a specific flip-flop of the source register is transferred to

a corresponding flip-flop in the receiving register.

In memory access, information is transferred between the memory buffer flip-flops and the
ferrite cores within the memory core-bank registers. In rotate operations information is

transferred from one flip-flop to another in the same register.

The operation of a 1 transfer is shown in Figure 4-4A. In the example shown, fhé Is in
register K are transferred to the corresponding flip=flops in register M. An initial pulse,

M CLEAR, clears every flip-flop in M and then the transfer pulse, K1->M, sets each bit
Mn in the corresponding bit Kn is 1. After both pulses have occurred C(M) = C(K). Note
that if a 1 transfer is executed without a prior clear the final contents of M equal the OR
function of the previous contents of M and the contents of K. That is, after the pulse
K1->M, a bit Mn is 1if M was already 1 orvif Kn is 1.

A O transfer is shown in Figure 4-4B. The pulse KO = M clears Mn if Kn is 0. This type of
transfer produces the AND function of C(K) and the original C(M) because a bit Mn is 1

after the transfer only if Mn was originally 1 and Kn is 1.

If a O transfer and a 1 transfer are executed simultaneously, the result is a jam transfer.

No clear pulse is required in this case because Mn is set if Kn is 1, and Mn is cleared if

K is 0. The jam transfer is used in PDP-4 to shift information from one bit to another of

the same register; for example, in the rotation of the accumulator. In a left rotation, in=
formation is transferred from Mn to Mn_]; in a right rotation, information is transferred

1

A typical example of the 1 input gating to a flip=flop in a register is shown in Figure 4-4C.

fromM to M
n n+

Information may be transferred into the receiving register from any of several source regis-
ters whenever the appropriate transfer pulse is applied to the corresponding capacitor-diode
gate. If the output of the source is already in pulse form (e.g., the output of the sense

amplifiers in memory), information may be transferred into the receiving register without a
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gating level. The transfer is effected by the line labeled "direct" in the figure. A sepa-
rate pulse is required for each flip-flop in the receiving register unless the pulse is clear-
ing or complementing the entire register. A direct input pulse may be shown in the logic
drawings as it is in Figure 4-4C, or alternatively, it may be shown at either side above the

capacitor-diode gates.

In the logic drawings, the name of each transfer pulse is preceded by a symbol that indi-
cates the drawing on which the signal is generated. For example, the pulse that transfers
information from MB to PC is generated on the PC drawing, so the pulse is-labeled

PCMBT PC.

4-4  ARITHMETIC UNIT

The arithmetic unit includes two full-word, 18-bit registers, a 1-bit link register, and associa-
ted control circuits. The two full-word registers are the accumulator and the memory buffer.

' The memory buffer is a passive register in arithmetic unit operations == that is, MB holds the
'operand in all two-term arithmetic and logical bpequions. The memory buffer is active only in

indexing operations which are performed indépenden’rly of the accumulator.

The accumulator is active in all arithmetic unit operations. In either 1s complement or 2s com~-

plement addition, the contents of MB and AC are added together; the result appears in AC.,

a  ACCUMULATOR - The accumulator is the major register in the arithmetic unit. Trans-
fers to AC may be made from the memory buffer, the reader buffer, and the console accumu-
lator switches. If the computer includes the real time control, the reader buffer connec~
tions are replaced by connections from the information collector. In this case, information
from the reader buffer and all other input devices is transferred into the accumulator through
the information collector. All transfers into the accumulator are 1 transfers requiring a prior

clear.

The accumulator and the link may be rotated either right or left. In rotate operations, AC
0 linked to AC]7 through L. The link
and to the right of AC]7°

and L together form a 19-bit circular register with AC

may therefore be considered to be to the left of AC0

The arithmetic unit can perform three logic functions. These are: logical negation, AND

(conjunction), and exclusive OR. The program may produce the inclusive OR between the
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contents of MB and AC by using the negation and conjunction. In all cases, the result ap-
pears in AC. The exclusive OR function and the AND function can be performed only with
the contents of MB; the inclusive OR function may be produced from any source register ex=-

cept MB, by programming a 1 transfer from the register into AC without first clearing AC.

The addition operation in Is complement or 2s complement arithmetic is carried out in two
stages. First, a partial sum is produced by the logical exclusive OR between MB and AC;
second, a carry function changes the exclusive OR result into the true arithmetic sum. The
number in AC at the end of the operation is the sum of the previous contents of AC plus the
contents of MB. In 1s complement arithmetic, the negative of a number is formed by com-
plementing it. In 2s complement arithmetic, the negative of a number is formed by com=

plementing the number and then adding 1.

b LINK - The link, L, is a one-bit register that extends the capabilities of the accumula-
tor. It may be cleared or complemented, or rotated as part of the accumulator. It is used
as an overflow flip-flop for 1s complement arithmetic, and as a carry link for 2s complement
arithmetic. The state of the link can be sensed by skip instructions so that the programming
of multiple precision arithmetic is somewhat simplified. Since L can be sensed it is avail-
able as a general program flag. Products and quotients may be constructed, one bit at a

time, by utilizing the link in appropriate subroutines.

¢ ARITHMETIC UNIT CONTROL - The control circuits for the arithmetic unit include the
operate logic, the overflow logic, and the transfer and arithmetic pulse Idgic for the ac-
cumulator and the link. The operate logic includes the operate skip logic, the generation
of the pulses that clear or complement AC or L, and the generation of the pulses that ro-
tate AC and L to the left or right. Use of L as an overflow flip=flop is controlled by the
overflow logic. The transfer logic controls the transfer of information into AC; the arith-

metic logic generates the pulses that perform addition.

4-5 MEMORY

During every eight-microsecond memory cycle, the memory address register addresses a single

core register in the computer memory. The memory cycle is divided into two portions, a read

portion and a write portion. During the read portion of the cycle, a single 18-bit computer

word is read from the addressed core register into the memory buffer. During the write portion

4-26



of the cycle, the word contained in the memory buffer is written back into the addressed core
register. For both the read and write portions of the memory cycle, the addressed core regis-

ter is specified by the contents of the memory address register.

a  MEMORY ADDRESS REGISTER - a 10-, 12- or 13-bit address is transferred into MA at
the beginning of every memory cycle. This address controls memory access throughout the
entire cycle. All operations occurring in the memory during the cycle affect only the
single core register addressed by the contents of MA. At the end of each memory cycle,

MA is cleared in preparation for use during the next cycle.

Included with the memory address register in the internal processor are four binary-to-octal
decoders. For 12- or 13-bit address decoding, each of these four memory address decoders
decodes a three-bit section of MA, For a 13-bit address, the extra bit (MA5) selects the
memory module while the outputs of the decoders are applied to both memory modules. In
10-bit address decoding, each pair of decoderg décpdes five bits. In each pair, one de-
coder decodes the less significant three bits binary-to-octal; the other decodes the more
significant two bits binary-to-quaternary . Fo‘r all addressing the decoder outputs are ap=

plied to memory instead of the binary information in MA .

b MEMORY BUFFER - At the beginning of every memory cycle the memory buffer is

. cleared. During the read portion of the cycle a word is read out of the memory and trans-
ferred into MB by the strobe. If new information is to be deposited in memory during the
cycle then the strobe is disabled so the read merely clears the addressed core register. New
information can then be transferred into MB. During the write portion of the cycle the con-
tents of MB (whether new or old) are written into the addressed memory location. In index-
ing operations the word read from memory is indexed in MB before being written back into

the core register from whence it came.

At the same time that a word is being written into memory the word is also available to the
rest of the computer from MB. During logical or arithmetic instructions, the operand in MB
is used by the accumulator input gating. During an iot instruction bits 14 through 17 control

the in-out operations from MB and bits 6 through 11 are decodedby the device selector.

If MB contains an operate instruction word, bits 5 through 17 control the execution of the

instruction directly from MB. However, if MB contains a memory reference instruction
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word, the address portion of that word is transferred to MA at the beginning of the next

memory cycle.

¢ MEMORY MODULE - The memory module contains a 4096 word cdre bank or a 1024
word core bank. It also includes associated logic circuits for addressing memory locations,
for reading information out of memory and for writing information into memory. In the
4096 word core bank the core r:egis\’re‘rs are arranged in a 64-by=64 matrix; in the 1024 word

core bank the registers are arranged in a 32-by-32 matrix.

The outputs of the memory address decoders are applied to the memory: module. At the

module, these outputs select a single core register for use during the current memory cycle.

The memory control pulses from the control unit are applied to a four-bit shift 7|i~egivs‘ter in
the memory module. The memory timing functions (see Figure 4-2) are genem’red lf:rIbm the
outputs of this shift register. The read function makes information from the dd“clyréss‘ed core
register available to the 18 sense amplifiers. This information is sampled l,aly‘ ’rhe‘s’rrobe,

which transfers it to the memory buffer.

Prior to the write function, the inhibit function applies inhibit current to all bits of the
core register that correspond to 0s in MB. The write function then writes a 1 into each of
the remaining (uninhibited) core bits.. Information is thus written info the addressed core
register by a 1 transfer. The write function writes 1s info all bits of the core register ex-

cept those bits which are kept in the 0 state by an inhibit current. -

4-6 INPUT-OUTPUT SYSTEM

The input-output system in the standard computer includes one input device only -- a paper
tape reader. Other in-out devices may readily be added to the system by installing the type

25 real time control.

a REAL TIME OPTION TYPE 25 - The real time option includes five sections. ':I'hese are:
device selecfor, information distributor, information collector, interrupt Iogic, and in-out
skip facility. All in-out operations in PDP-4 are initiated by the programméd in-out pulses
PIO1, PIO2, and PIO4. These three pulses are applied to the device selector. A ﬁpecific
set of three pulse. lines is selected according to the device code of the in-out instruction

word. The three in-out pulses become iot pulses on the selected output pulse lines. The
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device selector thus behaves as a 3-pole selector switch whose position is determined by

bits 6 through 11 of the in-out instruction.,

Each set of three iot pulse lines controls a particular in-out device. For control purposes,
the interrupt logic is treated as a device: ' In'some cases a complex device such as magnetic
tape requires a larger number of control pulses. Such a device is therefore treated as sev—-

eral devices having several device codes,

The information distributor includes a set of bus drivers through which the 18 bits of the ac-
cumulator are made available to taper pin panels for connection to in-out devices. The
information collector is essentially an 18-channel pulse amplifier. Information from any
device buffer is transferred through the collector to the accumulator whenever the appro-

priate iot pulse is applied to the IC input gating. -

The interrupt logic allows the computer to perfor{m breaks in the normal sequence of pro-
| gram instructions to accommodate the needs of highFépeed in-out devices, redl time syn-
 chronization, and so forth. Three types of bi’eak‘af’e available =~ data break, clock
| b‘reak, and program break. The computer does not perform breaks routinely; the break
must be requested by specific external conditions. Data breaks may be requested only by
high-speed in-out devices such as magnetic tape equipment. The real time clock break is
requested at the 60-cycle power line frequency (every 16.6 milliseconds). A program
break may be requested by any in-out device; however, high-speed in-out devices use the

program break only for control purposes.

Whenever any kind of break is requested, the computer goes into the break state after com=-
~ pleting the current instruction. Then all break rques’rs are granted before the computer
returns to the fetch state to begin the nex‘r" instruction. I several breaks are requested
simultaneously, the data request has first prio.r.ify, followed by the clock request and,

finally, by any program requests.

For a high-speed data transfer, the device must request a data break and provide a memory
address. For data output, the computer retrieves the addressed word from memory and
makes it available to the device. For data input, the computer clears the addressed loca-

tion and transfers the word provided by the device into the memory buffer.

The programmer can turn the real time clock on and off by adjusting the state of the clock
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enable flip-flop. As long as the clock is enabled, aclock request is made automatically
every 1/60 second. Each time the request is granted, the computer indexes the number
contained in memory location 7. If the number becomes 0 as a result of the indexing op-
eration, the clock flag is set. The flag then requests a program break to indicate that the

clock count is complete.

The programmer may also turn the program interrupt system on and off by adjusting the state
of the program enable flip-flop. A program interruption may be requested by any in-out
device. The inputs to the program interrupt system are the flags of the in-out devices

(11 input lines are available in the standard type 25). When a program request is granted,
the computer deposits C(L) and C(PC) in memory location 0 and then executes the instruc-
tion contained in location 1. When entering a program break, the computer automatically
disables the program interrupt system. Nested program breaks can occur only if the pro-
gram enables the interrupt system within the routine that begins in location 1. Note that
the programmer should clear all device flags before initially enabling the program inter-
rupt system; otherwise, a device flag that is still 1 after some previous in-out operation im-

mediately makes a spurious program request.

The type 25 real time option also provides an in-out skip facility. The flags of all in-out
devices (up to a maximum of 16) may be sensed by in-out skip instructions. If the addressed

flag is on, the program counter is forthwith directly incremented by 1.

b READER CONTROL - The control unit for the tape reader includes an 18-bit buffer
register RB. This buffer is loaded as information is read from the tape. When the type 25
real time option is used, transfers to the accumulator from the buffer are made through the
information collector. When the reader is used alone, the buffer is connected directly to
the accumulator input gates. The reader may operate in two modes: alphanumeric and
binary. If the reader is operating in alphanumeric mode, a single line of eight holes on

the tape is read. The eight data bits from this line are loaded into RB]O-W

If the reader is operating in binary mode, only holes 1 through 6 are read, but the reader
reads three lines from the tape. The six data bits from the first line are loaded into
RB]2_]7 As each of the two subsequent lines is read, the data in RB is shifted left six

places and the six data bits from the new line are also read into RB In binary mode,

12-17°
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a line of tape is read only if hole 8:is punched.:{f holé 8 is not punched, the reader skips
" the line. Therefore, to construct a-full word in binary, the reader reads the first three

lines in which hole 8 is punched. = « .1 . i

Each line is moved past the reader photodiodes by engaging the reader clutch. When a
signal is picked up from the feed hole, the output of the photodiodes is strobed and data is
read into the reader buffer. In alphanumeric mode. the reader flag goes on after a single
character (line) is read. However, in binary mode a two-bit counter counts the characters

read from the tape and the reader flag goes on only after three characters have been read.

Two in-out pulses, iot2 and iotd, control the reader |_ogic.‘ Pulse iot2 clears the reader
flag and causes a 1 transfer from RB into AC. Pulse iot4 starts the reader; clears the flag,
the buffer, and the line counter; and adjusts the state of the read mode flip-flop according
' to the state of bit 12 of the iot. The reader logic:then loads the buffer from information on
the tape, in binary or alphanumeric mode depending upon the state of the read mode flip-

flop.

When RB is loaded, the reader flag goes on and the program may transfer C(RB) into AC
with an iot2 pulse. The accumulator may be cleared before the transfer by programming a

1 in bit 14 of the iot.

¢ PUNCH CONTROL TYPE 75 - The _anch ,EZOM"Q:I unit contains an eight-bit buffer PB.
The punch logic is controlled by ’rWo in-ouf pulses, ‘_io’r‘? and iot4. The first of fhese pulses
clears the punch buffer and turns off the‘pL‘_VJ_n.c‘hﬂfl;JQ. ‘T‘he second (iot4) transfers the eight

least significant bits of the accumulator into 'rhe.,lﬁ‘uffer, and starts the punch. Both in-out

pulses are generated by the single instruction, pls.

After receiving pulse iot4, the punch control unit waits for a synchronizing signal from the
punch motor. During the 5-millisecond interval after receiving this synchronizing signal,
the control unit punches one line on the tape. It does this by energizing appropriate sole-
noids corresponding to the contents of the punch buffer. At the same time, the control
unit advances the tape to the next position. When punching is completed, the punch flag

goes on.

d  KEYBOARD/PRINTER CONTROL TYPE 65 - The keybodrd/printer is actually two inde-
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pendent in-out devices. The keyboard section and the printer section are separately con-
trolled and separately addressed. The two control systems, line unit outgoing (LUO) for
the printer and line unit incoming (LUI) for the keyboard, function independently except

for a common timing system.

The signal provided by the keyboard and required by the printer is the standard five-element
start/stop teletype code. An element in the code may be either a mark (current flow) or
space (absence of current). The character to be printed or the printer operation to be per-
formed is determined by the configuration of marks and spaces that make up the five ele-
ments of the code. Figure 4-5 shows the timing relationships of the start impulse, the stop

impulse, and the five code-element impulses in the standard teletype code.

When a key is struck at the keyboard, a five-bit keyboard buffer (LUI. ) is loaded, one

1-5
bit at a time, with the five elements of the incoming teletype signal. As soon as the key-
board buffer is fully loaded, the LUI flag goes on. In-out pulse iot2 clears the flag and

causes a | transfer of the contents of the keyboard buffer into the accumulator. As usual,

the programmer may clear AC prior to the transfer by programming a 1 in bit 14 of the iof.

The printer control logic also includes a five-bit buffer (LUO]_5) . In-out pulse iot4 trans-
fers the least significant five bits of the accumulator into the printer buffer and initiates
one cycle in the printer control logic. During the printer cycle, the printer logic gener-
ates the five-element teletype code from the information in the buffer. At thé end of the
printer cycle, the buffer is clear and the LUO flag goes on. [n-out pulse iot2 clears the
flag, as is required before each printer cycle. Both printer pulses (iot2 and iot4) are gen-

erated by the single instruction, tls.

4-7 FLOW CHARTS

Paragraph 4-8 describes the specific operations that can be executed by the computer. Each

computer operation is a chronological sequence of events. Each individual event is a change

in the state of the computer.

The flow charts show the operations as sequences of events. The major states flow charts

(Figure 4-6) show the sequences that make up the various computer cycles. Each sequence be-

gins at the top of a flow chart. Time is represented by horizontal bars on a nonlinear scale.

Each horizontal bar represents the occurrence of a time pulse. The time pulses are written in
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soputlse s Allevents that-are written within. a-singletherizental bar aleng.a single flow line
occur at the same instant in time.. :For purposesiof. clarity, certain simultaneous events

may be shown in separate rectangles.

Note that in many cases the state of a flip=flop (or register) is sensed by the same time
pulse that changes the state of the flip-flop being sensed. This is possible because of the
delay inherent in the flip~flop or its inpuf Qafihg; i.e., the change in state of the flip-
flop outputs lags behind the pulse applied to the input gating. Therefore the present state
of a flip~flop can be sensed at the same time fhaf’rhe flip=flop is cleared, and the outputs
of a register can be used at the same time that néw information is transferred into the reg-

ister.

If a specific event in a given line of HO\;V depends only upon time; then that event is writ-
ten alone in the rectangle. However, if other conditions which may or may not be ful-
filled also govern the specific event, ’rhén these other conditions are also written in the
rectangle. The conditions are written to the left of a colon‘; the specif%c event caused by

the conditions is written to the right of the colon.;

In some cases several sequences of events may begin with the same partial sequence. In
this case the entire group of sequences is represented by a single flow line showing the
Vcommon events. A branch point which distributes the flow into severdl separate sequences
indicates the point atwhich the several sequences diverge. F§r example, in a fetch cycle
all instructions are retrieved from memory by the same set of events. However, after the
instruction code is transferred to the instruction register, the sequence diverges depending
upon whether the instruction requires one cycle or two cycles. Each diverging line then

has further branch points depending upon other conditions.

Movement along any specific branch mus’r"deioend upon the fulfillment of some specific

condition. The appropriate conditions are written on the irdividual branch lines. In all
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two-cycle instructions the state of MB4 is checked. If MB4 is 1, the major states device,

4
pulse at which this event occurs, the line of flow branches into two possible sequences.

One branch is followed if MB, is 1; the other branch is followed if MB4 is 0.

MS, is put into the defer state; if MB, is 0, MS goes into the execute state. With the time

4
In some cases separate branches may join, indicating that the events following the inter-
section point are the same for both sequences. Whenever a branch point or an intersection

point occurs, arrows are drawn on all incoming lines.

A single path from top to bottom of any flow chart represents a single computer cycle. The
path is entered at the top of the chart, according to the conditions listed. At the bottom
of the chart each path Is rerminated b)’ a reference to the cycle that follows the completed

5equenee .

In the major states flow charts enly those events that are peculiar to an individual sequence
are shown in the line of flew through the chart. The events that are common to all cycles
are listed in g eolumn at the left of the charts. These common events include the events
that make up the standard memory cycle. Also common to all cycles are those events that

synchronize the interrupt logic to the main timing system.

The major states flow charts show all of the operations executed within computer memory

cycles. Other internal processor operations are shown at the right of Figure 4-6. A flow
chart of the chain of special pulses (SPO to SP4) is shown in the upper right of the figure.
Below the flow chart are the logical equations which define various other pulses and con-

trol levels. In the lower right is a table of instruction decoding.

The PDP-4 input-output operations are shown in a different form. The events produced by
the in-out pulses are listed in Table 4-1. This table provides the link between the fetch
cycle in-out transfer flow line and theflow chart of the individual in-out operations
(Figure 4-7). The sequences of events making up the in-out operations do not depend
upon any sequence of time pulses. Instead, they depend upon signals from the in-out de-
vices or delays included within the control unit.logic. Delays between the various events
in each sequence are shown by breaks in the line of flow; the length of the delay is writ-

ten in the break.
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4-8 COMPUTER OPERATIONS

The operations performed by the computer are those that make up the special pulse censole
functions, the memory cycle, the instruction and break sequences in the major states, and the

transfer of information between the computer and in-out devices.

a SPECIAL PULSE OPERATIONS - The operations governed by special pulses are shown
in the upper right of Figure 4-6. When power is first applied to the computer logic, the
initial state of the various computer flip~flops is indeterminate. As a result it is possible
for the initial states of flip-ilcps at power turn-on to cause information losses by generat-
ing unwanted information transfers. A power clear pulse is used to prevent such informa-

tion losses. Whenever the main power switch is operated, the power clear pulse clears

the control flip=flops in the memory and in the in-out equipment control units.

All other special pulses result from using the operating keys on the console. The events
produced by these pulses are shown in the flow chart in the upper right of Figure 4-6.
Whenever any operating key is turned on, a logic level is asserted in the internal proces-
sor. For all console operations except Stop, the OR function (KEY MANUAL) generates
a manual pulse which in turn triggers the chain of special pulses SPO to SP4. This chain
of special pulses times the execution of the appropriate operation. In all special pulse
chain operations except Continue, SP1 also generates the initial clear pulse BEGIN . This
pulse prepares the computer for operations by clearing various registers and control flip-

flops throughout the system.

At the end of the chain, SP4 begins the memory cycle by triggering T1. If the computer
is operating in the repeat mode, SPO triggers a variable delay whose duration is determined
by the setting of the console speed switches. If the operating key is still on at the end of

the delay, the special pulse chain is again initiated by triggering SPO.

b MEMORY CYCLE - Most of the events required for the basic memory cycle are common
to all cycles and are shown in a column at the left of Figure 4-6. The memory cycle be-
gins at T1, with the clearing of the memory buffer and the transfer of an address to the
memory address register. The latter event is not shown as common to all cycles. Instead,
address transfer is shown in each individual cycle flow chart because the source of the ad-

dress varies, depending upon the major state of the computer.
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At T2 the read level is enabled by setting flip=flop R. Just prior to T3, flip=flop RS is
set. This produces the strobe which transfers a word from the addressed memory location
to the memory buffer. At T4, the read level is disabled by clearing flip-flop R. At the

same time, flip~flop W is set.

If the computer is operating in single step mode or the stop key is on, T5 clears flip-flop
RUN. This flip-flop is also cleared if the computer is operating in single instruction mode
and is performing the final cycle of an instruction provided that no break has been syn-
chronized in a previous cycle. Pulse T5 synchronizes the interrupt logic to the computer
timing system. If a break has already been synchronized, the break cycle is included in
the current instruction. If the break is synchronized in the final cycle of an instruction,

the computer halts before performing the break cycle.

Time pulse T5 also begins the assertion of the inhibit level by setting flip-flop |. Immedi-
ately following T5, RS is cleared. The O state of RS in conjunction with the 1 state of W

enables the write level.

At T7, both inhibit and write levels are disabled by clearing flip=-flops | and W. If the
computer is going to continue in normal operation, MA is cleared in preparation for the
next memory cycle. If flip-flop RUN is 0, the computer halts. The halt takes precedence

over any other flow line shown leaving T7 in the flow charts.

c  MAJOR STATES - Events that occur in the cycles for each of the four major states are
shown in the main portion of Figure 4-6. Fetch cycle events (af the left) occur in two
distinct groups. The standard program control and instruction retrieval operations are in
the first half of the cycle. Operations required for individual instructions are executed in

the second half of the cycle.

If a previously executed instruction was an iot, the last in=out pulse is generated at the
same time that the normal fetch cycle events occur. The normal events include the clear-
ing of IR, the transfer of an address from the program counter to the memory address regis-
ter, and the incrementing of the program counter. After the instruction is retrieved from
memory, the instruction code is transferred from the memory buffer to the instruction regis-
ter. This transfer does not require a transfer pulse. Instead, the setting of flip=flops in

MB causes the immediate transfer of information on into IR, This type of "transition" trans-
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fer is indicated by the letter "T" in the flow charts.

After the instruction code is transferred to IR, the flow branches into two main sequences.
The flow line for the one-cycle instructions goes to the left; the flow line for the two-
cycle instructions goes to the right. The specific events required for the execution of the
one-cycle instructions are shown at the left of the figure. In addition to the time pulses,
several control levels are involved in the execution of these instructions. These control
levels are defined by the equations shown at the right of Figure 4-6. The flow line for
the in-out transfer instructions shows the generation of the in-out pulses according to the
configuration of bits 15 to 17 <f the iot instruction word. The actual operations produced

by these pulses, and the decoding of the device code, are given in Table 4-1.

From the final time pulse the flow lines continue to a defer cycle or an execute cycle in
the case of the two=-cycle instructions and the deferred Jump. For the nondeferable one-
cycle instructions, the flow line returns to another fetch cycle unless the normal program

sequence is being interrupted.

To the right of the fetch cycle is the flow chart of the defer cycle. During defer, the ad-
dress of the instruction is used to retrieve another address from memory. For a Jump, this
address is used as the operand and the computer returns to the fetch state. For a two-
cycle instruction, this address is used to retrieve the true operand, and the computer enters

the execute state.

For all two-cycle instructions, the required memory reference is made in the execute cycle.
For most of these instructions, the strobe transfers the operand from memory to MB just prior
to T3. However, if the instruction is depositing information in memory, the assertion of
IAO disables the strobe and new information is transferred into MB at T3. At the end of

the cycle, the computer returns to the fetch state unless a break is requested.

The break cycle is shown in the flow chart at the right. The line of flow diverges into
three branches, depending upon whether a data break, a clock break, or a program break
has been requested. At the end of the cycle the computer returns to the fetch state un-

less another break is requested.

d IN-OUT TRANSFERS - When the instruction code for the in-out transfer group appears

in IR, bits 15 to 17 are decoded into the three in-out pulses. The operations executed by
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these in-out pulses are shown in Table 4-1.

Table 4-1 includes all of the iot instructions for the type 25 real time option, the reader,
the punch and the Model 28 keyboard/printer. - The pulses governing in-out information
transfers usually 'serve only to initiate operations in a specific device control unit by clear-
ing various control flip-flops. After operations are.initiated, the computer continues with
other instructions while the device control unit proceeds independently with its ownbope'ra-

tions.

The input-output operations of the control units are ;hown ina separate in-bﬁ’r flow chart
(Figure 4-7). All in-out operations eyxcept‘ke'yboord input are initiated by the in-out
pulses. The keyboard input sequence is initiated by striking a k'ey.; There is no sequence
of timing pulses for the input-output operations; each individual event in an in-out se-
quence either is triggered by a delay from some previous event or else is triggered by a

signal received from the in-out device.
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_ TABLE 4-1  TIMINGGHART:. IN-OUT TRANSFER INSTRUCTIONS

YT S e

Instruction Decoding . . iot = instruction code 70

iof MB!  T5: AC CLEAR

14
iot MB]5 T: PIO4
. 1 P
iot MB]() 17 PIO2

. 1
iot MB]7 T5: PIO1

Device Selection

: Interrupt Logi
PIO]1

PIO2

P1O4

c: 00

CLOCK FLAG: PC+1

MB),: 1 —>PROG ENABLE
MBD : 0—> PROG ENABLE
0 —> CLOCK FLAG

MB}Z:' ] -———>CLOCK EEAJ/A"BLE
MB,: 0 —> CLOCK ENABLE

Reader Logic:
PIO1

PIO2

01
RD FLAG: PC+1
C(RB) V C(AC) = C(AC)

0 —>RD FLAG

‘0 —>RD RUN "~

P1O4

0 ——>RD

0 —>RD FLAG
RB CLEAR -~ v o

b

. . ] 4 2 I S AR e
1 —>RD RUN
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TABLE 4-1 TIMING CHART: ‘IN-OUT TRANSFER INSTRUCTIONS
(Continued)

Reader Logic (cont'd): 01
MB}Z: RD BIN —> RD MODE
MB(])Z: RD ALPHA —> RD MODE

(see Figure 4~7)

Device Selection (cont'd)

Punch Logic: 02

PIO1 PUN FLAG: PC+1
PIO2 PUN CLEAR
assert PUN IDLE |
(negates PUN FLAG)
PIO4 assert PUN ACTIVE
(negates PUN FLAG and PUN IDLE)

C(AC ) V C(PB) > C(PB)

10-17
(see Figure 4~7)

Keyboard (LUI): 03

PIO1 LUI FLAG: PC+1
PIO2 negate LUl FLAG
C(LUI) V C(AC) = C(AQ)

|O Status: 03

PIO4 C(STATUS WORD) V C(AC) = C(AC)




TABLE 4-1 TIMING CHART: IN-OUT TRANSFER INSTRUCTIONS
(Continued)

Teleprinter (LUO): 04

PIO1 | LUO FLAG: PC+l

PIO2 0 —> LUO FLAG
PIO3 C(AC) = C(LUO) -
START

(See Figure 4-7)

4-9 “USE OF DRAWINGS

The complete system logic is shown in logic drawings illustrating Chapters 6, 7, 8 and 9.
Reference to these drawings is essential in understanding the detailed operation of the system.
Because these drawings are the most frequently used source of troubleshooting information, it

is important to be familiar with the symbols and conventions which they employ.

The standard DEC logic symbols used on the logic drawings are explained in the DEC Digital

Logic Handbook. Additional symbols used in PDP-4 drawings are shown in Figure 4-3. Each

circuit included in the logic drawings is identified by type as well as by its physical location

in the computer.

Circuit type is always shown as a four-digit number. This number is the same type number used

to identify the circuit in the DEC catalog.

Examples:
4105 . . . . . .. . 5 inverters (500-kc series)
105, . . . . .. .. 5 inverters (5-ﬁc series)
1607 . . . . . . ... -3 pulse amplifiers (5-mc series)

All circuits other than logic nets are shown as blocks on the logic drawings. Besides the four-
digit type number, these blocks usually include a two-letter mnemonic abbreviation of the

circuit function.
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Examples:

DE. .. ... . . .delay

PA. . . ... .. .pulse amplifier
PG. . . . . . . . .pulse generator
SD. ... .. .. .solenoid driver
BD. .. .. .. . .busdriver

The circuit location code is lettered directly below the circuit type number. Circuit location

code is shown as a single letter preceded by one digit and followed by one or two digits.

Example:

A

the 10th plug=in unit from the left end

of mounting panel A

inbay 1.

Terminal designations are formed by adding the pin letter to the plug=in unit location code

described above.

Example:

TATOM pin M of the connector in position 1A10

Each logic drawing is laid out with rectangular map coordinates. The horizontal coordinates
are 1 to 8 (from left to right) and the vertical coordinates are A to D (from top to bottom).
Because a single drawing may contain a number of networks, coordinates are usually included
in figure references to specific networks within a logic drawing. For example, a reference to
the circuit "in Figure 6-3B4" would mean that the circuit is located at coordinates B4 of logic

diagram 6=3 (the third diagram referred to in Chapter 6 of this manual).

Schematic diagrams for all computer circuits are bound into the back of the manual. These
schematics are arranged in numerical order by circuit type designation. All circuits illustrated

are described in Chapter 10.
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CHAPTER 5

OPERATING PROCEDURES

5-1 GENERAL

The purpose of this chapter is to provide the operator with the information needed to operate
the PDP-4 computer system. Descriptions of all controls and indicators are included, together
with the instructions covering the operation of the standard in-out equipment. In addition,
this chapter provides general instructions for manual loading and for operating the computer
under normal conditions. These general instructions supplement the special instructions in-

cluded in each program write=-up.
5-2 CONSOLE CONTROLS AND INDICATORS

All of the controls and indicators of the PDP-4, except those associated with the in-out equip=
ment, are located on the console operator control panel. This panel is divided into two sec-
tions: a panel face, which contains all the indicators and some of the operating switches; and
a panel shelf at the bottom, which contains the operating keys and the rest of the operating

switches.

When any console indicator is lit, the associated flip=flop is in the 1 state, or the associated
function is true. Most toggle switches on the operator control panel are pushed up for on (or

1) and down for off (or 0). The operating switches are either toggle switches or rotary switches.
The toggle switches are pushed to the right for on and to the left for off. The operating keys
on the panel shelf are two- or three-position momentary-contact switches with a center off
position. All of the keys produce operations when pressed down; only three of them produce

operations when lifted up.

The operator panel is shown in Figure 5-1. Functionally, various switches and indicators on

the panel may be divided into the follawing four groups:

(1) Registers (described in a below). Sixsets of register indicators and two switch regis-
ters. These are located in the left two-thirds of the panel face, except for the 1-bit link

register, which is located at right center.



(2) State indicators (b below). Four indicators located in the upper right of the panel

face. Also included is the indicator for the run flip=tlop.

(3) Operating switches (c below). Four toggle switches with associated indicators, locat-
ed on the lower right of the panel face, and two rotary switches, located at the right of

the panel shelf.

(4) Operating keys (d below) . Five momentary-contact switches, located at the left of
the panel shelf. The three two=position switches on the left are single logical keys -~
that is, each produces a single logical operation. The two three-position switches on the
right are dual logical keys == each switch may produce either of two operations, depend=

ing upon whether it is lifted up or pushed down.

a REGISTERS -

Register indicators:

PROGRAM COUNTER (PC)

This 13=bit register contains the address of the next instruction in the program.

INSTRUCTION (IR)
Four-bit register which contains the instruction code of the instruction being performed or

just performed.

MEMORY ADDRESS (MA)
This 13-bit register contains the address of the previous memory access. When the com=
puter has stopped, these lights display the last address used. This is because the normal

end-of-cycle clearing of MA is inhibited immediately prior to the halt.

MEMORY BUFFER (MB) _
All transfers into or out of core memory take place through this 18-bit register. The MB

register also holds the operand for all computational instructions. Furthermore, indexing

is done directly in MB. When the computer has halted, MEMORY BUFFER indicates the
word contained in the memory location addressed by MEMORY ADDRESS.

ACCUMULATOR (AQ)
This 18=bit register is the major arithmetic and operating register in the computer and is

involved in most computer operations. In computational instructions, the operand from
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MB operates on the contents of AC. The results of computations always appear in AC.
During in-out operations, AC is used as a buffer for transferring data between the computer

and an in-out device control unit.

I PR

LINK (L)

This one-bit register is an extension of the accumulator for the construction of products
and quotients. LINK also serves as an overflow flip=flop for 1s complement arithmetic, a
carry link for 2s complement arithmetic, and may be used by the programmer as a general

program flag.

Switch registers:

ADDRESS (AS)
A 13-bit toggle switch register through which the operator provides the memory address for

the console functions Start, Examine, and Deposit.

ACCUMULATOR (ACS)

Lifting DEPOSIT transfers the contents of this 18-bit toggle switch register into the memory
location addressed by the ADDRESS sv&i‘rchbesl.it 'Pifeésing DEPOSIT NEXT transfers the con-
tents of ACS into the memory location addressed by PROGRAM COUNTER. During the
instruction, Inclusive OR of AC Switches with AC (oas), the C(AC) are replaced by the
inclusive OR function of the C(ACS) with C(AC).

b STATE INDICATORS -

RUN (RUN)
Lit while the computer is running in normal mode. Whenever the run flip-flop is cleared,

the computer stops at the end of the current memory cycle.

FETCH (F)
When lit, indicates that the next cycle to be performed will be utilized to retrieve an in-

struction word from the memory location addressed by PC.

DEFER (D)
When lit, indicates that the next cycle to be performed will be utilized to retrieve a

deferred address from the memory |ocqfiq,n addre§$ed ’by the least significant 13 bits of MB.



* EXECUTE (E)
When lit, indicates that the next cycle to be performed will be utilized to retrieve an

operand from, or deposit an operand in, the memory location addressed by the least signif=-

icant 13 bits of MB.

BREAK (B)
When lit, indicates that the next cycle to be performed will be utilized to execute a data

break, a clock break or a progrczrﬁ break .

c OPERATING SWITCHES -

POWER

Pushing this toggle switch to the right turns on computer power and lights the associated
indicator. After turning POWER on, the operator must wait 5 seconds to allow the mem-
ory power supply to turn on before starting computer operations. When power is switched
off, memory power turn-off is immediate but computer power remains on for another 5

seconds .

This switch normally applies power to the entire system unless a piece of in-out equipment

is turned off individuqlly..

. SINGLE STEP ‘

If this switch is pushed to the right i'heb computer enters the single step mode, lighting the
associated indicator. In this mode, the computer executes a single memory cycle when
START is operated. Subsequent cycles in this mode are executed, one at a time, each

time CONTINUE is operated.

SINGLE INST.

If this switch is pushed to the right the computer enters the single instruction mode, light-
ing the associated indicator. In this mode, the computer executes a single instruction
when START is operated. Subsequent instructions in this mode are executed one at a time
each time CONTINUE is operated. Note that if both SINGLE STEP and SINGLE INST.

are on, the single step mode has preference.

REPEAT

Pushing this switch to the right lights the associated indicator, and causes operations
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initiated by an operating key to be repedféddslongdﬁ the ke’y is held on. AThe'operoﬁons
are repeated at a rate determined by the setting of the SPEED switches. ‘

R

These switches allow the operator to vary e’ repecr |m‘ervol from 40 mlcroseconds to 8
seconds in five overlapping ranges. The swui‘ches lnclude a Flve-posmon rofcry swnch and

a potentiometer knob.

d OPERATING KEYS - All of the following keys except STOP and CONTINUE produce
the BEGIN pulse at SP1. BEGIN clears various registers and flip-flops to prepare the

VA e

" computer for operation.

START . . RS
Pressing this key causes the computer to begin.normal operation in the fetch state. The

first instruction executed is taken from the location addressed by the ADDRESS switches.

STOP | |
Pressing this key clears the run flip-flop, Caugf;;@ufﬁé'c‘ompufer to halt at the end of the
current memory cycle. T R SR , ,
CONTINUE cor e e

Pressing this key causes the computer to'resdmé'lﬁﬁéfn‘%éﬁl oiﬁeraﬁbn, starting at 'fhe point
“indicated by the console lights. For usé in the repea’"f mode, this key hqs a cqtch in the
up position.. Lifting the key causes the same operahon as pressmg it, but the key remains

on until pushed off by the operator.

EXAMINE (EX)
When this key is lifted, the contents of the memory locahon addressed by the ADDRESS
switches are displayed in both the ACCUMULATOR and MEMORY BUFFER lights. At the

completion of Examine, the MA lights display the address of the memory location examined,

and the PC lights display the address of the next.consecutive location.

EXAMINE NEXT (EXN) S T

When this key is pressed, the cortents offfhé;:flﬁér‘f’ibi;y?i&:z:ﬁbn‘qdd'ressed by PROGRAM
COUNTER are displayed in both the AC and MB" ||gH’rs At the completion of Examine
Next, the MA lights display the ad’dress'»onfhe‘iﬁéﬁ‘i&r’}; |'o¢<::|‘fifo?n examined, and the PC

Coelp eyl
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lights display the address of the next consecutive location.

DEPOSIT (DP)

Lifting this key deposits the contents of the ACCUMULATOR switches into the memory
location addressed by the ADDRESS switches. At the completion of Deposit, the word
deposited is displayed in the AC and MB lights. The MA lights display the address of the
memory location holding the information and the PC lights display the address of the next

consecutive location.

DEPOSIT NEXT (DPN)

Pressing this key deposits the contents of the ACCUMULATOR switches into the memory
location addressed by PROGRAM COUNTER. At the completion of Deposit Next, the
word deposited is displayed in the AC and MB lights. The MA lights display the address of
the memory location holding- the information, and the PC lights contain the address of the

next consecutive location.

5-3 POWER CONTROLS AND INDICATORS

Alternating line voltage is distributed to the various computer power supplies through the type
813 power control panel located on the top of the bay 2 plenum door. A separate panel is
provided for control of marginal check voltage. This panel (located at the top of the bay 1
plenum door) includes switches for applying marginal check voltage to specific portions of the
computer. In addition, individual marginal check toggle switches are located on the front of

each logic panel.

a POWER CONTROL PANEL TYPE 813 - Computer power is controlled by the POWER
switch on the operator control panel (paragraph 5-2c). Turning this switch on activates

the power control panel type 813 at the top of the bay 2 plenum door.

The ‘type 813 power control panel (Figure 5-2) contains an elapsed-time meter, three
MAIN POWER circuit breakers, and a MEM POWER toggle switch. An extra pair of cir-
cuit breakers is included for special applications. The elapsed-time meter counts the num-
ber of hours main computer power is on. The circuit breakers and toggle switch are nor-
mally left on at all times. The three MAIN POWER circuit breakers provide overload

protection to the computer power supplies. Line voltage for the entire computer goes

through these three circuit breakers.



The 813 control delays memory power turn-on. This delay turns on memory power 5 sec-
onds after main power is turned on, fo ensure that turn-on transients in the computer do
rféf affect the memory. The MEM POWER switch on the type 813 panel permits turning off
this delayed line-voltage input to the memory power supply. Memory power can thus be
turned off separqi‘ely from the rest of the comp‘ufer for maintenance or troubleshooting -
purposes. If the system includes more than one memory module, the MEM POWER switch

controls the delayed line voltage to all the memory power supplies.

For computer turn-off another set of delays is included in the power input to the computer.
While memory power turn-off is immediate, the turn-off delay keeps main computer power

“on for 5 seconds after the console POWER switch is turned off.

b MARGINAL CHECK CONTROLS - The variable power supply type 734 Fufni'shésl mar-
ginal check voltages to the computer. It is located at the top of the bay 1 nplenum.vdoorrc
This power supply provides voltages which can vary from 0 to =20 or +20 vdc‘, depending
on the setting of the associated polarity switch., Output values between 0 and 20 volts

are controlled by a variac and monitored on the MARGINAL CHECK voltage meter (F.igure
. 5-3). Line voltage for the type 734 power supply is supplied directly from the power con-
trol »pqn‘ely with no intervening switch. Therefore, the marginal check power supply is on

whenever the rest of the computer is on.

The plug-in unit pins to which marginal check voltage is applied are selected by three
toggle switches (at the left of each logic panel on the front of the bays, Figure 5-4) and
an associated three-position polarity switch (on the marginal check switch panel, Figure
5-3>r, To make. positive marginal check voltage available to the computer, the polarity
switch is set to +10MC. Marginal voltage can then be applied to the A lines of any panel
by pushing up the top toggle switch on that pane, and to the B lines by pushing up the
center toggle switch. For marginal check of the =15 vdc lines, the polarity switch is set
to 15 MC and the bottom toggle switch of each panel being tested is pushed up. Note

that all lines not being marginal checked receive their normal voltages automatically.

Although no marginal voltage can be applied to the computer if all three toggle switches

on every panel are off (down), it is also possible to disconnect all marginal voltage inputs
by turning the polarity switch to the OFF position. This applies normal voltages through-

out the cbmputer regardless of the settings of the toggle switches.
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There are five toggle switches to the right of the three-position polarity switch on the mar-
ginal check switch panel (Figure 5-3). For all these switches, the up position is on; down

is off. Only the first three switches on the left are used; the two on the right are spares.

The SENSE AMP switch applies marginal voltages to the memory module sense amplifiers.
These sense amplifiers take up only a portion of panel 2D. For ease in troubleshooting,
the sense amplifiers are isolated from the rest of the panel and are checked independently
by the SENSE AMP switch. The rest of the plug=in units in panel 2D are marginal checked

in the usual way by the switches on the mounting panel .

Marginal checking of the sensing circuits in the photoelectric tape reader is done with the
FEED HOLE and INFO HOLES switches. To facilitate troubleshooting, separate switches
are provided for feed-hole and information=hole sensing circuits. When one of these
swifches is pushed up, marginal voltage is applied to the +10 vdc lines in the correspond-

ing circuit if the setting of the polarity switch is +10MC.

5-4 OPERATION OF IN-OUT EQUIPMENT

The three in-out devices most commonly used with the PDP-4 are a photoelectric paper tape

reader, a paper tape punch, and a Teletype keyboard/printer. Manufacturer's manuals for

these devices are provided with the PDP=-4 computer. In addition, some special instructions

and precautions are included below regarding the use of these devices as part of the PDP-4

system.

a PHOTOELECTRIC PAPER TAPE READER - The tape reader (Figure 5-5) is used by the
computer as an input device. The reader is described in the manual for the Digitronics

Perforated Tape Reader, Model 2500,

(1) Reader Controls - Operator control over the reader is exercised through two

switches. The reader motor is turned on by pushing up the toggle switch located to
the left of the read head cover. In front of the cover is the ready/load switch. Turn-
ing this switch to the right (load) releases the brake so that the operator may load or
unload tape. Turning the switch to the left (ready) energizes the brake so that the
reader may be controlled from the computer. The operator must also adjust the ready/

load switch for the width of the tape loaded into the reader. For five=hole tape, the



switch must be pushed in all the way; for eight-hole tape, the switch mu'sf be pulled

out as far as it will go.

(2) Loading - Before loading or unloading the reader, the ready/load switch must be
turned to the right. This releases the brake and prevents damage to the tape. When
loading the reader, the tape must be oriented so that it unfolds from the top of the fan-
fold stack and with the edge nearer the feed holes, away from the operator. The un=-

folded stack is placed in the right=hand tape bin.

(3) Operation = Once the tape is properly loaded, energize the brake by turning the
ready/load switch to the left. A reader iot can then control the reader by generating
appropriate signals in the reader logic. The reader run signal closes the pinch rollers,

causing the tape to move past the sensing photocells.

CAUTION

‘Before running a program including any reader iot's, the reader
must be turned on and the brake must be energized. Failure to turn
on the reader will cause the computer to hang up at the point where
the reader flag is sensed. When this occurs, the program must be =
run again from the beginning. Failure to energize the brake will
. allow-thé tape to slide when a line is read, turning further informa-
tion into gibberish.
,-(4) Unloading - After the reader has finished reading a tape, turn the ready/load

., switch to the right. The tape may then be removed from the left tape bin.

(5) Coding - When reading tape in binary mode, the reader reads only the s‘i‘x'.,least
significant bits of each character that has the eighth hole punched, and assembles
three such characters into an 18-bit computer word. ‘When reading tape in dlphdnu-
meric mode, the reader reads all eight bits in each character. The information read .

from the tape may be in any code. The code used by the keyboard/printer is listed. in
Table 5-1.

b PAPER TAPE PUNCH - The tape punch, used by the computer as an output device, is

mounted inside a cabinet below the reader. The punch mechanism faces the door on the o

right of the cabinet (Figure 5-6). The fan~fold tape is fed to the punch from a container.
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After punching, the tape is fed into the tape catcher. A slot on the front of the cabinet
(below the tape reader, see Figure 5-5) allows access fo this tape catcher without opening

the cabinet door. Punch operation is as follows.

(1) Punch Controls = Operator control over the punch is exercised through two switch-

es on the front of the punch cabinet. The punch motor is turned on by pushing the
toggle switch up. Located above the toggle switch is a red button. Holding this
button down feeds tape through the punch with only the feed hole punched.

(2) Loading = Turn off the punch motor, then load the tape into the punch as shown
in Figure 5-6. After the tape has been properly positioned through the device, turn
the punch on, and hold down the tape feed button long enough to feed approximately

18" of leader. Mcake sure the tape is feeding and folding properly in the tape catcher.

CAUTION

Before running a program including any punch iot's, the punch must
be turned on. Failure to do this will cause the computer to hang up
at the point where the punch flag is sensed. When this occurs, the
program must be run again from the beginning.

(3) Unloading = To remove a length of punched tape from the tape catcher, first hold
down the tape feed button long enough to provide an adequate leader at the end of

the tape (and also at the beginning of the next length of tape).

Reach into the tape catcher slot and remove the fan-fold tape. Tear off the tape at a
point within the leader area (that portion of the tape with only feed holes punched).
After removal from the catcher, the stack of folded tape should be turned over so that

the beginning of the tape is on top, and then labeled.

Make sure enough leader is left in the tape catcher to make at least three folds, with
the first fold towards the catcher opening. This ensures that the tape will stack pro-
perly inside the bin. If necessary, hold down the tape feed button to provide addi-

tional leader.

c TELETYPE KEYBOARD/PRINTER - The keyboard/printer is two devices: the keyboard

for input, and the printer for output. In most cases the operator communicates with the
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computer through the keyboard/printer, especially when debugging a program.

The keyboard/printer motor is controlled by a toggle switch mounted on the cabinet at the
right of the keyboard. Pushing the switch to the right turns on the motor. Complete in-
structions for installing paper and ribbon in the printer are given in Teletype Specification

: 57595@

| Flgure 5-7 shows the keybocrd The code- for fhe Teletype charqcfers is listed in Table
i"5 1. Opemi‘mg any of the regular keys on the keyboard prints the correspondlng charac-
" ter and sends the corresponding code into fhe_comp“ufero Operating the:figure shift key
(FIGS) causes the keys to print figures and symb‘olsb_o The letter shift key (LTRS) returns the
“inachine to alphabetic printing. Operating fhé unmarked key in fhg lower right of the
"keyboard sends the code 00 into the compu’rer;“ The computer or keyboard can lock the

i

;“keyboqrd by sending the code 00 twice in succession.

- The special keys located across the top of the keyboard do not send ssgnols into the com-
puter. The keyboard lock key (KBD LOCK) locks all of the regular keys on the lower part
of the keyboard. The keyboard may be unlocked by pressing KBD UNLK. -

Holding down the repeat key (REPT) causes any regu;\lar key that is hit to repeat continu-

ously until REPT is released.
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TABLE 5-1  TELETYPE CODE

Chc;roctef Octal Code Character Octal Code
A - 30 L Q 1 35
B ? 23 "R 4 12
C 16 S Bell 24
D $ 22" T 5 01
E 3 20 u 7 34
Foot 26 v 17
G & 13 W2 31
H 05 X / 27
| 8 - 14 Y 6 25
J 32 z o 21

“K ( 36 Space 04
L ) 11 Carriage Return 02
M 07 Line Feed 10
N 06 Figure Shift 33
O 03 Letter Shift 37
P 0 15




Holding the local line feed key (LOC LF) causes continuous paper feedout. This feedout

is about three times as fast as the standard line feed key repeated.

CAUTION

Before running a program that includes any printer iot's, the printer
must be turned on. The logic for the outgoing line unit generates
its own completion pulses. Failure to turn on the printer will cause
the computer to execute the entire program without actually print-
ing anything.

5-5 COMPUTER OPERATION

The computer may operate in any one of the following three modes: normal mode, or either of
the two manual modes, single step or single instruction. Furthermore, the computer may simul-
taneously be in the repeat mode. In this mode the computer repeats any operation initiated by

an operating key as long as the key is held down.

In addition to the three operating modes, the computer performs four independent console op-
erations: Examine, Examine Next, Deposit, and Deposit Next. These operations are initiated
by the corresponding operating keys, and may be performed in the repeat mode. The operator

must utilize these operations for manual loading.

a MANUAL LOADING - In order to begin operations with an empty memory, the operator

must load initial information into the computer manually. Manual loading utilizes the AC-
CUMULATOR and ADDRESS switches, and the DEPOSIT and DEPOSIT NEXT keys. Infor-
mation so deposited may be examined by using the EXAMINE and EXAMINE NEXT keys.

Although the operator may load any desired instructions or data into the computer, a sim-
ple, 11-instruction manual loader is listed in paragraph 5-6a. This loader reads perforated
tape in a special format and is usually utilized to read in a larger block format loader. The

larger loader then may be used to read in full programs and data.

The manual loader reads the tape in binary mode. The first set of three lines and every odd-
numbered set of three lines on the tape are control words. The second and all even-numbered
sets of three lines on the tape are data words. If a control word is a dac instruction, the

loader deposits the following data word in the location addressed by the control word.



Following the final data word is an extra control word. If this instruction is jmp, the com-
puter enters normal operation at the location specified by the jmp address. The instruction
may also be hlt. The final control word must be followed by a dummy last word if the pro-

grammer wishes the tape to stop after termination of the manual loader.

The operator should put the manual loader in the top of the memory. In this position, the

routine is less likely to be destroyed during normal operation.

b NORMAL OPERATION - The START key initiates normal mode operation. It is also
used, in conjunction with the manual mode toggle switches, to initiate operations in a
manual mode. When START is pressed the computer starts in the fetch state; the first in-

struction access is made to the location specified by the ADDRESS switches.

When the computer is operating in normal mode, it can be halted by pressing STOP. Al-

ways press STOP before operating any other key.

If the computer has been halted while in normal mode, it can be restarted by pressing
CONTINUE. This causes the program to continue where it left off. Note, however, that
whenever a halt is followed by any operation that changes the state of the computer (such
as Examine or Deposit), the computer must be started as at the beginning of normal mode
operation. The address of the next instruction must be set into the ADDRESS switches be-

fore START is operated.

5-6 OPERATOR'S CHECKLISTS

The following checklists are provided for the operator's convenience. Checklists are included
p P

for loading the manual loader, and for operating the computer in normal mode, in either

manual mode, and in repeat mode. Special instructions for running a particular program may

be found in the write~up of that program.

a MANUAL LOADER - To place the manual loader in the top of the memory, follow the

steps below in the order given:
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(1) Turn off all ADDRESS and ACCUMULATOR switches. Make sure the mode switches
SINGLE STEP, SINGLE INST. and REPEAT are all off.

(2) Set address 7762 into the ADDRESS switches. Lift DEPOSIT.

(3) Load the octal code 700101 into the ACCUMULATOR switches, and press DEPOS-
IT NEXT. Continue this process for all of the instructions in the manual loader. For
each insfruction, set the octal code into the ACCUMULATOR switches and press DE-
POSIT NEXT. The manual loader routine is as follows:

Location Octal Code Mnemonic Remarks

7762/, 0 -— / stored address

7763/ 700101 rsf / reader wait loop

7764/ 607763 jmp.-1 / wait for word

7765/ 700112 rrb / read buffer

7766/ 700144 rsb / read another word

7767/ 627762 impir / exit subroutine

7770/ 700144 rsb / enter here, start reader
in binary

7771/g, 107762 jms r / get control word

7772/ 047775 dac out / deposit control word

7773/ 407775 xct out / execute final control
word

7774/ 107762 ims r / get data word

7775/out, 0 --- / stored control word

7776/ 607771 imp g / continue

(4) Examine the memory locations containing the manual loader to make sure that
the routine was inserted properly. Set address 7762 into the ADDRESS switches and
lift EXAMINE. The contents of the addressed memory location are displayed in the

MB and AC lights. Each successive memory location may then be examined by pres-
sing EXAMINE NEXT.



b NORMAL MODE - To operate the computer in normal mode, follow the steps below in
order given. This checklist assumes that the computer already contains a program which

may be the manual loader (a above) .

(1) Turn off all ADDRESS and ACCUMULATOR switches. Make sure the mode switches
SINGLE STEP, SINGLE INST. and REPEAT are all off.

(2) Check program write=up for in-out equipment needed for the current program run.

Where needed, load the equipment with the required tapes, etc.

(3) Turn on all in~out equipment to be used during program run. Failure to do this

will cause the computer to hang up or run without actually performing the required

information transfers  The entire program must then be repeated from the beginning.
(4) Set address of first instruction into the ADDRESS switches.
(5) Press START.

(6) Check program write~up for any special instructions to be followed during the

program run.

(7) To halt the computer, press STOP. To continue with the program, press CON-
TINUE. However, if the state of the computer has been changed after the halt (such

as by an examine or deposit operation), proceed as for starting, from step 4.

c MANUAL MODES - To operate the computer in either of the manual modes, follow the
steps below in the order given. This list assumes that the computer is already loaded with

an appropriate program.

(1) Turn off all ADDRESS and ACCUMULATOR switches. Make sure the mode switches

are all off.

(2) Turn on the appropriate manual mode switch, SINGLE STEP or SINGLE INST.

Note that if both switches are on simultaneously, single step mode takes preference.
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(3) Check program write=up for in~out equipment needed for the current program run.

Where needed, load the equipment with the required tapes, etc.

(4) Turn on all in-out equipment to be used during program run. Failure to do this

will cause the computer to hang up. The entire program must then be repeated from

the beginning .
(5) Set address of first instruction into the ADDRESS switches.

(6) . Press START. The computer will perform a single memory cycle if SINGLE STEP
is on, or a single instruction if SINGLE INST. is on.

(7) For each subsequent cycle or instruction, press CONTINUE. The computer will

stop after every cycle or instruction.

(8) To leave the manual mode, turn off the manual mode switch that is on. To com-
plete the program in normal mode, press CONTINUE. However, if the state of the
computer has been changed after leaving the manual mode, proceed as for normal

mode starting (b above, step 4).

d REPEAT MODE - If an examine or deposit operation is being repeated, no stored pro-
gram is necessary. [f repeating in normal mode or in a manual mode, it is assumed that the
computer is already loaded with an appropriate program. When repeating in single step or
single instruction, the computer will halt after each memory cycle or each instruction,
respectively. If repeating in normal mode, halting of the computer must be handled by the

program.

(1) Turn off all ADDRESS and ACCUMULATOR switches. Make sure the mode switches

are all off.
(2) Set the SPEED switches to the desired repeat interval .

(3) If repeating in a manual mode, turn on the appropriate manual mode switch,

SINGLE STEP or SINGLE INST.



(4) If repeating program operations (i.e., in normal manual mode) prepare the in-out

equipment as stated in b and ¢ above.
(5) Set address for first memory access into the ADDRESS switches.

(6) To repeat Examine, turn on REPEAT and then lift and hold EXAMINE.

To repeat Deposit, set the desired word into the ACCUMULATOR switches, turn on
REPEAT, and then lift and hold DEPOSIT.

To repeat Examine Next, lift and release EXAMINE. Then turn on REPEAT, and hold
down EXAMINE NEXT.

To repeat Deposit Next, set the desired word into the ACCUMULATOR switches, and
lift and release DEPOSIT. Then turn on REPEAT and hold down DEPOSIT NEXT. To
clear the entire memory, set the SPEED switches to the shortest repeat interval, turn

off all ACCUMULATOR switches, turn on REPEAT and hold down DEPOSIT NEXT.

This procedure will clear the 4K memory in less than 1/5 second.
" To repeat Start, turn on REPEAT; then press and hold START.

To repeat Continue, press and release START; then turn on REPEAT and lift CONTIN-
UE. The up position of the CONTINUE key has a catch, so the operator need not
hold the key on.

(7) To leave the repeat mode, turn off REPEAT.



CHAPTER 6

CONTROL

6-1 GENERAL

The control unit of the PDP-4 computer includes all the logic used to govern the following
functions: timing of operations within the computer, transfer of information within the central
processor, execution of the program and of individual instructions within the program, opera-
tion of the various registers, and storage and retrieval of information from memory. The pres-
ent chapter describes those portions of the control logic that provide overall control of computer
operations, including console control, timing, control of computer states, in-out transfer con-

trol, and program control .

Certain portions of the control unit are discussed in other chapters. The arithmetic unit control
circuits, which govern all computational operations and accumulator transfers, are included in
the discussion of the arithmetic unit (Chapter 7). The memory address register and the pulse
logic that controls the core memory and the address and data transfers are included in the sys-

tem (Chapter 8).

The control elements described in the present chapter are shown in three logic drawings, Fig=-
ures 6-1, 6-2, and 6=3. For information on the use and organization of these drawings, refer

to paragraph 4-9.

6-2 GENERAL CONTROL FUNCTIONS

General control functions of PDP-4 are shown in Figure 6=1. These functions control the

operating mode of the computer and the initiation, timing, and halting of computer operation.

a CONSOLE CONTROL - The operator may control the computer through the keys and
switches located on the console. The keys start and stop computer operations, while the
switches allow the operator to turn the computer on and off and to control the mode of

computer operation.

The power-clear logic associated with the power switch is shown in the lower right of
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Figure 6=1. Relays D1 and D2 are located in the type 813 power control panel . When the
power switch is turned on, terminal F of plug=in unit 1B16 is temporarily grounded. While
pin F is at ground, pulses are produced by the power clock. The first power clock clears
the run flip~flop so that the application of power fo the computer cannot cause it to go
into normal operation. While pin F is at ground and RUN is 0, the power clock generates
power=-clear pulses. These pulses clear various control flip=flops in the memory and the

in~out equipment in order to prevent accidental information transfers.

When power is turned off, pin F is again grounded temporarily, producing the power clock
and the power=clear pulses as at power turn-on. The clearing of RUN causes the computer
to stop at the end of a memory cycle, so that no information is lost from memory even if
power is turned off accidentally while fHe computer is running, such as, for example, by

pulling the plug out of the wall.

The inputs to the logic from all the keys and several of the switches are shown in the lower
left of Figure 6=1. The computer uses levels derived directly from most of the keys and
switches, but the input logic also generates a number of functions from combinations of the

switches in order to govern events that are required by two or more dperofi‘ons .

There are seven logical keys derived from five momentary-contact switch levers. This is
because two of the switches may produce one or the other of a pair of operations, depend-
ing on whether the lever is lifted up or pushed down. Of the seven key functions, six
initiate operations within the computer, while the seventh halts the computer. Five OR
functions are generated from the initiating keys to control operations common to two or
more keys. For example, a word is retrieved from memory on both of the operations Exa-
mine and Examine Next, while a word is deposited in memory on both of the operations
Deposit and Deposit Next. KEY MANUAL is the OR function of all the six initiating
keys. This function triggers both the special pulse chain and the main timing chain. The

other OR functions generated by the input logic are as follows.

EXEXN
DPDPN
EXEXN + DPDPN
START + EX + DP
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The stop key is ORed with the level from the single step switch to produce RUN STOP.
Whenever the RUN STOP level is asserted, the computer is stopped at the end of the cur-
rent memory cycle by clearing the run flip=flop. The stop switch asserts RUN STOP in
order to end normal operation. The key function is asserted only when the momentary-
contact stop lever is pressed. However, RUN STOP is asserted continuously when the sin-
gle step toggle switch is on, so that the computer stops at the end of every memory cycle
that is initiated by a key. The single instruction switch also generates RUN STOP, but
only during the final cycle of any instruction. This is effected by the function F SET which
indicates that the next cycle the computer is to perform is a fetch cycle and, therefore,
that the current cycle must be the final cycle of the instruction being performed. In single
instruction mode, a break cycle may be performed as part of either the preceding instruc- -

tion or the following instruction, depending upon the time of break request synchronization.

The output of the repeat switch is inverted and used with the speed control (B6). The speed
control includes both a five-position switch and a pot which allow the operator to vary the

repeat interval from 40 microseconds to 8 seconds.

b SPECIAL PULSES - The initiation of any operation from the console is controlled by a
chain of special pulses, SPO through SP4. The logic governing this pulse chain is shown in
Figure 6-1, B5 to B8. If any initiating key (ie any key other than stop) is turned on, the
assertion of KEY MANUAL triggers pulse generator 1B09 which in turn produces SPO. This

special pulse clears RUN and triggers the ten-microsecond delay in 1B13,

This delay allows the computer to complete the current memory cycle, in case an initiating
key should be operated while the computer is running. After the computer has stopped, the
positive pulse output of the delay, SPIP, triggers the remainder of the special pulse chain,
SP1 through SP4. These are all negative pulses, one microsecond apart. Note, however,
that the pulse amplifiers in the chain produce both the pulses and the delays between them.
Each pulse amplifier is set to produce a one-microsecond output pulse. The falling edge

of the output is the special pulse; the rising edge, one microsecond later, triggers the next

pulse amplifier in the chain.

The chain of special pulses, SPO through SP4, initiates computer states before the regular

memory-cycle timing chain begins at SP4. In Examine, Examine Next, Deposit, and



Deposit Next the computer executes only one memory cycle following the special pulse

‘chcin; in Start and Continue the computer enters the normal operating mode .

In addition to producing individual functions for the specific console operations, SP1 also
triggers the BEGIN pulse on all initiating opérations except Continue (A2). BEGIN is an
initial clear which prepares the computer for operation. Since Continue initiates opera-

tions according to the present state of the computer, no initial clear is required.

in repeat mode, the operation produced by any initiating key is repeated over and over
again as long as the key is held on. If the repeat swi’tch'is 9“":"‘5.9 termination of the ten=-
microsecond level from delay 1B13 triggers the ini‘egrdti’{ng oné,ééhpt, INT, . This delay re-
mains in the 1 state for an interval determined by the seﬂ"i’ng;;qh the console speed switches.
At the end of the delay inferval INT returns to the O state, triggering SPO, provided one of
the initiating keys is on (KEY MANUAL). Thus the operaﬁoh initiated by a particular key

is repeated over and over at a rate determined by the operator.

¢ TIME PULSES - The main timing system of the computer is a chain of time pulses, Tl
through T7. These time pulses occur at irregular intervals fhroQghéut the 7«,‘9-=microsecond
memory cycle. The time pulses are generated from the chain of time gate flip-flops, TG.I
through TG7 (

Figure 6=1, A3 to A7). An extra time gate, TGPC, enables the execute~-
cycle incrementing of the program counter during the isz instruction. ’

When operations are initiated from the console the special pulses control the various func-
tions that must precede the first memory cycle. These functions include the clearing of
the time gates by SP1P. Once the initial operations are complete, the memory cycle is

started by SP4. This final special pulse sets TG, , generating Tl . The first time pulse,

'IF
delayed by 1.0 microsecond in delay line 1A09 (B2) and the various gates, clears TG] and
sets TG2° The setting of TG2 generates T2. In this way, a single 1 bit is rotated through

the chain of time gates, successively generating each pulse in the chain.

The seven time pulses and the times at which they occur in the memory cycle are listed
above the time gates in Figure 6=1. These time pulses are also shown in the diagram of
the memory cycle, Figure 4-2. Each pulse in the chain triggers the TIME ROTATE pulse
through one or both of the delays shown in Bl and B2. TIME RQTATE produces the next

time pulse by clearing the single time gate that is in the 1 state and setting the next time



gate. The intervals between the time pulses are all either 1.0 microsecond or 1.3 micro-
seconds, depending on whether only one or both of the delay lines are used. Time pulses
1, 2, 5 and 6 are delayed 1.0 microsecond; time pulses 3, 4 and 7 are delayed 1.3 micro-

seconds .

The memory cycle is repeated over and over, by rotating the 1 from TG7 back into TG] ,
the entire cycle requiring 7.9+0.1 microseconds. However, T7 produces TIME ROTATE
only if RUN is 1. The computer is halted by clearing the run flip-flop (d below). This
prevents repetition of the memory cycle. Note, however, that the timing chain can be
broken only at T7. Therefore, no matter when RUN is cleared, the computer halts only at

the end of a full cycle.

As well as the seven time gates that control the time pulse chain, an additional time gate
is provided to control the incrementing of the program counter. The same TIME ROTATE
that produces T3 also sets TGPC. The TIME ROTATE that produces T5 also clears TGPC.,
The only way in which the memory buffer can be cleared between T3 and T5 of the execute
cycle of isz, is by being incremented to zero. Thus if MB, is cleared while the condition

0
E~|SZ°TGPC] is asserted, the program counter is incremented (paragraph 6-5b).,

d RUN CONTROL - The computer operates in the normal mode with one memory cycle
following another while the run flip=flop is 1. Each time the memory cycle ends, T7 trig-
gers T1 of the next cycle, causing the computer to continue. Whenever RUN is cleared,

the current cycle is completed and the timing chain ends at T7.

Initially RUN is cleared by the power clock, to prevent the computer from going into
normal operation when power is turned on. The flip~flop is also cleared by SPO so that the

computer always halts before beginning any operation initiated from the console.

The operations Start and Continue put the computer into normal operation by setting RUN
at SP3. Because none of the examine or deposit operations use the normal mode, RUN

remains clear for the single memory cycle of these four operations.

When the computer is operating, RUN may be cleared by the operate instruction Halt
(OP1 °MB}2) or by T5 if RUN STOP is asserted. RUN STOP governs the halting of the
computer in the single step and single instruction modes, but it is also asserted whenever

the stop key is operated.
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6-3 MAJOR STATES

Every memory cycle that the computer performs must be performed in one and only one of four
major states. These states are fetch, execute, defer and break. The state that the computer

is in during any given memory cycle depends on the state of the four-state device shown in the
upper left of Figure 6-2. This major states device, MS, has four inputs and four outputs. When-
ever a positive~going pulse appears at any input, the corresponding output is asserted and the

other three outputs are negated.

The state of MS is stabilized by the four type 4115R diode gates in 1C01. Each of these gates

is an OR gate for ground levels, and an AND gate for negative levels. A positive~going pulse
on a single input asserts the corresponding output and negates the other three outputs by satis-

fying the OR-gate condition at the diode gates to the other three sections of the device. Sat-
isFying the OR gates in these other three sections generates three negative levels which satisfy
the AND-gate condition in that section of the device whose output is asserted. Satisfying

this AND gate continues to assert the corresponding output even after the input pulse has dis~

appeared.

For example, if the computer is next to perform a fetch cycle, one of the input gates in B2
must be satisfied, producing a positive=going pulse at 1DO3P. This cuts off transistor 1C02F,
asserting the output level F, and satisfying the diode OR gates in the other three sections of
the device at inputs 1C01U, P and F.. The ground outputs of these diode gates cut off transis=
tors 1COTV, R and K, producing negative levels which disable outputs E, D and B, and satisfy
the AND-gate conditions at the fourth diode gate, 1COTW, X and Y. The negative output of
this fourth diode gate turns on transistor 1C01Z, holding 1C02F at ground, and continuing to

assert F.

The conditions that cause the computer to enter each of the major states are described in a
through d below. The computer normally changes state at the end of the memory cycle, ie

at T7.

a FETCH - When MS asserts the output F, the computer is in the fetch state and the cur-

rent memory cycle is utilized to retrieve an instruction word from memory. The conditions

that cause the computer to perform a fetch cyéle are shown in Figure 6-2, B1 and CI.

In the console operation Start, normal operation of the computer begins with the fetch
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cycle. In normal operation, the computer enters the fetch state at the completion of every
instruction (ie, if no difer cycle or execute cycle is called for) provided there is no break
request. The computer also returns to the fetch state, from T1 of the execute cycle of the
instruction Execute. In this fetch cycle, the computer interprets the operand of Execute

as an instruction to be executed.

b EXECUTE = When MS asserts the output E, the computer is in the execute state, and
the current memory cycle is utilized for the memory reference of a two-cycle instruction.

The conditions that cause the computer to perform an execute cycle are shown in Figure

6-2, C2 and C3.

The computer enters the execute state on any of the examine or deposit console operations.
This is because the memory cycles performed in these two types of operations are performed
as the execute cycle of the instructions Load Accumulator and Deposit Accumulator, re=
spectively. In normal program operation, the computer enters the execute state at the
completion of the fetch cycle of any two-cycle instruction that is not indirectly addressed
(m'*MBg). If a two=cycle instruction is indirectly addressed, then the computer automat-

ically enters the execute state after the defer cycle is completed.

c DEFER - When MS asserts the output D, the computer is in the defer state, and the
current memory cycle is utilized fo retrieve a deferred address from memory. The condi-
tions that cause the computer to enter the defer state are shown in Figure 6-2C3. The com-
puter enters the defer state following the fetch cycle of a deferrable instruction if the in-
direct address bit MB4 is 1. The deferrable instructions include all of the two-cycle in-

structions (TA3) and the one-cycle instruction Jump (which is included in the condition by

ORing 1BO with TA3).

d BREAK - When MS asserts the level B the computer is in the break state and the current
memory cycle is utilized to perform a data break, a clock break, or a program break. The
conditions that cause the computer to perform a break cycle are shown in Figure 6-2C4,
The computer enters the break state if a break request is received from the interrupt logic
and the current memory cycle is the final cycle of the instruction being performed (ie, the

computer is not entering either the defer state or the execute state).
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6-4 INSTRUCTION CONTROL (MINOR STATES) -

When the computer is in any of the three major states fetch, execute, or defer, it must also be
in one of the minor states; that is, the computer must be performing some specific instruction.
The minor state of the computer is determined by decoding the contents of the instruction reg-

ister. This register contains the four=bit code of the instruction currently being executed.

In addition to the levels provided by the instruction decoder, the augmented instructions are
further decoded into sefs of pulses which perform the indicated microinstructions. The in-out
transfer pulses are described here (c below); the operate pulses, however, are described with

the operate logic (paragraph 7-5b).

a INSTRUCTION REGISTER - When the computer is in one of the major program states,
the minor state is defined by the contents of the instruction register. The computer is put
into a specific minor state by loading the instruction code into the instruction register dur-
ing the fetch cycle. The computer then remains in the same minor state until the next fetch

cycle, unless a break cycle occurs first.

The instruction register and associated control circuits are shown in Figure 6-2, C5 to C7.
The instruction register is cleared initially by BEGIN. It is then cleared at T1 of every
fetch cycle and break cycle. In the latter case, the register is left clear throughout the
cycle. The instruction fegfsfer is also cleared at T1 of the execute cycle of the instruction
Execute; since the computer is returned to the fetch state at the same time that IR is cleared,
the instruction code portion of the operand retrieved during the memory reference of xct is

loaded into the instruction register by the fetch cycle.

The four-bit instruction part of any word that is retrieved from memory during a fetch cycle
(ie an instruction word) is loaded into the instruction register. The transfer of information
from MB to IR is not performed on a time pulse. Instead, both registers, IR and MB, are
cleared at the beginning of the fetch cycle. Then, if any bit of MB is set during the fetch
cycle, the drop in the 1 output of the MB bit sets the corresponding bit of IR. In this way
the instruction code that is loaded into MB by the memory strobe is then loaded immediately

into IR without waiting for a time pulse.

In addition to loading an instruction code during every fetch cycle, codes are also loaded

into IR for certain console operations and for the instruction Call Subroutine. 1In an
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examine operation, IR] is set, producing the instruction code for Load Accumulator (20).

Iin a deposit operation, IR3 is set, producing the instruction code for Deposit Accumulator

(04) .

Immediately following the fetch cycle of cal, IR, is set by 20—> MA, producing the in=

2

struction code for jms. Thus at the same time that address 20 is loaded into MA, the minor

state switches from cal to jms and the computer completes the instruction as jms 20.

b INSTRUCTION DECODER - The outputs of the IR flip-flops are applied to the diode
decoder shown in the upper right of Figure 6=2. This decoder produces two sets of four
levels each. The four levels, 1A0 through IA3, correspond to the four numbers that may be
contained in the two more significant bits of IR (IRO, IR]) . The four levels IBO through
IB3 correspond to the four numbers that may be contained in the two less significant bits of

IR (IR HR3).,

97
The instruction decoder does not produce command levels that correspond to individual
instructions. Instead, each of the eight levels 1A0 through IA3 and IBO through IB3 corre-
sponds to a group of four instruction codes. For example, IAQ is asserted when IR0 and ﬂR1
contain 00. Level 1A0 thus represents those instructions with octal codes 00, 04, 10 and
14 (corresponding to four=bit codes 000 0, 000 1, 001 0 and 001 1 respectively). The more
significant digit in the octal code corresponds to the octal number contained in IRO-Z" The

less significant digit in the octal code is either 0 or 4, depending upon whether the least

significant bit of the four=bit instruction code is 0 or 1.

Accordingly, the octal codes for the instructions do not correspond to the potput levels
from the instruction decoder. The numbers as the ends of the level designations correspond
to the four-bit codes expressed in a quaternary number system. In the control circuits

that execute the various operations within an instruction, the single instruction must be
indicated by ANDing one of the |A levels with one of the iB levels. In other words, the
final decoding into individual instructions is done in the control circuits, rather than at

the instruction decoder.

However, the level outputs from the decoder are in many cases used to control operations
common to a group of instructions. For example, in all one~cycle instructions IR and IR

0 1

are both 1. As a result, the computer may enter the execute state only on the condition
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TA3. Information is deposited in memory during the execute cycle of any instruction in
which both IRO and IR] are 0; consequently the memory strobe is disabled by the assertion
of the level 1AO.

Both 1A0 and TA3 are needed by the computer logic in polarities opposite to those in which
they are produced by the instruction decoder. The inversion of these two levels is shown
in D7. Buffering of the 0 output of IR3 is also shown. This level is buffered for use in

arithmetic unit control .

c IN-OUT TRANSFER CONTROL - All transfer of information between the computer and
in~out devices is controlled by microprogramming within the iot instruction. This control is
exercised through the in-out pulses and the clear-accumulator level (Figure 6-2, D2 to
D4). When the instrﬁction code for an in-out transfer is loaded into IR, decoder levels

IA3 and IB2 are asserted. This enables the diode gates in the iot logic.

The programmer determines which in-out pulses (PIO) are generated by adjusting the con=
figuration of bits 15 through 17 of the iot instruction word. If bit 17 is a 1, the first in-out
pulse is generated by T5. Similarly, bits 16 and 15 generate PIO2 and PIO4 at T7 and T1,
respectively. The clear~AC level PIOC]1 is generated by a 1 in bit 14, This level is
applied directly to accumulator control (paragraph 7-5c). In preparation for the transfer

of information into the accumulator, PIOC1 causes T5 to clear AC,

If the real time option type 25 is included in the computer, the device selector (paragraph
9-2a) decodes bits 6 through 11 of the iot instruction word fo determine the in-out device
that is addressed. The device selector actually selects the device by switching PIO pulses

1, 2 and 4 into iot pulse lines 1, 2 and 4 for the specified device.

In the standard computer, no decoding of bits 6 through 11 is required because the single
iot instruction controls only the reader. In this case, the PIO pulses are applied directly
to the reader control unit. Furthermore, PIO2 is applied directly to the input gating of
the accumulator (paragraph 7-2a). Since the standard machine contains no information

collector, the outputs of the reader buffer are applied directly to the accumulator input

gafes.



6-5 PROGRAM CONTROL

The program control elements comprise the program counter and the associated count logic and
transfer logic. Each instruction in the program is retrieved from the memory location addressed
by the contents of the program counter. The program counter is stepped one position during

each fetch cycle. This causes instructions to be taken from consecutive memory locations.

The programmer controls the program sequence by means of the skip instructions and the jump
instructions. The skip instructions cause the computer to skip one instruction in the normal
sequence if a specified condition is satisfied. The skip is implemented by advancing the pro-
gram counter one extra position. The jump instructions can transfer program control to any
chosen location. This transfer is accomplished by loading a new address into the program

counter.

a PROGRAM COUNTER - The program counter is shown in the upper half of Figure 6-3.

This counter is composed of type 4204 dual flip-flops that are connected in the carry con=

figuration.

Flip-flops in the counter are numbered to correspond to bits in the address portion of the
instruction word. The configuration of the counteras shown is that required for use with an

8K memory. In this case, PC4 is not used, while PC holds the required 13=bit address.

5=17
For use with a 4K memory, plug=in unit 1D15 (bits 4 and 5) is removed, and PC6-]7 then
specifies a 12-bit address. For use with a 1K memory, plug=in units 1B15 and 1B16 (bits 4

through 7) are removed q‘nd the remainder of the register holds the required 10-bit address.

Normal counting and skipping in the program counter are produced by the pulse PC +1.
This counting pulse increments the program counter because the program counter flip=flops
are connected in a carry configuration. This means that whenever a carry pulse changes

PCn from 1 to O, PCn generates a carry pulse that complements PCn-l .

Prior to the transfer of any information into the program counter through the gated set in-
puts, PC must be cleared through the direct clear inputs. Addresses may be transferred
into the program counter from bits 5 through 17 of the memory buffer, the memory address

register, and the address switches.

b PROGRAM COUNT LOGIC - The program counting pulse PC +1 is generated by the



logic shown in the lower right of Figure 6-3. This pulse increments the counter b&fh for
ordinary counting and for skipping. To count memory locations in the program, in a pro-
gram break, in certain console operations, and in the subroutine-calling jump, the pro-
gram counter is incremented by PC +1. The standard program counting occurs at T1 of
every fetch cycle. In any examine or deposit operation PC + 1 is pulsed by SP4. Thus
after performing one Examine or Deposit operation, the operator may examine the contents
of the next memory location or deposit information into the next mevmobry location without

operating the address switches.

In a program break or a subroutine-calling jump, program control is always transferred to
the location that follows the deposit location of the address of the interrupted program.
For this reason, the program counter is incremented at T5 in the execute cycle of Jump to

Subroutine or Call Subroutine, or in a program break cycle.

All other advances of the program counter cause the computer to skip an instruction. In an
operate group skip instruction, if the addressed condition is Sqfisfied, PC is incremented by
OP1 (paragraph 7-5b) . During indexing operations PC is incremented if the index number

becomes zero during the instruction. This condition is indicated to the program count logic

by a change in MBo from 1 to 0 while TGPC is 1 during the execute cycle of isz.

The time gate is asserted from T3 to T5. The only way in which MB_ can change from 1 to

0
0 between these two time pulses (while E<I1SZ is asserted) is by incrementing the memory
buffer to zero. The other two=cycle skip instruction, sad, causes a skip if the contents of
the accumulator differ from the contents of the addressed memory location. After the first
exclusive OR is executed in sad, PC +1 is pulsed by T5 if the accumulator does not contain

Zero.

The gate that controls in-out skips depends upon whether or not the real time option is
installed. In the standard computer a skip is produced by PIO1 if the reader flag is on.
But if the computer includes the type 25 option, PC is incremented by the pulse from the
in-out skip logic (paragraph 9-2e).

¢ PROGRAM TRANSFER LOGIC - All transfers of program control are effected by clear-

ing the program counter and transferring a new address into it. Following the transfer,

PC counts successive memory locations in the usual manner. The program counter transfer
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logic utilizes the following four pulses (lower left, Figure 6-3):

PC CLEAR
The program counter is cleared immediately prior to the transfer of an address into it. Any
of the conditions that produce an address transfer (see below) clears the counter at the time

pulse or special pulse immediately preceding the transfer.

PCMB1—>PC

An address is fransferred from the memory buffer to the program counter at T6 of Jump.
PCMA1-—>PC

An address is transferred from the memory address register to the program counter at T4 in
the execute cycle of jms or cal, or in a program break cycle. This causes a routine to
begin at the memory location that follows the deposit location of the address of the inter-

rupted program.

PCAS1—>PC
An address from the console address switches is provided to the program counter at SP2 of

the operations Start, Examine, and Deposit.






CHAPTER 7

ARITHMETIC UNIT

7-1 GENERAL

The standard PDP-4 arithmetic unit includes two full-word (18-bit) registers and a link. The
link is a one=bit register that extends the capability of the accumulator. The two full-word
registers are the accumulator, AC, and the memory buffer, MB. In two-operand arithmetic
and logical operations, the memory buffer is a passive register. Although MB makes one of the
operands available to the accumulator input gating and the arithmetic unit control logic, MB
itself is not affected by the operation. All operations performed on the operands during two-
operand instructions are actually executed in the accumulator. However, in single-operand
instructions, both arithmetic registers are active; logical negation is performed in AC, and

indexing is performed in MB.

This chapter describes the accumulator, the link, and associated control circuits. The memory
buffer is described in detail as part of the memory system (paragraph 8-3) . The control elements
associated with the arithmetic unit and described in this chapter are the overflow logic, the
operate logic, and the logic nets that generate the various control pulses for the accumulator

and the link.

The arithmetic unit is shown in two logic drawings, Figures 7-=1 and 7-2. For information on

the use and organization of these drawings, see paragraph 4-9.,

7-2 ACCUMULATOR

The accumulator is composed of 18 type 4203 flip-flops (Figures 7=1 and 7-2). Each of these
18 flip~flops has a gated complement input as well as the usual 0 and 1 gated inputs. In the
figures, three inverters and ten capacitor diode gates are shown associated with each accumu-
lator flip-flop. These inverters and gates are all contained within the flip-flop module. As
well as the usual buffered 0 and 1 outputs, each accumulator flip=flop also has both a carry
output and an indicator output. The carry output is an unbuffered O output. The fall of this

output is used as a pulse for the bit-to-bit "ripple" carry in addition operations (d below).
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Except for ripple carry connections and single=-bit pulse connections from the information col-
lector, every accumulator control pulse is applied to the input gates of all bits in the register.
The ripple carry output for each bit is applied only to the next more significant bit of the
register. Level gates for transfers from the memory buffer, the reader buffer, and the console
accumulator switches are applied to each accumulator bit from the corresponding bit of the

source register.,

If the machine includes a type 25 real time option, the reader buffer connections are replaced
by single=-bit pulse inputs from the information collector. Each bit of the accumulator also
receives outputs from the stages on either side as level gates for rotate operations. The accu-
mulator and link are rotated together as one 19-bit register; thus, for rotate operations, both

ACOCmd AC]7 receive level gates from the link.

The outputs of the accumulator flip-flops are used for arithmetic and transfer operations as well
as for rotate operations. The 0 outputs of the AC bits are applied to the AC arithmetic input
gating, while the 1 outputs are applied to the transfer input gating of MB. If the real time
option is installed, the 1 outputs of AC are also available to the output equipment through the

information distributor.

Four types of accumulator input gating are described in the present paragraph. These are: 1)

transfer gating, 2) rotate gating, 3) logic gating, and 4) arithmetic gating.

a  TRANSFER GATES - Transfers to the accumulator may be made from the memory buffer,
the reader buffer, and the console accumulator switches. If the computer includes the

real time option, the reader buffer connections are replaced by connections from the infor=
mation collector. In this case, information from the reader buffer and all other input
devices is transferred into the accumulator through the information collector. Since all

transfers into the accumulator are 1 transfers, a prior clear is required. The AC CLEAR

pulse clears the entire register by pulsing the 0 input of every flip~flop (Figure 7=1B6) .

The 1 transfer of the contents of MB into AC utilizes the pulse AC XOR MB. This pulse
complements a bit of AC if the corresponding bit of MB is 1 (B6). This operation produces
the exclusive OR function of the contents of MB and AC (c below). However, in the
instructions lac and law, AC is automatically cleared before AC XOR MB is pulsed. Ac-
cordingly, the exclusive OR pulse sets any bit of AC which corresponds to a 1 in MB,
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thereby effectively producing a 1 transfer. =

The 1 transfer of the contents ofvfhe console accumulator switches into AC is produced
through the bottom row of input gates b}/ the pulse ACS1—> AC (Figure 7-1C6). In either
of the console deposit operations, this transfer pulse is automatically preceded by a clear,
as required. However, as part of an operate insiruction, ACSI—>AC actually produces the
inclusive OR of the contents of ACS and AC unless the progrqrﬁmer microprograms the

operate instruction to include a prior clear.

in the standard machine, the 1 transfer of the contents of the reader buffer into AC is pro=
duced by the in-out pulse P102 (C6). However, if the computer includes the real time
option, the reader buffer connections are removed and all transfers from input equipment
to AC are made through the information collector. All gating is performed in the collector
so that the transfer of information from IC to AC is made by single~bit pulse inputs through
column 6 of the taper pin block that is shown below the accumulator input gating. Each
pulse from a bit of IC sets the corresponding bit of AC. Note that the standard transfer
from RB as well as all transfers through the real time option are 1 transfers re‘qu‘iring a prior
clear. This clear is not automatic and must be provided by the programmer through micro-

programming the .in-out transfer instruction.

b ROTATE GATES - Two rotate pulses are applied to the accumulator input gating. These
are AC RIGHT ROTATE, and AC LEFT ROTATE (Figure 7-1C6). Each of these pu'ses pro-
duces a cyclic one=place shift of the contents of the accumulator: one to the right, the
other to the left. In rotate operations, the accumulator is a 19=-bit circular register with
ACO linked to AC]7 through the link (paragraph 7-3). As a result, for réque purposes,

the link may be considered to be to the left of AC0 and to the right of AC]7°

Both rotate pulses are applied to both the 0 and 1 input gates of all flip-flops in the accu-
mulator. On a right rotation, the gating levels to a specific bit of AC are provided by
the next more significant bit. In a left rotation, the gating levels to a specific bit of AC
are provided by the next less significant bit. The rotate pulses produce a bit=to-bit jam
transfers in AC. For example, on a right rotation, AC2 is set if AC] is 1, while AC2 is

cleared if AC] is 0.

The pulse AC RIGHT ROTATE transfers the contents of ACn into ACn+ ‘

z The right rotate
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operation also transfers the contents of AC._ into the link, and the contents of the link

17

into AC0 . The pulse AC LEFT ROTATE transfers the contents of ACn info Acnvi . The

left rotate operation also transfers the contents of AC0 into the link, and the contents of

the link into AC]7,

¢ LOGIC GATES - The computer can perform three logic functions; these are logical
negation, AND (conjunction), and exclusive OR. The program may produce the inclusive
OR of two words by using negation and conjunction. However, the augmented instructions
that transfer information into AC from the accumulator switches or input devices do not
include an automatic prior clear. Failure to microprogram the required clear causes these
instructions to produce the inclusive OR of the contents of AC and the source register.

These instructions, however, can transfer information into AC only from external sources,

not from memory .

The accumulator complement pulse AC CMA produces the logical negation of the word in
the accumulator. Pulse AC CMA changes the state of each bit in the accumulator by
pulsing the complement input. In 1s complement arithmetic, logical negation is equivalent
to the arithmetic negative. If the contents of the accumulator are interpreted as a number,

the complement pulse produces the 1s complement negative of that number.

The other two logic pulses produce the logic function of two words; one in the accumula-
fof, the other in the memory buffer. The result appears in the accumulator. The exclusive
OR function of the contents of MB and the contents of AC is produced by the pulse AC XOR
MB (Figure 7-1B6) . The exclusive OR function is produced by complementing a bit of AC

if the corresponding bit of MB contains 1. The state of an AC bit after AC XOR MB depends

upon the initial state of that bit and the state of the corresponding bit of MB as follows:

MB AC (original) AC (final)
0 0 0

0 1 1

1 0 1

1 1 0

As can be seen from the table above, the complementing of a bit of AC (if the correspond-

ing bit of MB is 1) produces the exclusive OR function.



If all bits in the accumulator are originally 0, the final contents of AC are the same as the
contents of MB; thus, if AC is cleared prior to the exclusive OR operation, AC XOR MB
effects a 1 transfer of the contents of MB into AC (see a above). AC XOR MB is also the
first of a pair of pulses which produce addition in the accumulator. Addition is produced
by partial addition followed by a carry function. The partial addition is equivalent to the

exclusive OR function (d below).

The AND function of the contents of MB and the contents of AC is produced by the 0 trans-
fer AC MBO—>AC. This pulse clears those bits of the accumulator which correspond to
bits of MB containing 0. An AC bit contains 1 after AC MBO=>AC only if it contained 1
before the pulse occurred and corresponds to a bit in MB which also contains 1. In this

way the 0 transfer produces the bit-by-bit logical AND function of MB and AC.

d ARITHMETIC GATES - The accumulator includes two arithmetic gates. One of these
enables the bit-to=bit ripple carry chain. This gate is used both in 1s complement and 2s
complement addition operations, and is applied to all bits in the accumulator. The other

arithmetic gate is used only in 1s complement addition, and is applied only to AC]70

The addition operation is carried out in two stages. The first is a partial addition; the
second is a carry function. The partial addition is performed by the AC XOR MB pulse
which produces the exclusive OR function of the contents of MB and the contents of AC
(E.. above). After the partial sum (ie the result of the partial addition) has been formed the
full register carry pulse, AC CARRY, changes the exclusive OR into the true arithmetic
sum. Af the end of the operation, the number represented in the accumulator is the pre-

vious contents of the accumulator plus the contents of the memory buffer.

The partial sum is equal to the true arithmetic sum for any bit which does not receive a
carry . |If a sum of two binary numbers is considered on a bit-by=-bit basis, the exclusive
OR function of 'rhe/ two numbers is actually the correct sum in a given bit if there is no
carry into that bit. For example, the sum of two Os is 0. The sum of 1 and 0 is 1. The
partial sum, ie the exclusive OR function, of two 1s is O (this last example, however, does

require that there be a carry into the next more significant bit).

A given bit of the partial sum is valid as a bit of the true arithmetic sum provided that no

carry into the bit is present. But if there is a carry into the bit, then that bit of the
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partial sum is the opposite of the correct bit of the arithmetic sum. After the partial sum
is produced, the full-register carry function changes the states of all those bits of the

partial sum which are incorrect as bits of a true arithmetic sum.

The full-register carry pulse, AC CARRY, produces the correct carry function both by
complementing certain bits in the accumulator and by initiating the ripple carry at those
bits that it complements. The full register carry complements (ie carries into) a bit of the

partial sum if the next less significant bits of the summands were both 1.

The computer cannot sense the previous state of a flip-flop, so instead it senses the corre-
sponding configuration of the partial sum. This produces the same result because AC XOR
MB, which produces the partial addition, changes the state of ACn only if MBn is1., If
after the partial addition there is 0 in ACn and 1 in MBn' then both bits must originally
have been 1. The carry therefore complements ACn_] if MBn is 1 and ACn is O after the

exclusive OR is formed.

If AC CARRY changes an accumulator bit from 1 to 0, the carry output of that bit (an un~
buffered 0 output) becomes asserted negative. The carry output of each AC bit is applied
to a gate at the complement input of the next more significant bit. The drop in the carry
output acts as a pulse at the capacitor-diode input gate. The gating level for these com-
plement input gates is AC CARRY ENABLE. This gating level is applied to the ripple

carry complement input gates in all AC bits.

In addition operations, the AC CARRY pulse is generated while AC CARRY ENABLE is
asserted. Thus the partial addition of two 1s in the given bit of the accumulator produces
a carry pulse into the next more significant bit. The carry pulse ripples up the register
until a 0 bit is complemented. The complement pulse from either type of carry function
(AC CARRY or the carry pulse produced by a bit changing state) complements a bit whether
it is 0 or 1, but a 0 inhibits the ripple carry from propagating to the next bit.

Addition in the accumulator is performed in the following manner: The MB XOR AC pulse
produces in the accumulator a partial sum of the contents of MB and AC. The carry pulse
then initiates the carry chain at each place in the partial sum where the next less signif-

icant bit is a O resulting from the partial addition of two 1s. Each section of the carry

chain propagates as far as is necessary to produce the correct sum of the contents of MB



and the original contents of AC.

The second arithmetic gate is the AC ADD ENABLE gate. This gate is applied only to

AC]7° It is asserted only in 1s complement addition when AC

the accumulator, AC

0 is 0. In the last stage of

177 the gating level for AC CARRY is asserted whenever AC ADD
ENABLE is asserted and MBO is 1. In 1s complement arithmetic, the addition of two neg-
ative numbers requires that 1 be added to the least significant bit of the accumulator., If
AC0 is 0 and MB0 is 1 after the exclusive OR pulse, then these bits must both have been
1 originally. In other words, the numbers in AC and MB were both negative before the
addition. In this case AC CARRY complements AC]7" adding 1 to the least significant

bit as required.

The ripple carry applied to AC]7 is the AC END CARRY. In 1s complement addition oper=-
ations, this pulse is generated by the ripple carry output of ACo . If the state of ACO

changes from 1 to 0 as the result of either the full=register carry or the ripple carry during

a 1s complement addition, AC END CARRY complements AC 7+ adding 1 to the least

1

significant bit of the accumulator. That this arithmetic logic does in fact produce the

correct sum of two binary numbers is proved in paragraph 7-4 below .

7-3 LINK

The link, L, is a type 4203 flip-flop module containing a basic flip~flop and ten capacitor=
diode input gates. It is used to extend the capabilities of the accumulator. It may be cleared,
complemented, or rotated as part of the accumulator. The link serves as an overflow flip~flop
for 1s complement arithmetic, and as a carry link for 2s complement arithmetic. Since the state
of the link may be sensed by skip iinstructions, the programming of multiple precision arithmetic

is greatly simplified.

The link is cleared by BEGIN whenever any operation is initiated from the console. Program
control over the link individually is exercised through two operate instructions: Clear Link and
Complement Link. These are represented in the link logic by the conditions OP1 oMBl and

| OP2°MB]6F respectively. Since the programmer can control the state of L, and can also sense

1

its state through operate skip instructions, the link is available as a general program flag.

The program may also control the link as part of the accumulator through the two operate rotate



instructions. The AC rotate pulses are gated into the 0 and 1 link inputs by levels from ACO
and ACI7' 17° Thus,
L is set or cleared in a right rotation if AC]7 is 1 or 0, respectively. On the other hand, the

On AC rotations to the right, the rotate pulse is gated by the state of AC

left rotate pulse adjusts the state of L according to the state of AC0°

Three arithmetic gates affect the link. First, in 1s complement addition, if the accumulator
overflows, the AC ONE COMP QV level is asserted. With this level asserted, T1 complements
L if it is 0. The effect is to set L at Tl of the cycle following a 1s complement addition when

the accumulator has overflowed.

The second arithmetic gate applied to L is the AC CARRY ENABLE level. This level, asserted
in both 1s complement and 2s complement addition, gates the link carry pulse, L CARRY, into
1 input of the link. This carry pulse is generated only in 2s complement addition when the state
of ACO changes from 1 to 0. In other words, the link is set if, as a result of a 2s complement
addition, the sign of the accumulator changes from negative to positive.

The third arithmetic gating level gates AC CARRY into the link 1 input. This level, L TAD
ENABLE, is asserted only during 2s complement addition when AC0 is 0, and MB0 is1. The
assertion of this level at the time of AC CARRY implies that, before the exclusive OR pulse,
both AC0 and MB0 were 1. In other words, in 2s complement arithmetic, if the signs of both
MB and AC are negative prior to the addition, the full register carry sets the link.

The three arithmetic gates for the link together have the following result: (1) L is set by a s
complement addition overflow; (2) L is set if a 2s complement addition changes the sign of the

accumulator from negative to positive; (3) L is set by the 2s complement addition of two neg-

ative numbers.

7-4 ADDITION ALGORITHM

Both 1s complement and 2s complement addition are possible in the PDP-4. The two algorithms

corresponding to these operations are described in a and b below.

a ONES COMPLEMENT ADDITION - Assume that originally the accumulator contains

A, and that the memory buffer contains B. Assume further that PS is the partial sum pro-

duced in AC by the AC XOR MB pulse, and that S is the arithmetic sum of A and B. For

7-8



convenience, first consider the simple case where A and B are both positive binary frac-

tions whose sum is less than | (ie there is no overflow) .

After the AC XOR MB pulse, a bit of the partial sum PSn is equal to a bit of the sum Sn if,
and only if, there is no carry into Sno Should there be a carry into Sn’ then the partial

sum bit !:’Sn equals the compiement of Sna Because both signs are plus and there is no sign

Therefore PS S

change, there is no carry into PS 17 =517

17°
To understand the operation of the two carry functions (full register carry, and ripple
carry), divide PS into sections, starting at the right. The first seciion starts with PS

=B

17

and ends at the first bit PSk which satisfies the conditions PSk‘= 0, Al< = 1. The

second section starts with Pskm‘ll and extends to the next bit that satisfies the same condi~

tions as Psk° Proceed in this way through the entire partial sum.

Since there can be no carry into it, the least significant bit of the partial sum must be
correct. If this bit is 1, or if it is O resulting from the partial addition of two Os, then
there is no carry out generated. Because no carry exists, the next bit of the partial sum
must also be correct. Proceed with each more significant bit of the partial sum until a
bit PSk is reached which is 0 resulting from the partial addition of two 1s. Bit PSk is also

correct; therefore, all bits of the partial sum in the first section are correct.

Because the partial sum in PSk generates a carry, PSM is not correct. A 1 from the first
section is carried info Pskmﬂ by the full=register carry pulse AC CARRY. If PSk_] is 1
(resulting from the partial addition of 0 and 1), then there must be a carry into Psk~~2°
This carry is provided by the ripple carry which complements PSI(-Q when PSk_'] changes
from 1 to 0. ' In this way, the ripple carry propagates up the register until a 0 bit is en-
countered. If this O is the result of the partial addition of two Os, then no further carry

is generated. All further bits are correct up to the next O that results from the partial addi=

tion of two Us; that is, up to the end of the section.

if the O that terminates the ripple carry results from the partial addition of two s, then
there must be a carry into the next bit. However, the partial addition of two 1s is the
condition that ends the section. The full-register carry pulse then begins a new ripple
carry in the next section. The carry cperation complements all incorrect bits of the

partial sum. At the compietion of the carry operation the result S is the correct sum of
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A and B.

The preceding example shows that the addition algorithm works for the simple special case
of two positive numbers. Before proving the algorithm for the remaining cases (including
negative operands) four further necessary facts should be understood:

1) The sign bits are included in the partial addition == that is, the partial sum of two

minus signs (1s) is a plus sign (0).

2) Both carry functions are applied to the accumulator sign bit (ACO) . The sign bit is

treated precisely as though it were a next more significant bit of AC.

3) The full register carry complements AC]7 if two negative numbers are added.

4) If the sign changes from minus to plus in the carry operation, the ripple carry prop-

agates into AC]7' This is an end-around carry.

Assume that the binary point is to the left of the most significant bit == that is, all compu-
ter numbers are 17=bit fixed-point fractions. The computer representation of the positive
number x is therefore

+.[x]
where the brackets enclose the number contained in AC]-]7' The sign of this number is

contained in ACOD

In 1s complement arithmetic the negative of a number is produced by subtracting the number
from a number that is all 1s. This is done by changing the sign and subtracting the magni-
-17

tude from (1 =2 °). The computer representation of the number -x is therefore

-.“-x—2-]7]

Let x and y be positive 17-bit fractions. Four different cases of addition are possible:

Case one: x+y

Case two: (=x) + (=y)

Case three: x +(=y) ; y <x
Case four: X+ (=y); y>x

Case one, the addition of x and y, is discussed above in the basic description of the addi-
tion algorithm. Addition proceeds as follows:
+, [x]

+. [yl
+. [x +y]
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If (x +y) >1, the overflow changes the sign during the carry operation. Consequently, if
the addition of two positive numbers results in a negative answer, it is apparent that the
sum has exceeded the capacity of the accumulator. When such an overflow occurs, the
contents of AC represent the number

-.[x+y—]]

In case two, the addition of (-x) and (~y), the partial addition and all carries except the

sign-bit carry operations would produce the following result:

-17

2 "]

-.[1 - y-2-]7]

+.[1 +1 -x-y-2-]7-2-]7]

- [1-x-

The partial addition of two 1s in the sign bit causes the full register carry to complement
AC]7, adding 2-]7 to the contents of the accumulator. If (x +y) <1, the carry overflows
into the sign bit. The complete result is:

-1 = (x+y) =27

which is the computer representation of =(x+y).

17]

If (x +y) >1, there is no carry into the sign bit. In case two (two negative operands), the
absence of a carry into the sign bit indicates that the result of the addition overflows, ie,
that the sum exceeds the capacity of the accumulator. Consequently, if the addition of
two negative numbers results in a. positive answer, it is evident that the sum has exceeded
the capacity of the accumulator. The accumulator then contains the number:

f 0 -x+y-1 -2

The sign is plus, and the magnitude is the complement-of (x + y = 1).

In case three, the addition of x and (~y), where y is less than x, the partial addition and

all carries except the sign-bit carry operations would produce the following result:

+.[x]
-.[1 -y-2-]7]
~+x-y-27"7]

Because y < x, it follows that (1 +x - y) >1. Therefore the carry overflows into the sign
change (- to +) causes an end-around carry. The complete result is:
+.[x =yl

Since, in case three addition, the signs of the operands are different, the sum can never
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exceed the capacity of the accumulator. This is also true of case four addition, for the

same reason.

In case four, the addition of x and (~y), where y is greater than x, the partial additicn

and all carries except the sign=bit carry operations would produce the following result:

+.[x]
-, [1 -=y-2-]7]
-. [ +x-y-2,-]7]‘

Because y >x, it follows that (1 +x - y) <1. Asa consequence, there is no overflow or
end-around carry and the above result is the computer representation of the negative num-

ber x - y, ie =(y =x).

b TWOS COMPLEMENT ADDITION - As in the discussion of 1s complement arithmetic
above, assume that originally the accumulator contains A, énd_‘fhdf kfhe memory buffer con-
tains B. Assume further, that PS is the partial sum produced in AC by,’f}helAC XOR MB
pulse, and that S is the arithmetic sum of A and B. |

The function of the full-register carry, AC CARRY, and the ripple carry is exactly the
same as described above for 1s complement addition. In other words, the algorithm de-
scribed above for the addition of two positive numbers in 1s complement arithmetic is
identical to the algorithm in 2s complement‘qrifhmet‘ic for the addition of two positive
numbers. In 2s complement arithmetic, however, addition involving negative operands
differs. Before proving the algorithm for the cases including negative operands three fur-
ther characteristics of 2s complement addition should be understood:

1) The sign bits are included in the partial addition =~ that is, the partial sum of two

minus signs (1s) is a plus sign (0).

2) Both carry functions are applied to the accumulator sign bit (ACO) . The sign bit is

treated precisely as though it were a next more significant bit of AC.

3) Neither carry function affects AC The full register carry, AC CARRY, is not

17°

applied to AC]7; and there is no end-around carry from ACO into AC

17°
Assume that the binary point is to the left of the most significant bit == that is, all compu=
ter numbers are 17-bit fixed=point fractions. In Is complement arithmetic, the negative

of a number is produced by subtracting the number from a number that is all 1s. In 2s

7=12



complement arithmetic, however, the negdtive 6f a number is produced by subtracting the
number from a number that is all Os. This is doné by changing the sign and subtracting the
magnitude from 1. The computer representation of the number ~ x is therefore:

-, (1 =x]

The four possible cases of addition of two positive 17-bit  fractions are:
Case one: x+y
Case two: (=x) + (=y)
Case three: x + (-y); y<x
Case four: X+ (=y); y>x

Case one, the addition of x and y, is discussed in the basic description of the addition
algorithm for Is complement arithmetic (a above). The contents of AC after addition repre-
sent the number +. [x +y]. If (x +y) >1, the overflow changes the sign during the carry
operation. Consequently, if the addition of two positive numbers results in a negative
answer, it is apparent that the sum has exceeded the capacity of the accumulator. When
such an overflow occurs, the contents of AC represent the number

~[x+y=-1]

In case two, the addition of (-x) and (~y), the partial addition, and all carries except the

sign bit carry operations would produce the following resul t:
- [1=-x]
- [1=-y]
. [T+1-x-y]

If (x +y) <1, the carry overflows into the sign bit. The complete result is:
- [1=x=y]

which is the computer representation of =(x + y).

If (x +y) >1, there is no carry info the sign bit. In case two (two negative operands),
the absence of the carry into the sign bit indicates that the result of the addition over-
flows, ie, that the sum exceeds the capacity of the accumulator. Consequently, if the
addition of two negative numbers results in a positive answer, it is evident that the sum
has exceeded the capacity of the accumulator. The accumulator then contains the number

[l =-(x+y-1)1]



In case three, the addition of x and (= y), where y is less than x, the partial addition and
all carries except the sign bit carry operations would produce the following result:

+. [x]

- [1-yl

- [T+x-y]

Since y <x, it follows that (1 +x - y) >1. Therefore the carry overflows into the sign,
and the complete result is

o [x=y]
Because, in case three addition, the signs of the operands are different, the sum can never
exceed the capacity of the accumulator. This is also true of case four addition, for the

same reqason.

In case four, the addition of x and (- y), where y is greater than x, the partial addition
and all carries except the sign bit carry operations would produce the following result:
+.[x ]

- [1-vy]
- [1T+x=-y]

Because y > x, it follows that (1 +x = y) <1. As a consequence, there is no overfiow,
and the above result is the computer 2s complement representation of the number x - vy,

ie - (y - x).

7-5 ARITHMETIC UNIT CONTROL

Arithmetic unit control includes all the logic nets that generate the control pulses for the accu-
mulator and the link. Also included is the overflow logic for 1s complement addition, the
carry link logic for 2s complement addition, and a diode decoder net that allows the computer

to sense the accumulator for zero contents.

a ACCUMULATOR DECODER - The diode decoder which senses whether or not the accu-
mulator contains zero is shown in Figure 7-1A2. The O outputs of all 18 accumulator bits
are brought to the inputs of this diode decoder. If all the bits of the accumulator contain
0, this decoder generates the level AC =0 at both ground and negative assertion levels.
The accumulator is sensed both for zero contents and for nonzero contents by the OP SKIP

logic (b below). The output of the decoder, asserted at ground level, provides the
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negatively asserted AC # 0 level required by the ©OP SKIP. logic. Note that the decoder
does not assert the AC =0 level when the accumulator.bits are all 1s (representing =0 in 1s
complement arithmetic). In 1s complement arithmetic, the decoder asserts an "AC = +0"

level only.

b OPERATE LOGIC - The levels and pulses developed during an operate instruction (opr,
code 74) are generated by the operate logic. This paragraph describes the generation of
the two special time pulses which time all the events in operate instructions, as well as
the logic that generates the OP SKIP level . Three accumulator pulses (the two rotate
pulses and the complement pulse) are also described here since these pulses are produced

only by operate instruction.

The two instructions opr and law both correspond to the same four-bit instruction code in

IR (1111 =1A3-iB3). The execution of iaw is governed by the level OP LAW (Figure
7=1D1) which corresponds to the opr/law configuration of IR and the condition that MB4

is 1 (code 76). The execution of the opr instructions is governed by the operate time pulses
OP1 and OP2 (D3). These pulses are generated by T5 and T7, respectively, when IR is in

the opr/law configuration and MB , is O (code 74). All operations within the operate group

instructions are executed by OPI1 jnd/or OP2.

In an operate skip instruction, bits 8 to 11 of the augmented instruction code determine the
condition for the skip. The skip logic is shown in Figure 7-1, B2 and C2. Bits ? to 11
address the individual skip condition or skip conditions. The 1 states of bits 9, 10 and 11,
respectively, address the 1 state of the link, zero contents in the accumulator, and neg-
ative contents in the accumulator (ie, the 1 state of ACO) . Whenever the addressed con-

dition is satisfied, the level OP SKiP COND is asserted.

In an operate skip instruction, OP1 increments the program counter (paragraph 6-5b) if the
level OP SKIP is asserted. This level is equivalent to OP SKIP COND if M8y is 0, but if
MB8 is 1, the truth value of OP SKIP is opposite to that of OP SKIP COND. Thus, when
a 0 is programmed in bit 8 of the instruction word, the skip occurs if the addressed condi-
tion is satisfied; on the other hand, a 1 programmed in bit 8 causes the skip if the addressed
condition is not satisfied. |f no condition is addressed, MBg produces an absolute no-skip,

while MB]8 produces an absolute skip.
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The following three register control pulses are generated only by operate instructions:

AC RIGHT ROTATE, AC LEFT ROTATE

A pulse on either of these lines (B5, C5) rotates the contents of the accumulator and the
link one place in the direction indicated. The directional pulses are produced by the

AC ROTATE pulse according to the configuration of bits 13 and 14 of the instruction word.
A right rotation is specified by MB:B; a left rotation is specified by MB:4G Each rotate
instruction may produce a one-place or two-place rotation, depending upon the state of
bit 7 of the instruction word. AC ROTATE is automatically produced by OP2 (B1); how-

ever, it is also produced by OP1 if MB 1. Thus, the programmer determines the direc=

7is

tion of rotation by adjusting bits 13 and 14, and determines the number of rotations by

adjusting bit 7.

AC CMA
The accumulator is complemented only by the operate instruction, Complement Accumula-

L (As).

tor. The cma instruction is represented by the condition OP2«MB]7 (

c  TRANSFER LOGIC - The logic that generates the four accumulator transfer pulses is

shown in Figure 7=1. These four pulses include the AC clear pulse and three pulses that

transfer information into AC from other registers.

AC CLEAR

The net that governs the clearing of the accumulator is shown in Figure 7-1D2. At the
initiation of operations from the console, BEGIN clears AC. This is done primarily to
prepare AC for use in the deposit operations. The accumulator is also cleared automatically
by any instruction that loads information into AC from MB. This occurs at Tl in the execute
cycle of lac, and at T5 in the single cycle of law. The programmer controls the clearing

of AC through the operate instruction Clear Accumulator (OP1 'MB]

5) and through program-

ming a 1 in bit 14 of any in-out transfer instruction (T5-PIOC1),

AC XOR MB

This pulse produces the exclusive OR of MB and AC as a logic function, as partial addition,
and as a comparison function. |t also produces the 1 transfer of information from MB to AC

if AC is cleared first. The logic governing AC XOR MB is shown in Figure 7-1, D3 to D5.

The exclusive OR function is produced at T4 in the execute cycle of any instruction



whose instruction code begins with 2 or 3 (IA1). This includes both addition instructions
and the instructions Exclusive OR and Load Accumulator. AC XOR MB also produces a 1
transfer at T6 in the single cycle of law. In the instruction sad, AC XOR MB produces a
comparison function. The first exclusive OR at T4 clears AC if the contents of MB and AC
are identical. At T5, the program count logic (paragraph 6-5b) increments the program
counter if the accumulator does not contain zero =~ that is, if the original contents of MB

and AC were different. At T6, a second exclusive OR pulse restores the original contents

of AC.

AC MBO—AC
This pulse (C4) is generated at T5 in the execute cycle of the instruction and. The pulse
clears each AC bit which corresponds to an MB bit containing 0, generating the bit-by=bit

logical AND function between the contents MV and the original contents of AC.

ACST—>AC

The 1 transfer of a word to AC from the console accumulator switches (D4) occurs in two
situations: in the operate instruction oas (OP2°MB:5) and in either of the console deposit
operations (SP2:-KEY DPDPN). Although the accumulator is cleared automatically prior to
the transfer in console operations, the clear is not automatic in the case of the operate

instruction. Thus, when the program loads information into AC from the switches, the

program must clear AC prior to the transfer.

d ARITHMETIC LOGIC - Arithmetic operations utilize three levels and five pulses.
Two of the pulses, AC CMA and AC XOR MB, are described in _l:zcmd < above. This para=-
graph describes the three levels and the remaining three pulses. The generating logic

elements are shown in Figure 7-1.

These levels and pulses, plus AC XOR MB, perform the addition algorithms. The six sig-
nals are grouped in three pairs. The first pair, a level and a pulse, performs the principal
carry function for both 1s and 2s complement addition. The other two pairs, a pair of
levels and a pair of pulses, govern the carry effects derived from the sign bits. The first
pair is associated with the full register carry; the second pair, with the ripple carry. In
each pair of signals, one is for 1s complement and the other is for 2s complement. Since
the addition instruction codes differ only in bit 3, the two types of addition are differen-

tiated in the logic by the state of IR3.,



AC CARRY ENABLE, AC CARRY

The AC CARRY ENABLE level is asserted while TG3 is 0 during the execute cycle of either
of the addition instructions (B4). The level is therefore asserted throughout the execute
cycle of add or tad except between pulses T3 and T4. At T4, when AC XOR MB produces
in the accumulator the partial sum of the contents of MB and AC, the carry enable level is

not yet asserted. Because of the delay in the inverters, AC CARRY ENABLE is asserted
shortly after T4.

The full register carry pulse, AC CARRY, is produced at T5 while the carry enable level is
asserted. The two-stage addition operation (in either 1s or 2s complement) is always pro-
duced in the following manner: First, the exclusive OR function produces the partial sum

at T4; then AC CARRY ENABLE is asserted; and finally AC CARRY is pulsed at T5.

AC ADD ENABLE, L TAD ENABLE

These two levels differentiate the effect of the full register carry for 1s and 2s complement
addition. The logic developing these levels is shown in C3 and C4. The effect of AC
CARRY on AC depends upon the conﬁgurahon of bit n+1 of both AC and MB. At the
input gating fo AC fhe condition AC is replaced by AC ADD ENABLE. This level is
equivalent to Acg durlng Is complemen’r addition (IRBg) . Thus AC CARRY can affect

AC]7 only during 1s complement addition.

In either type of addition, a given bit ACn is complemented by AC CARRY when the con-
dition AC0 MB] is true. In 2s complement addition (IRB]

+1 n+1 3)
for the sign bits (ie AC MB ) produces the level L TAD ENABLE. This level gates AC

the equivalent condition
0
CARRY into the 1 input of L. Consequently, when two negative numbers are added in 2s

complement arithmetic, the full register carry sets the link.

L CARRY, AC END CARRY
These two pulses determine the effect of the ripple carry from ACO (A4). In 1s complement
addition, an end-around carry is required if the sign bit changes from 1 to 0. The ACO

carry out, ACCPO, is therefore gated to produce AC END CARRY when IRB3 is0. In2s

complement arithmetic, however, no end=around carry is desired. So, instead, ACCPO

is gated by IRB]3

further gated by AC CARRY ENABLE, so that they have no effect except in addition opera-

to produce L CARRY. Both the link carry and the end-around carry are

tions. In 1s complement addition, the ripple carry from AC0 complements AC'I7; in 2s
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complement addition, the carry has no effect on AC 7 but, instead, sets the link.

1
e OVERFLOW LOGIC - Overflow logic is provided for use only in 1s complement addi-
tion. The logic elements that check for overflow in the accumulator are shown in Figure
7-1, B3 and A4. The overflow logic includes two inverters cross connected as flip-flop
AC POSS OV, and a diode-transistor logic net. The setting of the flip=flop indicates

that overflow may occur in an addition. The output level of the logic net, when asserted,

indicates that an overflow actually has occurred.

If two numbers of opposite signs are added together, the magnitude of the result must be
less than the magnitude of the larger number. As a result, no overflow can occur when the
signs of the operands differ. The overflow possible flip=flop is set by the accumulator full
register carry if ACo is 0 after the partial addition. In other words, the overflow possible
flip=flop is set in any addition operation (1s or 2s complement) if, before the addition, the

sighs of MB and AC are the same.

When two numbers of like sign are added together, the result should also have the same
sign. To ensure that this is the case, the states of the sign bits are again checked after
the addition is performed. This check is performed in the logic net. If an overflow is
possible during 1s complement addition and if, after the addition, the sign bits of MB and
AC are different, then the AC ONE COMP QV level is asserted. This level causes T1 to
set the link at the beginning of the following cycle. The link thus acts as an overflow
flip=flop for 1s complement addition. The overflow possible flip-flop is cleared by BEGIN
and subsequently by T1 at the beginning of every cycle. As a result, the same time pulse
that sets the link in the case of an overflow also clears AC POSS OV, disabling the 1s

complement overflow gate.






‘CHAPTER 8 .

MEMORY

8-1 GENERAL

The cofe memory system of PDP‘-4 consists of a memory address register and decoders, a mem~
ory buffer, and a memory module. A choice of two types of memory module are available:

a ]K memory module, provndmg storage for 1024 enghi‘een—blf words; or a 4K memory module,
providingstorage for 4096 eighteen-bit words. Both modules are composed of a coincident-
current core bank and associated read/wri’re Iogic, se‘nse amplifiers, and timing circuits.
Memory capacity may be further exponded by adding a second 4K memory module to the
computer, providing a 'rotal storage of 8192 elgh’reen—bnL words. In all memory systems, re-
gardless of capacity, provmon is included for direct ex’rernal access to memory through the

data interrupt logic.

The 1K memory module uses a 10-bit address, while the 4K memory module requires a 12-bit
address. If a second 4K memory module is added to the system both modules share the same
memory addressing elemenf‘and memory buffer. The memory address register includes an ex-
tra flip-flop which selects the module, while the location within the selected module is spec-
ified by the usual 12-bit address. Both types of memory module are described in the present
chapter. The two modules are similar in operation. They differ only in the number of cores

in each core plane, and in the logic that selects the address windings.

The memory system is shown in five logic drawings, Figures 8-1 through 8-5. Figures 8-1
apply to the 4K and 8K memories. Figures 8~1, -2, -4, and -5 apply to the 1K memory .

For information on the use and organization of these drawings, see paragraph 4-9.

8~2 MEMORY ADDRESS LOGIC

The memory addressing element of the computer is composed of the memory address register,
four binary~-to~octal memory address decoders, and the input logic associated with the ad-

dress decoders, and the input logic associated with the address register.



a MEMORY ADDRESS REGISTER - The memory address register is shown in Figure

6-1. The flip-flops in the register are labeled MA4 to MA]7. Flip-flop MA4.is
not used. The designations of the remaining flip-flops correspond to the memory ad-
dress portion of the instruction word. Each memory access is made to the location

specified by the contents of the MA register.

The configuration of the register shown in Figure 8-1 is for use with an 8K memory.
The 12-bit address contained in MA6—17 specifies one of the 4096 (2]2) locations
within a single memory module, while MA5 selects the module. For use with the 4K
memory, plug-in unit 1C15 is removed and MA6-—]7 then contains a standard 12-bit
address. For use with the 1K memory, plug=in units 1C15 and 1C16 are removed.

Then the contents of MA v provide the 10-bit address necessary to specify one of
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the 1024 (2]0) locations within the 1K memory module. The 10-bit address or the 12~
bit address is decoded by the memory address decoders to select a particular pair of X
and Y windings within the core bank. Each core register within a memory module

corresponds to a single pair of X and Y windings.

All transfers into the memory address register are 1 transfers requiring a prior clear.

The MA register may be cleared by pulsing the direct clear inputs to the Type 4204
flip-flops. Addresses may be transferred into MA from either the program counter or the
memory buffer. In the instruction cal, the address 20 is loaded into MA by directly
setting MA]3 (B6). For use in data interruptions, address lines from a high-speed in-
out control unit may be connected to the bottom row of capacitor-diode input gates
through column 4 of the taper pin block shown below the register. Anaddress from

the address lines is loaded into MA by the pulse DBAT—» MA, which is equivalent to
the ADDRESS =% MA pulse from the interrupt logic (paragraph 9-2d). In a clock break,

the pulse 7= MA (applied to MA through column 6 of the tape pin block) loads

15-17
address 7 into the register.

b ADDRESS TRANSFER LOGIC - In normal operation, an address is transferred into
MA at the beginning of every memory cycle, and MA is then cleared at the end of the
cycle in preparation for the next cycle. The logic that governs the transfer of ad-
dresses within the internal processor is shown at the lower left of Figure 8-1. Prior to

the first memory cycle when an operation is initiated from the console, MA is cleared
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by SP1," It is then cleared at the end of every memory cycle, while the computer con-
tinues in normal operation (RUN = 1). The computer halts at the end of any memory
cycle in which RUN is cle‘ared. The cleq_r,ivr?glc.;?R”l‘JﬂN fnhibits the clearing of MA at
the end of the f:yc|e., Then, after the compl;lfeg: ‘h'a'sw halted, the memory address in-
dicators on the console displvqy' the qddréss to _whi;h d?;cess was made during the final

cycle of operation.

An address is transferred info MA at T1 of every memory cycle. In a fetch cycle, the
address is provided By the progrc;;'n counter for insm;ruction retrieval . In execute and
defer cycles, the address is provided by the memory buffer for retrieval of the operand
or a deferred address In the instruction Call Subrou’rme rhe transfer pulse MB1+-MA
loads address 20 into MA by genercmng fhe pulse 20->MA The MB inputs to the MA

; gahng do not affect fhe fransfer because MB is cleqred at the end of' the preceeding
cycle. The infernal processor does not com‘rol fhe ’rronsfer of an qddress fo MA at the
beginning of a break cycle. Ina data break or clockbreak the transfer is provided by
the iﬁtefrup-t IoQi'c (@' above). Ina program break access is always made to address O,

50 no actual addréss transfer is necessary. Since MA is previously cleared, the absence

* of an address transfer is equivalent to the transfer of address 0.

c - MEMORY ADDRESS DECODERS ~ Memory addresses in-MA are decoded to select

a single core register from the total number of registers available in the computer mem-
~ory. With.an.8K memory, MA5 is decoded directly by memory control to select a single
memory module for use during the cycle (paragraph 8-4a). For either a 4K or an 8K
memory, MA6—17 contains a. 12-bit address, ‘spec-:i,fying_ qwsingle location in one mem~-

ory module. With a 1K memory, MA contains.a 10-bit address specifying a single

location in the 1K memory module. v
That part of the address in MA which specifies a single location in one memory module .
is decoded to select X and Y windings corresponding to the addressed memory location.
" The Qéeqoding is accomplished in two stages: first, the 10-bit or 12-bit address in MA

is decoded by four type 4150 binary~to-octal decoders, MADA through MADD (figure
8-1). Second stage decoding is accomplished by applying the decoder outputs (in-
cluding four asserted outputs) to the read/write switches in the memory module. The

connections * between MA and the decoders, and the meaning of the decoder output
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depend upon whether a location is being addressed in a 4K module or a 1K module.

(1) Twelve-bit Address Decoding = In the 4K memory module; the core registers
are arranged in a 64-by-64 matrix (64 < 64 = 4096). A single core register is
selected by selecting one out of 64 X windings and one out of 64 Y Mnc]ings.

The selected register is located at the intersection of the selected X and Y windings

(paragraph 8-4b).

To select one X winding and one Y winding;, the 12-bit address in MA is divided
into two 6-bit portions. The six=digit binary number in MA’iéi:i] is decoded into
a two-digit octal number by MADA and MADB. Similarly, the six-digit binary

number i1 M-, is decoled into aitwodigit octal number by MADC and MADD.

12-17 , _
Each of the four decoders receives outputs from three bits of MA and asserts one of
eight output levels. The octal output level asserted by a given decoder corresponds

to the binary contents of the three associated MA bits.

The four decoders have a total of 32 outputs. Of these 32 buf\put_s, féur outputs
(one from each decoder) are a;serfed. The asserted oufpu'fsb from MADA and MADB
address a single Y winding from the 64 Y wi'ndings‘vir{ fhé c»oﬂre:barikv“. ; Similarly, the
asserted outputs from MADC and MADD adaregs a singl;-:' X.\'Ninding.; from the 64 X
windings in the core bank. Selection of the appropriate X and Y windings, ad-
dressed from the memory address decoders, is performed by the read/write switches
in the memory module (paragraph 8-4c). In.an 8K memory system, the outputs of

the memory address decoders are applied to both memory modules.

(2) Ten-bit Address Decoding - In the 1K memory module, the core registers are

arranged in a 32-by-32 matrix (32 x 32 = 1024). A single core register is selected
by selecting one out of 32 X windings and one out of 32 Y windings. The selected
register is located at the intersection of the selected X and Y windings (paragraph
8-4b ) . R

To select one X winding and one Y winding, the ten-bit address in MA is divided
into two 5-bit portions. The five-digit binc;ry number iln_MA8_‘;_]2 is decoded into
a two-digit octal number by MADA and MADB. Similarly, the five~digit binary
in MAy5_q7 is decoded into a two-digit Q‘chlkinurpber by MADC and MADD.



Decoders B and D each receive outputs from three bits of MA (MAIO-IZ and

MA]5_]7) and assert one of eight output levels. The octal output levels asserted
by a given decoder respond to the binary contents of the three associated MA bits,
The other two decoders, A and C, receive outputs from only two bits of MA8-9
and MA]2-13 respectiv:ely) and thus used as binary-to-quarternary decoders.

This is done by grounc'ing inputs E and F of these two decodersso that only output

0, 1, 2 or 3 can be asserted. In this manner, the contents of two MA bits are de-
coded into octal, but 3 is the largest octal digit that can result. The entire ten-
bit address is therefore decoded into a pair of two-digit octal numbers. Each number

can range from 00 to 37.

The four decoders therefore have a total of 24 outputs. Of these 24 outputs, four

outputs (one from each decoder) are asserted.

The asserted outputs from MADA and MADB address a single Y winding from the 32
Y windings in the core bank. Similarly, the asserted outputs from MADC and

MADD address a single X winding from the 32 X windings in the core bank. Selec- -
tion of the appropriate X and Y windings addressed from the memory address de-

coders is performed by the read/write switches in the memory module (paragraph

8-4c ).

8-3 MEMORY DATA TRANSFERS

The 18-bit memory buffer is the only register that functions in all four sections of the computer
logic: control, arithmetic, in-out and memory. Although instruction codes are decoded from
the instruction register, all other instruction or control information is utilized directly from MB.
In memory reference instructions, only the indirect address bit provides control information, but

in the augmented instructions, all bits provide control information.

In most cases, single bits of MB gate specific operations; but in the addressing of in-out de-

vices, MB is decoded to provide octal information (paragraph 9-2a). The MB register also
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functions as an element of the arithmetic unit in arithmetic and logical instructions. In most
such instructions, MB holds the operand and the MB outputs provide the necessary levels to the

arithmetic and logical gating of the accumulator. However, all indexing operations are



performed directly in MB.

In- data interruptions, MB serves as an in-out register, bypassing AC. The outputs of MB are
available directly to the data-out lines, and information can be transferred directly into MB
through the data-in lines. As an element of the memory system, MB serves as the buffer between
the memory module and the rest of the computer. All transfers of information between the in-

ternal processor and core memory must be made through the memory buffer.

a  MEMORY BUFFER - The 18-bit memory buffer is shown inFigure 8-2. This register
is composed of type 4204 dual flip-flops that are connected in the carry configuration.
This type of connection allows indexing operations to be performed directly in MB

rather than requiring transfers to AC.

During every memory cycle, a fuli-length computer word is read from or written into
memory through the memory buffer. At the beginning of every cycle, MB is cleared
by pulsing the direct clear inputs to all the flip-flops in the register. In most in-
gfructions, a word is read from the addressed memory location, and that same word is
wri"rten back into memory while it is being used for the execution of the instruction.
Information read from the cores by the memory strobe (paragraph 8-4e ) is transferred
from the sense amplifiers into the memory buffer ’rhroﬁgh the Cannon connector shown
below the register. The gating for this transfer is done directly in the sense amplifiers
by the strobe. Information is loaded into MB as single=bit pulse inputs, each of which

sets a corresponding bit of the register.

During the second half of the memory cycle, the word contained in MB is written back
“into the same memory core register from which it came (paragraph 8-4f ). At the same
time that the word in MB is being written back into the addressed core register, it is
also used in MB by the rest of the computer. During a fetch cycle, the instruction

code is transferred from MB to IR. Following both fetch cycles and defer cycles, the
address portion of the word is transferred from MB either to MA or PC. In execute
' cycles, the word in MB is available to the transfer, logical and arithmetic gating of
the accumulator. The word in MB can thus be used for all instruction operations.
However, during indexing operations, the number in MB is indexed by the MB +1

pulse before being written back into memory. Therefore, the number written into
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memory during the cycle is 1 greater than the number read out at the beginning of the

cycle.

In those instructions for which new information is deposited in memory, the strobe is
disabled so that the memory register is cleared, but no information is transferred into
MB from the core bank. If information is transferred into MB from some other part of
the computer, the new information is then written into the vacated core register in
place of the old. If no new information is made available from MB then nothing is

written back into the core register, and it is left clear.

Information may be transferred into MB from either the accumulator or the program
counter. Both transfers are 1 transfers requiring a prior clear, but MB is cleared at
the beginning of every memory cycle. Whenever the address of an interrupted pro=-
gram is deposited in memory from the program counter, the state of the link is also
preserved by transferring the contents of L into MB0° In data breaks, information
may be transferred into MB from the data=in lines (through column 4 of the taper pin
block shown below the register). The information transfer is made on the pulse DBII
—>MB, which is equivalent to the INFO-»MB pulse from the data interrupt logic

(paragraph 9-2d ).

If the data break access is being made for the retrieval of the information from memory,
both the 0 and 1 outputs of the MB flip-flops are available to the data-out lines through

the connectors shown above the register.

b DATA TRANSFER LOGIC - The logic that governs the transfer of information to
MB from other registers in the internal processor is shown in the lower left of Figure
8-2. At the initiation of operations from the console, MB is cleared by BEGIN.

The register is then cleared at the beginning of every memory cycle by T1. However,
in Call Subroutine, MB is cleared at the end of the fetch cycle so that the state of
MB cannot affect the transfer 20MA at the beginning of the next cycle (paragraph

t-2b).

A word is transferred from AC to MB at T3 in the execute cycle of the instruction
Deposit Accumulator. Whenever the program sequence is interrupted and an eventual

return to the interrupted program is desired, the current program address is stored in
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memory . The address is transferred from PC to MB at T3 in a program break cycle, and

in the execute cycle of Jump to Subroutine or Call Subroutine.

The transfer of an address from PC to MB is also made at SP3 in any examine or deposit

operation. However, this transfer is not made for the deposit of information in memory.
In all examine and deposit console operations, the one memory cycle that is performed

is performed as an execute cycle. Thus the transfer of PC to MB at SP3 is made merely

to utilize the subsequent normal transfer of MB to MA at T1 of every execute cycle

(paragraph 8-2b).

< INDEX LOGIC - Three types of indexing operations are provided in PDP-4,
The programmer may use the instruction Index and Skip on Zero to count program
loops. The programmer may also index addresses in order to perform an instruction or
set of instructions on a whole sequence of operands. Address indexing is combined
with indirect addressing. Automatic indexing is performed in clock breaks to keep

track of real time.

The logic that governs the jncrementing of the memory buffer is shown in the lower
left of Figure 8-2. For counting program loops, the line MB+1 is pulsed by T4 in the
execute cycle of an isz instruction (D1). The network shown in D3 provides address
indexing in defer cycles. During any defer cycle, if the indirect address is between
10 and 17, T4 pulses MB+1. With this procedure, each time a deferred address is
retrieved from a memory index register (locations 10 to 17), the deferred address is
incremented before it is written back into memory. The next time the address is re-
trieved, it addresses the next consecutive memory location. In each clockbreak, the
number contained in memory location 7 is indexed (paragraph 9-2d). When this

number is indexed to zero, the clockflag is set.

8-4 CORE MEMORY LOGIC

The two PDP-4 memory modules, 4K and 1K, are shown in Figures 8-3, 8-4 and 8-5. Both
modules, are composed of a coincident current core bank, and associated timing, driving and
sensing logic. The core bank of the 4K module has a capacity of 4096 eighteen-bit words;

the core bank of the 1K module has a capacity of 1024 eighteen-bit words.



Since both modules contain the same number of core planes (that is, the core registers in both
modules are 18 bits in length) the timing, write inhibit driving, and read sensing logic forboth
modules is identical (Figure 8-4). However, the two modules contain a different number of

core registers and hence require different numbers of read/write switches to select the X and Y
windings. The X and Y selection for the 4K memory module is shown in Figure 8-3; the X and

Y selection for the 1K memory module is shown in Figure 8-5.

The description of the core memory logic given in this paragraph is for the 4K memory. Wher-
ever the 1K memory differs from the 4K memory, the differences are explicitly mentioned in the
text. The memory module furnished with the standard computer is located at the top of bay 2.
If a second 4K memory is added to the system, it is mounted in an extra bay. Internal processor
control over the memory module is described in a below. The memory module logic is described

in b through f below.

a  MEMORY CONTROL- The internal processor controls the operation of the memory
module through the control signals shown in Figure 8=-1D6. Three of the signals are
pulses that control the timing of operations within the core memory. The fourth signal
is a level which disables the memory strobe if the information being read from the

addressed core register is not wanted by the computer.

The memory clear pulse (which clears the memory control flip~flops in preparation for
each memory cycle) is produced initially by the power clear, and subsequently by the
final time pulse of every memory cycle. By shifting control information through the
four control flip=flops in the memory module, the memory control pulses and the mem-
ory inhibit pulse together time the memory cycle operations. The memory control
pulses are all applied to the same line, since flip-flops R, RS, W and | are included
in a single shift register plug=in unit with all pulses applied to the same input pin.
Because flip=-flop | is set out of sequence in the memory timing shift register, the in-

hibit pulse is generated separately from the memory control pulses.

There are four memory control pulses. The first three control pulses are produced at
T2, at 0.7 microsecond after T2, and at T4. The memory inhibit pulse is then pro-
duced at T5 and the final (fourth) memory control pulse follows the inhibit pulse by

0.2 microsecond.
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The memory read operation destroys the contents of the addressed memory register.
While the read is taking place, information from the core register is transferred to the
memory buffer by the strobe. In any cycles during which new information is being
deposited in memory, the strobe is disabled. The addressed core register is then clear-
ed, but no information is loaded into MB. The memory strobe is also disabled during
the execute cycle of any instruction that deposits information in memory (140), In

a program break, the strobe is disabled so that the current program address may be
deposited in memory. The strobe is also disabled during a data break, if the break is

being utilized for data input.

If the memory system is expanded to two 4K memory modules, the plug=in units shown
in the lower right of Figure 8-1 are added to the internal processor. These units
duplicate the memory control and memory inhibit pulses. With two memory modules,
the memory strobe disable and memory clear signals are applied to both modules.
However, the memory control and memory inhibit pulses are applied only to the module

selected by MA_. If MA_ is 0, pulses from 1A25 are applied to the first memory

5 5
module, but if MA5 is 1, pulses from 1A19 are applied to the second memory module.

. 0. . -
If the computer contains only one memory module, the MA_ input in D6 is still con-

5
nected to the 1 output of the MA5 plug=in unit. However, the 1 output terminal of

that plug=in unit is tied to ground.

b CORE BANK - The memory core bank is composed of 18 core planes. In the 4K
memory module, each plane contains 4096 ferrite cores (64 rows x 64 columns); while

in the 1K memory module, each plane contains 1024 ferrite cores ( 32 rows x 32
columns). Every memory core is threaded by four windings; X and Y selection windings,
an inhibit winding, and a sense winding. The following description applies directly to
the core bank for the 4K memory module. (Whenever the number of elements differs

for the 1K memory, the appropriate number is written in parentheses following the

number that applies to the 4K memory.)

The 64 (32) X and 64 (32) Y windings each thread a row or column of 64 (32) cores in
each of the 18 core planes. A single X or Y winding continues from one core plane
to the next, threading the same row or column in every one of the 18 planes. A

single X winding and a single Y winding intersect at a single memory location
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containing an 18-bit core register. During each memory cycle information is read from
or wriften into the single addressed core register. This addressed register is selected from
among the 4096 (1024) registers in the core bank by selecting the single X winding and the

single Y winding that intersect at the corresponding memory location.

There are 18 inhibit windings and 18 sense windings; one inhibit winding and one sense
winding for each core plane. Both the inhibit windings and the sense windings thread
all 4096 (1024) cores in the plane with which they are used. Individual cores within the
addressed register are selected by the sense windings during reading, and by the inhibit
windings during writing.

NOTE: The core bank actually includes an extra core plane which

is completely wired in. There are therefore 19 planes, and 19 in-

hibit and sense windings. The extra 19th plane is not ordinarily used,

but is provided in case it is wanted for some special application.

The following discussion refers only to the 18 core planes that are
ordinarily used.

c X AND Y SELECTION - Each of the 4096 locations in the 4K memory core bank is
specified py a particular 12-bit address in the menory address register. The memory
module selection logic selects one of the 64 X windings and one of the 64 Y windings,
corresponding to the contents of MA. For the 1K memory module, each of the 1024
locations in the core bank is specified by a particular 10-bit address in MA. The
memory module selection logic then selects one of the 32 X windings and one of the 32
Y windings according to the contents of MA. In either case, the two selected windings

intersect at the same relative location on each of the 18 core planes; the 18 cores locat-

ed at these intersection points make up the addressed memory register.

The X and Y selection logic for the 4K memory is shown in Figure 8-3. The X and Y
selection logic for the 1K memory is shown in Figure 8-5. The layout of the two draw-
ings is similar. They differ only in the number of logic elements shown. The X selection
logic is shown in the upper half of both Figures; the Y logic in the lower half. The out-
puts of the memory address decoders are applied to the switching logic through the in-
verters shown below the switches. The outputs of the switches are applied to the core
bank through the memory stack sockets shown above the swivfchese The following de-

scription applies directly to the X and Y selection for the 4K memory. (Whenever the
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number of elements differs for the 1K memory, the appropriate number is written in paren-

theses following the number that applies to the 4K memory.)

The 32 (24) outputs from the memory address decoders (paragraph 8-2c) are applied to
the inverters shown in B and D in the figure (Figure 8-3 for the 4K memory, Figure 8~5
for the 1K memory). From the inverters, the 16 (12) X-selection levels are applied

to the Type 1972 read/write switches shown at the top of the figure. Similarly, the

16 (12) Y=-selection levels are applied to the read/write switches shown at the bottom of
the figure. Only four of these 32 (24) selection levels are asserted during any given
memory cycle; two Y levels from MADA and MADB and two X levels from MADC and
MADD.

The two asserted Y levels enable one of 64 (32) Y read/write switches, and thereby per-
mit the associated Y winding to be pulsed by the output of the read or write bus. Simi-
larly, the two asserted X levels enable one of the 64 (32) X read/write switches, and
thereby permit the associated X winding to be pulsed by the output of the read or write
bus. In this way, the two sets of read/write switches select one X winding and one Y

winding, and thereby select the addressed core register for reading or writing.

A Type 1972 plug-in unit includes four read/write switches. A detailed circuit descrip~
tion of the read/write switches is included in paragraph 10-7c. There are 64 (32)
switches in each of the two sets; both sets are identical in function. Each switch is
controlled by an AND=-gate input. Each AND gate receives one of the eight (four)
more=-significant-digit selection levels and one of the eight less=significant-digit selec-
~ tion levels. Only the AND gates that receive two asserted selection levels are enabled.
During any memory access, these AND gates correspond to the single X and Y windings

designated by the contents of MA .

When both inputs to a read/write switch AND gate are at ground, the switch closes,
completing the current path between one end of the associated winding and the read bus.
Since the other end of the winding is permanently connected to the write bus, the read/
write switch permits application of the bi-polar core~drive pulses to the two selected
windings. (One polarity corresponds to a read pulse; the other polarity corresponds

to a write pulse).,



The Type 1976 resistor cards located between the read/write switches and the core bank
provide the necessary loading to produce a core-drive current of appropriate magnitude.
Nominal value of the half-read and half-write currents is 190 ma. A single half-current
is not sufficient to change the state of a core. However, the intersection of two half
currents at the cores of the addressed register is sufficient to switch these cores (see f

and g below).

d  MEMORY TIMING FUNCTIONS - The timing for the memory cycle read and write
operations is controlled by the shift register containing flip-flops R, RS, W and |

(Figure 8-4, B1 and B2). This shift register is in turn controlled by pulses from memory
control (a above). During a memory cycle, timing control information is shifted through
the shift register by the memory control pulses. The entire register is cleared at the

end of each cycle by the memory clear pulse (T7). This prepares the register for the

next cycle.

The control data shifted through the register is self-contained. No external gating
levels are applied to the register. The register starts the memory cycle in a cleared
state. Because the outputs of the second stage (RS) are applied to the opposite input
gates of the first stage (R), the. first shift pulse following the memory clear automati-
cally sets R. At the second shift, R] sets RS, asserting the condition RS] . This causes
the third shift to set W and clear R. The condition Ro in turn clears RS at the fourth

pulse. Thus a O is shifted through the first three stages of the register two pulses be-
hind the 1.

The final stage of the shift register (I) is set early by the inhibit pulse (T5). This
grounds the 0 output of flip~flop 1. Although the fourth shift clears RS, this pulse does

not affect I.

The four timing functions, read, write, inhibit, and strobe, cause the read and write
operations to be performed. The read, write, inhibit functions are levels; the strobe
function is a pulse, State changes in the ferrite cores of the memory core bank occur
much more slowly than changes of sfd’re in the computer logic elements. The core-
driving pulses are therefore of relatively long duration (approximately two micro-

seconds). The duration of these pulses is much longer than the duration of computer



logic pulses. The core driving pulses are in fact produced from computer logic levels.

The memory timing functions are generated from the shift register outputs (Al to A3,

C2). The logical conditions for these functions are as follows:

Read: R=1

Strobe: 1-RS

Inhibit: =1

Write: RS=0).W=1)

The strobe is produced by the fall in the 1 output of RS, when RS is set (C2). However,
if the memory strobe disable level is asserted, the strobe is not produced. This prevents
information read from the core register from being transferred into MB. Thus the read
operation merely clears the core register so that new information can be read into it

during the same cycle.

Operation of the memory timing network is summarized in Table 8-1 below. This table
shows the states of the four shift flip-flops after each time pulse. The shaded columns
at the right of the table show the duration of the timing functions. Note, however,
that these functions are shown relative to the irregularly spaced time pulses. Therefore,
the length of each shaded column is not necessarily proportional to the actual duration
of the associated pulse. The true duration of these functions is shown in the diagrom

of the memory cycle (Figure 4-2).

TABLE 8-1

MEMORY TIMING

Time Timing Flip-flops Timing Functions
R RS W 1 Read Strobe Inhibit Write
Initial State 0O 0 0 O
T2 1 0 v
T2 +0.7 us. I 1 0
T4 0 1 1
T5 (inhikin) 9 1 1 - — — —_ =
T5+0.2 ps. 00 1 1———— — —
T7 (Clear) 0O 0 0 00— — — — — —_




e READ AND WRITE DRIVERS - The Type 1973 current drivers in the memory module
provide the read and write currents applied to the core bank windings (Figure 8-4D4).
These two currents are identical in magnitude, but of opposite polarity. A detailed

description of the Type 1973 current driver is included in paragraph 10-7d.

When the read driver is enabled by the =3 vdc read level, a core drive read current is
applied to the selected X and Y windings. This read current flows through the following
path: terminal V of the read driver (~13 vdc), the read bus, the two closed read/write
switches (these two switches provide parallel paths, one for X and one for Y), the se-
lected X winding and Y winding corresponding to the two closed read/write switches,

the write bus, and terminal V of the write driver (-3 vdc).

Conversely, when the write driver is enabled by the =3 vdc write level, current is ap-
plied to the same X and Y windings, but in the opposite direction. Terminal Vof the
write driver is then at =13 vdc, and terminal V of the read driver is then at =13 vdc. The
current path is exactly the same for both the read pulse and the write pulse. However,
during the read pulse, the voltage at the readbus is 10 volts more negative than that at
the write bus,while during the write pulse, the write bus is more negative. The Type 735
memory power supply furnishes the =3 vdc and =13 vdc used by the Type 1973 drivers.
Circuit description of this power supply is treated in paragraph 10-11c. A separate power
supply is required for each memory module because of possible temperature=induced

variations in the core characteristics.

_f. READ SENSING - When a memory core is magnetized inthe 1 direction, itis said to

contain a 1. When magnetized in the opposite direction,it is said to contain a 0. During
the read operation, a full-read current (ie, two half-read currents, one on the selected X
winding, and one on the selected Y winding) is applied to magnetize the memory cores in
the addressed memory register. The full read current tends to magnetize the memory cores
in the 0 direction, and hence has no effecton those cores of the addressed register which

were initially in the O state.

However, when the full-read current is applied to a core containing a 1, the core
magnetization changes polarity, and the core is switched from the 1 state to the O state.
This change of state induces an output voltage on the sense winding that threads the core.

(The same sense winding threads all 4096 (1024) cores in the plane containing the
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affected core). The two ends of this sense winding are connected to the two input ter-
minals of a Type 1538 or Type 1540 sense amplifier. Circuit descriptions of these sense

amplifiers are provided in paragraphs 10-7a andb respectively,

There are 18 sense amplifiers used in the memory, one for each of the 18 core planes
(Figure 8-4, C2 to C7). The sense amplifiers are differential amplifiers which reject
common-mode signals but amplify difference signals. This tends to prevent noise volt-
ages on the sense windings (from half-selected cores, etc.) from being erroneously
sensed as valid 1 output signals. The actual output signal from a 1 state core which
has been switched to the 0 state by a full-read applies a difference signal of approxi-

mately 60 millivolts to the sense amplifier inputs.

The sense amplifiers sample the core outputs by means of a 70-nanosecond strobe pulse.
This strobe is regulated to occur approximately 0.7 microsecond after the beginning of
the read level. At this time the sense winding is likely to produce the best signal-to-
noise ratio. If the addressed core in a given core plane contains a 1, the read pulse

causes it to apply a difference signal output to the sense winding.

The strobe samples this output signal, and causes the sense amplifier to generate a
standard logic pulse output (provided that the core output exceeds the required 1-signal
threshold at the time of the strobe). This logic pulse output sets the corresponding

flip-flop of the memory buffer register.

The transfer of information from the memory to the memory buffer is a 1 transfer. The
memory buffer is cleared prior to the read-out from the addressed core register. At
read-out, the sense amplifiers corresponding to the 1-state cores of the addressed reg-

ister set the corresponding bits of MB.

g  WRITE INHIBIT DRIVING - The read operation is destructive; read-out leaves all
cores of the addressed register in the Ostate. During writing, a full-write current (ie,
two half-write currents, one on the selected X winding, and one on the selected Y
winding) is applied to all 18 cores in the addressed memory register. The full-write
current tends to magnetize the memory cores in the 1 direction. Cores that receive

only a full-write current are switched from the O state to the 1 state of magnetization.

To write a word from MB into the addressed core register, it is necessary to prevent
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(or inhibit) this change of state for just those cores of the addressed register that cor-
respond to O bits in MB. This is done by applying an inhibit current of opposite
polarity (the equivalent of a half-read current) to only those cores which are to remain
in the O state. Net current to these cores is then equivalent to only one half-write
current. Because this current is noftsﬁfficvienf to drive the cores beyond the "knee"

of the hysteresis loop, they do not change state, but remain in the O state.

The inhibit currents which prevent the writing of 1s into the O bits of the addressed

register are applied to the core planes through the 18 inhibit windings, each of which
threads all cores in a single core plane. Each inhibit winding therefore threads one of
the 18 bits in the addressed register. The Type 1982 inhibit drivers (Figure 8~4, A4 to
A7) determine which of the 18 inhibit windings are to be pulsed. Circuit description

of the 1982 inhibit drivers is treated in paragraph 10-7g.

The inhibit drivers are switching circuits which are enabled by two ANDed inputs.
The inhibit level (d above) is ANDed with the 0 signals from the.bi’rs of MB, enabling
those inhibit drivers corresponding to MB bits that contain 0. This allows inhibit cur-
rent to flow through the associated inhibit windings. Inhibit current flows from the
inhibit common line (always at =3 vdc) through the enabled inhibit drivers to the in-

hibit reference line (always at =13 vdc).

While the inhibit level is asserted, current paths are completed from the common line
through the enabled drivers and the associated inhibit windings to the reference line.
The resulting inhibit currents cause the appropriate bits of the addressed core register

to remain in the O state.
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CHAPTER 9

INPUT-OUTPUT SYSTEM

9-1 GENERAL

The input-output system of the standard PDP-4 computer contains a single input device, a
photoelectric paper tape reader. The reader control unit is controlled directly by the in-out

pulses from the internal processor.

Other in-out devices may readily be added to the system by installing a type 25 real time
option. When this option is installed, the control units for the reader and all other in-out
devices are governed through the device selector. This selector decodes the device code por-
tion of the iot instruction word (bits 6 through 11) and translates the in-out pulses into iof

¢

pulses for the specified device.

The present chapter includes detailed descriptions of the real time control and the control units
for three in-out devices. These devices are the standard photoelectric tape reader and two
options, the paper tape punch and the keyboard/printer. The equipment described in this
chapter is shown in seven logic drawings, Figures 9-1 through 9-7. For information on the use

and organization of these drawings, see paragraph 4-9.

9-2 REAL TIME OPTION, TYPE 25

The real time option governs the control units of the reader and all optional in-out devices.
The device selector decodes the device code section of an iot instruction word, and changes
the in-out pulses into iot pulses for the appropriate control unit (including the interrupt con=
trol) . Information is made available to output devices through the information distributor,
while information is brought into the computer from input devices through the information

collector. The type 25 option also includes the interrupt logic and the in-out skip logic.

a DEVICE SELECTION - The device selector is shown in Figure 9-1. The inputs to the

selector (at the left) are the in-out pulses (PIO1, 2 and 4) and the outputs of bits 6 to 11

of memory buffer.
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In an in=out transfer instruction, the individual in-out device is addressed by bits 6 to 11
of the iot instruction word. The device code is decoded by the type 4605 pulse amplifier
modules. The logical configuration of this module is shown in the lower right of the figure.
The diode decoder inputs in the module are prewired to respond to a particular configura-
tion of MBé_] 1’ ie to a particular device code. When the diode inputs to a given 4605
plug=in unit are enabled, any in-out pulses generated by the instruction word are switched

onto the iot lines for the corresponding device.

For example, the first type 4605 unit at the left (2F06) is wired for the code 00 to control
the interrupt logic. In this way, whenever an instruction of the form 7400XX appears in
the program, the in-out pulses generated in the internal processor are applied to the inter-
rupt logic as iot pulses. The in-out pulses are provided by in-out transfer control accord=-

ing to the configuration of bits 15 to 17 of the instru ction word (paragraph 6-4c).

The number of type 4605 pulse amplifiers included in the device selector depends upon the
number of in-out devices driven by the computer. More options may be readily controlled

from the computer merely by adding more type 4605 units to the selector.

b INFORMATION DISTRIBUTION - Information is distributed to the various output de-
vices through the distributor shown in Figure 9-2. The 1 oufpﬁfs of the accumulator flip~
flops are buffered by type 1690 bus drivers and made available to the output devices
through taper pin panels. The contents of AC]0-17 are made available to the punch buff-

er and the contents of AC are made available to the teleprinter buffer (LUO) at the

13-17

taper pin positions shown in the figure. Connections for other options are also shown,

while tie points for further equipment may be made as desired.

Both outputs of MB. , are also made available to in-out devices through the information

12
distributor. Besides the device code in bits 6 to 11, bit 12 of an iot instruction word may
also be used for control purposes. For example, in controlling the reader, bit 12 specifies

whether the tape is to be read in alphanumeric mode or in binary mode.
The information distribution capacity of the real time option may be increased as desired

merely by adding more distributors in series with the one shown.

c INFORMATION COLLECTION = Information from input devices is transferred into the



accumulator through the information collector, IC (Figure 9-3). This collector includes
18 pulse amplifiers and associated input gating. The output of each pulse amplifier is

applied to the set input gate of the corresponding bit of the accumulator (paragraph 7-2a) .

The 18 bits of the reader buffer are connected to the first row of gates in the collector.
The five bits of the incoming line unit are connected to gates 13 to 17 in the second row.
Information from these two buffers is loaded into AC through the collector on iot 2 of the
corresponding iot instruction. Row 3 of the collector is used for the instruction In-out
Read Status, with the flags for the various devices connected to the IC gates as shown.

Tape unit status information is loaded into AC through the left half of row 2.

The magnetic tape control and the card reader are also connected to the IC gates as
shown; additional input devices may be connected as desired. The information collection
capacity of the real time option can be increased merely by adding more information

collectors in series with the one shown.

d INTERRUPT LOGIC - The logic that governs interruptions in the normal program sequence
is shown in Figure 9-4. The three types of interruptions, data, clock and program, are

- synchronized by the flip-flops shown across the top of the figure. The flip-flops are cleared
ini‘fiqlly by BEGIN and synchronization occurs at T5 in the memory cycle . Whenever any

of the synchronizing flip-flops is set, the break request level is asserted (B5). This causes

the computer to enter the break state at the end of the current instruction (paragraph 6-3b).

The data interrupt logic is shown at the left in Figure 9-4. The control unit of the high-
speed device that utilizes the data interrupt logic must provide two levels, one which re-
quests a data break and one which specifies the direction of information flow . When a
data request is made, T5 sets the synchronizing flip-flop. Then the computer asserts the
data break level when it enters the break state. The data break level causes the program
to pause for one memory cycle while the high-speed device makes direct access to memory.
At T1, an address is transferred into the memory address register (paragraph 8-2a)  The
ADDRESS —>MA transfer pulse also signals the device that access to memory has been
granted. If the break is for data output, the word read from memory by the strobe is avail-
able to the device from the memory buffer. However, if the level DATA IN is asserted,

the break is used to deposit information in memory. DATA IN disables the memory strobe
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(paragraph 8-4a) and transfers information from the device into MB at T3 (paragraph 8-3a).

The programmer controls the clock interrupt logic (left center, Figure 904) by programming
PIO4 for the interrupt logic (device code 00). Pulse |OTOOO4 clears the clock flag and
adjusts the state of the clock enable flip-flop according to bit 12 of the iot instruction
word. The 60-cycle clock is produced through a pulse generator from a filament trans-
former mounted on the 813 power control panel. While the clock is enabled, each clock
pulse sets the clock count request flip=flop. Whenever this flip-flop is set, T5 sets the
synchronizing flip~flop, causing the computer to enter the break state. This break cycle

is a clock break, provided no data break is being requested simultaneously.

A clock interruption merely causes the program to pause for one memory cycle while the
number contfained in memory location 7 is indexed. [f this number becomes zero as a result
of the indexing operation, the clock flag is set, indicating that the clock count has been
completed. In the clock break cycle, T1 produces the pulse 7—>MA (D4). This pulse
loads address 7 directly into MA (paragraph 8-2a) and clears the clock count request flip-
flop. After the contents of location 7 are retrieved from memory, the index logic incre-
ments the word in MB by 1 (paragraph 8-3c) . If the carry initiated by MB+1 ripples
through the entire register, MBO changes state from 1 to 0, setting the clock flag. This is

conditioned by the 0 state of the clock count request flip-flop to prevent the initial clear-

ing of MB at the beginning of the break cycle from setting the clock flag.

The program interrupt logic is shown in the upper right of Figure 9-4. Program control
over program interruptions is exercised through PIO2 of the interrupt iot. Pulse 1OT0002
adjusts the state of the program enable flip-flop according to bit 12 of the iot instruction
word. Eleven device flags may be connected to the program request logic (A7). Any of
these device flags may make a program request provided program breaks are allowed, and
provided the computer is not currently in a break cycle. When a program request is made,
T5 sets the synchronizing flip=flop (A4) causing the computer to enter the break state at
the end of the current instruction (B5). If no data break or clock break is being requested

simultaneously, the break cycle is utilized for a program break .

This type of interruption actually ends the current program sequence by transferring program

control to a subroutine. The computer saves information necessary for a subsequent return
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to the interrupted program by depositing the contents of the program counter and the link
in memory location 0. The program then executes the routine that starts with the instruc-

tion in memory location 1.

Operations necessary for the program break cycle are conditioned by the level PROG-B
(see paragraphs 8-4a, 8-3b and 6-5b, __) . This level also prevents further program inter-

ruptions of the break routine by causing T5 to clear the program enable flip-flop.

e IN-OUT SKIP LOGIC - The programmer may check the status of any device by condi~
tioning a skip on the appropriate device flag. To address the device flag, the program
uses PIOI1 in the in-out transfer instruction for the particular device (lower right, Figure
9-4). The device flag is addressed through the device selector (a above). For example,
if the punch flag is on, PIO1 in a punch iot (I0T0201) generates 1O SKIP. This pulse
increments the program counter one extra step (paragraph 6=5b), causing the computer to

skip the next instruction in normal sequence.

9-3 READER CONTROL

The control unit for the photoelectric paper tape reader is shown in Figure 9-5. The 18-bit
reader buffer is at the top of the figure. The control logic and control flip=flops are at the

lower left; and at the lower right is a block diagram of the reader control unit.

a READER BUFFER - The 18-bit reader buffer, RB, is composed of 18 type 4218 flip~flops.

Each flip-flop has a direct clear input and gated 0 and 1 inputs. The input gating to the
flip-flops is provided by capacitor~diode gates contained within the flip-flop plug-in unit.

When information is read, the presence of a hole in the tape is indicated by a =3 vdc level .
Consequently, the ground level utilized by the input gates indicates the absence of a hole.
To compensate for this polarity, the input signals are applied directly to the clear input

gates, and through inverters to the set input gates, of the reader buffer bits.

The reader can read the tape in either of two modes, binary or alphanumeric. If the com-
puter is reading in alphanumeric mode, only a single line on the tape is read, and the
entire line is loaded into reader buffer bits 10 through 17. If the reader is operating in
binary mode, holes 7 and 8 on the tape are ignored, but three lines are read from the tape.

In binary mode, data from holes 6 through 1 is loaded into RB]2_]75 The contents of
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RB]2_]7 are then shifted into RB6-] 17 and the data from holes 6 through 1 of the second

line on the tape are loaded into RB The contents of the buffer are then again shifted

12-17°
left six places, and the third line from the tape is read into RB]2_.'7.,
The read shift pulse, RD SHIFT, is applied fo both the set and clear gates of all bits in the
buffer. This single pulse accomplishes both the shifting and the loading operations. From
RBO fo RB] 1

the right. The read shift transfers the contents of any six bits of RB into the next more

the RD SHIFT pulse to each bit is gated by levels from the bit six places to

significant six bits. However, the gating levels for the input gates of RB bits 12 through
17 are the input signals from holes 6 through 1 on the tape. Thus RD SHIFT loads RB.]2_"]7

with information from holes 6 through 1 of the tape. In binary mode, an entire 18-bit

computer word is assembled in the buffer by three read shifts.

When reading in binary mode, each read shift transfers the contents of RB]é and RB]7 into

RB] . However, in alphanumeric mode, RD SHIFT instead loads RB]O and RB” with in-

formation from holes 8 and 7 on the tape.

b CONTROL LOGIC - The logic nets and control flip-flops of the reader control unit

are shown at the lower left of Figure 9-5. The five reader control flip-flops are the 2-bit
: and RD2; the run flip-flop, RD RUN; the reader flag, RD FLAG; and the
read mode flip-flop, RD MODE.

read counter, RD

When the run flip-flop is set, the reader clutch is engaged through the network shown in

B4, moving the tape. When RD RUN is cleared, the clutch is disengaged and the brake is
engaged, stopping the tape. The read mode flip-flop controls the acceptance of information
from the tape. If RD MODE is in the RD ALPHA state, the control unit accepts the first
line encountered on the tape and information from all eight holes is loaded into the reader
buffer. If RD MODE is in the RD BIN state, the reader accepts information only from lines
in which hole 8 is punched. In this case, information from holes 1 through 6 is loaded into
the buffer while holes 7 and 8 are ignored. The read counter controls the execution of a

reader instruction by counting the number of lines read from the tape.

The in-out pulse that initiates operations in the reader control unit is PIO4 in the standard
machine, or IOT0104 if the type 25 real time option is used. The difference is only one

of nomenclature; the two pulses have exactly the same effect. Similarly, the in-out pulse



PIO2, which clears the reader flag, is relabeled 1OT0102 if the type 25 option is used.

Pulse PIO4 sets the reader run flip-flop but clears the read counter, the reader flag, and
the entire reader buffer. If MB, is 0, PIO4 puts RD ALPHA into RD MODE, while if

12
MB 1, PIO4 instead puts RD BIN into RD MODE.

12 is
The run flip-flop engages the clutch in the reader, starting the tape. When the feed hole
on the tape is encountered, pulse generator 1K14 (B4) produces the RD STROBE pulse. If
RD RUN is 1, the read strobe produces the read shift (C2), provided either the tape is being
read in alphanumeric mode or hole 8 on the tape is punched. When reading in binary mode,
the reader runs until three lines, in which hole 8 is punched, have been read from the tape

into the buffer, regardless of how many characters are encountered.

In a binary mode instruction MB, _ is 1, so PIO4 asserts RD BIN. This enables the O-input

12

shift gates to bits RB]O and RB” -~ that is, it applies the 0 outputs of RB]é 17 the 0 in-

put gates of RB D3, B5). The first read shift loads the information contained in holes

10,11

6 through 1 into RB bits 12 through 17, and sets RD] . The second read shift transfers the

information contained in RB]2_]7im‘o RBé_] 17 simultaneously loads the information con-
d sets RD

tained in holes é through 1 on the tape into RB without clearing RD]).,

12-177 9" 2 (
The third read shift transfers the information contained in RBé-]7 into RBO—] 1 simultane~
ously loads the information contained in holes 6 through 1 on the tape into RB]2_17, and

sets the reader flag.

The negatively asserted 1 output of the flag is applied through a capacitor-diode gate (C3)
to clear the run flip-flop. This disengages the clutch and applies the reader brake, stop~
ping the tape. Since RD RUN is now 0, no further strobe or shift pulses are generated.
Three lines of tape have been read, the buffer contains a full 18=-bit computer word, and
the reader flag is on, indicating that RB contains new information. When the information

is retrieved by PIO2, the flag is cleared.

In an alphanumeric mode instruction MB]2 is 0, so PIO4 asserts RD ALPHA . This disables
10 and RB” (D3, B5) preventing RD SHIFT from shifting Os
into these bits. At the same time, RD ALPHA enables the transfer into RB]O and RB”
from holes 8 and 7.

the O-input shift gates to RB

The first (and only) read shift loads information from holes 8 through 1 into RB]O—]7 and
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also sets the reader flag. The 1 output of the flag falls to its negative assertion level,
clearing the run flip-flop. This disengages the clutch and applies the reader brake, stop-
ping the tape. Since RD RUN is now 0, no further strobe or shift pulses are generated.
One alphanumeric character has been loaded into RB]O-]7 and the reader flag is on, indi-
cating that RB contains unretrieved information. When the information is retrieved by

PIO2, the flag is cleared.

9-4 PUNCH CONTROL, TYPE75

The punch control unit is shown in Figure 9-6. The control unit includes an eight=bit punch
buffer, PB, drivers to power ti‘.e soleno_ids in the punch, and two control circuits. The control
circuifs comprise the rhnee-srafe punch status device (D2, DJ), and tnhe punch syncnromzmg
and timing logic (32, B3). Af the | upper Ief’r is a block d:dglam of the punch control unit. The
real time option supplies two iot pulses to rhe punch control unit. These are 1070202, which
clears the punch buffer and turns on the punch flag; and 1070204, which loads the eibghf—bif
buffer from AC]0—17 (through ID) and initiates the punch cycle. |

The thbree inverters shown at the loWer left c;F the figure are connected as a three-state device,
the ‘punch status marker. This device has three inputs and three outputs. Pulsing any one of
the inputs asserts the corresponding output, and negates the remaining two outputs. The three
states of the marker are punch active, punch idle, and punch flag. The punch start pulse
(IOT0204) is inverted to momentarily assert the punch active level. This level, asserted at
ground, turns off both the center and left transistors. The negative output of the center and
left transistors maintains conduction through the right transistor, so that the punch active level

remains asserted .

In a similar manner, the punch clear pulse (10T0202) turns on the center transistor and furns
off the two end transistors, asserting the punch idle level and negating the punch active level.
The punch done pulse turns on the left hand transistor, asserting the punch flag, and negating

both the punch idle and the punch active levels.

As long as the punch motor is running, a synchronizing pulse is generated every 15 .8 milli-
seconds. To punch a line on the tape, the solenoids must be energized at this synchronizing
pulse, in order to avoid punching the tape while it is advancing to the next line. These

SYNC PUN pulses are generated once each revolution of the punch shaft, regardless of
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whether a line is currently being punched on the tape.

The punch start pulse (10T0203) asserts the punch active line, and at the same time transfers
the contents of AC]O-]7 into the buffer. The first subsequent synchronizing pulse is applied
through a pulse generator to a type 4301 delay. Since asserting punch active disables punch
idle and punch flag, this delay immediately asserts a five-millisecond level . This level gates
the 1 outputs of the PB flip~flops through inverters into the solenoid drivers, energizing the
feed=hole soienoid and those data~hole solenoids which correspond to PB bits containing 1.
The feed-hole solenoid is also energized continuously whenever the tape feed button on the

punch cabinet is held down. This allows the operator to punch blank tape for leaders.

At the end of the five-millisecond delay, the level output of the delay is disabled and a ter-
minating pulse is developed at pin E. This is the punch done pulse, which puts the punch

status marker into the punch idle state. The concurrent disabling of the punch active line pre-
vents subsequent synchronizing pulses from triggering another punch cycle. At this point, a
single line has been punched on the tape from the data contained in bits 10 through 17 of the
accumulator, and PUNCH IDLE is asserted, indicating that the punch cycle has been completed.

After completion of the punch cycle, the first subsequent punch clear pulse (IOT0202) clears
PB and switches the punch status marker from the punch idle state to the punch flag state. The
transfer of information info the buffer is a 1 transfer, which means that PB must be cleared
prior to the punch start pulse. The flag, when asserted, indicates that the punch control unit

is ready for the initiation of another punch cycle.

9-5 KEYBOARD/PRINTER CONTROL, TYPE 65

The two control units for the Teletype Model 28 Keyboard/Printer are shown in Figure 9-7. The
outgoing line unit shown at the top of the figure develops the teletype signal that controls the
printer, Incoming teletype signal from the keyboard is decoded by the incoming line unit
shown at the bottom of the figure. Timing signals are provided by the clock circuits shown at
the left. Except for the clock, which is common to both, the two control units function inde-

pendently.

Signals both to and from the keyboard/printer are in the standard five~element teletype code.

An element in the code may be either a mark or a space. A mark is denoted by current flow
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in the teletype line; a space is denoted by the absence of current flow. The character to be
printed or the printer operation to be performed is determined by the configuration of marks

and spaces which make up the five elements of the code.

The ‘keyboard/prin’rer also requires (and provides) two additional impulses: the start impulse
and the stop impulse. The start impulse is always a space; it precedes the five code-element
impulses. The stop impulse is always a mark; it follows the fifth code-element impulse. Nor-
mally the start and stop impulses are used to synchronize teletype sending and receiving equip-
ment. Neither the start nor the stop impulse conveys information; but both these impulses must
nevertheless be provided to the printer by the outgoing line unit. The incoming line unit must

also accept both the start and stop impulses as part of the signal from the keyboard.

The keyboard/printer operates at a speed of ten characters per second. The printing rate de-
termines the duration of each impulse in the composite teletype signal. The start impulse and
each of the five code element impulses are of equal duration: 13.3 milliseconds. The duration

of the stop impulse has no upper limit, but must not be less than 18 milliseconds.

All printer operations are controlled by the printer selector magnets shown in A8. As long as
current is maintained through the printer selector magnets, the printer is idle. This situation
corresponds to a teletype stop impulse of indefinite duration. The start impulse at the beginning
of a character-code signal interrupts the current flow, releasing the printer selector magnets.
This action initiates one printer cycle. During the remainder of the cycle, the printer selector
magnets act as an electromechanical decoder for the five code-element impulses representing
the character to be printed. After the fifth code-element impulse, the stop impulse again
causes current flow through the printer selector magnets. If this current flow is maintained

past the completion of a printer cycle, the printer stops. The printer then remains idle until

the next start impulse. The printer selector magnets, therefore, act as both start/stop control

and as signal decoders for the printer.

The duration of the stop signal may be considered as the duration of the mark (current flow)
between the last code~element impulse of the present teletype-character signal, and the start
impulse of the next teletype-character signal . In continuous printing, the stop impulses pro=
vided by the outgoing line unit are 20 milliseconds long. This 20 -millisecond duration ensures

that the printer completes a print cycle before subsequent signals are provided to it.



fn the incoming line unit, the start impulse provided from the keyboard initiates the process of
loading the keyboard buffer. The stop impulse provided by the keyboard inhibits further opera-
tion of the incoming line unit. The duration of the keyboard stop impulse is determined by the
rate at which the operator depresses the keys. In the model 28, the keys cannot be struck at

a rate faster than 10 characters per second.

a TIMING - Timing signals for both the outgoing and the incoming line units are supplied
by the clock shown at the left of Figure 9-7. A 9.6-kilocycle clock drives the complement
input of the first flip~flop in a divide-by-16 flip-flop chain. As each flip~flop in this
chain changes state from 1 to 0, it complements the following flip~flop in the chain. Both
the 1 and the 0 outputs of the fourth flip-flop in the chain, LUFD3, supply a 600~cycle

square wave. This output, the LUI CLOCK, provides timing for the incoming line unit.

The LUl CLOCK also drives an additional divide-by-4 flip~flop chain. The output of the

last flip=flop in this chain, LUFD,, is a 150~cycle square wave. This output is the LUO

CLOCK, which provides timing Fcl>5r the outgoing line unit.

At ten characters per second, the composite teletype signal representing one character or
printer operation has a duration of 100 milliseconds. This 100-millisecond interval is
divided into the 20-millisecond stop impulse and six additional 13.3-millisecond impulses,
the start impulse and the five code-element impulses. The LUO CLOCK is asserted twice
during the start impulse and twice during each of the five subsequent code-element im-
pulses. This timing relationship is used by the outgoing line unit to generate teletype

signals for the printer.

The reader, on the other hand, is an asynchronous device. The incoming line unit cannot
know when an operator is about to strike a key. If a 150-cycle clock were used to time
the incoming line unit, a situation could easily arise in which the logic were trying to
sample the level of the incoming teletype signals just as that level were changing. In

order to avoid this situation, a 600-cycle clock is provided.

A 600-cycle square wave is asserted eight times during each 13.3-millisecond code-
element impulse. The incoming line unit samples the level of the incoming teletype signal
at the beginning of the fifth LUl CLOCK cycle subsequent to the start impulse generated

by the keyboard. Thus, the operator can strike a key at any time; the incoming line unit
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nevertheless always samples the incoming teletype signal at some instant between eight and

ten milliseconds after the start of an impulse.

b OQUTPUT LOGIC ~ The outgoing line unit consists of a six-bit shift register, LUO,

three control flip~flops, a timing counter, and two timing counter decoders.

The iot pulse that initiates a printing operation is |OT0404. This pulse effects a 1 transfer
of AC bits 17 through 13 into the first five bits of the six-biflghiff register (LUOINS)O At
some time subsequent to this pulse, the timing counter and associated circuits produce a
start pulse. This start is followed by six consecutive shift pulses. The first shift pulse comes
13.3 milliseconds after the start pulse. The interval between shifts is also 13.3 milli-
seconds. The sixth shift coincideswith the end pulse, which is also produced by the count-
er and timing circuits. The first start pulse subsequent to 1OT0404 sets the sixth bit of the

shift register.

This sixth shift-register bit, LUO,, is the flip-flop that produces the waveform of the

composite teletype signal. The Oéou_fpuf of LUO6 is gated into a solenoid driver provided-
no key is currently depressed at the keyboard. The printer prints the character correspond-
ing to a key struck at its keyboard, so that while the keyboq},d is being used as an input
device, the printer is not free to print output characters. In order to avoid conflicting

signals to the printer selector magnets, the 0 output of}LUO6 is gated fo the solenoid

driver by a level which is asserted only when the keyboard is free.

When the 0 output of LUOé is aséerfed, the solenoid driver cduses current flow in the line,
energizing the printer selector magnets. When LUO6 is clear, current flows in the line;
when LUO6 is set, no current flows in the line. The first start pulse subsequent to
1010404 sets LUOé, interrupting current flow in the line. This interruption of current is

the beginning of the start impulse.

After the 13.3-millisecond duration of the start impulse, the first of the six shift pulses is
produced by the timing circuits. Each pulse shifts the entire contents of the shift register
one place to the right. This is a normal shift in LUO]_S; howéver, the shiff from LUO5
to LUOé is a complement shi’ff, ie if LU05 is 1 before the shift, then 0 is shifted into
LUOéu The first shift, occurring 13.3 milliseconds after LUO START, changes the state

of LUO6 to represent the first of the five teletype code-element impulses designating the



character to be printed. The second shift pulse, 13.3 milliseconds later, dgain changes
the state of LUO6 to represent the second teletype code-element impulse. The third,
fourth and fifth shift pulses, provided at 13.3-millisecond intervals, change the state of

LUOé to produce the third, fourth and fifth teletype code-element impulses.

Suppose, for example, that AC 13-17 contain the five-bit code representing the letter F,

10110. Pulse 1OT0404 transfers the five AC bits into LUO The first subsequent start

5-1°
pulse produced by the timing circuits sets LU06, producing the teletype start impulse.
The first shift, 13.3 milliseconds later, clears LUOé’ producing current flow (a mark) in
the teletype line. This is the first code-element impulse in the character F. The next

four shifts respectively set, clear, clear, and set LUO,. This action produces the remain-

ing four code-element impulses of the character F: sp:ce, mark, mark, space, in that
order. The result of the output operations up to this point has been to develop the teletype
start impulse and the five code-element impulses representing the character F, by succes-
Since the

sively shifting the five code bits contained in LUO to the right into LUO

1-5 6’

contents of LUO]_ have been shifted out, these bits are now clear.

5
The sixth shift provided by the timing circuits coincides with the LUO END pulse. Since
LUO5 is now clear, this sixth shift pulse sets LUOé’ initiating current flow in the teletype
line. This new current flow denotes the beginning of the teletype stop impulse. Simulta=-
neously, LUO END sets LUO FLAG. The flag, when on, indicates that the outgoing line
unit is ready for the initiation of another printer cycle. This flag may be cleared by

10T0402.

The timing and control circuits for the outgoing line unit iinclude the two flip-flops LUO
ON and LUO IBT (A7), the four-bit LUO counter, and two associated counter decoders.
When 10T0404 transfers information into the first five bits of the shift register, it also sets
LUO ON. In changing state from 0 to 1, LUO ON clears LUO FLAG. The asserted 1
output of LUO ON gates the first subsequent LUO START pulse to set LUO IBT and LUO
The shift pulses to all six bits of the shift register are gated by the 1 output of LUO IBT.

6"

The end pulse, concurrent with the sixth shift, not only sets LUO FLAG but also clears
both LUO ON AND LUO IBT. Flip-flop LUO ON is therefore set from 10T0404 until
LUO END.

However, LUO IBT is 1 only during the generation of the teletype start impulse and the
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five teletype code-element impulses. Both these flip=flops are cleared by LUO END, at
the beginning of the teletype stop impulse.

The 150-cycle LUO CLOCK is applied both to a gated complement input to LUO counter
bit CT3, and to the capacitor-diode gate at the set input of LUO counter bit CT2. This
counter thus counts 15 LUO CLOCK pulses, by gating the first pulse to set CT2 and gating
the remaining 14 pulses to complement CT3. Since the first LUO CLOCK sets CT2, the
counter already contains the number 2 after only the first pulse. The second and all sub-
sequent LUO CLOCK pulses complement CT3. The counter then functions as an ordinary
binary counter. Since after the first clock the counter contains 2, it is cleared by the 15th
clock. This count=-to-15 process is repeated over and over again. LUO START is produced
| By the first LUO CLOCK subsequent to the interval during which the counter contains 3.
The LUO START pulses are therefore produced at intervals of 100 milliseconds (correspond=-

ing to 10 characters per second).

The least significant bit of the counter, CT3, changes state from 1 to 0 seven times during
this 100-millisecond interval . The first clearing of CT3 occurs when the counter is chang~
ing from 3 to 4. Each subsequent time CT3 clears, it produces a LUO SHIFT pulse. The
first of the six shifts therefore occurs about 13.3 milliseconds after the start pulse. Sub-

sequent shifts follow at intervals of 13.3 milliseconds.

When the counter clears (ie, has counted 15 pulses), the change in state from 1 to 0 in the
most significant bit of the counter, CTO, produces LUO END. This pulse signals the begin-
ning of the stop impulse. After 20 milliseconds, a new LUO START pulse is generated. It
is followed by a new group of six shifts and a new LUO END pulse (concurrent with the
sixth shift). Again, 20 milliseconds later, another LUO START pulse is generated. This

process is performed over and over again.

If an information transfer at 10T0404 occurs during the 20-millisecond interval between
LUO END and LUO START, then the new character is printed immediately after the last
at the maximum printing rate. [f no new transfer occurs between the end and start pulses,
then a full 100-millisecond printer cycle must elapse before the printing of another

character.

A timing chart (Figure 9-8) shows the operation of the counter, the four control flip-flops,



and the shift register. This timing chart also shows all the pulses generated by the out-
going line unit.

c INPUT LOGIC - The teletype line input from the keyboard is shown in Figure 9-7D4.
A 10K resistor bleeds the =15 vdc supply to the teletype keyboard generator contacts.
These contacts are closed when the keyboard is idle. Since the contacts are closed, cur=
rent flows in the line, representing a teletype stop impluse of indefinite duration. When
a key is struck the keyboard generator contacts generate a teletype signal that corresponds

to the depressed key. This teletype signal includes both the start and the stop impulses.

When the operator strikes a key, the keyboard generator contacts first open for 13.3
milliseconds, representing the start impulse. Following this, the keyboard generator con-
tacts produce the five code-element impulses representing the appropriate character or
printer operations. Finally, after the fifth code~element impulse, the keyboard element
contacts close once more, representing the stop impulse. The duration of this final stop
impulse has no upper limit, but must not be less than 18 milliseconds. Duration of the stop
impulse is determined by the frequency with which the operator strikes keys at the keyboard .
The stop impulse provided from the keyboard cannot be shorter than approximately 18
milliseconds because the keyboard is intérlocked to prevent the operator from typing at a
speed faster than 10 characters per second. The operator may, however, type at any rate

slower than 10 characters per second.

The incoming line unit includes a six-bit shift register, a three=bit timing counter, two
control flip-flops, and associated gating circuits. The first bit of the six=bit shift register,
LUI5, is connected to sample the level of the incoming teletype line at a shift pulse. If
at the time of g shift, current is flowing in the line (mark), LUI5 is cleared. On the other
hand, if current is not flowing in the line (space), then the shift sets LUI5,
The first subsequent shift transfers the state of LUI5 into LUI,, and simultaneously loads
LU|5 with the next mark (or space) impulse. The effect produced by subsequent shifts is

the same, ie each shifts the contents of the register to the right one place and simultane-

ously loads LUI. according to the present level of the teletype signal.

5
The timing system for the incoming line unit provides six shifts. These}sh‘ifts are provided

between eight and ten milliseconds after the start of each incoming teletype impulse,
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including the start impulse. Since the start impulse is always a space (no current flow)

the first of the shift pulses always sets LUl.. The five subsequent shift pulses shift the 1

5
originally contained in LUI5 five places to the right. The result, after all six shifts have
occurred, is that the 1 originally loaded into LU|5 by the start impulse is no‘w contained

in the sixth bit of the register, LUl DONE. This flip-flop indicates that the shift register

loading process is complete.

After the sixth shift, the contents of LUI are the complement of the five=bit code rep-

5-1
resenting the character corresponding to the key that was struck. The sixth bit of the reg-
ister, LUl DONE, contains 1. Bits 5 through 1 contain the complement of the teletype

code because bit 5 is cleared when sampling a mark impulse and set when sampling a space

impulse. To compensate for the complement representation, the 0 outputs of LUl . are

provided as 1-transfer lines to the information collector. !
The timing circuits for the incoming line unit are the three-bit counter LUl CTR, the two
control flip-flops LAST and NO CHAR, and the pulse gates shown at the left of the shift
register. The 600~-cycle LUl CLOCK is supplied to the gated complement input of the
least significant counter bit, CTR2. This complement gate is shown in the figure as a
circle, and is different from the usual pulse gate. When the negative level input to this
gate is asserted, input pulses behave as though they were applied to a direct clear input.
In other words, if the gating level is asserted, input pulses applied to this complement gate
may complement CTR2 from 1 fo 0, but cannot complement CTR2 from 0 to 1. If the gating

level is negated, then incoming complement pulses may complement CTR2 in either direction.

Whenever the teletype keyboard generator contacts are closed, the generator idie level,
LUl IDLE, is asserted (D4). LUI IDLE is a negatively asserted level and is equivalent to
the negation of the positively asserted level LUl RUN. If the incoming teletype signal is
idle, ie the keyboard generator contacts have been closed for some time, then the timing
counter (CTR) and flip-flop LAST are clear. Flip~flop NO CHAR is set, however, indi-

cating that no signal is presently being received from the keyboard.

When a key is struck, the start impulse (a space) interrupts the flow of current in the line.
The interruption of current asserts the LUl RUN level at ground. Since flip-flop NO CHAR
is 1 and LUI RUN is now asserted, the capacitor-diode gate for LUI CLOCK’pulAses is
enabled (C4). The first subsequent LUl CLOCK is gated through a pulse amplifier to clear
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NO CHAR and all six bits of the shift register. 'In,clearing, NO CHAR disables the neg-

ative inhibit level at the complement input:.gate of CTR2.

Since the first clock is used to clear NO CHAR, thé counter actually begins counting with
the second clock. The counter contains 1 after the second clock, and therefore must con-
tain 4 aofter the fifth clock. Consequently, it is the fifth LUl CLOCK which sets the most
significant bit of the counter, CTRO. The fall in the negatively asserted 1 output of

CTRO is interpreted as a pulse by the capacitor-diode gate shown in D4. If flip-flop LAST
is not yet set, this pulse is gated to produce the first of the six shifts for the shift register.
Since CTRO is set by the fifth 600~cycle LUl CLOCK pulse, the interval between the begin-

ning of the incoming start impulse and the shift is between 8 and 10 milliseconds.

Subsequent shifts are produced each time CTRO is set. Every eighth LUl CLOCK sets

CTRO, producing a 13.3-millisecond interval between shifts. When the sixth shift loads

1 into LUl DONE, the change in state from O to 1 sets LAST. After 6.6 milliseconds,
CTRO clears. The clearing of CTRO clears LAST, which in turn sets NO CHAR. The 1 out-
put of NO CHAR again asserts the inhibit level at the clock input to the counter. At this
point, the five teletype character code~elements produced by the keyboard generator are

represented by the contents of the first five bits of the shift register, LUI Flip-flops

1-5°
LUI DONE and NO CHAR are set; the timing counter and flip~-flop LAST are clear .
The device flag is produced by ANDing the 1 outputs of DONE and NO CHAR. Since
both these flip~flops are set, LUl FLAG is asserted, indicating that the keyboard buffer
contains an unretrieved character. Pulse 1OT0302 clears LUl DONE, turning off the

FLAG, and at the same time transferring the contents of LUI into AC

1-5 13-17°
Figure 9-9 is a timing chart showing the operation of the shift register, the fwo most sig-
nificant bits of the timing counter, and flip-flops LAST, NO CHAR, and DONE. Figure

9-9 also shows all pulses generated by the incoming line unit.

A new loading cycle begins whenever the operator again strikes a key. At the instant the
key is struck, the incoming start impulse gates in the first LUl CLOCK to clear NO CHAR
and initiate a new loading cycle. Initiation of a new loading cycle proceeds regardless of
whether or not the five bits representing the previous character have been transferred to

the accumulator. If the operator types at the maximum keyboard speed of 10 characters



per second, the interval during which transfer to AC is possible may be as short as 15
milliseconds. All PDP-4 programs involving keyboard input must therefore sense the LUl
flag at intervals which are sufficiently short to ensure data transfer to AC within 15 milli-

seconds from the time the flag goes on.
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CHAPTER 10

CIRCUIT DESCRIPTION

10-1 GENERAL

This chapter describes the function and operation of the circuits used in the standard PDP-4
computer and in the following three options: the real time option, the punch and the keyboard/
printer. All circuits except power supplies and the type 813 power control are plug-in modules;

ie, all components are mounted on DEC standard etched circuit boards.

Schematic diagrams are included for all circuits, except that any module which includes a final
"R" in its type number shares the same schematic with the unit having the same type number
with the "R." Inverters 4106 and 4106R are an example of such a pair. The additional con-
nections of the R type are indicated by dotted lines in the common schematic. The schematic
diagrams are grouped at the rear of the manual, in order by type number. No figure reference

is. made in individual unit descriptions, but references to the applicable schematics are implied.

10-2 INVERTERS

The inverter modules used in PDP-4 are made up of combinations of three basic circuits: a -3 vdc
supply, a diode~-clamped load resistor, and a basic inverter. The clamped loads and the -3 vdc
supplies are all identical . In inverter 1103R, diode D1 and resistor R13 make up a typical clamp-

ed load, while diodes D7, D8, D9, and D10, and resistor R19, form a typical =3 vdc supply.

There are two types of basic DEC inverter, differing in speed of operation. These are the high-
speed (5 mc) inverter and the low-speed (500 kc) inverter. Module 1103R contains a typical
high-speed inverter composed of transistor @1, resistors R1 and R2, and capacitor C1. Module
4105 contains a typical low-speed inverter, composed of @1, R1, R2 and C1. The two inverter
types differ only in transistor type, and in the value of the base input by=pass capacitor (C1).
These two differences affect only fh‘e switching Aspeed of the circuit. The delay time of the high-
speed 1000 series is 20 nanoseconds, while that of the low-speed 4000 series is 0.3 microseconds.
Both types of inverter are used as level gates or pulse gates, and both are driven by DEC stand-

ard levels and negative pulses.
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The inverter transistors are operated in two modes: saturation and cyt-off. When an inverter
transistor is in the saturated state, collector-emitter Impedance is yery low. Conversely, at
cut-off, collector-emitter impedance is very high. If the emitter is at ground, and the collector
is connected to a -3 vdc clamped load, the collector sutput level (or pulse) is an inversion of
the base input level (or pulse). For example, if the base input level is ground, the transistor

is cut-off. The output is then =3 vdc, determined by the clamping voltage. However, if the
base input level is -3 vdc, the transistor saturates. The ground level at the emitter is then

also present at the output.

Base input loading is determined by the 3K base resistor. With -3 vdc present at the base input
and the emitter at ground, a sa’rura’rlng current of 1 ma flows through the fransistor.. The base
input by~ pclss capcmutor provides overdriving current to speed transistor SW|'rch|ng When the
base input is at ground, the 68K resistor to +10 vdc supplies I oo cchleve good dc cut-off of
the transistor. This 68K resistor also acts as a voltage dl\/lder wn‘h the 3K lnpu’r resistor to shift

the base positive, thereby preventing accidental transistor turn-on by noise pulses.

The diode in the clamped load limits the negative voltage at the inverter outputs.. It"does this
by providing a low impedance path from the -3 vdc supply when the output voltage at the col-
lector of the inverter transistor is more negative than =3 vdc. The clamping diode thus supplies
whatever current is needed to maintain a 12-volt rise (from =15 vdc) across the 1.5K load re-
sistor. This current is a maximum of 8 ma under no-load conditions, and decreases to zero as
the current drawn from the external load increases to 8 ma. The value of the clamped-load
resistor thus determines the maximum external load current at which the inverter can maintain

a regulated -3 vdc output.

The -3 vdc supply is established by the four 0.75 vdc forward voltage drops across four series-
connected 1N645 silicon diodes. Current flows from ground through the four diodes and then
through the parallel combination of the supply.load and the 560-ohm resistor. This resistor ac~

cepts enough current fo maintain a -3 vdc diode voltage even under minimum=-load conditions.

a "INVERTER 1103R - This 5 me module contains six basic inverfers, éix clamped loads,
and a -3 vdc supply. All logic terminals (base input, emitter, and collector) are acces-
ible at the output pins of the module. The clamped loads are internally connected to the

output terminals of the basic inverters. The 1103R circuit is accurately represented by the
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1103 schematic provided that the dotted lines between the clamped loads and the output

terminals are understood to be wiring connections.

b INVERTER 1104 - This 5 mc module contains four basic inverters, four clamped loads,
and a =3 vdc supply. Both the logic terminals and the clamped=-load terminals are access-
ible at the output pins of the module. Bias return for transistors Q1 and Q2 is to +10 vdc
(A). For transistors Q3 and Q4, bias return is to +10 vdc (B). This division permits sub-
modular marginal testing and thus facilitates troubleshooting.

c INVERTER 4102R - This 500 kc module contains nine basic inverters, nine clamped
loads, and a =3 vdc supply. Each inverter has its emitter internally connected to ground,
and each inverter collector is internally connected to a clamped load. The base and col-
lector logic connections of each inverter are brought to the external connector.

d INVERTER 4105 - This 500 kc module contains five basic inverters, three clamped loads,
and a =3 vdc supply. All logic and clamped-load terminals are accessible at the output

pins of the module. Bias return for transistors Q1 and Q2 is to +10 vdc (A). The bias re-

turn for Q3, Q4 and Q5is to +10 vdc (B).

e INVERTER 4106 - Except that no internal connections are made between transistor

collectors and associated clamped loads, this module is the 500 kc equivalent of inverter

1103 R (a above).

f INVERTER 4106R - Thiﬁ module is the 500 kc equivalent of inverter 1103R (a above).

10-3 DIODES

The diode modules in PDP-4 contain one or more diode logic gates. Diode modules 4112, 4112R,

4114 and 4114R contain negative OR gates (OR gates for negative levels). Diode modules 4111,

4113, 4113R and 4115R contain positive OR gates (AND gates for negative levels). Each gate

is internally connected to an inverter base input. A clamped load is provided for each inverter.

A single =3 vdc supply (described in paragraph 10-2) is included in each diode module. With

the exception of diode 4111, inputs can be driven either by DEC standard levels or by 0.4-micro-

second negative pulses. Only levels may be applied to the inputs of diode 4111.
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a DIODE 4111 - This medule contains two identical six-diode positive OR Qai*es {com=
posed of diodes D1-D6é and D7-D12, respectively). The following description of a six-diode
positive OR gate (an AND gate for negative levels) refers to the circuit containing diodes

D1 to D6 (inputs K to R), but applies equally to the circuit containing diodes D7 to D12.

Gate current is returned to =15 vdc through resistor R1. Any diode that is connected to a
ground input is forward-biased. Consequently, the gate output is at ground, less the small
forward voltage drop across the diode. Voltage divider D13, D14 and R3 shifts the gate
output sufficiently positive to ensure that Q1 is cut off. Therefore, if any input is at
ground, the output (pin J) is at -3 vdc (assuming the inverter colliector is connected to a

clamped load, such as R5-D17).

When all inputs are at -3 vdc, the gate output disconnects from the gate input. The neg-
ative gate output voltage is determined by current flowing from the base of Q1 through D13
and D14, This current saturates Q1, grounding the output at the collector of Q1. Capac~
itor C3 furnishes overdriving current to the base of Q1, speeding transistor switching.

Switching delay averages 0.4 microseconds.

Bias resistors R3 and R4 are connected to separate +10 vdc (A and B) lines to permit inde~

pendent marginal testing of the two diode gates contained in the module.

b DIODE 4112 - This module consists of six identical two-diode negative OR gates. Six
clamped loads are also included in the 4112 module but are not used. The six pairs of gat~
ing diodes are D1-D2, D3-D4, D7-D8, D9-D10, D13-D14 and Di15-D16. The following
description of a two-diode negative OR gate refers to the circuit containing diodes D3~D4,

but applies equally to the other diode circuits.

The gate is driven by +10 vdc (A and B) applied through resistors R3, R4 and R8. This volt-
age forward-biases the diodes. The voltage drop across the diodes is low. As a result, the
voltage at the base-input resistor R3 approaches the lowest voltage present at either of the

gate inputfs (E or F).

If one or both of the inputs is a negative logic level (-3 vdc), a negative level is applied
to the base input of the inverter transistor Q1. This turns Q1 on, causing the collector

output of Q1 to rise to ground.
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The inverter transistor is cut off only in the event that none of the inputs are negative (ie,
only if both inputs are ground levels). A ground level is then applied to the base input

of the inverter. Switching delay is no more than 0.3 microseconds.

Resistors R4 and R8 are connected to the A and B +10 vdc lines, respectively. This prevents

excessive sensitivity of transistor operation to the marginal test.

c DIODE 4112R - This module is identical to diode 4112 (E above) except that each of

the six clamped loads is jumpered to the collector output of the corresponding gate tran-

sistor.

d DIODE 4113 - This module consists of six identical two-input positive OR gates. Six

clamped loads are also included in the 4113 module but are not used.

The two-diode positive OR gate functions in a similar manner to the six-diode positive OR
gates described in a above (module 4111). If a ground level is applied to either of the two
input terminals, then the inverter transistor is turned off. The inverter transistor is turned

on only when negative logic levels (-3 vdc) are applied to both input terminals.

The six positive OR gates contained in the 4113 module have a switching delay of approx-
imately 0.16 microseconds. A speed-up capacitor in the base circuit of each gate (shunting
the two series—connected silicon diodes) accelerates the turn-off of the transistor when one
or more of the gate inputs is raised to a ground level. The base resistors of three of the six
gates are connected to the A supply; the base resistors of the remaining three gates are con-

nected to the B supply. This permits submodular marginal checking of the 4113 circuit.

e DIODES 4113R and 4113X ~ The 4113R module is identical to the 4113 (d above) ex-

cept that each of the six clamped loads is jumpered to the collector output of the corres-

ponding gate transistor.

The 4113X module is also identical to the 4113 except for internal connections between the
collector outputs and the clamped loads. In the 4113X, outputs H, T and W are ORed by
connecting these three outputs to a single clamped load. Similarly, outputs P and Z are
ORed by common connection to a second clamped load. - Output L is connected to a third

clamped load, as in the 4113R. The remaining three clamped loads are not used.
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f DIODE 4114 - This médulé contains two identical qur—ihpuf hegdi‘ive“OR gqtés and

two identical three-ihput negative OR gcnres° Four clqmped quds are qlso mcluded in the

4114 module but are not used. The three-diode and’ Four—dnode negohve OR gates function
.in a'similar manner to the two-diode negative OR gates . described inr_lg above (module 4112).

If =3 volts is applied to.any one of the inputs.of a.gate, the inverter transisfor associated

with that gate is turned on. The inverter transistor is turned off only when all of the inputs

are at ground.

Maximum slwitchvfng delay of each circuit is 0.3 microseconds. The gate puller resistors
(R1 and R3, for example) are returned to separate +10 vdc lines, making gate operation

less critical with respect to- marginal, variations in the +10 vdc lines:

g DIODE 4H4R - Thua module is identical to diode 41]4 (f above) except . that eagh of
""rhe four clqmped loqu is m*emally connected to the collector of the corresponding. gate
‘rrqnsusfor‘ A | s o

‘»‘ e
RINAE

h DIODE 4H5R ThlS module contams two udenhcal Four mput posmve OR gates cnd
two identical three-input posuhve OR gates. The module also contains four clamped Ioads
‘which are internally connected to the collector of an"associated gqte transisfor . Exqep?r
for the number of inputs, 'the operation of both the four-diode dnd three-diode gaAtes is
similar to the ‘operation of the two-diode gate described in 9|_db0ve .(modul'e 4”?:)5 Yo
ground level is applied to any one of the inputs ofd gate, the inverter tra'h'sistoif associated
- with that gate is turned off. “The output is then at the c‘ldr;'nping'"volfdge (-—3 vde). The in-
verter transistor is turned on, grounding the output, only when all of the inputs are at

=3 vdc.,

Maximum switching delay of each circuit is 0.16 microseconds. The bias resistors (R2 and
R8) of transistors Q1 and Q3 are connected to +10 vdc (A); the bias resistors (R5:and R11)
of Q2 and Q4 are connected to +10 vdc (B). This permits submodular testing of the gate

circuits,

i BINARY-TO-OCTAL DECODER 4150 - Both outputs of each of three flip-flops are

applied to the input terminals of the binary-to-octal decoder. The decoder has eight out-
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put terminals numbered O through 7. For any given combination of states of the three flip=-
flops which furnish the decoder inputs, one specific output of the decoder is a =3 vdc level

and the remaining seven decoder outputs are ground levels.

The binary~to-octal decoder module is composed of eight identical parts. Each of these
parts is a three~diode negative OR gate (which is logically equivalent to a positive AND
gate). Except for the number of gate diodes, each of these gates is identical to one of the

negative OR gates included in diode module 4112 (b above).

The eight decoder output terminals shown in the 4150 schematic represent, from left to right,
the octal numbers O through 7. The output signals generated by the decoder always include
a single =3 vdc level at one of these eight terminals. The remaining seven outputs are then
at ground. The =3 vdc level is generated at a specific output terminal == that terminal

which represents the octal equivalent of the binary number in the three input flip-flops.

The eight diode gates are each connected to a different set of input lines (refer to the
lower portion of the 4150 schematic). These connections are arranged so that each of the
eight gates responds to one of the eight possible combinations of Os and 1s that can be gen-

erated by three flip=-flops.

As in the case of diode module 4112 (b above), a given gate transistor is cut off, thereby
producing a =3 vdc output, only when ground levels are applied to all of its gate input
diodes. Because of the gate input configuration, only one of the eight gates receives
ground levels at all three input diodes. The remaining seven gates must each have at least
one negative input level (-3 vdc). Consequently, the seven associated transistors remain

saturated, thereby producing ground output levels at all but one of the decoder outputs.

Each of the eight sets of three-diode gate inputs is connected to one output terminal (either
the 0 terminal or the 1 terminal) of each of the three input flip-flops. When a flip-flop

is in the 1 state, its 0 and 1 outputs are at ground and -3 vdc, respectively. For the O
state of the flip~flop, the polarity of the outputs is reversed. The decoder logic senses the
1 state of an input flip=flop as a ground level taken from the 0 output of the flip-flop.

Conversely, a ground level from the 1 output asserts the O state of the flip-flop.

The output terminals of the flip-flop representing the least significant of the three binary

digits being decoded are connected to inputs L (1 out) and K (0 out). The flip-flop outputs
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for the next more significant digit are similarly connected to J and H; while those for the
most significant digit are applied to F and E. .Because the 1 state of o flip~flop is asserted
by a ground level from its O ouiput, the input connections for each gate:are: the comple-
ment of the three~dig't bmary number being decoded. For example, i‘he gate. which de-~
codes octal 7 (= binary 111) is connected to the 0 outputs of all three ﬂnp-ﬂops These
three terminals are all ot ground when the three Flnp—flops contain h“he bmary number 11,
With all three diodes at ground, the gate transistor is cut off and the 7 output 1errmmql of

the binary-to-octal decoder drops to =3 vdc.

. 10-4  CAPACITOR-DIODE GATES

[
b

The éqpqcitor-'diode modules contain pulse gates, Sfandard 0.4 mucrosecond negcmve DEC
pulses or negqhve-go ng level changes drive the pulse inputs of these gates. Lognc levels are

| ropplued to the gating inputs. The polarity of the logic level applied to a specafnc pulse gote
determines whether or not that gate will generate an output pulse when an input pulse is applied

~to it,

 The 4128 capacitor-diode module contains pulse gates which have an inverter input stage, and
an oufput gating stage. This module is used for reading informd’rion into unbuffered flip-flops
(type 4214). The pulse gates in the 4127 and 4129 capacitor-diode modules are constructed

- differently. These two modules have an inpuiL gating stage and an output inverter stage. The
4127 and 4129 modules are used for sampling the outputs of unbuffered flip-flops or any other
logic level. The flip-flop output is used as a gating level. The contents of the flip=~flop can
then be sompled by applying a standard DEC pulse to the pulse input of the capacitor-diode

gate.

o  NEGATIVE CAPACITOR-DIODE GATE 4127 - The 4127 module contains sfx ident=-
ical pulse gates. Each gate has an inverter at the gate output. The following description
refers to the gate containing transistor Q1, but applies equally to the other five gates of

“the module.

Type 4127 pulse gates are used to sample any logic level. The level is'applied to input
F of the gate, and a standard 0.4 microsecond negative DEC pulse is applied to inputE.
If the gating level is negative (=3 vdc) the gate is enabled. The negative input pulse then
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generates a positive=going output pulse at terminal H. If the gating level is at ground,

the gate is inhibited and no output pulse is generated.

A logical delay is built into the circuit to prevent logical race problems. Delay is nec=-
essary to avoid splitting pulses when an unbuffered flip-flop is sampled at the same time it
is pulsed. Because of the built-in delay, the gating level must be present one microsecond

before the arrival of the input pulse.

The pulse gate is composed of capacitor C1, diode D1 and resistor R2. Through R5, the
oufput of the gate is referenced to a dc level of =3.75 vdc. This voltage source is pro-
vided by an additional series-connected diode, D25, which is added to the -3 vdc supply
in the module. Diode D2 and resistor Rl are included to prevent the pulse gate input from
being driven more negative than -3 vdc. Should the input be driven too negative, DI

- might be forward-biased, causing spurious turn-on of transistor Q1 (without the arrival of

a pulse at input E).

When the gate is enabled by the application of a =3 vdc level to input F, capacitor Cl
charges to -3 vdc through R1 and R2. Diode D1 is still reverse-biased, because its anode
is at =3.75 vdc. But, when a negative pulse is applied to pulse input E, and is different-
iated by C1, diode D1 is forward-biased. The resulting negative pulse at the junction of
D1 and R5 is coupled through C2 to the base of Q1. This turns on the transistor, causing

output terminal H to rise to ground potential .

At the trailing edge of the input pulse, D1 is cut off. Some rise in voltage is coupled
through C2 before D1 cuts off. However, the base of Q1 is clamped to ground through D3,

so no excessive back=bias is applied to the base of Q1.

The clarﬁped loads in the 4127 module (D4 and R4, D8 and R?, etc.) are not used. No

connections are made from the output pins of the module to these loads.

b NEGATIVE CAPACITOR-DIODE GATE 4127R - The 4127R module differs from the
4127 in only one respect. In the 4127R each of the six clamped loads is internally con-

nected to the collector output of the corresponding inverter.

c POSITIVE CAPACITOR-DIODE GATE 4128 - This module contains two identical units.

Each of these units is composed of a single inverter and four capicator-diode pulse gates.
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r _ but is instead discharged through R8.

The following description refers to the pulse gate with pulse input:terminal ‘Piand output
terminal E, but applies equally to the other-sever gates of the module. Terminal Fis
the gate level input of this pulse gate. The terminal P input pulse is shared with three

other gates having output terminals H, K and M.

“The ‘circuit is triggered by applying a standard negative DEC pulse t6 input. P, - This input
pulse is inverted by transistor Q1. The resulting positive-going pulse at:the collector of
Qs applned to, the gate through C4. If the gate is enabled lhe dnfferenhaled rising

‘- F; ‘edge of the pulse is appl!ed fo lhe output of the cnrcuul The negahve spnke crealed by

,,,,,,

differentiation of lheglralmg edge of the pulse_ never appears at .the output oﬁ lhe circuit
Co R 5 it .- . : P . R [ I TS S

-~ The logic level applied to gating. input F.determines whether or-not the pulse 'gate. will

*.- pass the positive spike generated by. the leading edge of.theg input pulse.. A.negative

gating leve!l (-3 vdc) prevents the generation of an output pulse by providing dc back-

~ bias to diode D2. A ground gating level permits the generation of an output pulse.

: - :When a =3 vdc.level is applied to gate terminal.F, the junction of C4-and D2 dreps from

" ground to =3 vdc. The delay required for this.change in voltage is determined by the time
_ constant of R8 and C4. The gate is inhibited when the anéde of D2 is at =3 vdc. With the
gote inhibited, no positive pulse of less than three volts can cause the junction.of C4 and
D2 to rise obove ground to forward-bias D2. Therefore, no pulse can be applied to the

load at output E {which is normally at ground potential).

“When a ground level is applied to gate terminal F, the ;junction of C4 and D2 rises from
-3 vdc to ground. The delay required for this change in voltage is determined by the time
constant of R8 and C4. The pulse gate is enabled when the anode of D2 is at ground.

Any positive pulse is then suffucuent to forward-buas D2 consequenlly any posmve pulse

is passed through D2 to the load.

The 4128 module is used to read information into a type 4214 urbuffered flup-—flop For
this use the pulse output of the gate is connected to either the 0 or the | mpul of the flip~
flop. The positive output pulses from the pulsé gate then set or clear the flip-flop. The
delay built into ’lhe capacnfor-duode circuits is useful for prevenhng logucal race problems

3

(refer to a abovel Because of the delay bunlt into fhe cnrcunt the ground gate enablmg
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level must be present at least 1.5 microseconds before a shift or jam transfer, and at least

4.5 microseconds before a standard read-in operation.

d NEGATIVE CAPACITOR-DIODE GATE 4129 - This module contains two identical
units. Each of these units is composed of four pulse gates ORed into an inverter output
stage. These gates are identical to the gates used in the 4127 module (a above). A DEC
0.4-microsecond negative pulse, applied to a pulse input, is enabled by a =3 volt level
input and is inhibited by a ground level input. A 68K resistor returns each gate level inp:
to +10 vdc. This prevents any unused gates from affecting the rest of the circuit. The
4129 module also includes a negative dc supply identical to the supply in module 4127.
(This supply provides both =3 vdc and =3.75 vdc outputs.)

The pulse gates of the 4129 module may be used to sample the outputs of unbuffered flip-
flops. The flip~flop output is applied to the level input of the gate, and a standard 0.4

microsecond negative DEC pulse is applied to the pulse input. Because of the logical de!
built into the circuit, the gating level must be present one microsecond before the arrivas

of the input pulse.

e NEGATIVE CAPACITOR-DIODE GATES 4129R and 4129X - The 4129R module diffe:

from the 4129 in only one respect. In the 4129X each of the clamped loads is internally

connected to the collector output of the corresponding inverter.

The 4129 module is aiso similar to the 4129X except for one variation. The collectors
of both inverters in the 4129X are internally connected to one of the clamped loads in-

cluded in the module. The other clamped load is left unconnected and is not used.

10-5 FLIP-FLOPS

There are seven different flip~flop modules used in the PDP-4. The 4203 module contains on«.

flip~flop, the 4204 module contains two flip=flops. The remaining five PDP-4 flip-flop modu:
(1213, 4214, 4215, 4216 and 4218) each contain four flip~flops. All flip-flops change state

when an on transistor is turned off by a positive pulse applied to its base. The collectors of

the nonconducting transistors are clamped to =3 vdc. Each module includes a =3 vdc supply

for clamping voltage.
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a  FLIP-FLOP 1213 - This module contains four identical :flip~flops (1 through4), eight
capacitor-diode gates, one inverter, and a =3 vdc supply. The four flip-flops are designed
to operate as a unit. With slight changes in external pin connections, the module can
operate as a four-stage shift register or as o four-bitbuffer register. Both types of operqﬁbn
are described below. A negative pulse applied to terminal E is inverted by transistor Q1
and brought out to terminal F;, This positive-going pulse may be used to drive the shift-
one and shift-zero pulse inputs (S and V) to all four ﬂip-—flopén The eight capacitor-diode
gates are used to set and clear each flip-flop. Note that on'ly flip~flop #1 has an external
connection for a 0 input (P). The other three flip-flops in the module have internally con-
nected 0 inputs, but no O terminal is brought out fo the module connector. A clear input
(M) is used to clear all four flip=flops simultaneously. Each fiip~flop has individual 1 qtn;d?

0 outputs.

Silicon diodes D17 through D20 make up the -3 vdc supply. Resistor R28 to =15 vdc, .in
series with the diodes, furnishes sufficient current to keep the diodes forward-biased,: thus.;

providing a constant -3 vdc source.

When the module is used as a buffer register, terminal F {pulse out) is externally connected
to S (shift one). A 70 nanosecond negative pulse applied to E initiates a parallel 1s trans-
fer into the four flip-flops of the module. Just those flip-flops are set to which ground |

levels are applied at the time of the pulse.

The 70-nanosecond negative pulse is inverted by Q1 and then applied to F and S as a pos;-
itive pulse referenced to -3 vdc. This positive pulse is applied from S to the 1 inpu'lL gates
of all four flip~flops. Gating capacitors C11, C13, C15 and C17 differentiate the pulse

and reference it to the level present at the one-in terminals of the four flip-flops (pins N,

R, Tand U). This level may be either -3 vdc or ground.

Since the cathode voltages of diodes D2, D6, D10 and D14 are close to ground, the pulse
can pass these diodes only when the corresponding one-in terminals are at gro’und.o For
example, suppose that flip=flop #1 is in the O state (Q2 on, and Q3 off). Then, ifk the one-
in terminal of the flip-flop (N) is af ground, a pulse through S can pass D2, cutting off
conduction through Q2. The cut-off of Q2 turﬁs, on Q3, switching the flip-flop to the 1

state. [n contrast, if the one=-in terminal of the flip-flop is at =3 vdc when S ‘is pulsed,

no change in state can occur.,
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While the module is used as a buffer register, no individual O transfers occur. A 70-nan-
osecond pulse applied to M clears the entire register. This clear operation is carried out
berore the parallel is transfer described above. The flip~flop side of C3 is returned to

-0.75 vdc to provide n‘ois;e immunity for the clear input.

When the module is used as a shift register, F is externally connected to both S and V. The
0 outputs of flip-flops #1, #2 and #3 are each externally connected to the 1 inputs of the
next more significant stage (J to R, L to T, and X to U). These external connections’
parallel the existing internal connections from the 1 outputs of flip-flops #1,#2 and #3 to
the individual 0 inputs of flip~flops #2, #3 and #4 respectively. Although only flip-flop |
#1 has an external 0 input, all four flip=flops have identical clear capacitor-diode gates.

These gates are pulsed through the shift-zero line.

As a shift regisfer, flip-flop module 1213 operates in the following manner. Assume all-
four flip-flops are initially in the O state. The first 70-nanosecond negative pulse arriving
at E is inverted by Q1 and appears as a pasitive pulse on both the shiff—one‘;:md sli'xbif;f-z_ero
lines. This pulses the 0 and 1 inpdfs to all four flip-flops. If grounﬁd is present at the one-
in terminal of flip~flop #1 (N) and -3 vdc is present at rhe zero-in terminal (P), flip-flop

#1 is set to the 1 state. "ThAis causes the 0 output of ’rha”t flip-flop to rise to ground (J).
Because J is connected to R, the Jilir_\puf of flip-flopv‘#ZH, the secoﬁd shift pulse se';s flip=-
flop #2. The effect of the sécénd pulse on flﬁo—flop #1 ki.s independent of the change in state
of flip-flop #2 and depends only on the levels applied to the input gates of flip-flop #1.

The third shift pulse sets flip-flop #3 to ’rHe»s.fateb of flip-flop #2. If the préceding pulse
cleared flip=flop #1, its 1 ouprf is at ground. ;l'his ground output causes the third shift
pulse to clear flip-flop #2. The 1s and 0Os injected at flip-flop #1 thus propagate through
the entire shift register on successive shift pulses. Each stage assumes the state of the next
less significant stage. The delay of the capacitor-diode input gates in accepting level
changes prevents any ambiguity in the flip~flop outputs at pulse time. This delay is small

compared to the pulse rate.

It is possible to set or clear any of the four flip-flops individually without pulsing the shift
lines. For instance, to clear flip-flop #4 independently, the collector of an inverter is
connected to the 1 output of the flip-flop. When flip=flop #4 is in the 1 state, Q8 is off

and Q9 is on. The flip-flop remains in the 1 state because the coliector load of Q8 draws
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sufficient current through R26 to keep Q9 saturated. The level shift produced by R23 from
the collector of Q9to the base of Q8 reverse-biases Q8, holding it cut off.

If the emitter of the inverter is at ground and the inverter is driven to saturation) its col-
lector (together with pin Y) will rise to ground. This causes Q9 to be cut off. The collec-
tor voltage of Q9 falls to the clamp voltage and turns on Q8. The flip-flop is then stable

_in the O state. The flip-flop can be set in the same way by grounding its 0 output. A
_change of state produced in: this manner does not affect the other flip-flops in.the module,
and can occur independently, of the shift pulses. The emitters of inverters used for this

purpose must be ,direcfly connected to ground.

i

é FLIP FLOP 4203 Thls modole consnsi’s of a smgle buffered fllp—flop, 3 pulse mvert-
ers, 13 negative and 2 positive capacnfor-dlode gates, a two-diode negatuve AND gare,

and a negative dc supply.

Each negative capacrror—dlode gare is similar to those contained in module 4127 (paragraph
10-4a) Each posmve capacﬂor—dlode gafe is S|m||ar to those in module 4128 (paragraph
]0—43_). The negative supply generates -3 vdc in the same manner as do the supplles con-
;f(‘jiiliiéd:ih the inverter mo'du|es,‘ However, an addi"rio‘na_l series diode, D36, is addé:d‘ to the
'supply; generating -3.75 volts. Terminals are located at the front and back of the module.
Those located at the back have an asterisk added to the letter denotmg the termmal (A*

“for example)

Type 4203 flip—Flops make up the PDP-4 accumulator. Flip~flop pulse inputs include set
'(K*, S and X), clear (E* and F*) shift (J* and H*)and complement (K, A¥*, B*‘and C*).
Except for inputs A*, F* and S, all pulse inputs are gated by an associated level input.
These levels are asserted at -3 volts. Acaordingly, the register may be loaded in parallel,
“have its contents shifted left or right , or be complemented, with a minimum of external
aircurtry. | | | |

A carry oufpur (H) permitsconneaﬁon of the register bits so that the register may be used as
a counter. The 0 and 1 outputs are at F and R, respecfively,‘ A -3 volt level at F and

~ ground at R indicates the 0 state, while the apposireipolarity, ground at F and -3 volts at

R, indicates the 1 state. Terminal L provides a 1 output for a console panel indicator.
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Capacitor-diode gates provide all input gating. The logical delay built into this type of
gate permits the input levels to be sensed at the same time that the flip~flops which gen-
erate these levels are changing state. With the exception of the carry input (K), standard
DEC 0.4 microsecond pulses drive all inputs. The ;‘:abrry input is driven by a level drop
from ground to -3 volts (genera.i'ed when ’r|';e aext Iéss siénificqnt accumulator bit goes from

the 1 to the O state).

The flip-flop is set by a negative pulse at K* or X, provided that level input W or T, re-
.4 spectively, is at =3 vdc. A negative pulse at S always sets the flip-flop, since the level
return of the capacitor-diode input gate is internally connected to =3 vdc through R45.
The following description of the setting of the flip-flop by a pulse atK* also describes the

operation of the flip-flop in response to signals at all three set inputs.

Prior to the application of a pulse at K*, the cathode of diode D30 is at the voltage applied
to-W (ground or =3 vdc). Regardless of the cathode voltage, D30 is back-biased, since

its anode is connected to =3.75 vdc through R37. Capacitor C19 blocks the =3.75 vdc

from the base of transistor Q6; this transistor is held off by a positive voltage at its base,

from voltage divider R38-D31.

Assume that the flip=flop is in the O state; then Q4 is cut off and Q5 is on. The 0 output
buffer, Q2, is held off by the ground at the collector of Q5, so the 0 output at F is =3 vdc.
. The 1 output buffer, Q7, is held on by the =3 vdc at the collector of Q4, so the 1 output,

R, is at ground.

A 2.5-volt negathé set pulse applied to K* is coupled to the cathode of D30 by C18. If
the quiescent level at the cathode of D30 is ground (a ground input level at W) the diode
is not forward=biased by the set pulse. The pulse is then inhibited at this point. How-
ever, if the quiescent level is =3 vdc, D30 is forward-biased, passing the pulse to the base
of Q6 through C19. Transistor Q6 inverts the pulse, momentarily grounding the collector
of Q4. Voltage divider R33-R34 shifts the base of Q5 positive, turning Q5 off. The col-~
lector of Q5 is then clamped at =3 vdc by D21.and R22. The -2 vdc is coupled to the base
of Q4 by R23 and C14, tyrning Q4 on. The turn-on of Q4 holds its collector at ground
after the termination of the set pulse. The flip-flop is then in the 1 state.

The turn=-on of transistor Q4 holds the 1 output buffer (Q7) off, so that the 1 output at R
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is at =3 vdc, and the light-driver output.at L is energized through R44.  The turn-off of Q5
turns on .the 0 output buffer,- Q2; consequently the 0 output, .F, is at ground. ..

The flip-flop is cleared by a 2.5-volt negative pulse applied to E* or F* in o manner sim-
ilar to that described above. The clear pulse switches the flip=flop to the 0 state by momen~-
tarily grounding the collector of Q2. A pulse at E* is gated by the level applied to M.

The input at F*, like the set input at S, is always enabled.

The flip-flop may be either set or cleared by a negative pulse at either J* of H*: A pulse
at J* is directed to the set or clear side of the flip-flop by a -3 vdc assertion level at ter-
minal U or P, respectively. Similarly, a pulse ot H* is gated by the levels at V and N.
These assertion levels are derived from the 'ad]a'cent bits of the accumulator $0 as'to jam

transfer the state of the adjacent bit into the flip~flop (a shift operation). 'Except that the

. set and clear gates of the flip-flop are pulsed simultaneously, the operation:of these inputs

_is similar to the operation of a set input descrived above, since only one of the pair of

‘gates is enabled at any time.

Terminals A*, B*, C*and K are the complement inputs to the flip-flop. A negative pulse
at C*, or a falling level at K complements the flip~flop p-rovided that J or D*, respectively,
is.at =3 vdc. In order for a pulse at B* to complement the flip-flop, both level inputs Z
and Y must be at =3 vdc. A pulse at A* always complements the flip-flop, since the asso-
cioted capacitor-diode gate level return‘is internally connected to -3 vdc through Ré. The
following description of flip=flop complementing by means of a pulse at B* also describes

the operation of the flip-flop in response to a signal at any of its four inputs.

_Prior to the application of a pulse to B*, the cathode of D4 is at the highest voltage of
either input Y and Z. (These two inputs are ANDed for negative levels by diodes D1 and
D2, diode D3 limits the maximum negative gate output to -3 vdc.) Whether this voltage
is ground or =3 vdc, D4 is back-biased because its anode is returned to =3.75 vdc through
R8. Capacitor C5 isolates the -3.75 vdc from the base of Q1. This transister is held off

by a positive voltage on its base, determined by voltage divider R10-D10.

The collector of Q1 is clamped to -3 vdc by D12 and R9. .Capacitors C13 and C15 isolate
this voltage from the anodes of D22 and D28, respectively. The voltage at the anodes is

determined by the voltages on the collectors of flip-flop transistors Q4 and Q5, through
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R29 and R26, respectively. “Neither D22-nor D28.is forward=-biased (their cathodes are

approximately at ground), ‘and the ‘flip-flop remains stable in either state.

(The leading edge of negdfiQ/\e pdlse input a'f B*is differentiated to a negative pulse at the
cathode of D4. This negative pulseissuperimposed on the quiescent level. If-the quies=
cent llevel is =3 vde (b’c’)i;h Z and Y at =3 vdc), D4 passes the negative pulse to the base of
Qi fhrough C5. Transistor Q1 inverts the pulse; the inverted pulse is then applied to capac-
itor-diode gates C13-D22-R29 and C15-D28-R26.

The pulse is directed by the gates to the base 'of fhe on transistor. For example,. if the

- flip-flop is in- fhe 0 state, Q4 is off and Q5 i |s on. The level at the anode of D28 is ground,

so D28 is forward blased by ‘rhe pulse and pcsses the pulse to the base of Q5. ‘The level at
the anode of D22 is —3 vdc and the pulse does not have sufficient amphrude to forward-
.bias D22, Consequenfly, the pulse is blocked From the base of Q4. When the pulse turns

.the on ’rrcnsnstor‘off‘, the flip-flop changes state.

¢ FLIP-FLOP 4204 - This module contains two buffered flip-flops, two pulse inverters,

: elgh‘r negcmve and four positive capocﬂor—dnode gates, and a series=string silicon diode
negohve de supply The negative capacnfor-dlode gates are similar to those of module
4127, while the posmve capacitor-diode gates are similar to those of module 4128 (par-
‘agraphs 10-4a and E’ resioec’rivelkky)a Four series-connected diodes (D18 to D21 generate
-3 vdc as in the supply contained in the inver’rekr' modules (paragraph 10-2). In the type
4204, a fifth diode (D17) is added to the series=string, generating -3.75 vdé¢. The supply
 isalso tdpped betwéen diodes D20 and D21 to provide -0.75 vdc. Except for the number
%and drrqngéme’nf of inpUt and od’rpu’r terminals, each of the two flip~flops contained in the

module is similar to the fllp—flop in module 4203 (b above).

Type 4204 flup-flops mqke up various registers of the PDP-4. Gated set pulse inputs at
L, M and N are shared by both F||p—f|ops Common set pulses at these inputs are gated
into flip=flop A by levels at inputs J, H and F respectively. The same set pulses are gated
into flip-flop B by |evels at mputs W X and Y respectively. Inputs K and U provide sep-
arate direct set inputs to- fllpfflops_\A and B, respec’rlvely° All set inputs accept DEC stan-
dard 2.5-volt, 054-m§crdsecehd n‘ega.f'i‘ve puls':e-s° Assertion levels for the gating level in-

puts are -3 vdc.
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The counting inputs (S for flip=flop A and the corresponding unlettered terminal, shown
in the center of the schematic, for flip-flop B) are used only in module 4204X (d below).
Flip-flop A hos its 1 and 0 outputs at P and E, respectively; flip-flop B has its 1 and 0
outputs at Z and R.

Both flip~flops share a common clear input at terminal T. Unlike the clear input of flip-
flop 4203 (in which an additional pulse inverter accepts a negative pulse) input T of the
type 4204 requires a DEC 0.4-microsecond positive pulse. This pulse is ac coupled by
capacitor C3 to the bases of A and B flip=flop transistors Q2 and Q7, respectively. For
example, when a positive pulse is applied to T, capacitor C3 references the pulse to the
level at the anodes of D6 and D14, This level is =0.75 vdc, determined by the connection
through R34 to the negative supply. The small negative voltage prevents noise pulses from
passing through D6 and D14, which would cause spurious clearing of the flip-flops. How-
'everi a standard DEC positive pulse at T generates a sufficiently positive voltage to for-
ward bias D6 and D14, and pass to the bases of Q2 and Q7. These transistors cut off, and

the two flip-flops assume the 0O state.

d . FLIP-FLOP 4204X - This module is identical to flip-flop 4204 (c above), except that
the collector output of transistor Q8 (corresponding to the 1 output of flip-flop A) is inter-
nally connected to the counting (complementing) input of flip-flop B. The schematic of
flip-flop 4204 also represents modules 4204X if the dotted line in the center of the schema-

tic is assumed to be a wiring connection.

Flip-flops of the 4204X module make up the bits of PDP-4 registers that are also counters,
In addition to the inputs described in c above, flip-flop A has a counting input (S). The
carry output of flip~flop A and the count input of flip-flop B are connected inside the
module. Terminal V is the carry output of flip-flop B, available for connection to the
next more significant type 4204X module. The count pulse input to S may be a 0.4 micro-
second positive pulse, as it is when flip-flop A is the least significant bit of o counter.
Terminal S also accepts the rising level from carry output V of the next less significant
counter bit when this bit changes from 1 to 0, The clear pulse at T must be 1.0-micro-

second wide so that the pulse does not end before the carries die out,
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e FLIP-FLOP 4214 - This module contains four identical flip-flops (f1 through #4) and
a =3 vde supply. Each flip;flop has 0 and 1 inputs and outputs. Moreover, each pair of
flip-flops shares a common clear input: P for flip~flops #1 and #2, and R for flip-flops #3
and 4, A standard DEC 0.4-microsecond positive pulse, applied to P or R, clears both.
associated flip-flops. Because all four flip-flops are identical, the following description

of flip=flop #1 also applies to the other three flip~flops. .
Lhp p pp ‘ € p-riops..

When flip=Fflop #1 contains 0, transistor Q1 is on"and transistor Q2 is off. The flip-flop’
isistable in this state because the negative collector voltage of Q2 is coupled to the base
_ of Ql-by R2. The current flow through R2 is enough to keep Q1 saturated. The collector
of Q1 is therefore at ground; thus the voltage divider, R5 and R6, biases Q2 off.

To set the flip~flop to the 1 state, the pulse 6ufp‘ut of a positive capacitor-diode gate is
applied to H (one in). This pulse turns off transistor Q1.  The resulting negafive voltage’
- at'the collector of Q1 drives Q2 into saturation. The collector of Q2 rises to ground po-
tential, keeping Q1 cut off. Silicon diodes D3 and D4 have a forward-bias threshold of
more-than 0.5 volts, and thus block smaller noise~pulse inputs from the transistor bases."
The flip-flop is cleared in‘a similar way by a positive pulse at E (zero in). The clear pulse

turns Q2 off, returning Q1 to saturation..

The bases of the two transistors in each flip-flop are returned to separate +10 vdc lines to
allow more precise trouble localization through rharginal testing. -

. f FOUR-BIT COUNTER 4215 - This module contains four flip-flops for use as counter..
bits. The four flip-flops, A, B, C and D,are logically independent. The flip-flops may

. therefore be connected in any logical configuration. When the flip-flops are connected
as a counter, the significance of each flip-flop as a counter bit is determined only by the
external connections. The module also contains 12 positive capacitor-diode gates (C14-
R30-D1 and C1-R7-D5 are two examples) and a negative dc supply. The supply, consist=
ing of diodes D21 to D24 and resistor R29, is similar to the -3 vdc supply contained in

" module ;H:OVBR‘(paragraph 10-23), except that =0.75 \)dc is tapped from the .iuncﬁon of

D21 and D22. N |

Flip-flops B, C and D have complement inputs at terminals R, K and E, respectively..

Flip-flop A has separate set and clear inputs, but may be complemented by applying a
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signal to both inputs simultaneously. Flip=flop C has an inhibit level input at M. When
the inhibit is enabled, flip~flop C cannot be complemented from 0 to 1, although it may

still be complemented from 1 to.0.

Positive pulses (either a standard 0.4 DEC pulse or the positive-going output of a pulse
inverter) or a positive 3-volt step (such as the 1 output of a less significant counter bit
when that flip-flop goes from 1 to 0) drive the complement and clear inputs. A =3 vdc
level ot M enables the inhibit to flip=flop C. Carry propagate time per bit is 50 nano-
seconds. The following description of flip-flop A also describes the other three flip-flops.

A positive pulse applied to' W (set one) or V (set zero) reaches the base of the associated
flip-flop transistor only if the transistor is on. The positive pulse changes the state of the
flip-flop by turning the on transistor off. When flip-flop A is 1, a positive pulse at input
-V passes through capacitor-diode gate C15-R31-D4 to the base of Q2, turning Q2 off .
The flip-flop switches to the O state. Positive pulses at V now have no further effect, s‘vi,nce
‘capacitor-diode gate C15-R31-D4 is disabled when flip-flop A is 0. However, gate C14-
R30-D1 is enabled when flip=flop A contains 0, so that a positive pulse at W passes to the
base Q1, turning Q1 off, and switching flip-flop A to the 1 state.

If W is jumpered to V, the resulting combined input is a complement input. When this in-
put is pulsed, gates C14-R30-D1 and C15-R31-D4 steer the pulse to the base of the on
ttansistor, turning it off, so that the flip-flop switches state. Gate C1-R7-D5, associated
with terminal X, is permanently enabled because R7 is returned to =0.75 vdc. Thus a pos-
itive pulse at X clears flip-flop A directly. Resistor R7 is returned to =0.75 vdc rather than
to ground in order to prevent spurious noise from affecting the flip-flop. Since signal vol-
tages are greater than =0.75 vdc, they pass through D5, but small noise signals are blocked.
The gate time constant (R7 x C1) is longer than that of the other two capacitor-diode input
gates because a 1.0-microsecond pulse is used to clear the counter. This allows carried

to die out before the pulse ends.

Terminal R (add FFB) is the ¢omplerﬁent input to ﬂib—flop B. A positive pulse at R is applied
simultaneously to two capacitor-diode gates. These gcfes, C16-R32-D6 and C17-R33-D9,
steer the pulse to the base of the on transistor, turning it off. When flip~flop B is 1, gate
C17-R33-D9 is enabled, and a positive pulse at R clears FFB. Conversely, when FFB is 0,,
gate C16-R32-Dé6 is enabled, and a positive pulse at R sets it. The complement input to
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flip-flop D, terminal E (add FFD), operates similarly .

Terminal K (add FFC) is the complemen'r mput o fllp-flop C Pulses at K are gated by
two capacrfor-drode gares, like fhe two input gates of fllp-flop B, descrlbed above. One
of the two mpur gales of fllp-flop Cis returned to the colleci’or of Q6. This gate, Ci9-
R35-D14, is enabled when FFC is 1. 1f FFC is 1, a posn‘lve pulse at K is gated to the base
of Q6, turnlng it off, “and clearlng the fllp flop The ofher capacrtor-duode gate, cis-
R34-D11, is returned to the output of a negahve OR gate, ‘of which the collector of Q5 is
one input, rather than directly to the collector of Q5. '

This OR gate, composed of D25 D26 and puller resrsfor R38, Funchons srmrlarly to the
gates described in paragraph 10- 3b (drode 41 l2) The anode of D11 is at the more nega—
tive level of either the collecfor volrage of Q5 or the inhibit level at terminal M When
the input at M is ground fllp ’r'lop C funchons as fhe others in the module, and is com-
plemented by each positive mpu’r pulse at K However, if the input qu is -3 vol’rs, the
pulse at K cannot reach the base of Q5, even l'hough ‘the collecfor of Q5 is ground (fhe
flip-flop is in the O state). On the other hand, the path to the base of Q6 is not affected
by the input at M, so the flip=flop may be complemented from 1 to O regardless of the in-
hibit level . R

g FLIP- FLOP 4216 - This module contams 4 flip- Flops, 2 pulse inverters, 12 posr’rlve
capacitor-diode’ gafes, and a serles—strmg sullcon diode nega’rrve dec supply. The four fllp—
flops have internal output to lnput connections between consecutive flip-flops so that the
four fllp flops constitute a four-bit shift reglsi'er package' Four capacr’ror-dlode gated in-

puts are provided for parallel read ~in of 1s.

Flip~flops A, B, C and D include transisfrors Q9;Ql0, Q7-Q8, Q5-Q6, and Q3-Q4,
respectively. Except for the number and arrangement of inputs, these flip-flops are similar
to those of module 4215, Transistors Q1 and Q2 are the two pulse inverters. All 12
capacitor-diode gates are used at the inputs of the flip-flops; each gate (C2-R6-D3, for
example) is similar to the posmve capacn‘or—dlode gates of module 4128 (paragraph 10-4c).
Diodes D28 fo D31 and resistor R44 make up the negative supply. This supply is similar to _

those contained in the rnverfer modules (see paragraph lO 2)

For shift operation, the shift pulse mput is through fermlnal R to the base of QI.
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Complementary input levels at J and F gate the inverted pulse at the collector of Q1 to :
the set or clear side of flip-flop D. For parallel read-in of 1s, the _reqd-in pulse is applied
to P, fd fhe_bqsé of Q2. The input levelsatH, M, T and‘ Y gate the inverte;d pulse at the
collector of Q2 to the set sides of flip-flops D, C, Band A, _}res’pectivvelyo A pulse at X

' clears’all four flip-flops simultaneously. Pulse inputs are DEC standard 0.4 microsecond
pulses, negaﬁvé for inputs R ;:md P, and positive for clear inyhut X. Level inputs are groﬁnd

for assertion. Input-output delay for each flip-flop is 50 nanoseconds.

Assume that all flip-flops are clear prior to a shift operation. A negative pulse at R is
inverted by Q1, appearing as a positive pulse at the collector of Q1. The positive pulse
is ac coypled to the anodes of diodés D4 and D11 by capacitors C4 and C10 respé‘cﬁvely%
The voltage at the cmc;de of D4 is the sum of the positive pulse and the level at terminal |
J, while the voltage at the anode of D11 is the sum of the positive pulse and the level at
F. If F is ground, and J is -3 vdc (read in 0), only D11 is forward-biased, pﬁssing ﬂ._mg H
pulse to the base of Q;4, tending to cut Q4 off. However, Q4 is already cut off, thus
flip?flop “D remains in the O state.

The pulse from the collector of Q1 is also applied to the 1 and 0 inputs of flip-flops C,

B and A, through capacitors C8, C15, C13, C20, C18 and C23. However, the pulses are
gated only to the clear side of all flip-flops, because each 0 input gate return is to the

1 output of the flip-flop to the left. Since all flip-flops are initially clear, the 1 outputs
are af ground, enabling the O input gates. The 1 input gates of flip-flops C, B and A are
disabled by the ‘—3 volt assertion levels at the 0 outputs of flip-flops D, C and B. For
example, C15 couples the pulse to the anode of D17. Diode D17 is forward-biased be-
cause the level return of gate C15-R21-D17 is to the grounded collector of Q3. The same
pulse is coupled through C8 to the anode of D9, but D9 is reverse-biased by the -3 volt
level asserted by the 0 output of flip-flop D. Therefore the shift pﬁlse tends to clear flip-
flop C, rather than to set it; so that flip-flop C remains clear after the shift pulse.

If, at the shift pulse, J is at ground and F is at =3 vdc (read-in 1), diode D4 passes the
pulse to base of Q3 Transistor Q3 is cut off, and flip-flop D goes to the 1 state. The
level at the anode of D9 goes to ground after a délay vapproximaﬁng the time constant

C8 x R12, Therefore the next shift pulse passes through D9 to the base of Q5, setting flip~

flop C. In a similar manner subsequent pulses shift the 1 through the register.
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Parallel read=in to the four flip-flops is accomplished by a negative pulse applied to ter-
minal P. The pulse at P-is inverted at thé collector of Q2. This positive pulse from Q2 is
gated fo the bases bf the odd numbered transistors of flip=flops D through A by capacitor-
diade gates. 'In this case; the enabling levels that select the flip~flops to be set are pres-
ent at inputs H, M, T, and Y. For example, a positive pulse from the collector of Q2 is
ac coupled to the anode of D3 by capacitor C2. The pulse forward-biases D3 and passes
on to the base of Q3 onvly.‘,i,f input H has been at ground for several time constants. If the

pulse reaches the base of Q3, this transistor is cut off and flip-flop D is set.

A positive pulse at terminal-X ¢lears the register by tuining off all the even numbered
transistors of flip-flops D ‘through'A. A four-output positive capacitor-diode circuit (Cé-
R36-D10-D16-=D22-D26) couples the pulse to the transistor bases. The gate return connec-

tion to ~0.75 volts'prevents noise pulses from affecting the flip-flops.

h  FLIP-FLOP 4218 - This module contains four flip-flops, a pulse inverter, eight posi-
tive capacitor-diode gates, and a negative dc supply. Depending on external connections,
type 4218 flip-flops may be used as bits of shift registers or buffer registers with a jam-
transfer parallel fead=in, " Flip=flops #1, #2, #3 and #4 include transistors Q2-Q3, Q4-Q5,

Q6-Q7, and Q8-Q9, respectively. Transistor Q1 is the pulse inverter,

All inputs are through positive capacitor-diode gates; each of these gates is similar fo the
gates described in paragraph 10-4c {(module 4128). The negative dc supply, consisting of
diodes D17 to D20, and resistor R28 is similar to the -3 vdc supply described in paragraph
10-2 (inverters). However, the supply in module 4218 has a -0.75 volt tap at the junction
of diodes D17 and D18, .and a~2.25 volt tap at the junction of diodes D19 and D20.

The read-in pulse input at terminal P'is a DEC standard:0.4-microsecond negative pulse.
Levels at terminals E;+H, S and V gate the pulse to the set side, and levels at F, K, U
and X gote the pulse to the clear side of flip-flops #1 through #4, respectively. . Gating
levels are asserted at ground. | All four flip-flops are cleared simultaneously by a DEC
standard 0.4 fnicfos:éé:énd pos;ilttive p()lse at R, v!hpl'ﬂr-'o'utput delay for each flip~flop is

50 nanoseconds.

The four flip-flops become a shift register if the 0 output (L} and 1 output (J) of flip~flop

#1 are connected as gating levels to the 1 input (H} and 0 input (K), respectively, of
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flip-flop #2; and similar connections are made between flip-flops £2 and #3, and #3 and
#4. The resulting four=bit shift register is comparable to module 4216 (g above) except
that it lacks gated parallel 1 inputs. A positive pulse at R clears the register, and o
negative pulse at P reads into flip-flop #1. Subsequent pulses shift the 1 through flip~flops
#2, #3 and 14,

When the four flip~flops are used as a buffer register with jam-transfer parallel read=in,
the external connections are made differently from the above. In this case, both 1s and
Os are transferred (the register need not be previously cleared) into the flip-flops of module
4218 in a simultaneous parallel transfer from corresponding bits of another register. The 1
and 0 gating level inputs of flip-flop #2, for example, are connected to the 0 and 1 outputs,
respectively, of an associated bit in another register. When this associated bit is 1, the
negative assertion level at its 1 output disables the 0 input gate of flip~flop #2; and the
level at the 0 output of the associated bit, asserted at ground, enables the 1 input gate
of flip-flop #2. Conversely, when the associated bit is 0, the 1 input gate of flip-flop #2
is dis_gb’led and the 0 input gate is enabled. Similar connections are made to the 1 and 0

- input gate terminals of the other three 4218 flip-flops. A negative pulse at P causes each

flip-flop to assume the state of the corresponding bit in the associated register.:

The response of the flip-flops of the type 4218 module to the read-in pulse is similar to
the response of the flip-flops of the type 4216 module (g above).

10-6 AMPLIFIERS

This section describes seven modules which serve to provide power amplification for PDP-4
logic pulses and levels. Pulse amplifiers 1607, 4604, 4605, 4606 and 4606R power amplify
and standardize DEC logic pulses. Bus driver 1690 inverts and amplifies logic levels. Sole~
noid driver 4681 is basically a switch which enables a small amount of input power at logic

level voltages to control larger amounts of power at higher voltages for use in external circuits.

a PULSE AMPLHFIER 1607 - This module contains three inverters and a -3 vdc supply.
The three pulse amplifiers include transistors Q2-Q3, Q5-Q6 and Q8-Q9. The inputs
to the three amplifiers are pins H, L and P, while the outputs are E~F, J-K, and M-N,

respectively. The three inverters are Q1, Q4 and Q7. Diodes D16 through D19 make up
the -3 vdc supply. '
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A pulse amplifier generates an output pulse wheriéver its input is grounded. - The input
may be grounded by connecting Aif»'fo;the'ico3|;-|i.ectm;:of one or more pulse gates.(such as the
Q1 circuif). - The input to the:combined circuit: is then the base input of the pulse gates
Normally the signal opplued o' the mpui’ is a'DEC 70=nanosecond negative pulse.: How-
ever, the lnput requnremem‘ is sahsfled by any 2 fo 5 volt negahve pulse having a fall
hme less than 50 nonoseconds, qnd a wndth of at- qusf 50 nanoseconds at -2 volts When
the mput is pulsed by a sugnql meehng these specnfucahons, the ourpuf generotes a DEC

‘standard 70-nonosecond pulse delayed by 25 nanoseconds. This pulse is capoble of drlv—

"__y‘mg 16 units of pulse loqd or 20 unn‘s, |f fhe |oods are near by.
. i [ T PR

. Because all three pulse dmpjlflers are ggl;enncal fhe follownng description of the: ‘amplifier

amcludmg transistors. Q2 and: Q3 applies equqlly fo ‘the other two amplifiers in the module.

Assume that the emitter o? Ql is grounded (Z) and thdt the collecfor of Q1 (X) is connected
to 1rhe emitter of Q2 (H) In the quuescent state, transistors Q1, QZ and Q3 are cut O'Ff
The collector of Q1 and the emitter of Q2 arer conhiected to' the junction of- resnstor R3'and
silicon diode D1, and are therefore at approximately -4 vde. Resistor R3 and dlode DT
together with R4 and D2, -form a. voltage d_lvudel_'-be)‘ygeen /-_15 vdc and -3 vdc. (W|th ,the
diodes forwcnrd-biqsed)r° The base‘of Q2 is ,¢9nnéc}e-d to the voltage divider aflthe iunction

. of D1 and D2, qnd-i’s-:held at GPPquimqtely', -33 vdc

Another voltage divider is formed by the serie$ combiration of R11 and R16. :This voltage
divider holds the collectors of Q2 and. Q3 at approximately -8 vdc. Diode D4 is foryvqrd—
biased, so that the collector voltages of QZ.«Pl’A‘d_ Q3 are separated by only 0.3 volts. The

base and emitter of Q3 are at ground,. There is no \Y/ol,,tage across outputs E and F.

When an input pulse appears at the bdse of Ql (Y) fhls transistor soi‘ura’res and grounds the
emitter of Q2. Thus causes Q2 to saturate; resistor R4 fimits the base current. The collector
of Q2 drops from -8 vdc to ground Thus drop |mmed|afely appears across the primary of T1.
‘Imhqlly this voltage remains fairly. constant becguse of .the Iow-reslstcmce voltage dwnder
R11T and R16. When the~fransformer star’rs drq,w;n,g more current than orlglnqlly flowed-
beguns to decrease.» Copacﬂ'or CZ i'unes fhe cerUIt to give the correct outpuf pulse width,
- When t__he transformer _v,o-ltoge, h_qs;wdr:o‘p:.‘ped f?f»:geﬁq-; :t:he{.: output pulse ends. Resistor, R5 and

diode D3 clamp the overshoot in the primary of T1.
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The Q3 circuit (including R8, T2, D5, R7 and €4) amplifies the pulse from the secondary
of T1 (see b below). The output pulse may be made negative by grounding terminal F of
the secondary of T2; or positive, by grounding E. A terminating resistor in the range of

82 to 220 ohms is used at.the ends of cable distribution lines to prevent signal reflections.

b PULSE AMPLIFIER 4604 -‘-vThis module contains three identical pulse amplifiers. The

first pblse amplifier includes transistors Q1 ‘rhrbﬁgh Q3, and has its ihpufs at terminals E

and F. Outpuf; are at J and H. The‘vsecond pulse amplifier is compdsed of Q4, QS and

| Qé; inputs are Madnd N; and outputs are S and T. The fhird pulse qmplifier in_clﬁdés Q7
through Q9, with inputs at Y and Z; and outputs at V and X. An additional pair of control

terminals is associated with each of the three pulse amplifiers. For the first pulse amplifier,

these control connections are K and L. Shorting K to L with an external jumper connects

~an internal capacitor in the circuit of the first pulse amplifier. When connected, this

-.. additional capacitance legthens the duration of the output pulse to 1 micorsecond. The

_corresponding control connections for the second and third pulse amplifiers are terminal

¢ :pairs P and R; and U and W, respectively.

" ‘Negative going signals with an’amplitude of 2.5 to 4 volts, a fall time of less than 0.5
“microseconds, and a width greater than 60 nanoseconds drive inputs E, N and Z. Positive-
going signals with an amplitude of 2.5 to 4 volts, a rise time of less than 0.5 microseconds,

~and a width greater than 60 nanoseconds drive inputs F, M and Y.

When properly driven, each amplifier produces a DEC standard 0.4-microsecond pulse
across its outputs. If the external jumpers are added to the circuits, the outputs produce
1-microsecond pulses. Because all three’ amplifiers are identical, the following description

of the amplifier including Q1, Q2 and Q3 applies to each amplifier.

The pulse amplifier consists of a monostable multivibrator (Q1 and Q2), and an output
pulse amplifier (Q3). Capacitor-diode C4-D6 couples a negative input at E to the base of
Q2. Capacitor-diode C3-D3 couples a positive input to the primary of transformer T1.
This transformer inverts the ‘positive input, and D5 couples the resulting negative pulse to
the base of Q2. An appropriate pulse at either input thus provides a negative pulse at the
base of Q2. This negative pulse triggers the multivibrator. The multivibrator generates

' a negative output pulse, which is amplified by the circuit of Q3. The output is a negative
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pulse at terminal J if H is grounded, or a positive.pulse at H if J is grounded.

In the quiescent state Ql |s on, and Q2 and Q3 are off. Base current for Q1 flows through
, holding Q1 in saturation. Voltage lelder R7-R9 shifts the sllghfly negative Q1 collec-

tor volfage positive at fhe base of Q2, keepmg Q2 at cut-off Diode D1 clamps the col-

lector of Q2 to -3 vde. oltage dlv1der R8 R10- R13 blases the base of Q3 positive, hold-

ing Q3 off. The collector of Q3 is somewhat more negahve than -7 volts, as determined

by voltage lelder RH RM No curreni‘ flows in the prlmary of T2, and ’rhere is no out-

put across the secondary.

- When a negative pulse is ‘applied to mpu’r E C4 dlfFerenhofes the |ead|ng edge of this

~input signal, generating a negdtlve pulse at fhe cathode of Dé6. This pulse forward biases

D6, and passes to the base of Q2. Trans:sfor Q2 ‘turns on, and its collector-voltage jumps
from -3 volts to ground. This poSi’rive step is coupied by capacitor C2 (or C1 in parallel
with C2, if pins K and L are |umpered), to the base of Q'I Transistor Ql cuts off and its
collector voltage drops to -3 volts. Current flows from the base of Q2 fhrough R7, holding
Q2 on even though the i'nypu'r pulse‘has ended. The multivibrator remains in this state until
‘the codpiihg capqcifanéé (C2, or Cland C2) from the collector of Q2 to.the base of Q1
dlschqrges Th'i{s' disé:hqrge time is proportional to the capacitance. Hence, the multi-
vibrator stays in its temporory state 0.4 microsecond if only C2 is in the circuit, or 1 micro-
) second if both C1 and C2 are in the circuit. After the appropriate time, Q1 turns on, cut-
ting Q2 off. The multivibrator is back in its quiescent state. .

The negative pulsé ’generofed at the Q1 collector turns on Q3. The Q3 collector rises to
ground level, placing approximately 7 volts ocrbss the primary of T2. Resistors R11, R14
and c&ba;:ifor C6 stabilize the voltage at terminal 1 of T2 so that the primary voltage does
not diminish dppréciably during the pulse. The output voltage at the secondary is propor-

“tional to the primary voltage.. The pulse terminates when the multivibrator returns to its

- "quiescent state, cutting off Q3.. Diode D8 and resistor R12 damp the overshoot in the

~primary of T2, Diode DZ clips the overshoot at =15 volts, so that excessive voltage is not

applied to-the:collector of Q3. .

A positive pulse at terminal F triggers the same chain of events to produce an output pulse
across J and H. .However; the pulse is inverted-by T1 before being applied to the base of

'Q2. - Diode D2 and:resistor R5 damp the transformer during recovery. Diode D5 blocks the
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positive recovery pulse from the base of Q2. 1.

c EULSE AMPLIFIER 4605 - This module éanfai'ns‘frhrée‘iden’ric‘alipulse amplifiers, @
vnegaﬂve diade AND gdfe, and an inverter. ‘The first of the three pulse amplifiers includes
transistors Q] and Q3. Transnstor Q2 is the inverter. The second puvlsé amplifier includes
Q4 and Q5; the thlrd Q6 and Q7 Dlodes D1 through D6 make up the negative AND
. gate. Except that a palr of mput pms is provided for each gating diode (M and N are
alternative inputs to D6, for example) the diode gate and inverter combmanon is similar fo

AT IR

one of the type 4111 circuits (paragraph 10-3a).

Termmals F, J and L are the mputs to the three pulse ampllflers, the respective outputs are
E, H and K Whenever Q2 is safurafed (groundlng the emitters of Q1, Q4.and Q¥), a

DEC sfandard 0.4 negahve pulse apphed to an amplufler input generates a- similar pulse at
the ampllfner output Negahve DEC levels at all six diode gate inputs are required to
saturate QZ. Because all three pulse amplifiers are alike, the following description of the

| ~amplifier containing Q1 and Q3 applies to the other two.

- In the quiescent state the voltage at the base of Q1 is more‘positiva than the emitter vol-
‘tage. As aresult, Q1 is.cut off. No current‘flvows through the prirﬁary of ffansformer T1,
and there is no voltage across secondary. The sebcondarbyv of Tl gro._undg the base of Q3,

- holding Q3 off. No current flows in the primary and there i§ no output a pfn E. Voltage
divider R8-R11 holds the collector voltages of Q1 and Q3 at approx_imatelyl ~7.5 volts. The
Q3 collector is directly connected to the voltage divider while the Q1 aollector is clamp~-

ed fo the divider by R7 and D9.

Assume that negative levels are present at the anodes of D1 through D6, saturating Q2.

The Q2 collector is then at ground, enabling all three pulse amplifiers.

When a negative 'pulse, meeting the input requirements, is applied to F, Q1 saturates.
" This grounds terminal 2 of T1. The other end of the primary, at terminal 1, remains at
-7.5 volts since the voltage source is of fairly low impedance. The voltage induced in the

secondary of T1 is proportional to the voltage appearing across the primary.

Increasing currént flows in the primary of T1. However, the voltage across the primary
remains nearly constant until the transformer starts drawing more current than originally

flowed through R7. " At this time, D9 disconnects the collector of Q1 from the voltage
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divider. Capacitor C3 tunés the primary winding of T1 to give the proper pulse width.
When the voltage across the transformer drops to zero, the output pulse ends. Resistor R5

damps the overshoot.

In o similar manner, the circuit of Q3 further amplifies and shapes the pulse. This circuit
consists of Q3, an emitter degenerating resistor R12, output transformer T2, damping com-

ponents R9 and D]O, and bypass capacitor C4. The output pulse is negative at terminal E.

d  PULSE AMPLIFIER 4606 - This module contains three identical pulse amplifiers. Each
of the three contains a-basic multivibrator and pulse amplifier output circuit identical to
that of the type 4604 (b above). However, the input circuits of the type 4606 differ in the

following three respects:
(1) Transistor inverters are used for positive input pulses, replacing the input pulse
transformers of the 4604,

(2) A capacitor-diode gate, similar to those of the type 4127, provides an additional
negative pulse input to each amplifier in the type 4606.

(3) The input and output terminals are as follows:

TERMINALS

INPUTS PA] PA2 PA3
Direct Positive Pulse: F N \Y
Direct Negative Pulse: E M U
Gated Negative Pulse: K S Y
Negaﬁv‘e Gating Level: L T 4
OUTPUTS (same as for type 4604)

Positive Pulse Out: J R X

Negative Pulse Out: H P \%%

e  PULSE AMPLIFIER 4606R - The 4606R pulse amplifiers are identical to those of the
4606 module except that inputs F,r N and V are internally connected to clamped loads. As
a result, these inputs are éateqble and are driven by positive-going pulses from collectors

of inverter pulse gates.

10-29



£ BUS DRIVER 1690 - This module contains four.inverting level amplifiers, and a:-3.75

vde supply .. Each.amplifier-output-provides-dogicidevels at low impedance, for use.in

heavily loaded logic lines. The output rise and fall times of level changes are extended

o 1. 0 mlcrosecond Thls slow—serchmg chqrqcternshc makes the 1690 ampllfners useful

}m cnrcunts where rapld changes of level cou|d produce unwcn’red rmglng

PYAE S WX L% ."1 RIS & Ty,

. ikogjc levels (0 and =3 vols), are, apphed at mputs K M, U and S. The correspondmg

HEE

Y

outputs at L, N, T and R are ’rhe inversion of the mput levels. Eoch input represents

appféi%fniafe[y one-half unit of 5smegdcycle base-load.” The maximom output capability

pet dfﬁpllfler is ‘15 Uhits of base lédd. Each amplifieriis identical. The'amplifier with
“inpotK ahd’ oufput L'is-described'below. « -+~ . o e e FOEN

When a -3 volt level is applied to input K, transistor Q1 turns on and its collector rises
.o, grqund This voltage rise cuts off D1, ond allows R4 and R5 to brmg fhe bases of Q2
and Q3 ’rowclrd +10 vde. The posn’ruve-gomg rise ends at ground when D1 cgam conducts
Transistors Q2 and Q3 are complemenmry emitter followers. One of these two ’rmnsw’rors

always conduc'rs (QZ when the ou’rpu'r current flows to the load, Q3 when ’rhe curent flows

from the load). Output L at the emittérs of Q2 and' Q3 alss Fises to ‘ground.

When ground level is applied to input K, ‘the Gircuit switches state. Transistor @1 cuts off,
and the Q1 collector voltage fqlls ’rowqrd =15 vdc. However, D1 and D3 clamp the voltage
at =3.75 vdc. The -3. 75 volt leve| is applled to the bases of Q2 and Q3. Outpu’r follows
the base voltage applled to Q2 qnd Q3. Consequenfly, ’rhe oufput at L Falls to approxi-
mately =3.5 volts.

Capacitor C2 delays the changes in output levels. When the input rises from -3 vdc to
ground, C2 must charge through R3 and D1, Converse.IA.y,v when ’rhe fnpu’r drops from ground
to =3 vdc, C2 must disuharge through R4 and R5. Diodé D] prevents the low collector
resistance of Q1 at saturation from shunting the discharge of C3. Dnode D2 compensa’res

for the level shift m’rroduced by DI1.

g SOLENOID DRIVER 4681 - This modu|e contains ’rhree nden’rlcal drlver circuits. Each
'c,:ifcui"r&ofperd'te‘ﬁ as-aswitch, -capable: of.switching a-500-milliompere current'in'a 70-volt
(maximum) circuit.* Switch control inputs are standard:DEC logic levels. Each solenoid
driver can control an indyctive load, such as punch solengids or typewriter. relays.

The three switch inputs are terminals K, ‘M and R. The corresponding outputs are L, N
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and P. Terminal E is connected to the external load return voltage source. Because all
three solenoid drivers are identical, the following description of circuit 1 applies to the

other two drivers,

When the solenoid driver is in the quiescent condition, the input at K is =3 vde. Since the
emitter of Q1 is at ground potential, Q1 is saturated, and its collector is at ground. The
emitter of Q2 is at =2.25 volts (the forward voltage drop across diodes D1 through D3).

The base of Q2, at ground, is positive with respect to its emitter, so that Q2 is cut off.
Under these conditions, the load circuit is open. Diode D4 connects the Q2 collector to
the external negative supply, protecting Q2 from highly negative transient voltages result-
ing from switching inductive loads. No current flows in the external circuit, and the

output is at the lood return voltage.

When input K is grounded, Q1 cuts off. The collector voltage of Q1 drops toward =15

volts, turning on Q2. This kco-mple’res the load circuit, allowing current to flow.

10-7 MEMORY ELEMENTS

This paragraph describes seven memory plug=in units: sense amplifier 1538, sense amplifier 1540,
read/write switch 1972, memory driver 1973, resistor board 1976, resistor board 1978, and
inhibit driver 1982, Sense amplifiers 1538 and 1540 perform similar functions. One or the

other, but not both, is used in a PDP-4 memory module.

The sense amplifier determines when memory cores change state (refer to paragraph 8-4f).
Read/\;vrite switch 1972, memory driver 1973, and resistor board 1976 are used in series with the
X and Y core windings to form the read-write ‘current path (paragraph 8-4e). Inhibit driver
1982 and resistor board 1978 are used in Ser,ies with the inhibit windings to form the inhibit
current path (paragraph 8-4g).
a  SENSE AMPLIFIER 1538 - This module contains a difference preamplifier, a récﬁfy-
ing slicer, and a gated pulse amplifier. A balanced input, generated when a memory core
changes state, is applied to the input of the preamplifier. Here the input is amplified
enough to reach the slicing voltage. The preamplifier also discriminates against common~
mode noise signals. Differential signal gain of the preamplifier is 20, while the common-

mode gain is 0.
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' The pulse amplifier gate is enabled when the preamplifier output reqches a predetermined
slice level. A strobe pulse is.applied to the pulse input of the amplifier during the specific
time interval when the memory cores are read and may change state. An output pulee

from the sense amplifier indicates fhat durmg the strobe fime a core changed state, and

thereby produced a slice level whnch enabled the pulse amplafuer gate.

The strobe permits sampling the memory: sense winding at the particular instant of the read
operation when the signal=to-noise ratio is best. This accurate timing increases the cer-
tainty that every time a memory core being read actually switches from the 1 state to the
0 state, this change of state will indeed be sensed; and conversely, that spurious noise

signals will not be wrongly interpreted as a change in core state.

The two ends of the memory sense winding are connected to sense amplifier inputs H and

“F. ‘The output pulses induced on the sense winding when the memory cores change state are
applied across these two inputs. A 70-nanosecond sfa‘nderd DEC negative pulse is af;plied
to strobe input R. The polarity of the sense amplifier output depends upon ‘the oufp‘ut‘
terminal wiring. When L is grounded, a positive output pulse appears at P; conversely, when
P is grounded, a negative output pulse appears at L. The preamplifier outputs (T and V),

the slicer test pomi‘ (S) and the gating level oufrpuiL (M) are used only for troubleshoohng

- Balance potentiometer R1.adjusts the virtual ground of the sense wmdmg for minimum re-
covery time from the noise generated by the inhibit current. Potentiometer R8 is the zero
set of the dlrect-coupled compound-connected amplifier Q2-Q3-Q4, while potenhometer
RS varies the fhreshold level at which the pulse amplifier is enabled. This threshold level
can be varied from 0 to 50 millivolts (referred to the preamplnfuer mpu’rs)n Procedures for

making these adjusiments are discussed in pdragrdph ]]_4&

Before the memory cores are read, no input is applied to the sense emplifier from the
memory sense winding. The two bases of Q2 are held at ground by potentiometer R1 and
resistors R2-R3, Assuming that potentiometer R8 is set so that the differential preamplifier
is in balanc‘ey the collector current through both sides of Q2 depends on the setting of
poténtiometer R5. This current, in turn, determines the voltages on the bases of slicer
transistors Q5 and Q4. In normal operation, R5 is set so that these base voltages are more
positive than the base \'/c;l'fqge; of slicer transistor Q7 (silicon diodes D11 through D14 hold
the base of Q7 at approximately +7 vdc), Consequently, the emitter voltage of Q5, Q6
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and Q7 which follows the voltage at the base of Q7, biases Q5 and Q6 off.

Since Q7 is conducting, the voltage at the base of Q8 is clamped by D10 at 0.3 vdec. As
a result, Q8 is cut off, and voltage divider R22-R23 holds the emitter of Q9 at -3 vdc.
The output pulse amplifier is thus inhibited, since a negative pulse at terminal R cannot

trigger the amplifer by saturating Q9.

When a memory core changes state, a voltage is induced on the sense winding. Input
voltages of opposite polarity are applied from inputs H and F to the bases of Q2. For out
of phase signals, R31 provides the principal Q2 emitter impedance, while the common mode
emitter resistance consists primarily of the relatively high collector resistance of Q1. Con-
sequently, the differential signal is amplified substantially more than a common mode input.
Transistors Q3 and Q4, in compound connection with the two channels of Q1 raise the Q2

input impedance while maintaining stage voltage gain.

The applied differential signal is amplified and inverted by the preamplifier, and drives

the base of either Q5 or Q6 negative. When this base becomes more negative than the base

of Q7, the latter cuts off. Transistor Q8 saturates, grounding the emitter of Q9. The out-

put pulse amplifier is now enabled. Thus, if R is pulsed during the time the input exceeds

the slice voltage, a pulse is generated across output terminals P and L. The operation of

the pulse amplifier is similar to that of the type 1607 pulse amplifier described in paragraph
10-6a.

Switch S1 allows marginal check voltage on the + 10A line to be applied indivicl‘ual‘l)_/ to

each 1538 sense amplifier.

- b SENSE AMPLIFIER 1540 - This module is used in place of the 1538 sense amplifier in

some PDP-4 computers. |t is functionally similar to the 1538 (a above), containing a

differential preamplifier, slicer and output pulse amplifier. The preamplifier differential

gain is 20, while the common moda gain is 0.5.

The sense winding inputs are H and F; R is the strobe input. The outputs, at P and L, gen-
erate either a positive or negative standard DEC 70-nanosecond pulse. When L is grounded,
a positive output pulse appears at P; conversely, when P is grounded, the output pulse is
negative at L. The preamplifier outputs (S and U), and the gating level output (M) are

used only for troubleshooting.
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Balance potentiometer R2 adjusts the virtual ground of the sense winding for minimum re-
covery time from the noise generated by the inhibit current. Slice potentiometer R12 varies
the predetermined threshold level at which the pulse amplifier is enabled. This threshold
level can be varied from 0 to 50 millivclts (referred to the input). Procedures for making

these two adjustments are given in paragraph 11-4c.

Before the memory cores are read, no input is applied to the sense amplifier fram the mem-
~ ory sense winding. Therefore the bases of transistors Q1 and Q2 are grounded by'R]y R2
~and R3. The collectors of Q1 and Q2 are at -5 volts. Capacitors C3 and C4 i’sélqte this
voltage from the base"sb:o_f Q3 and Q4. The quiescent voltage at the bases of Q3 and Q4

~ is determined by the setting of slice potentiometer R12. Generally R12 is set so this voltage

_ is slightly positive. Transistors Q3 and Q4 are cut off.

~Transistor Q5, which shares'a common emitter connection with Q3 and Q4 is saturated
_since its base is at ground. Since Q5 is saturated, the Q5 collector and therefore the Q6
. base are slightly positive, holding Q6 off. Voltage divider R18-R19 keeps the emitter of

Q7 sufficiently negative to prevent the generation of an output pulse.

When a memory core changes state, a voltage is induced in the sense winding. . Input vol-
~tages of opposite polarity are applied from inputs H and F to the bases of Q1 and Q2. For

- out-of-phase signals, C1, C2 and R28 bypass emitter resistors R5 and R7. As a result, the
Q1-Q2 preamplifier stage produces a voltage gain for such difference input signals. But
for in-phase input'svignq.!s,_, the emitter resistance of the preamplifier stage is less than unity.
The common-mode noise. rejection feature of the sense qmplif.ier circuit is due to the low

common mode gain of the preamplifier stage.

At the arrival of the sense-winding input signal, an amplified negative voltage swing is
- capacitor coupled to the base of either Q3 or Q4 (depending upon the direction of the

core's change of statej.

When the base of Q3 becomes more negative than the emitter, Q3 conducts. If the base
of Q4 becomes more negative than the emitter, Q4 conducts. In either case, the voltage

~ at the emitter of Q5 follows the base voltage of the conducting transistor (Q3 or Q4). This
turns off Q5. Turn-off of Q5 causes a drop in the base voltage of Q6, saturating Q6, and
‘thereby grodnding the emitter of Q7. The emitter ground at Q7 enables the pulse amplifier
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input gating.' Pulse amplifier operation is similar to that of the 1607 pulse amplifier
(paragraph 10-6a).

The pulse amplifier remains enabled until the preamplifier output returns to its normal
quiescent level. During the time the gate is enabled, a pulse applied fo strobe input R
generates an output pulse across terminals P and L. Although the pulse amplifier is enabled
when the memory core changes state in either direction (during write operations as well as
read operations) the strobe occurs only during read operations. Consequently, the sense

amplifier generates an output pulse only during read operations.

c READ/WRITE SWITCH 1972 - This module contains four identical switch circuits with
“outputs numbered 1 through 4. Each circuit is a switch with an AND=-gate input, which
controls the application of drive current to a memory core winding. The following descrip-
tion refers to read/write switch #1 (with gate inputs E and E), but applies also to the other

three switches in the module.

When =3 vdc is present at either gate input, the circuit acts as an open switch, preventing
the flow of core drive current. Howevef, when both the E and F gate inputs are grounded,
the switch is enabled, permitting core drive current to flow through the associated memory

core winding. The core drive current then flows between bus terminal V and output #1 (W).

If one or both of the gate inputs is at =3 vdc, the D1-D2 AND gate causes grounded-emitter
transistor Q1 to saturate. The comparatively small size of resistor R1 provides fast turn-on.

For fast turn-off, germanium diode D4 limits the excursion of Q1 into saturation.

When Q1 is coﬁducting, its collector is at about -1 vdc, This voltage is direct-coupled to
the base of Q2, holding Q2 off. This opens the forward-bias current path between =35 Vdc
and transistors Q3 and Q4. These two fransistors can then be held off by back-bias diodes
D5 and D6 respectively. With Q3 and Q4 cut off, the switch is open, and the drive cur-
rent path between V and W is interrupted.

The switch is enabled by grounding both the E and F gate inputs. This causes the D1-D2
AND gate to cut off Q1. At the cut-off of Q1, its collector drops to a voltage more
negative. than the higher voltage at either V or W. During selection both of these pins

are returned to'=3 volts.

10-35



.'7

Transistors Q2;, Q3 and Q4 turv on... The circuit betweenM and.W:closes, permitting o.: -
read or write current to flow. During the read portion of a memory cycle, V.is at~13.xdc
and W is returned through rhe memory core wundmg fo. -3 vdc, Core drive current fhen
flows primarily. through Q4 Durmg rhe wrnte porhon of ’rhe memory cycle, the polarlry is
. reversed V.is at =3 vdc and W is rei‘urned to ~13 vdc through the core wnndnng The core

drive current flows prnmqrrly rhrough Q3 during thls Pportion of rhe cycle. L

" MEMORY DRIVER 1973 = Each POP-4's memory mcludes iwo identical type 1973"
memory driver modules. These Arivets serve ds both sourcés’and sinks for the memory eore-
- dilyp,gurrents. The cora~drive current.path runs from.one 1973 module, {the;read driver)
thrgygh the enabled. 1972 yead/write switches (b above) and their associated 1976 resisfor
+-board.clreuits (d below) and core windings, to the second 1973 module (the write driver).
. .#n-the quiescent state, the input:of either driver is a ground:level and the output:is =3vdc.
When a -3 vdc level is applied to the input of a driver (ie, :to the read driver duting*the -

. read porhon of the cycle or to rhe wrare drlver during the erie porhon of the cycle), the

urpuf falls to =13 vdc. A IO-VOH potenhal fhen exnsi‘s be’rween the enobled drnver andé

~ the qunescenr driver.. Thus potenhal causes a core-drlve current to flow rhrough i'he specuflc
X or.Y memory wrndung selecred by rhe read/wrlre swnrches. The loguc level unpur is
opplned to lnput J of the memory drnver The -3 vdc or -]3 vdc output is taken from out-
L feach i R ":_;‘, -."’"\‘.4':'.,.‘ s \;’N'f—- Seel L g oo s P S

“‘puf V

f(;, ’., m’-,,."u . ;.. j; A i"‘g b

In the qurescent si‘qte, a ground Ievel IS qpplued to mpur J Thus mpuf cuts off grounded-
emitter transistor Q] The resulhng drop in rhe collector volrage of QI permurs current
“through R3 to turn on Q2. The Q2 emitter currenr in turn’ soturates parqllel transnsfors -

Q5 and Q7

TR

Lo : P S EAD

~ Current ’rhrough R3 dlso saturares Q3 i'hereby groundlng bo’rh the base of Q4 qnd the anode
of diode D3. The ground at the base of Q4 turns off Q4, Diode D3 s_upplnes- cut-off current

to parallel transistors Qé and Q8, iurnmg these transistors off also.

'

Wl'rh parallel transistors Q5 ond Q7 conductlng, and pdrallel transistors Q6 and Q8 cut off
output terminal V is coupled fo, the =3 vde source at, R (ond usolared from the —13 vdc source

at W). The memory driver output in the quiescent state is therefore -3 vdc..
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in the active state, a =3 vdc level is applied to input J. Transistor Q1 then saturates,
grounding the base of Q2 and the anodes of D1 and D2. The ground at the ‘base of Q2
' turns off Q2. Diodes D1 &nd D2 supply cut=off currént to paral!el transistors ' Q5 ahd Q7,

fumung these transistors off o - e pehat oo et

The ground at i‘hevc’o‘Hreéi"or 'cif'Qﬂccz:Iso #’Urnéisff Q3. Ré;iﬁfor R9 ccm then dmveQ4n}nto

~ saturation . The”Q4f en:iiﬁﬁ'ér‘éurrent in turn-saturates Q6 and Q8.

‘.‘Wui’h pqmllel fransistors Qé and Q8 conduchng,, qnd parallel fransistors Q5 cmd Q7 cut off,
output V is coupled to the =13 vdc source at W (and isolated from the =3 vdc source ot R).

" he' memory driver output in thé dctive state is therefore <13 vde., = = &/
,;g;:--::r:RESHqSTOR,B-OARD.-]??&%.TMS module contains eight 50-ohm,. 3-watt _r*esisfqrg;yg\?,gh

- 1/2% talerance. A capacitor.and resistor are added in parallel with each:of the 50~ohm

resistors ,

I T

- -Each'of the eight parallel combinations shown on the schematic is connected as a termina-
“tionload. to a single X or Y winding of the memory core bank. The other end of the parallel
combination is connected to one of the 1972 read/write switch outputs. The relatively
hlgh lmpedcnce of this load (compared to the nmpedcnce of the core winding) helps to ensure
; a constani' core drnve current regcrdless of fhe mcugnehzohon s‘l"qfes of the cores threaded by

a smgle wmdlng

£

f "RESISTOR BOARD 1978 - This module contains eight 50-ohm, 3=watt resistors with
1/2% tolerance. For use in the PDP~4 memory, only six of these eight resistors are used
~(resistors MT and. NS are not 'used) .- The six resistors that are wsed have a capacitor and
resistor added in parallel -with each of the original 50-ohm resistors. This capacitor and
resistor are connected in series; they are shown by dotted lines on the schematic. The capac-

Jitor is 4700 pf with 3% tolerance. .The series resistor is.47 ohms with 1% tolerance . -

Each of these parallel combinations is connected to =3 vdc (at terminal P) by 220-ohm 1%
resistor. A 39 pf capacitor, C?, provides an ac shunt to ground. Each of these circuits
is connected as a termination load to a single inhibit winding of the memory core bank.

. The other end of the parallel combination is connected to the corresponding inhibit driver,
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g INHIBIT DRIVER 1982 - Each PDP-4 memory contains 18 identical inhibit drivers. Each
of these inhibit drivers is a switch with an AND=gate input, which controls the application
of current to the inhibit winding of a single memory core plane. Four inhibit drivers are
included in each 1982 plug-in module. The following description refers to inhibit driver #1

(with gate inputs E and F), but applies equally to the other three drivers in the module.

The inhibit driver is similar to the type 1972 read/write switch (b above) except that it con-
trols a unidirectional inhibit current only, rather than read and write currents of opposite

polarity.

When -3 vdc is present at either gate input, the circuit acts as an open switch, preventing
the flow of inhibit current. However, when both the E and F gate inputs are grounded, the
switch is enabled, permitting core driver current to flow through the associated memory
inhibit winding. The inhibit current then flows between the terminal V inhibit supply and
output #1 (W).

If one or both of the gate inputs is at =3 vdc, the D3-D4 AND gate causes grounded-emitter
transistor Q2 to saturate. The comparatively small size of resistor R2 provides fast turn-on.

For fast turn-off, germanium diode D7 limits the excursion of Q2 into saturation.

When Q2 is conducting, its collector is at about -1 vdc. This voltage is direct-coupled to
the base of Q4, holding Q4 off. This opens the forward-bias current path between the base
of Q6 and =35 vdc, cutting off Q6. Diode D10 furnishes reverse bias current to Q6. With
Q6 cut off, the current path between V and W is interrupted, and the inhibit driver furnishes

no inhibit current.

The inhibit driver is enabled by grounding both the E and F gate inputs. This causes the
D3-D4 AND gate to cut off Q2. The collector of Q2 is then driven more negative by R6.
Furthermore, R6 supplies turn-on current to Q4, and the emitter current of Q4 saturates Q6.
With Q6 saturated, the current path between V and W is completed, so that the driver can

furnish inhibit current to the inhibit winding.

10-8 DELAY CIRCUITS

The four modules described in this section provide adjustable delays for standard DEC negative

pulses. Two of these four units (the 1310 and 1311) are high speed 5 mc circuits. These two
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units are used to delay 70~nancsecond pulses. The other two delay units (the 4301 and 4303)

are low speed 500 kc circuits. These units are used to delay 0.4-microsecond pulses.

The 1310 and 1311 units generate comparatively short delays by means of delay lines. The

4301 and 4303 delays generate longer delay times by means of monostable multivibrators.

a  DELAY 1310 - This module contains a delay line which provides up to T microsecond
delay in 50-nanosecond steps, and an inverter driven by the delay line output. The inverter
output can drive an external pulse amplifier (such as the type 1607, paragraph 10-6a).
The inverter terminals are brought to the external connector of the module, so they are

“availablie for logical gating.

To trigger the delay, a standard DEC 70-nanosecond negative pulse is applied to terminal
X. After a predetermined delay, dependent on the external connections made among
terminals J through W, the inverter output at E is temporarily grounded, indicating the end

of the delay interval .

The inverter adds 20 nanoseconds to the delay of the line. The line delays described below

do not include this 20-nanosecond inverter delay .

Two jumpers are usually used to determine the delay; one for coarse adjustment, the other
for fine. The coarse range of the delay is selected by one of the following jumper connec-

tions .

Jumpered Terminals Delay Range

Uto N toovrococooovessososcosascassss O =0.2 microseconds

VioP . ...0es seoooseon veoosccocessscs 0.2 =0.4 microseconds
VIoR tienovececonoocooons veceosososso 0.4 = 0.6 microseconds
WHo S ciievcococooonn sooeoe secocconne 0.6 - 0.8 microseconds
Wi T oveooocoos e e oosoosooecoaanes s 0.8 - 1.0microseconds

Within a coarse delay range, there are available five graduated delays separated by
increments of 0.05 microseconds. The fine delay within a given coarse range is selected

by one of the following jumper connections.,
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Jumper Terminals Delay = Low End of Range Plus:

Hto N coovooeoooossosssosoososoacssso Nothing

HtoM tevveocooccoosscoasosoascnasoss 0.05 microseconds
Hto L M”o“M“o.“.,;”o”.,o”.,“”;Oo‘ﬁomicroseconds
H to K 015 microseconds

"TH1toJ tivecoocoocconsoossocsacnsscsss 2.0 microseconds

For example: To produce a delay of exactly 0.95 microseconds, jumper W and T, and H
and K:(0.8+0.15=0.95).

‘When the circuit is in the quiescent state, resistor R1 furnishes the cut-off current which
holds transistor Q1 off. Terminating resistors R2 and R3 prevent signal reflections from the
ends of the delay line. By attenuating the short-delay oufput signals, R4 and R5 compensate
for the attenuation of long=delay signéls traversing a greater length of line. Diode D1 iso-

lates the input from reflections caused by a mismatch at the output tap.

b DELAY 1311 - This module contains two identical delay lines. The following descrip-
“tion refers to the delay containing transistor Q1, but applies equally to the other delay on
the module.

The 1311 delay operates in a similar manner to delay 1310 (a above) except that the delay
intervals available are limited to the lowest range of the 1310 delay. A delay of 200 nano-
seconds (not including the additional 20-nanosecond delay introduced by the inverter) is
available in 50-nanosecond steps.

To trigger the delay, a standard DEC 70-nanosecond negative pulse is applied to terminal E.
After a predetermined delay dependent upon the external connection made between F and H,
J, Kor L, theinverter output at N is temporarily grounded, thus indicating the end of the

delay interval .

The delays produced by each connection are as follows:

(connections in parentheses refer to the second unit)

Jumpered Terminals Delay

FoL(StoW) covcoosocoosoanacoscssso D0 Nanoseconds
FtoK(StoV) ciceceovccococccocsacasss 100 nanoseconds
FtoJ(StoU) cvovvcocococooococossssa 150 nanoseconds
FtoH(S10T) cvievccoocococcnccoonaass 200 nanoseconds
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¢ DELAY 4301 - This module contains an input pulse gate, a monostable myltivibrator,
an output level amplifier, and an output pulse amplifier. The pulse gate transistor is Ql;
Q2 and Q3 are the multivibrator transistors; Q4 is the level amplifier transistor; and Q5 is

the pulse amplifier transistor. Diodes D10 through D13 provide a =3 vdc supply.

Whenever input Y is enabled by a ground level at Z, and triggered by a DEC 0.4~-micro-
second negative pulse, another 0.4-microsecond pulsé is generated at pulse output E or F
after a predetermined adjustable delay. If E is grounded, a positive pulse is generated at

F. However, if F is grounded, a negative pulse is generated at E.

in addition to its pulse output, the 4301 delay circuit also has a level output at J. This
output, which is normally at ground, falls to =3 vdc during the delay. An alternate method
of triggering the delay is to ground input X through the collector of an external pulse gate

similar to Q1.

~'Using only internal components, the delay may be varied from 2.5 microseconds to 200 milli-
seconds in 5 ranges. With U jumpered to T, potentiometer R7 varies the delay within each
range. Range selecfion is determined by jumpering H to one of the terminals L, N, M, P

or R, thereby connecting capacitor C4, C5, C6, C7 or C8 into the multivibrator circuit.

The delay range with only C4 in the circuit is 2.5 microseconds to 25 microseconds.
Connecting each higher valued capacitor in turn raises the delay range by approximately

a factor of 10.

Circuit recovery time is 20% of the maximum delay in each range. The corninection between
H and L is wired internally. If external control of the delay is desired, a potentiometer
may be connected between pins Sand T. Higher ranges may be added to the delay by

connecting an additional capacitor between pins L and K.

Current from the base of Q2 flows through Ré and the parallel combination R7-R8. This
current holds Q2 on. With the collector of Q2 close to ground, voltage divider R4-R9 holds
Q3 off. The collector of Q3 is then held at about -6 vdc by voltage divider R13-R14,
There is no vo_H'cgeuqcross the primary of transformer T2, and no voltage appears across

the secondary .

Current through R13 and R14 saturates Q4. Consequently level output J is at ground. The
base of Q5 is grounded through the secondary of T2. This ground holds Q5 off. The output
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pulse amplifier remains in its quiescent state. . There is no pulse output across Eand F.

The 4301 delay is triggered in the following manner. A =2.5-volt, 0.4=microsecond pulse
is applied through Y to the base of Q1. I[f the emitter of QI is giounded at Z, enabling the

input gate, the transistor saturates, grounding its céllector.,

Terminal 2 of the T1 primary then becomes positive with respect to terminal 1, and an in-
vcreosihg current flows through the primary. (Capacitor C2 bypasses the primary to prevent
i’npuf'noi'se from spuriously triggering the circuit.) The increasing current in the primary
produces a negative voltage at secondary terminal 4. Diode DI couples this negative

voltage to the base of Q3, thereby turning Q3 on.

The collector of Q3 then applies a ground through diode D7 to the junction of R13 and R14.
This cuts off Q4. Output J then drops to =3 vdc, indicating the beginning of the delay in-

terval .

The ground at the collector of Q3 is applied through diodes D5 and Dé, resistor R10, and
the H fo K capacitance to the base of Q2. This ground immediately cuts off Q2, cdusing
its collector voltage to drop. Resistor R4 then draws base current from Q3, holding Q3

on even after the end of the pulse from terminal 4 of transformer T1,

The monostable multivibrator made up of Q2 and Q3 remains in this state (Q2 off and Q3
on) for the time inferval required to charge the capacitance in the Q2 bose circuit, The

RC time constant which determines this interval depends upon the capacitors in use, and

the resistance of R6 in series with the parallel combination of R8 and potentiometer R7.

When the time delay capacitors have charged i‘o‘a sufficiently negative voltage, Q2 turns
on. The resulting rise in the collector voltage of Q2 is coupled through R4 and C3 to the
base of Q3. This cuts off Q3. The current in the primary of T2 then falls to its quiescent
level . The resulting negative pulse in the T2 secondary is applied to the base of Q5, turn-

ing Q5 on.

The pulse amplifier composed of Q5 and transformer T3 then generates a standard 0.4-micro-
second DEC pulse across outputs Eand F. Operation of the pulse amplifier circuit is explain-

ed in the description of module 4605 (paragraph 10-6d).

Since, when Q3 turns off, the voltagé at the base of Q4 is determined by voltage divider
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R13-R14, transistor Q4 then turns on. Oufpui‘ J fherefore returns to ground, indicating
the end of the deloy ' .

- d  INTEGRATING ONE=-SHOT 4303 - This module contains two monostable multivibrators,
two difference amplifiers (slicers), three inverters, a positive capacitor-diode gate and a
negative dc supply. These components form a single circuit The fype 4303 has flip-flop
fype logic level outputs. When the cn'cun‘ is in the 1 state, the 1 output is asserted at

-"d.léved In fhe 0 state, the O ourpuf is asseri‘ed at

-3 vdc, and the 0 ou?pufpuwj :
-3 vdc, and the 1 output provides a ground level . When an input (there are three) is pulsed,
the circuit assumes the 1 state, having previously been in the 0 state. The circuit returns

“to the 0 state after a selected delay, which begins with the termination of the input signal .

" The two multivibrators include transistors Q2-Q3 and Q10-Q11 respectively. fr_qnsisfors

: Q5 Q6 form one slicer, Q7-Q8 make up the other. The three inverter trohsi’sfors are Q1,

| Q4 and Q9. Copcca’ror i, resistor R1, and diodé DI compose the positive capdc'ifor-diode
(gote The negative de supply confams diodes D9 through D16 and resistor R28. Volfage
iblevels of -0.75 vdc, -] 5 vde, -3 vdc, -4 5vdc, -5.25 vdc, and -6 vdc are tapped from

" the supply at the cathodes of D16, D]5 D13, D11, D10 and D9 respectively.

Three inputs are provided at terminals K, S and R. The signal input at K may be either a
DEC standard 0. 4-=m|crosecond negahve pulse or a negative level. The inputat S is a
DEC standard 0. 4~m|crosecond positive pulse or positive-going level change; this pulse is
gated through to the base of Q2 by a ground level at T. Input R reqmres a positive pulse
such as the output of a positive capacitor-diode gofe S|m|lar to C1-R1-D1. The 1 and 0

outputs are W and U, respectively.

The delay is variable from 3.4 microseconds to 0.9 seconds in five overlapp‘ing ranges .
Connection of onekof five internally contained capacitors into the circuit determines the
‘}deloy range . Capacitor C7 is connected internally to give the shortest delay range. Con-
necting capacitor C6, C8, C9 or -C10 (E F, Hor J, respectively) to ground (D) increases
the range by successive Facfors of qpproxmately 10 Potentiometer R10 determines the delay
within each range if Y is jumpered to X. Alfernahvely, the delay may be determined by

“an external potentiometer connected between Z and X.
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In the quiescent state, Q1, Q3, Q4, Q5, Q8, Q% and Q10 are off. Transistors Q2, Q6,
Q7 q».r.wl Q11 are on. Voltage divider R2-R3 shiffs the ground level at input K pos'i’ﬁ’ve,
biasing Q1 off . Multivibrator Q2-Q3 is in its stable state with Q2 held on by base current
- flowing through R5, and Q3 held off by voltage dwuder R8—R9 W:i'h the collector of Q2
at ground, voltage divider RH -R1 2 blases Q4 off. -

In slicer Q5-Q6, transistor Q5 is off and Q6 is condqcﬁng‘. Diode D6 \clamps )‘he collector
" of Q6 at =0.75 volts, Ho|dingv Q6 out of saturation. The common émif‘ter cobnecﬁon of
NIPN transistors Q5 and Q6 follows the voltage (-1.5 volts) at the base ;>f Q6. Consequent-
ly Q5 is cut off. B | “

. The ofher slicer fransus’rors, Q7 and Q8, are on cnd off, respectively. The series combina-
tion of potentiometer R10, cvnd resistors R13 and R14 draws sufficient current from the base
of Q7 to saturate that transistor, even if the pofenhon\efeﬁr is set at its maximum resistance.
The saturation of Q7 holds the common emitter connection of Q7 and Q8 at -5.25 volts,

' the collector voliage of Q7. The more positive voltage _(-;‘4;.5 :\./oli's) at the base ’bf Q8
holds Q8 at cut-off. With Q8 cut off, Q9. is back-biased through R19 so Q9 is éuf off,
also. Since Q9 is cut off, the voltage divider composed of R23 and the pcrallke“l combination
of R21 and R24 holds' Q10 off. Conseq,ue,n‘fly,-mulfivibr_afor"Qlo- Q11 is m i»’rAs stable state,
with Q10 off and Q11 on. | |

The circuit is triggered from the quiescent state when an appropriate inpUi‘ at K, Ror S
drives the base of Q2 positive. Multivibrator Q2-Q3 flips to the fempordry state with
Q2 off and Q3 on. Diode.D4 clamps the collector voltage of Q2 at =3 volts. k]] and
C5 couple this =3 velt ~|évé| to' the base of Q4, saturating Q4. The saturation of Q4

grounds its collector.

The grounded collector of Q2 drives the bases of Q5 and Q7 positive. The signal divides
at the two bases in order to perform two functions. " The signal at the base of Q7 goes to
output multivibrator Q10-Q11, driving this multivibrator to its temporary state. The base
of Q5 forms part of ‘the feedback loop that returns the signal to input multivibrator Q2-Q3,

returning this multivibrator to its quiescent, or.stable, state.

As the base of Q7 goes poéi"rivé, Q7 turns off and @8 turns on. .The common emitter con-

nection of the two transistors rises fo the base voltage of Q8. Transistor Q8 turns on but
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“does not saturate because the rising collector voltage of Q8 is clamped at =5.25 volts by
the turn=on of Q9. Transistor Q9 does saturate, and its collector voltage drops to =5.25
volts. Resistor R20 couples this voltage to the base of Q10, turning Q10 on-. Mulifi\;ibrafor

- Q10-QI1 flips to the temporary s.l;oi'e, with Q10 on and Q11 off. The output IS now in the
| state, with W at =3 volts, and U at ground.

In the feedback loop to input multivibrator Q2-Q3, R14 drives C7 (and any other capacitor
that may be in parallel with it) toward ground. - This is the charge mode . When this voltage
reaches -1.5 volts, Q5 begins to conduct, raising the common emitter voltage of Q5 and
Q6. vConsequenHy/, Q6 is éut off. The cb“ecfér voltage of Q6 goes posi’fi’v‘e, forward-
biasing D5 and cQHinQ off Q3. Transistor Q2 turns on, provided that it is not held off by

 a continuing negative level at K.

The turn-on of Q2 grounds the base okf Q4,‘, cutting Q4 off, and beginning the discharge
_mode. Before the collector of Q6 can return to its quiescent state, C7 (and any additional
capacitor which is in parallel Wifh C7) must discharge, through resistor R13 and potentio-
meter R10, to a voltage more negative than =1.5 volts. At this point Q6 turns on and D5
becomes back=~biased, disconnecting R16 and R17 from the base circuit of Q3. ‘However,

the grounded collector of Q2 continues to hold Q3 off.

When the base voltage of Q7 becbmes mofe negative than -4.5 volts, Q7 turns on and Q8
turns off. The =6 volts from the négdfive s‘upply back=-biases Q9 through R19, turning
Q9 off. The rise in voltage at the collector of Q9 cuts off Q10, returning the output
multivibrator to its stable state. The outputs at W and U return to the 0 state (W at ground

and U at -3 volts), indicating the end of the deldy;

If the input to Q1 is held at =3 vdc, capacitor C7 charges up to ground and stays there.
Thus the output remains in the 1 state. The output returns to the 0 state after a fixed in=
terval following the removal of the negative Q1 input. When input pulses arrive at shorter
intervals than the delay period, the output similarly remains in the 1 state, returning to

the 0 state after a fixed interval following the last pulse.

10-9 PULSE CIRCUITS

Three modules, clock 4401, crystal clock 4407 and pulse generator 4410 are described in this
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section. All three modules produce standard DEC 0.4-microsecond pulses, either positive

or negative.

The type 4401 and 4407 clocks produce a continuous train of pulses at predetermined frequen-
cies, and serve as timing devices in the PDP-4 equipment. Pulse generator 4410 utilizes a
Schmitt trigger to generate an output pulse whenever its input is triggered. The input may be
triggered even by slow, and perhaps irregularly changing voltages. This feature makes the

4410 pulse generator useful in converting sine waves and mechanical switch closures to pulses.

a  CLOCK 4401 - This module consists of an astable multivibrator, a pulse amplifier-
shaper, and an output pulse amplifier. The multivibrator includes transistors Q1 and Q2;
the pQIse shaper transistor is Q3 and the output pulse amplifier transistor is Q4. The type
4401 clock generates standard DEC 0.4 microsecond pulses across output terminals E and F
at any frequency from 5 cycles'to 500 kc per second. The interval from 5 cycles to 500 ke
"is divided into 5 overlapping ranges; within each range the output frequency is continuously

adjustable. The output pulse train may be inhibited by applying =3 vdc to V through a diode

whose anode is connected to V.

Potentiometer R4 adjusts the frequency within each range. The range is determined by the
amount of capacitance between pins Tand V. An external jumper connects one of five
capacitors contained in the module into the circuit for this purpose. The frequency range

for each of these connections is as follows :

Connection Frequency Range
TtoM...... cacesvesesvescsonasssrsas 5 cycles to 50 cycles
TIOR covovocoonsceocoocoocscasoasans 50 cycles to 500 cycles
TIOP teoveoceoooncosononoasocosacoss 500 cycles to 5000 cycles
TtoN ..oovvene ceooses ceccacesssssans 5 ke to 50 ke

TtoU tevieoeoococooososcoccosconsoss 50 ke to 500 ke

Diodes D1 through D6 determine the operating volfq'ges of the multivibrator. These are
silicon diodes with a voltage drop of approximately 0.75 volts each. Because they main-
tain this voltage drop across a wide range of current flow, multivibrator operation is stable
and comparatively independent of the =15 vdc supply. Diodes D1 through D6 hold the base
of Q1 at =2.25 vdc and fix the Q1 and Q2 collector supply at =-3.75 vdc.
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Multivibrator feedback is obtained by connecting T'fo 4ne of M; R, P, N or U, and jump-
ering X and Y. An alternative arrangement, which extends the multivibrator frequency
range, is to connect an external capacitor between V and T. External fine control may be

provided by connecting an exi'erncxl poténi’ioméfeiﬁ between Y and Z.

Because the fine control po’renhomefer R4 varies ’rhe operdfmg pomf of QI over a Wlde range,
a dual collector load is provided for Q1.. For low opercmng current resistor R3 i is the prlncn—
pal load, and the QI gain is sufficient to molni'onn oscillation. For high operating current,

the principal load is through R2, and Q1 is not driven into saturation.

Multivibrator transistors Q1 and Q2 alternate on and off at a rate ’rhc’r is a function of the
RC time constant of the range- de’rermlnlng capacitor (one of C3 through C7) and the series
combination of resistor R1 and pofenhomefer R4. An oufpu’r pulse is generated during each

cycle of the mulhvnbrofor when Q2 turns off.

Assume that at a given moment Q1 is turning off and Q2 is turning on. The emi’ﬁer vokltoge
of Q2 follows the negoffve¥going voltage at the collector of Q1. Capacitor C3 (if T is
jumpered to M) cﬂo‘uples’fhe negative transient fo the emitter of Q1. The feedback from the
Q1 collector to its emitter rapidly f;*iggers the multivibrator to the astable state with Q1
off and Q2 on. The secondary of Ti generofeé a positive pulse at the base of Q3. How-
ever, this pulse only drives Q3 further info cutoff, and the output pulse amplifier is not

affected.

The multivibrator remains stable in this state while C3 charges through R1 and R4. The QI
emitter voltage rises exponénﬁ'ollly towards ground. When the emitter voltage becomes more
positive than the -2.25 volts at the base, the transistor begins to turn on. The QI collec-
tor-emitter feedback triggers the multivibrator to the other state (Q1 on and Q2 off). The
multivibrator remains in that state while C3 charges through R5. Note that if terminal V

is held at =3 vdc, QI cannot turn on. The multivibrator remains stable with Q1 off and

Q2 on until the =3 volts s removed.

At the turn-off of Q2, the collapse of current in the primary of transformer Tl causes a
negative pulsé to be generated at termindl 3 of the T1 secondary. This negative pulse
saturates Q3, grounding terminal 2 of the T2 primary. The output pulse amplifier, compos~

ed of Q4, T2 and T3 generates a standard DEC 0 :4-microsecond pulse across E and F.
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-Operation of the pulse amplifier is explained in the description of module 4603 (paragraph
10-6¢).
b CRYSTAL CLOCK 4407 Thls module confcuns a crys’rql oscﬂlafor, an oscullcfor out=
put amplifier, a Schm|H' frlgger cn’cun and an oufpui’ pulse amplifier. The crystol oscill=

ator includes transistrs' QT, Q2 and Q3; transistor Q4is the oscillator dmpli‘ﬁer The
Schmitt cn’cmf lncludes QS and Q6. Trcm5|sfor Q7 is part of the oui'puf pulse amplaﬂer

P S i
T 2 B v

The 4407 modul_e generofes DEC standard 0. 4-m|crosecond pulses, el’rher posmve or nega-
tive, at a frequency determined by the series resonance of fhe oscillator crys’rol In PDP-4,

‘Vclock 4407 has a crystal with a series resondnce of 9 6 ke.

, Termlncl E is fhe negchve oufpuf ond F is fhe posmve ou’rpuf AfFis iurﬁpered to ground,
e TR P A . R

E produces a9 ,6 kc train of negahve pulse‘s‘. C(;nv_er;,_,ely,unc Eis gr_oynded, F:‘proﬂduces

a9.6 kc troin of positive pulsesn

Posmve Feedbcck from the collecfor to fhe emltfer of Ql sustalns oscnllahons |n‘ the crystal
, oscnllcn‘or The Feedback pai‘h goes. From the collecfor oF Ql rhrough crysfql CR 1, the two
emlﬂer followers QZ and Q3 fo the em|Her of Q] The oscﬂquor output is tc:ken from the
colleci’or of Q3

The circuit oscillates (unity gain araund: the feedback loop) at that frequency such that the
highest proportion of signal voltage is fed back to the emitter of Ql. Crystal CR=1 has

- minimum resistance at serles resonance . Thus the posn’nve feedback is maximum at the series-
resonant frequency oi’ CR-] qu oround fhe Feedbac:k |oop is less than unl’ry for other
Frequencues Osc1||qhon is fherefore susi'cuned only at the series-resonant frequency of

CR-1, ie 9.6 kllocycles '

- The parallel resénanticircuit Cl=€2-L1is tuned in the vicinity of 2.6 kec. . The increased
impedance of this tuned. circuit at resonance compensates for the loss of QI collector load
impedance at the series resonance of crystal CR=1.  This compensation near resonance helps
to stabilize the gain of Q1, qnd assists in funmg the oscﬂlon‘or to the desired frequency.
Zener diodes DI cnd D2 moke fhe operohng volfoges of fhe oscullo‘ror circuit independent

. of supply variations.

The oscillator output:to the base of Q4 is amplified at the. Q4 collector and applied to the
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base of Q5. The Schmitt circuit, Q5 and Qb, converts the 9.6 kc sine wave into a 9.6 ke
square wave. The output pulse amplifier, Q7, then converts the square wave into a 9.6 kc

train of DEC standard 0.4-microsecond pulses.

The Schmitt circuit and output pulse amplifier are similar to the circuit contained in module
4410 (f. below). Each time the sinusoidal output from the Q4 collector drives the Q5 base
more negative than =2 volts, Q5 turns on and Q6 turns off. The turn off of Q6 generates

a pulse at outputs E=F. Since Q6 turns off and on once for each cycle of the oscillator,

the pulses are produced at the oscillator frequency.

¢ PULSE GENERATOR 4410 - This module contains a Schmitt trigger circuit, an output

pulse amplifier, and an RC filter. The Schmitt circuit includes transistors Q1 and Q2; the
pulse amplifier transistor is Q3; resistqrs R1 and R2 and capacitor C1 make up the filter.

~ Module 4410 generates a standard DEC 0.4-microsecond pulse whenever its input voltage
drops from a value more positive than =1 volt to a value more negative than =2.0 volts. If
no internal filtering is required, the input is applied to terminal S. However, if the internal
filter of the type 4410 is needed (for example, when the circuit is used in conjunction with
a mechanical switch), S and U are jumpered and the input is applied to Z. The negative
trigger input to Z can then be derived by mechanically switching K to Z. The combination
of capacitor filtering and the hysteresis of the Schmitt circuit prevents all but the noisiest

contacts from generating more than one pulse per switch closure.

The output terminals of the 4410 are E and F. The output pulse may be either positive or
negative. Terminal E generates a negative pulse when F is connected to ground; F gener=

ates a positive pulse when E is grounded.

Assume that initially the input (at S or Z) is ground, Q1 is off and Q2 is on. The emitters
of Schmitt trigger transistors Q1 and Q2 are held about 1.8 volts negative by the Q2 emit-
ter follower action. The Q2 base voltage is determined by voltage divider R5-R7-R10 and
and R11. Diode D3 isolates the emitters of Q1 and Q2 from the =1.0 volt level at the
junction of R14 and R15. Diode D1 and resistor R4 couple the ground input level to the
base of Q1. Since this base is back-biased, Q1 is cut off.

The collector of Q2 is at =4 volts. The current through the primary of transformer T1 is held
steady at about 10 ma, and no voltage appears across the secondary. The base of Q3 is
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- held at ground by-the secondary of T, and Q3.iscutqff. :The. QB collector is at approx=

imately =7-.5vwolts, and'therevis:no-outpyt.acrassiiand F.iua togivo 80T o o

e -t:,ﬁ.‘ .
by S e g I beed e VG
To trigger the circuit, a negative voltage is applied s e inputs” Schimitt figger trdnsis-
- tor Q1 begins to:conduct as:sodn s ifs: base becemesmore negative: than -its-emitter. ~This

occursiwhen: the inputfalI$ below:about #2.0 volts. :Whan«Q: starts to conduct; itsicol-

~lector, vo?lfdge‘:rises.rl'ow&’rds roundd i iy o eenet DU w e e e e
'.‘ LAY BLET G g Fi gl ni T g T T et e A .«;:‘f N
Resnslor R7 cmd capdcl or C2 couple'the rising collector voltage of Gl-to the base of Q2,

thereby cutiing off Q2. Turn-off 6f 12 Haked the 'Commdll Emitter tonhsctibn of Qlfand

..-Q2 more positive, speedl ng, ! tlwe turn=-on of, Ql Tl'us posmve Feedback of l'he Schmutl‘

et B

. trigger circyit assyres a fasi change of sl‘qtej ndependenl of lhe fall l'lme of llqe mpu’l signal .

il S R N VIS SN B o R '.‘""‘x : ‘!\L..
“With the turn-off of Q2;.the currentthrough the: primary-of transformer.T1 collapses reiin=

ducing a negahve pulse'qt terminal 4 of the l'"l secondaly Thus negcl’nve pulse is dmplnfled

o & o
1)\4 SUAER T ,‘ ;3\&

by pulse ampli fier Q3 and appears across oul’puts E omd F The pulse omplufler' shopes the

e : : R 1 SRS H

;. output pulse to 2 5 valts.i in amplllude cnd 0. 4 m|crosecond |n durohon, The polqrnly of the
3 R rel : Sorriedrn o

pulse depends on wl*elher E is grounded (for a posmve pulse) or. F us grounded (fox a nega-

Vv ohaT RENISARDARES § H

. tive pulse).

i oot e N . - . [ i C e .
f el LEREIRT I B T £ty SIS R s N A PN E A L

“When thé Qi base input-again.sises towards ground;. the Q1 emitter follows. this voltgge un-
- til the basetis at approximately:=i volt & At-this.peint, D3 again starts to cgnduct, clamp-
ing the emitter voltage: Furthetirise: of the input voltage. cuts.off Q1 .. As the QI collec~

for .goes, negcmve, l"l’HS volquge dlop is coupled l'hrough R7 and C2 to the bose of QZ turn=

.
5 TR

ing, Q2 back on,. ond lhereby relw"mng flne fngger c1rcu1t to l‘he muhdl slqi'eo Thns re-=

1l

establishes current lhrough the primary of Tl ond mduces a posmve pulse at termmal 3 of
NP TR SN

the T1 secondary . Thns posmve pulse, however, only drives Q3 further into culoff and the
A oui‘pul pulse qmpllfler is uncuflecl"ed 'Diode BZ and res:slol” RY" prevent rmgmg in TT,

;oo H .,.llf e . [ PR TR . ""‘% e

10— 10 PLUGADAPTERS]956 AND'I956R Ve e R

. x { i (TR AU S sy

Fhese ‘two plug adqpters are. plug in unn‘s thl hqve a 10—=pm plug Cll' i‘he module chk pcmel
{only nine pins are used), in dddmon l‘o\llne sl"ondord 22=-pm plug local’ed at lhe‘ ftonf pdnel
Internal wiring connects each pln of the bock ponel plug to a pin of l'he fronl‘ ponel plug

'Bolh types of adapl‘errs are u'sed ?o brmg l’he rédr pl ug connections of- l'he 4203 Fllpbflop to the

. ‘, T - e id . L . BT
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front of the mounting panel.
4

The PDP-4 includes only three adapters. A single 1956 adapter couples the rear plug of the
link flip-flop (type 4203) to the front of the mounting panel. Two 1956R adapters couple the
accumulator rear plugs (also 4203 flip-flops) to the front. One 1956R adapter is located at
each end of the accumuld;c}f, and parallel bus connections are made between the rear plugs

of the adapters and the register flip=flops.

The 1956R adapter differs from the 1956 adapter in that eight of the nine internal jumpers be-
tween the back and front panel plugs are grounded through resistors. These resistors serve as
terminating resistances for pulsed lines. All the resistors are 100 ohms, except the two that
connect lines C*-L and E*-R to ground. These two resistors are 47 ohms. The connection

between D* and N carries levels, not pulses, so it requires no terminating resistor.

10-11  POWER SUPPLIES AND CONTROLS

The PDP-4 power supplies convert standard 110 vac to dc power at the appropriate voltages for
the computer circuits. The supplies include type 728, 734 and 735. Power supply control
type 1701 and the type 735 supply are functionally a single supply unit. Power control 813

controls the application of power to the computer.

a  POWER SUPPLY 728 - This unit supplies the +10 vdc and -15 vdc power required by

most of the PDP-4 modules. Two type 728 supplies, with their =15 vdc outputs connected

in series, furnish -30 vdc for the 4681 solenoid drivers.

The outputs of the 728 supply are +10 vdc (0 to 7.5 amperes), or =15 vdc (1 to 8.5 amp-
eres). When both outputs are used concurrently, the current limitations are more strin-
gent. All three of the following limitations then apply:

(1) +10 vdc limited to between 0 and 7.0 amps

(2) =15 vdc limited to between 1 and 8.0 amps

(3) Both outputs limited by the relationship:

+ 61 < 53

S0y T -5y <

The +10 volt output is regulated between 4%.5 vdc and +11 vdc; the =15 volt output is re-

gulated between -14.5 vdc and =16 vdc. Assuming line voltage variation from 105 to

10-51



125 vac, this regulation holds from minimum to maximum load. Output ripple is less than

350 millivolts,

The line voltage is stepped down to 10-0-10 vac and 15-0-15 vac by transformer T1.
Diodes D2 and D3 are connected to the 10 volt secondary taps as a positive full-wave
rectifier. Capacitors C2 and €4 filter out the dc tbmpdnent of the oufrp'uw° Resistor R1,
in parallel with the 10 volt load, keeps the output within regulation tolerances even

though the external load is decreased to the no-load condition.

Diodes D1 and D4 are connected to the =15 volt secondary tdps of T1, as a negative full-

wave rectifier. .Capacitors C1,.C3, C5and Cé filter out the ac component.,

Special properties of transformer T1 make péssible the simple design of the power supply.
T1 is a saturated-core transformer which provides inherent overload protection. Even: -
with shorted outputs, only a limited output current can be drawn. This self-limiting
secondary current eliminates the need for series im‘pedanée elements at the filter inputs.
The dc output impedance of the supply is thus kept low, rendering regulating devices

unnecessary .

b VARIABLE POWER SUPPLY 734 - This power supply furnishes dc power for marginal
checking of PDP-4 modules. For a nominal 110 vac input, output voltage is Conﬁnuously
variable from 0 to 20 vdc (no load). Maximum voltage output drops 3 volts at full-rated

load of 2.5 amperes.

Line power at 110 vac is steppéd down by trahsfotmér T1. (Only the terminal 3 and 4 half
of the secondary is used.) The voltage at the secondary is applied to terminals 1 and 5 of
Variae M5, By adjusting the position of the terminal 3 tap, any voltage within the range
of 0 to 20 vac is available between terminals 3 and 4. Output voltage is increased by

rotating the Variac control clockwise. The Variac output is applied to a bridge rectifier

(diodes D1 through D4).

The rectifier diodes are oriented so that the dc output of the bridge at the junction of D2

and D4 is positive with respect to the junction of D1 and D3. Parallel capacitor C1 filters
the output. Voltage regulation is improved for small load currents by parallel resistor R1.
A slow-blow 5-ampere fuse at the positive output protects the supply against overload.

The dc output voltage is indicated on a 0-30 vdc meter across the output.
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¢ POWER SUPPLY 735 - This suppl{y'prov.ides power to the PDP=4 memory logic. The
input voltage requirement is a nominal 110 vac. Outputs are =3 vdc (terminal B), =13 to
=16-1/2 vdc (C and D), and =35 vdec (E). A +10 vdc level is generated for use by the
internal shunt regulator circuits, and for use by power control 1701. Terminals C and B

are the inhibit voltage supply output; D and B are the read/write voltage supply outputs.

Since the read/write and inhibit voltages must be well-regulated, compound connection
shunt regulator circuits are used across these outputs. The bases of shunt regulator fran-
sistors Q1 and Q3 are brought to terminals F and N (for connection to power control 1701)
rather than to their respective onput voltage points. Besides regulating the output voltages,
the connection to the 1701 control serves two other functions. The 1701 circuitry varies the
output voltage in accordance with the temperature of the core stack. Furthermore, the

1701 control permits adjusting the output voltage to the individual requirements of a

specific core stack.

The inhibit and read/write supplies are very much alike. They differ, however, in that the
inhibit supply output current varies over a wider range. Whereas the read/write supply
output current varies only from 0 to 0.4 amperes, the inhibit supply output must vary from
0 to 3.0 amperes. Consequently, both the inhibit supply series dropping resistance (R1-R2)
and also the emitter resistor R4 of the principal shunting transistor Q4, are smaller than the

corresponding resistors in the read/write supply.

Transformer T1 steps down the 110 vac input to 10-0-10 vac, and to 35-0-35 vac. Diodes
D2 and D3 are connected as a positive full-Wave rectifier to the 10 volt secondary taps.
Capacitor C5 filters the dc oufpbi‘ of the rectifier, which is then applied to the emitter
circuits of Q1 and Q3, and to terminal A of power control 1701. Diodes D1 and D4 are
connected to the 35 vac secondary terminals as a negative full-wave rectifier. Capacitor

C3 filters the rectified -35 vdc output at E.

This =35 vdc also provides the negative input fo both the inhibit and read/write supplies.
The positive input to these two supplies is =3 vdc from terminal B. This voltage is gen-
erated by the forward voltage drop across four series-connected diodes D5, D6, D7 and D8.
The anode of D5 is connected to the grounded center tap of T1. Because the inhibit and
read/write supplies are similar, the Fo||owing.description of the read/write supply also

adequately describes the inhibit supply.
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The base of shynt-regulator fransistor Q1. is bucsed From termunal F of the 1701 control.

The operation of the 1701 control is fu“y descnbed in F below,A However, to understand

the regulating action of transistors Qi and Q2 itean be.assumed for the time bemg that the base of
Q1 is biased. through a. connection, to the teyminal D outpuf oF the supply., AIHmougl’h this
connection is in+fact made through. the 1701 control carcuufry, the bias Feedbdck functions
in much the same way as if the feedbock connechon from oufpuf D were instead mc:de

through a bcH’ery, xeFerence duode, or resustance, o

If the output voltage:rises, either because of an, increose in the supply load, or be;:ause of

- a rise in the regulgtor input-vpltage, then the base yoltage of Q] also rises. Conduchon
through Q1 decreases, and the Q1. emﬂteﬂ voltage rises with fhe base vol’mge.} Consequenf-
~ly, conduction through Q2 alse decreases.. The decrease in conduchon through ii\ée two
transistors (chiefly Q2) tends to-restore the orngmol voltage at D. Snmnlcrﬂy; a FqU in the

output voltage is counteracted by increased conduction in i'he shunt reguﬂcior, _ Ccpccu’ror

C6 provides a low output impedance for transient loads.

During normal circuit operation, Zener diode b8 does not conduct Thus dlode I, used
solely as.a protective devige. In the event that conduchon through Q1 or Q2 is serlously
impaired by a malfunctipn, the circuit.output volfage would, in the obsence of D8 tend
to fall towards =35 vde,, To avoid such a large negqhve output voltage, and fhe resulting
possibility of damaging other computer memory elements, Z‘elul\keArv diode D8 is used to clamp

the terminal D output fo a maximum negative value of =17 vdc with respect to terminal B.

d POWER SUPPLY' CONTROL 1701 = This unit controls power supply 735. The 1701
module contains two idénticdl circdits. -One of these ‘two circuits controls the 735 inhibit
supply, and the other contiosls the 735 read/write supply. Since both the inhibit and read/
" write supplies function'in the same way, the following description of. the read/write con-

trol circuit (in the lower half of the schematic) applies equally to the inhibit control

circuit (top half of schematic).

Terminal E of the 1701 control is connected to the =3 vdc common of the 735 power supply .
Terminal H is connectéd to the nominal =13 vdc output of the read/write supply. ‘Termin-
al A receives +10 vdc (frém:the 735 supply). Terminals V and' W are control terminals.

When V is jumpered to"W, the temperature coefficient of the regulation in the 735 supply
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is =0.5% per C°. When this connection is left-open, the temperature coefficient is =0.8%

per C®. The control output is at F.

As an adjunct to fhe 735 read/wrlfe supply, the control circuit performs three functions.
First, the terminal F output biases the base of shunt regulator transistor Q1 in the 735
supply . This bias determlnes the rec:d/wrlfe oufpu!‘ voltage. The blcs, and the resulting

reqd/wrlte outpui‘ can be ad|usted by a pofenhomefer.

. » g

~ Second, a thermlsfor (plqced in the environment of fhe memory core: sfack) mc:kes the bias
%emperafure-dependenf Because the thermal coefﬂcnenf of this thermistor is hegative

| (-4. 4% per"Co), fhe reqd/wrlte oufpuf voli‘age is a negohve funcflon of ’rempero’rure.,

As the fempera’rure of the core stack incieases, the recd/wr;fe voltage: and ‘coivént de-
‘erease. This fempera.t_ure ,compensaf»non corrects for t!he‘_chf that the highet ’rhe core temp-
erafure; the smaller the core wi‘ndin'g”cl;rr‘éni" fhdf is Héédé_d’ to swffch.d.,r"vrﬁemo‘ﬁy"c‘dre;

The third function of the confrol circuit is to compensate for changes in fhe redd/wrni"e
:voli'qge that are caused. byvorlqhons in the load and in the supply lnpuf vonage. The
control curcuni‘ serves. to fur’rher compound fhe shunt regulator contained in the 735 read/

“write supply B o - S o ' RS

Transistors Q4 and Q5 make up a difference amplifier, The change in volfqge ei' fhe col~
lector of Q5 is proportional to the voltage difference between the bases of Q4 qnd Q5.
Bias control levels from the pofenhomefer enter the- dlfference ampllfler at ’rhe bose of Q4.
Bias control levels determined by chqnges in the resusfance of the fhermlsfor are applned to

" the base of Q5. The feedback, or regulation sngnol also enters the difference’ ompllfuer

qttheQS base . o . S T

1

—:'The series combmahon of confrol pofenhome’rer R13 and resustor R12 is in parcllel wn‘h

.»q 6.2 volt Zener reference dlode., _ Thls double-—qnode Zener dlode provides fhe bcs:c
olfqge reference. used by fhe circuit. The reference diode has extremely good 'remper-

ature stqblllty Voltage acréss it remains nearly constant for normol variations in c:mbleniL

temperature, and for wide variations in'current.’

Counterclockwise rotation of the potentiometer varies the base voltage of transistor Q4
from =9.2 volts to approximately -'6..5V\;/‘o|‘i's .” Rotating the potentiometer counterclock-

wise decreases the read/write output voltage; clockwise rotation increases the output

10-55



voltage. The potentiometer.controls the output voligge.in the following manner, Assume
that the potentiometer is rotated counterclockwise.:- ﬁThe.Qé base voltage then becomes
more p05|hve, decreosmg conduc’rlon fhrough Q4 Conduchon fhrough QS fhen increases,
raising the base voltoge of NPN ’trcmsustor Qé Thls uncreoses conduchon fhrough Q6, and
fhus fowers fhe blos oui'pui' at F The more negohve oui‘pu’r at F causes increased conduc—
tion in the 735 read/wrlte shupf regulofor franswtors, fhereby decreosmg the reod/wrlfe

output voltage. Clockwise rotation of the pofenhomefer increases the supply oufput in

exocffil""fhe opposite manner.

To undersfand the way in whlch 'rhe confrol cnrcuﬂ' compensaies For femperature changes,
assume fhot while the Q4 base volfoge remains consfonf the temperature increases. The

_ increasing i‘emperofure produces a decrease in the vqlue of i’he thermlsfor (connected be~
tween J and K). As fhe re5|sfonce of the fhermustor decreases, i'he Q5 bose volfoge also
rdecreases, increasing conduc‘rlon ‘rhrough Q5. The bias output at F decreoses, thus reduc -
ing the supply output voltage. Decreases in dmbient temperature produce an inéreased

~ output voltage in exactly the opposite mariner.

Connecfed across the sup‘ply ouf‘pu’iL is volfo:ge df;ioer, oompri’sing fhe vfhermisfo’r'ond
resistors R16, R17, R18 and R19. The supply output voltage is fed back ‘fo the base of Q5
through this voltage div'id\e"rj thereby regulafing the output over-variations in load and in-
put voltage. Ina sense, therefore, Q{SIpi‘oVEoIes the fitst stage of a"compound shunt reg~

ulator. The fmal sfage “of this compound regulofor is Q2 (in the 735 supply)

,.e,,l ,:,

If, for example, ’rhe supply volfage becomes more negahve, fhen the bose of Q5 also goes
negative, increasing conduction through Q5 This causes the Q6 base volfoge to rise, and
increases conduction i'hrough Q6. The oufput F bias voltage then drops, increasing con-
duction fhrough the shunt reguloi‘or transistors in the 735 supply. This causes the output
voltage of the 735 supply to rise to its original correcf volue Positive deviations in out-

put voltage are correcfed in exocfly the opposﬂ'e manner,

v

e POWER CONTROL 813 - This unit is the. main power control for the PDP~4 equipment
The 813 unit applies memory system power seporately from the _power to the rest of the com-
puter. Deloyed reloy swufchmg in fhe conl‘rol furns on memory power 5 seconds after the

turn-on of computer power, ond turns off memory power 5 seconds before ?Umung off
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computer power. Consequently, turn-on and turn=off transients in the computer equip-

ment. cannot disturb memory core states., .

The 813 unit also providés twg control signals: a timed ground level, and a6 .3 vac timing
signal . The ground level is established for 5 secands at terminal 7, beginning when com-
“puter power is turned on, and beginning again when memory power is turned off. This
gr’ouhd'l,ev’,el enables 'the‘power?‘t:ﬂock‘(paragrqph 6+2a). The 6.3 vac signal, iprovided
whenever memory power is on, furnishes 60 cycle timing.to'the real time clock {paragraph

9-2d).

_The 813 power control may be used with either 110 vac or'220 vac. If the'813 is used with
110 vac, the two H input terminals are jumpered, and the 110 vac is applied.across H and
N. Fora 220 vac input, N is the ground connection, while the H terminals are the two

‘hot connections to the 220-volt line.

_.The memory power output is at terminals A-B. All other ac power for the computer is
furnished across C-D and D=F. The 6.3 vac output is at terminals 3 and 4.. Terminals

5 and 6 are not used. .

:Four relays, D1, D2,.K3 and K4, establish the switching sequence within the 813 control .
The D1 contacts close instantaneously, but open after a 5=second delay. The D2 contacts
_close only after a 5-second delay, but open instantaneously. Both K3.and K4 are instant-

aneous on-off relays.

Normally ac line voltage is present at inputs H and N. The power control is turned on by
closing the power switch on the console. Relay D1 is then energized. Contacts 2-3 of

D1 close immediately, energizing K3. All three sets of K3 contacts close at once, apply-
ing 110 vac across outputs C-D and D-F. All the computer equipment fed by these outputs

is then energized.

Five seconds after the D1 confacts close, D2 contacts 2-4 close. Unless the memory power
switch is open, relay K4 then energizes, closing both sets of K4 contacts. This supplies
110 vac to memory power output A=B. Filament transformer T1 steps down the 110 vac at

A-B to provide 6.3 vac at output terminals 3 and 4.

During the five seconds while D1 contacts 6-7 are closed and before D2 contacts 6-7 have

opened, terminal 7 is grounded. At the end of the five seconds, contacts 6~7 of D2 open,
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disconnecting the ground level at pin 7.

When the console power switch on the console is turned off, relays D1 and D2 are de-
energized. Contacts 2-4 of D2 open immediately, de-energizing K4. This relay immed-
iately disconnects power output to A and B, thus turning off memory power, and the 6.3
vac output at terminals 3 and 4. Five seconds later, D1 contacts 2-3 open, de-energizing
K3. All three K3 contacts open immediately, interrupting power to outputs C-D and D-F

and thus turning off the computer.

During the five-second turn-off delay, contacts 6~7 of D1 and é6-7 of D2 are both closed,
grounding terminal 7. At the end of the five seconds, contacts 6~7 of D1 open disconnect-

ing the ground at pin 7.

The memory power switch permits the operator to turn off memory power while the rest of
the computer power is still on. Circuit breakers CB1, CB2 and CB3 provide overload
protection. With a 110 vac input, CB2 limits the combined load at all three power outputs

to 50 amperes.

With a 220 vac input, CBI limits the combined load at A-B and C-D to 25 amperes, while
CB3 limits the load at D=F to 25 amperes. Meter M is an elapsed time meter which pro-
vides an indication of the total time in hours that computer power is on. Both input and

output power line filters are used; these are shown on the print as boxes F1 through F8.
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CHAPTER: 11

MAINTENANCE

11-1  SPECIAL TOOLS AND TEST EQUIPMENT

2

The followmg specml fools cmd fesf equnpment are recommended for the efficient mamfenqnce

of ’rhe PDP-4 compufer
Multimeter’ '

Subminiature

alligator clips

Oscilloscope

- Long-lead probes
Current probe
Paper tape gauge
Plug~in puller.

- Plug=in extender :
Pigtail plug=in

extender

Soldering iron

Simpson Model 260A,

" Triplett Model 630NA, or equivalent

Mueller type 30 or equivalent

Tektronix 540 series with type CA plug-in

vertical amplifier, or equivalent

. Tektronix P=6002 or equivalent

_Tektronix P=6016 or equivalent

Friden type T-18118, or equivalent |
DEC type 1960*

. DEC type 1954*

Modified DEC type 1954

6 vac iron with isolation transformer

* Digital Equipment Carporation furnishes one of gach of these units without

charge with each PDP-4 computer.

Included in the above list is the pigtail plug-i'n'exfender', This maintenance aid can be readi-

ly fabricated from a standard DEC type 1954 unit extender. Disconnect the small wire leads

to terminals A, B, and Cof %h’e’iijnif‘éxfe’ndéi}; and soldet eight=foot leads to the three termi-

nals. Solder aligator clips to the free’ends of the three eight-foot leads. Terminals A and B

can then be connected to the 10-volt marginal’ check‘power supply. Terminal C can be con-

nected to the 15-volt margindl check supply. ~This getmifs convenient marginal testing of an



individual circuit card Either the A or the B portion .of.the card can be separately checked,

thereby permitting submodular testing.

11-2 EQUIPMENT LAYOUT AND WIRING

Figure 11-1 shows the detailed physical layout for all of the logic corﬁprised.by,-. fh@, stapdard
PDP-4, the real time option, and the contro! units for the reader, punch and keybourd/prm’rer.. |
Fugure 11-1 shows the position of logic circuits only; locations of power control pcmels cnd
power supplies are shown in Figure 11-7. Each mounting pcme| in Figure 11~ 1 is divided mfo"‘
sections according to logical function. Unlabeled areas bounded by solid |lnes‘__lnd‘ncig:r‘ez_s.ec—
tions of the mounting panel in which no modules are installed. Areas that are labewléd by logic
function and separated by dashed !ines represent circuits all of which appear on the same logic
print (block schematic). Figure references are included as two-part hyphenated ngmbers at

the lower left of each logic section bounded by solid lines .

Two module layout drawings, Figures 11-2 and 11-3, show the module types normally installed
in every mounting panel location. Figure 11-2 is the module layout for the standard PDP-4
system, including the memory and the reader control logic. Figure 11-3 is the module layout
for the optional equipment: the real time éption, the magnetic tape control, the controliunits
for the punch and keyboard/printer, and ﬂ'ée cdcpfers. for the line printer and card reader’.
Figure 11-3 also shows the positions of modt;lyes that are added to the PDP-4 internal' processor

when the type 17 memory option is installed.

The console wiring and circuits are shown in Figures 11-4 and 11-5. Figure 11-4 is a schema-
tic of the wiring for the console keys and speed controls Figure 11-5 shows all indicators,
address and accumulator switches, and ope(;:xﬁng switches, |n Figure 11-5, the rear view
shows the console terminal strips, giving twb-digit numbers (60, 61, etc.), each prefixed by
the console panel designation 0G  In cable diagrams, these 0G60-series numbers indicate

the cable destinations at the console.

Figure H—é'is the cable diagram for the entire PDP-4 system, including the reol time option,
mognenc tape. confrol cmd control logic for the paper tape reader and punch, the keyboord/‘ 7
printer, cord reader, cord punch CRT display, and hngh-speed line printer. All mounting
panels in the central frame (both bays) are shown with references to prmfs showmg fhe wiring,

cabling and logic contained in each ponel .. The in-out devices are shown as smaller blocks at
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the left in Figure 11-6. The source and destination of all cables are shown, with references
to cable lists that show the connections and logical functions of each cable. The diagram:also

shows the type of connector used to terminate each cable.

The AC and DC wiring diagram, Figure 11-7, shows the power wiring configuration for a PDP-
4 that includes the type 25 real time option and the reader, punch, and Model 28 Keyboard/
Printer. The =15 vdc line from the type 728 power supply located in T1E rear is wired in series
with the =15 vdc line from the type 728 located in 1D rear; this provides the =30 vdc required
by the solenoid drivers for the punch and keyboard/printer. In a PDP-4 using only the reader,
the 728 supply in 1E rear is not used. The type 728 supply in 2E rear supplies the +10 and =15
vdc for the fypé 25 real time option and the memory system (panels 2A to 2H). When addition-
al in-out device control units are installed (in panels 2K to 2M), an additional type 728 power
supply is required. This additional supply is installed in location 2ER, and supplies power for
panels 2E to 2M. When the supply in 2ER is installed, the type 728 supply in location 2DR is
reconnected fo supply only the memory system, panels 2A to 2D. The power supplies for the

type 17 memory expansion are located in bay 3, and are not shown in Figure 11-7.

11-3 LOGS

Properly kept and adequately detailed logs are absolutely necessary to good maintenance. |If
a malfunction should occur, the first step in troubleshooting is to obtain all the available in<
formation about the fault. The machine log is a vital part of the information pertinent to a’ -
troubleshooting problem. The standard PDP log format used by DEC, and available from DEC
to PDP-4 users, is shown in table 11=1. During normal computer operation, the most important

items to be logged are:

(1) The times at which computer power is turned on and off;

(2) The elapsed time meter reading when power is turned off;

(3) The name of the person or department using the computer during normal computing
time; R
(4) The times at which the user began and finished his use of the computer; . ¢ .
(5) The name or type of program run, or the category of machine use (e.g., program

development, debugging, etc.).

The reverse side of the PDP log is reserved for entries in the maintenance record. The main-
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tenance record must include every observation about machine performance not already entered

as a comment on the front side of the log; and it must include complete descriptions of every-
thing done to the machine, apart from normal operation, for whatever reason. In particular,

the maintenance record must at least include the following:

(1) Complete descriptions of machine performance under marginal check, giving the
name of the program run, the panels to which margin voltages are applied, the power
lines supplied with margin voltages (e.g., +10A, +10B, or =15C), and the margin
levels at which failure is observed. Entries describing marginal check performance
should be made regardless of the reason for performing the check.

(2) The exact times of beginning and end of computer down-time.

(3) Complete and detailed reasons for computer down=-time. This entry should include
a description of the malfunction that causes down=-time, if any.

(4) In the case of malfunction, a detailed description of the steps taken to trouble-
shoot the malfunction.

(5) All steps taken to remedy a fault (e.g., replacements, repairs, etc.)

Maintenance record entries must not necessarily be restricted to the categories given above.

It is extremely important to log any machine behavior pattern or symptom, even if it does not
seem immediately pertinent to a machine malfunction. For example, if the operator notices
excessive vibration in the purch -~ even if such vibration is not accompanied by malfunction ~-
this observation should be noted in the maintenance record. If the operation log (front side)
indicates that a particular circuit breaker must be reset frequently over a short period, this
should be entered in the maintenance record. Entries of this nature may seem insignificant or
“frivolous at the time they are noted, but if these symptoms later aid in troubleshooting a related

malfunction, the entries do not appear silly in the least.

A properly kept maintenance record reveals at a glance the previous history of failures through-
out the entire system. Maintenance record entries often show patterns of consistency among
failures that seem totally unrelated. In troubleshooting, completely new lines of attack are
often suggested by such patterns of consistency. To take best advantage of previous malfunction

experience, the mdintenance record must be kept up to date accurately and faithfully.

In any case of doubt as to whether an observation is important enough to put in the maintenance



PDP

LOG

TIME ON

DATE
POWER
TIME OFF
' TIMEITIME ELAPSED TIME
USER ON | OFF COMMENTS METER READING
FF

AT POWER O

TABLE 11-1

SAMPLE OPERATION LOG FORMAT
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record, enter.it. The maintenance record is the only source of information on the history of
machine performance. Information from the maintenance record almost always saves time:

froubleshooﬁng malfunctions later, bui‘ if the ??nformqﬁon is not entered, the record is useless.
Always enter everyi‘hmg in l"he maintenance vecon’d this way, everything amporfclniL is sure fo

be there .

11-4 ADJUSTMENT AND CALIBRATION

A]l DEC sysfems are desugned fovr maximum reliability under a wide range of operating condi-
tions. Very little adjustment or calibration is required. The following procedures may be car-
ried out as corrective maintenance if recessary; but they should not be perférmed as routine
periodic checks. -
. a ADJUSTABLE THMHNG CHRCUHTS ~ There are three types of adjustable hmmg curculfs
- ‘used in fhe PDP-4: the types 4301 and 4303 adjustable delays, and the type 4401 clock.
AII ofher delay modules used in PDP-4 contain distributed=-constant delay lines. Delays of

’rhls i'ype cannot be adjusted.

) GIThe fype 4303 integrating single shot module is used in the timing logic of fhe PDP—4

”‘(Flgure 6 T) Normqlﬂy fhe deﬂay range s determuned by selecting one of fnve capqcu—-

. tance \/alueso Pan Dis ’rhe capac! itor selection terminal . The shortest delqy range s, dei‘er-

| zmlned by makmg no connechon to pin D, The four successwely longer deloy ranges.are

selecfed by connechng pin D fo pins E, F, H, and J, respectively. Fine ad|usfment of the

;;delqy is que ct fhe screwdrlver mmpoif beh»nd the access hole in the type 4303 module

. frame . Delqys Ionger than 0.9 seconds may be obtained by connecting an exfernql capac-
itor between pins D and M. If desued an external potentiometer may be used instead of
the trimpot; in this case the external potentiometer is connected between pins X and Z.
Figure 6-1 shows the t‘ype 4303 used in the PDP~4 timing logic. The delay qdiUsfmen‘fs

described above are made by the speed controls at the console.

The type 4401 module is the power clock shown in Figure 6= D6, This module is ddiusfed
at DEC to a frequency ‘of about 25 kilocycles. The output frequency of the type 4401
clock may be adjusted at the trimpot behind the access hole in the aluminum frame &f the

module. The type 4401 should not need adjustment unless it is replaced.



Two type 4301 single-shot delay modules are used in the PDP=4. One provides the 10-
microsecond delay between SPO and SP1P in the timing logic (Figure 6-1). The other pro-

vides a 5-millisecond delay in the punch logic (Figure 9-6)

The duration of the delay in the type 4301 module is adjusted by observing the duration of the
level output at pin J Connect an oscilloscope with a calibrated sweep to pin J. Trigger
the sweep internally, and set the sweep time per centimeter adjustment so that the entire
duration of the level output is displayed. The duration of the negative going level at pin

J is adjusted to the required delay by means of the screwdriver trimpot adjustment. An

access hole is provided for the screwdriver in the aluminum frame of the type 4301 module.

b POWER SUPPLIES - The PDP-4 contains two types of variable power supply. These are
the type 734 marginal check power supply and the type 735 memory power supply. The
type 734 power supply provides the marginal check voltage, variable from 0 to 20 vdc .
The output polarity of the supply is determined by the sefting of the polarity switch on the
‘marginal check switch panel. The voltage adjustment is at the knob at the front panel of
the type 734 supply at the top rear of bay 2. This marginal check supply adjustment is

used routinely in marginal check procedures.

The type 735 memory power supply adjustments are made at the type 1701 plug-in module
(part of the supply). The type 1701 module has two access holes for screwdriver adjust-
ments, The adjustment through the center hole is the read/write current adjustment. The
adjustment through the bottom hole is the inhibit current adjustment. For the 8K memory,
there are two complete type 735 power supplies, each with its associated type 1701 plug-
in control (paragraph 10-11c and d). These 735 supplies are each adjusted independently .

Type 735 memory supply adjustments are always made for current output. Never adjust the
735 supply for voltage output. These current adjustments should not be altered unless there
has been trouble with the regulation of the supply; both the inhibit current and the read/
write current adjustments are set accurately during manufacuture. Subsequent adjustment

is seldom required.

If memory malfunction has been isolated to insufficient or excessive read/write current or

inhibit current, the type 735 supply may be adjusted by the following steps.



(1) Set the ACCUMULATOR and ADDRESS switchs to zero. Turn REPEAT on. Set
the SPEED controls to the fastest repetition rate . Have someone hold the bEPOS’IT
key up. (If you are alone and cannot prop up the DEPOSIT key, deposit the instruc-
tion "jump o 0000" (60 0000) in location 0000. Press the START key.)

(2)- Aﬂqch an osculloscope current probe to fhe wire originating at pm W of fhe fype

T

1972 reod/wrife switch in location 2AT. Ser the sweep to 1 mlcrosecond per- cenﬁ-
meter and trigger the sweep on T1 (qvalloble at one of the insulated sl'qndoofs in‘panet -
1A). The oscilloscope then displays the read current waveform, fo||owed lmmedlafely

by the write current waveform which is of opposite polarity.

(3) Adjust the current probe to give a calibrated deflection of convenient amplitude.
Check both the read and write current waveforms for the current values given in Table

11-2 below. D‘o’y not yei" alter the adjustments at the type 735 memory j:)c)wer supply.

ﬁ (4) Turn on AS « (If you are alone and cannot prop up the DEPOSIT key, halt the
compufer and deposn' the instruction ' |ump to 0001" (60 0001) in |occhon 0001 7
qum press the START key.

(5) Affcch the currem‘ probe to the wire originating at pin X of the type 1972 read/
\;vrife switch in location 2A1. qum check the reqd and write current waveforths

agamsf fhe vqlues given in Table 11 2 below

(6) If bofh fhe read curréni‘ anﬁd write currehf waveforms as observed at pin W and pin
X of the type 1972 read/write switch are both foo great or too small by roughly the
same amplitude, then the type 735 memory power supply needs adjustment. Adjust
the screwdriver trimpot through the center hole of the type 1701 plug=in so that both
the read and the write current waveforms have the value shown in Table 11-2 below.
This adjustment confrols both the read cmd the write current waveform. The read cur-
rent may be qd|usfed fwo or three mllllqmps high if necessary to obtain the proper
value for wrutefc-urrenf'(on-wce»versa)‘.' T A S T SR ERER I

7) Refurn AS]7 to zero. With the cur.re_ni' p’rohe,;o‘bs.‘erye the inhibit current wave~

form at pins W, X, Y, and Z of the type 1982 inhibit driver located in 2C10. The
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peak inhibit current amplitude should correspond to the value shown in Table 11-2.
The type 735 memory power supply should be readjusted only if the inhibit current at

all four pins is too great or too small by the same amount.

(8) If the inhibit current adjustment is required, adjust the screwdriver trimpot through
the bottom access hole in the type 1701 power supply control plug-in. The inhibit

current amplitude should be checked after adjustment at all inhibit driver output pins.

(9) If you are alone and are using jump instructions to pulse the memory, check the
inhibit current at pins W and X (location 2C5) by depositing the instruction jms 0000
(10 0000) in location 0001 . Since MB. and MB, are both 0 in this instruction, the

0 1
inhibit current levels may be checked at pins 2C5W and 2C5X.

TABLE 11-2  NOMINAL VALUES,* MEMORY READ/WRITE, AND INHIBIT CURRENTS

Core=stack Manufacturer Read/write Current Inhibit Current
RCA 180 ma. 165 ma.
Ampex 180 ma. 165 ma.
General Ceramics 180 ma. 165 ma.
Ferroxcube 200 ma. 180 ma.

* Optimum current values are listed on a label at the rear of the core-stack.

These values are determined at DEC for best performance under margins.

E. SENSE AMPLIFIERS - Each PDP-4 memory system contains 18 sense amplifiers. There
are two types: the type 1538, and the type 1540. All 18 sense amplifiers in a memory
system are of one of the two types; they are never mixed. The procedures for adjusting the

two types are identical; however, the locations of the adjustments differ.

On the type 1538: the BALANCE adjustment is made through the lower access hole;
the SLICE adjustment is made through the upper access hole;

the MARGINAL CHECK toggle switch at the bottom of each
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'module frome is used 'to apply margln voltqge

On the type 1538: ~ fhe BALANCE adgusfmenf is mcde through the upper access hole;
, : " the SLICE adjustment is made through the lower access hole;
marginal che;:k voltage is applied to all 18 modules By the SENSE
AMP switch on the marginal check switch panel. .

The sense amplifier adjustments are made as follows:

(1) Using an oscilloscope with a differential preqmplifier,‘obsérve"piné T and V of the
1538; S and U of the 1540. Set the preamplifier of the oscilloscope to display the
differential waveform between the two pins ( on Tektronix type CA preamp, setto’

"add algebraic" and invert one but not both inputs).

(2) Run the memory Checkerboard program. Do not use the worst pattern pérfion of

the Checkerboard program, since this pattern generates severe drift in the scope dis-

play.

(3) Set the duration of the scope trace so that one entire memory cycle is displayed:

1 microsecond/centimeter. Sync at T1.

4) Adiuﬁ’r the BALANCE to r:riinimize the noise injected at T5 and 17. Tﬁése timing

pulses correspond to the turn-on and turn-off times of the inhibit cun;renfe As the cor-

rect adjustment is approached, the sense preamplifier output broadens and increases
..in amplitude. Often the strobe pulse, 0.7 ps after T2, may be seen as a pip near the

center of the sense preamplifier waveform.

(5) Remove the oscilloscope probes, and using one probe, observe pin M. " This pin

provides a =3 vdc logic level from the slicer section of the sense amplifier.

(6) Stop the computer and restart at the location corresponding to the memory Check-

erboard worst pattern.

(7) At the marginal check switch panel just below the type 734 marginal check power
supply, turn on the first switch at the left. This switch applies marginal check supply
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voltage to fhe.jrl.O;AHne for t.h:‘e‘ sense ,dmglifiers . Marginal check voltage is applied
to individual type 1538 modules using the toggle switch on the type 1538 module frame.
Thefype1540 has no such switch; mdfgih' voHoge is applied to all 18 type 1540 ‘mod-

“ules by the switch at the marginal check switch panel .

(8) Have someone stand by the type-734 marginal check supply to vary the voltage und
call out meter readings. The lower fhe voli'age of the supply, the greater is the ||l<e~

lihood that spurious bits are generafed the hlgher the voltage of the supply, the greaf»

Adiust':fh»é SLICE control so that bits are lost and "picked up" at marginal chedk volt-
‘ages symmetric about the nominal +10 vdc level. As the marginal check voltage ‘is
decreased, the duration of the logic level at pin M is'seen to increase ‘until eventually

a spurlous thinner noise burst appears wﬂhm, representing the spurious 1 Ievel segped

"vu;

from a core com‘amlng 0.

Bl ; . . . i : L . s A

As the margmal check voltage is increased, the -3 volt Ioglc |eve| at pin M narrows,

and eventually either falls or becomes so narrow as to exclude the strobe pulse. When

- this happlens; ‘the sense amplifier pulse output is absent regardless of the state of the

sensed core; the bit is lost. The SLICE must be adjusted so that the voltages (as pro-

vided by the mcrgmql check supply) at which bits are lost and plcked up, are sym-

'mefrlc about the nommql +10 volts.

'd TAPE READER AMPLIFIERS - All nine reader amplifiers are mounted on ore printed cir-

formved

- cuit board located on the reader chassis. They are shown in Figure 2-2 of the Digitronics

Perforated Tape Reader Model 2500 manual dated June 1962.

Before making adjustments on the reader amplifiers, the reader itself should be checked

for proper mechanical operation. The reader amplifier adjustments affect the timing and

duration of the reader amplifier output levels. However, the intensity and duration of
~w:the light impulse sensed by the reader photodiodes also affect these same output levels .

Therefore, before adjusting the reader amplifiers, the following four steps should be per-

[ T

e (1) - Checkithe lateral registration of the punched hales in the tape with respect to the
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tape edge. Use the Friden tape gauge type T-18118., Insert the gauge pins into the
tape feed holes and check that the -fape lies in the gauge with the edge nearer the

feed holes snug against the raised shoulder of the gauge.

(2) Remove the upper read head cover. Thread the tape through the tape guides on
both sides of the read head, but pass the tape over the capstan on the left, and over
(not through) the brake assembly on the right. Position the tape lengthwise so-that

the feed hole of the tape is over the feed hole phofodlode in the read head. Sei' the
tape guide knob to READY. Check for laferal reglsfrqhon at the feed holes The tape

feed hole should not be out of reglsrrahon loferolly by more than 10% of its dlamefer.

(3) With reader power on, check that the exciter lamp has not become yellow. If the
light is not white and bright, replooe the "lomp.' Check that the light beom_Falls di-
rectly on the row of photodiodes (the tape need not be loaded). The light beam ad-
justment procedure is descrlbed in paragrqph 5.5.3 oF the Digitronics Model 2500

" manual .
(4) Replace the read head cover.

If the mechanical operation of the reader is sahsfacfory, the tape reader ampllflers may

" be adjusted as described below.

Adjustments to the tape reader amplifiers are made at the nine screwdriver trimpots mount-

ed on the amplifier card (LAC).

The amplifier output levels should be observed with an oscilloscope having a dual-trace
preamplifier. A closed loop of tape having oli‘ernqre lines punched with 1s and Os should
be used The cd|us’rmenf procedure is as follows
(1) Sync rhé‘o'ééil‘l6sé'ope‘ sweep to the rle'gof‘ive-‘)g}oing leading edge of the waveform "
at pin S of the pulse generator in location 1K14. This signal is fhe oufpul' of the fope "
reader feed hole amplifier. Set the sweep ‘to 10 ms/cm so that the signal from fhree

lines on the tape is displayed.

(2) Run the closed tape loop of 1s and Os c(’lr"ui'i'nuous.ly° This may be occomplished'by
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putting the instructions rsa (70-0104), rsf (70 0101), jmp (60 0001), and ‘imp 0000 (60
0000) in memory locations 0000, 0001, 0002, and 0003, respectively. Start the ma-
chine at 0000 ‘

(3) With one oscilloscope channel, observe the waveform at pin 1K14S (in parallel
. with the sync probe). Three negative-going levels are displayed. These'are the feed-

hole levels.

(4) Adjust the feed-hole amplifier on the reader chassis to provide negative-going

output levels of duration between 1.3 and 1.4 ms.

(5) Set the oscilloscope preamplifier to switch channels on alternate sweeps. With the
second scope channel, observe the data channel amplifier outputs (one at a time) at
pins F, K, N. S, V, and Y of location 1K0?, and at pins U and X at location 1K12.
The display should show the two 1.3+ ms. feed-hole levels and one data-channel neg-

ative-going level of longer duration, corresponding to the line of holes on the tape.
(6) Adjust the data-channel amplifiers for a logic level duration of 2.3 to 2.4 ms.

(7) Check that the trailing edge of the negative data-channel level is at least 0.3
ms . later than the trailing edge of the feed-hole level. This completes the adjustment

procedure .

11-5 RECOMMENDED SPARE PARTS

The most economical quantity of spare parts to be maintained depends on the requirements of
the individual user. Spare module stocks for the PDP-4 used one shift per day need not be as
large as spare stocks for the PDP-4 used two or three shifts per day. Similarly, in applications
that permit only minimal down-time, the stock of spares must be greater than the stock required
when more down-time can be tolerated. Paragraphs a, b, and ¢ below discuss recommended
spﬁre allowances for modules, circuit components, and in-out equipment, respectively. Para-

graph d gives recommended mechanical spare allowances.

a MODULE SPARES - For single shift applications, one spare module of each type usually

constitutes a sufficient stock of spares. A spare module of each type permits testing by
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substitution during off hoursWhen cdefechve ;!ﬁédu,le, is removed and replaced by the
corresponding spare, the defective module can be repaired to create a new spare= Defec=
tive transistors, diodes, and other easily detected faulty components can be rapidiy re~
moved and replaced. In single shift operations, two modules of the same type very rarely

fail during the time required to repair one.

Table 11=3 gives the DEC module types used in the PDP=4, including the 4K and 8K mem=
ories; the reader, punch, and typewriter control logic; and the type 25 real time option.

The system module list, Figure 11-8, gives the total module count for a PDP-4 system.

For PDP-4 applications in which down=time must be minimized, and for installations used
for more than one shift per day, additional stocks of the more complex modules are desir~
able. The more complex modules may require considerable time for dlognosns and repcur

of faults. To minimize down-time, insurance (in the form of additional spores) should be
provided against the possibility of two failures within the time required for repair. Addi-

tional spares are also desirable for module types used in large quantities.

Table 11-4 gives recommended additional spare allowances by module type for PDP-4 ap-
plications requiring minimal down-time or multiple shift operation. The spares listed in

Table 11-4 are recomme:nded in addition to the minimum stock of Table 11-3. All PDP-4
installations should stock the Table 11-3 listing, but high~usage or high=priority installa-

tions should stock the Table 11-4 allowance as well as the Table 11-3 allowance.

For example, the spafeé allowance of module type 4204 are as follows: in a single-shift
installation where moderate down-time can be accepted, only the single 4204 spare listed
in Table 11-3 need be stocked. In a multiple=shift installation or in an installation where
only minimal down-time can be tolerated, two type 4204 spares are recommended. (The

additional spare is listed in Table 11-4.)
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TABLE 11-3 RECOMMENDED MODULE SPARES

1103 1973 A114/4114R 4216*
1104 19762 A115R 4218
1213 19782 4127/4127R 4301
1310 1982 #128° 4303
1311 41028’ 4129/4129R 4401
1540 4105 4150 4407°
1607 4106/4106R° 4203 4410
1690 an 4204 4604
1701 AR 214 4605°
1972 4113/4113R 42153 4681374
NOTES:

1 - required only in the Type 25 Real Time Opﬁon.
2 - resistor boards: spares are desirable but not necessary.
3 - required only in the Teleprinter control logic. In emergencies,

a type 4401 clock adjusted to 9.6 kilocycles may be used in place
of the type 4407.

4 - required only in the high-speed tape punch control logic.

5 - required in the Type 25, the reader control, and the punch con-
trol logic.

6 - In emergencies, the types 1103/1103R may replace the types
4106/4106R.
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TABLE 11-4 RECOMMENDED ADDITIONAL MODULE SPARES

(For minimal down-time or multiple shift use)

Standard PDP-4 (includes 4K memory and reader control)

4203 v 4204 - 4604
1540 1972 1982
Optional Equipment
The 8K Memory: 1103, 1540, 2-1972
Type 25 Real Time: 4129R, 4604
Tape Punch: ~ (no additional spares necessary)
Model 28 Tele-
printer (no additional spares necessary)

b IN-OUT DEVICE SPARE PARTS - Recommended spare parts allowances for the Digitron-
ics photoelectric paper tape reader, the Teletype BRPE 11 paper tape punch, and the Tele-
type Model 28 keyboard/printer are presented below.

Table 11-5 gives the recommended spare parts allowance for the Digitronics Type 2500
reader. Installations at which down-time must be minimized should also have a complete

“Type 2500 reader available for immediate replacement.
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TABLE 11-5 RECOMMENDED TAPE READER SPARES

Part Number | D‘escripfion | Quantity
P. C. Board "LAC" 1
P. C. Board "MPC" 1
B-A2909 Motor, 300 char/sec.* ]
B-C1320 Read Head Assembly ]
B-C1142 Brake Assembly
C-C1924 Pinch Roller Solenoid Assembly ]
Osram 10-6411 Exciter Bulb 2

*The motor is supplied complete with gears for 300 char/sec.

« ‘Experience has shown that the teletype BPRE 11 punch is an extremely reliable unit. With
. proper preventive maintenance and lubrication, trouble-free operation can be expected for
long periods of time. It is recommended that punch parts replacement and repairs be per-

formed only by Teletype or DEC personnel .

Certain parts of the punch may require replacement at intervals determined by the speed
and type of operation (i.e., idling or punching). These parts are available as Teletype
Maintenance Parts Kit 143076, and are illustrated in Teletype Bulletin 1154B. The re-
placement schedule pertaining to these parts is given in the tape punch technical manual,

Teletype Bulletin 215B, page 3-0.

Installations that use the punch frequently or continuously should stock this parts kit. In-
stallations that do not stock this spare parts kit should nevertheless keep one spare timing
belt on hand for each punch. For absolute minimum down-time, it is desirable to keep a
complete spare punch available. The punch requires two types of lubricant, both available
either from the Teletype Corporation or from DEC. These lubricants are Teletype KS7470
oil, and 145867 grease.
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A,

The Teletype model 28 keyboard/printer is & parttédldily complex piece of ‘equipment;
however, the model 28 has proved-to be unusually reliable. “Since keybodrd/printér fail-"

ures are exiremely rare,: no»-specific 'mainfenah“cé spare parts kit need be stocked.

All mechomcol and elecfrlcal parts used in fhe keyboord/prlnfer are fully described.and.. ..
illustrated in Telefype Bulletin 11498, supplled with the PDP-4. Bulletin 11498 alsp de-
scribes the modification kits that provide various extra mechanical or elecfrlcql feafures

for the model 28. Additional type styles and the associated key-tops for the ke);l‘ac‘)q:d are

N\.

described in Teletype Bulletin 1164B, available from the Teletype Corporohon

Excepf in PDP-4 installations at whlch the model 28 is runnmg almost conhnuously, fhe

only spares which need be stocked for the model 28 are paper and ink ribbons. The key-
board/printer requires two types of lubrlcanf both available from DEC or from i'he Tele-
type Corporation. These two lubricants are Teletype KS-7470 oil, and Telefype.K_‘S‘-aﬂZ47]

grease.

c CIRCUIT COMPONENT SPARES - All circuit components except semicohducfor,hfnduc-
tive, and distributive-constant delay componentsare available through local elecfromcs

parts distributors: The semiconductor-and inductive components may be ordered dlrecfly

from DEC.

Replacement of delay lines is not recommended. If a malfunction is directly attributgble

to a faulty delqyiline, the module should be returned to DEC for repair.

The recommended-quantity of circuit component spares is listed in Table 11-6. The qucm-ﬂ
tities listed under the first three columns (headed Reader) comprise a recommended minimum
stock for installations contemplating module repair. The additional spare quantities listed
in the next three columns for the three in-out options should be added as appropriate to the
basic minimum stock. For example, a PDP-4 installation that includes the type 25 real time

option should stock seven 2N 1304 transistors..
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TABLE 11-6 RECOMMENDED CIRCUIT COMPONENT SPARES

Reader Reader Reader Type 25 Punch  Model 28

1K Mem 4K Mem 8K Mem Option KSR
TRANSISTORS
2N 456 1 1 1 - - -
2N 501 1 1 2 - - -
2N 504 2 2 3 - - -
2N 599 3 5 7 - - -
2N 1065 3 5 7 - - -
2N 1184B - - - - 2 1
2N 1204 2 2 2 - - -
2N 1304 1 1 2 3 - -
2N 1305 5 5 6 - - -
2N 1370 - - - - 2 1
2N 1427 4 5 6 2 - -
2N 1499 3 5 7 - - -
2N 1754 8 8 8 3 2 3
2N 2099 2 2 3 - - -
DIODES
1N 276 10 10 1 7 3 4
1N 645 8 8 9 3 2 2
1N 914 3 3 3 2 1 2
1N 994 2 2 2 1 - -
1IN 1217 - - - - 2 1
1N 1220 - - - - 2 1
TN 1341 2 2 2 - - -
1N 3208 2 2 2 1 * *
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. TABLE 11-6 RECOMMENDED CIRCUIT COMPONENT SPARES.

(continued)

Reader Reader Reader Type 25 Punch  Model 28

1K Mem 4K Mem 8K Mem Option KSR
DIODES (continued) .
TN 3314B ' 2 2 4 - - -
(Zener): S : st

PULSE TRANSFORMERS

Each Type** 1 ] ] - - -
T-2003 1 1 2 - - ‘ I
T-2024 1 1 1 * %k 1. 1

*One additional TN 3208 spare recommended if either the punch or the Mod el 28 KSR .,
(or both) is used. ‘

**This category includes the following types: T-2010, T-2018, T-2019, T-2020, T-2021,
T-2023, T-2036, T-2037.

*¥*|f more than three in-out devices are connected to the Type 25, two spare T-2024 trans-

formers are recommended; otherwise one is sufficient.

Since délqy line replacement is not recommended, the delay lines do not appear in Table
11-6. The three power transformers q.r.'e also omitted from Table 11-6 because power trcms—
former failure is extremely rare. In installations where down-time must be kepf to an ob—
solute minimum, it is preferable to stock one complete spare of each power supply rype

rather than sfockmg replacement power transformers.,

d MECHANICAL SPARES - Table 11-7 gives quantities of mechanical spares recommended
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for a PDP-4 installation. Except for the quantity of air filters, which varies with the num-
ber of equipment bays, the quantities of spares listed are sufficient for most PDP-4 installa-
tions. However, Table 11-7 lists mechanical spares required only for the optional in-out

equipment that is mentioned in paragraph 2-3b.

TABLE 11-7 MECHANICAL SPARE PARTS

Part Number and Description Quantity of Spares
53E168, Type CFG: Rotron fan with #2R blade 1
Rotron Venturi: Muffin fan with mounting clips 1
10" x 10" x 2" EZ Kleen Filters *
Type 418 Super Filter Coat, Pints 2

*One filter unit required for each bay of the installation.

Example: the standard PDP-4 requires two filters.

11-6 PREVENTIVE MAINTENANCE

This paragraph lists recommended preventive maintenance procedures for the standard PDP-4
installation, for the type 25 real time option, and for two in-out device options == the punch

and the keyboard/printer.

Preventive maintenance procedures should be performed on a rigorously regular basis. By ap-
propriate use of regularly scheduled preventive maintenance techniques, most potential com-
puter malfunctions can be detected before occurrence. In order fo minimize computer down-
time, this advance detection capability should be used faithfully. Good maintenance is pre-

ventive maintenance; corrective maintenance is a costly last resort.

In preventive maintenance procedures involving marginal power levels, the use of the mainte-
nance record is very important. When accurate records are kept, long=term drifts in the values

of margin voltage that cause malfunction are readily apparent. It is especially useful to make
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an entry noting dny temporary mulfunction which may occur during either tesfing or actual op-
eration. Such entries can be invaluable in isolating intermittent failures. When a malfunction
occurs, it is useful to note the portion of ‘the program at which the malfunction is noticed, as
well as any control settings and panel indications which may be relevant to the difficulty.
Location of an intermittent failure is frequently accomplished by recording two or more mal-

functions which intersect at a common defective component.

Component deterioration is often evidenced by malfunction of a particular module at a steadily
decreasing margin voltage. Replacement may be indicated when such a long-term drift in mar-
gin voltage is detected, even though the margin at which failure occurs has not yet exceeded

normal limits. It is always better to perform such preventive replacement before an actual op-
erating malfunction occurs. Prompt replacement of deteriorating modules often forestalls com-

puter errors, thereby reducing both error down-time and diagnostic down-time.

To minimize computer malfunctions, the following schedule of preventive maintenance proce-

dures is strongly recommended.

a EVERY DAY (OPERATOR'S MAINTENANCE):

1) Run the DEC maintenance programs (CONTEST) without margins. Log all error

halts, noting the reason for the error halt, if known.

2) Inspeéf and clean the tape-handling surfaces of the tape reader. These include
the read head, tape guides and rollers, the pinch roller, the capstan, and the brake.
Use a lint-free cloth or cotton swab (e.g., a Q-tip) moistened with denaturated alco-

hol, if necessary.

3) If the PDP-4 installation includes a paper tape punch, inspect and clean the
tape-handling surfaces. Use a lint-free cloth, a cloth strip, or a soft toothbrush,
as convenient. Do not use alcohol or other solvent near the feed paw! or the die block,

since such solvents remove the light lubricating film. Empty the chad container.

4) If the installation includes a keyboard/printer, inspect and clean the platen and
paper guides, as necessary. (The platen need be cleaned only if typing has run off the
page or if the printer has run without paper.) Remove lint and other fouling from rib-

bon guides; replace ribbon if necessary.
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5) Check that all cooling fans (bottom of each bay and back of each memory core-

stack) are operating properly. Check for free flow of air. |

6) Replace any noncritical malfunctioning components which can be detected by ob-
serving the console (e.g., indicator lamps, etc.).

NOTE: The remainder of the scheduled preventive maintenance pro-
cedures should be performed by qualified technicians only.

b EVERY WEEK - (In multiple-shift operation, every 80 hours):

1) Check the operator’smaintenance logs. Note malfunctions and error halts detected by
operator's CONTEST runs. Note noncritical component replacements made by the operator.

(Does a particular circuit breakerblow too often? Does an indicator light burnout too often?)

2) Readerinspection: check for effects of vibration and wear of moving parts, especially
gearing in the motorassembly . With the reader power off, gently rotate the capstan, feeling
forstickinessorbind inbearings. Check the pinch roller-capstan clearance; see section

5.5.1 of the Digitronics manual.

3) Punch inspection: check for the effects of vibration, for tightness of wiring connections,
and for tightness of the nuts and screws that lock the adjustments. Check for the presence of
oxidized (red) metal dust near bearing surfaces, indicating insufficient clearance; this condi-
tion must be rectified immediately. With the punchunit cover removed (by removing the four
mounting screws), rotate the main shaftslowly in the normal direction (clockwise, as viewed
from the front). Duringrotation, activate all movable elements checking for freedom of

movement. Check that all contact points meet squarely.

4) Keyboard/printer inspection: remove the cover. Visually check for effects of vibration
-=-tightness of cable plugs, mounting screws, etc. Check the selector magnet coils forsigns
of overheating, etc. Make sure there is no lubricant orother foulingunder the selector arma-
ture (if necessary, inserta piece of bond paper between the poles and the armature to soak

up lubricant. Make sure the bond paper leaves no lint.)

Replace cover,making sure that the copy light shield does not interfere with the type hammer.
Check the operation of the local line feed key (LOC LF), the keyboard lock andunlock keys
(KBD LOCK and KBD UNLK}, the repeat key (REPT), and the local carriage return (LOC CR).
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Thekeys LOC LF, LOC CR, and KBD UNLK shouldallbe free to operate when the key-

board is locked.

Type a line or two of the alaphabet and figures, and check that the type is even on the line,

and of relatively even impression. Replace the ribbon if necessary.

Runthe Teleprinter Input-Output Test, noting printererrors, ifany. Using the program,
check for correct encoding of keyboard input. Logall keyboard/printer errors dnd the steps

taken to correct them in the maintenance record.

5) Memory checkout: runthe memory Checkerboard program. Using the worst-case con-
figuration, increase the sense~amplifier +10 Amarginuntil the first bit is lost. “Note the
meter reading at the type 734 marginal check supply. Decrease the sense-amplifier margin
until the first bit is picked up; note the meterreading. The voltage at which the firstbit is
picked up, and the voltage at which the first bit is lost, should be symmetric about +10 vdc.

Log the margin voltage meter readings at which the errors occur in the maintenance record.

If the bit lost at high margin is the same bit as that lost at low margin, the corresponding sense
amplifiermay be weak. In this case, increase marginsslightly furtheruntil asecondbit is

lost and note the reading. Similarly decrease the lower margin furtheruntil asecondbit is
pickedup. Again these marginsshouldbe symmetric about +10 vdc; however; the difference
inmargin voltage between the first bit error and the second is the criterion for judging the
sense amplifier. If thissituation exists, make an entry in the maintenance log givingall
pertinent margin voltage readings and stating the panel location of the suspected sense ampli-

fier.

If the margin voltages causing bit errors are not symmetric about +10 vdc, the sense amplifier
slice adjustment should be performed. If one sense amplifier appears weak, the sense ampli-
fierbalance adjustment should be made before summarily replacing the sense amplifier. Pro-
cedures forboth adjustments are given in paragraph 11-4c. Besure to logall the conditions
leading to the decision to readjust the sense amplifier in the maintenancerecord. The entry
should give the pertinent margin voltages, the location of the affected sense amplifier, and

some indication of the extent to which it was out of adjustment.

6) Finally, enter into the maintenance record your name, the date and time, and the read-

ing of the elapsed-time meter for this weekly checkout.

11-25



¢ EVERY MONTH - (In multiple-shift operation, every 160 hours):
1) Check the operator's maintenance logs. Note malfunctions and error halts detected
by operator's CONTEST program runs. Also review noncritical component replacements

by the operator, checking for excessive replacement of a particular component.

2) Runall CONTEST programs withmargins. The procedure for running CONTEST with
margins is discussed in paragraph 11-8below. It isextremely important to log all malfunc-

tions caused by the application of marginal voltage in the maintenance record.

3) Change and clean the air filters at the bottom of each bay, using the following
procedure. Loosen the two thumbscrews holding the fan and filter housing to the floor
of the cabinet. Remove the fan and filter housing. The filter can then be taken out
of the housing and the clean spare filter installed. Replace the fan and filter housing

containing the clean filter, and tighten the two thumbscrews.

Clean the filters by thoroughly flushing them with hot tap=water is a direction opposite
to that of airflow. When all dust and lint is removed, shake out excess moisture. Stand
the filter on one end for ten or fiffeen minutes to allow remaining moisture to evapor-
ate. If the flush water is sufficiently hot, the filter should dry completely in about
fifteen minutes. Finally, spray the filter with aerosol Super Filter Coat or an equiva-
lent product. This spray serves both as a dirt=capturing medium and as a detergent

which helps wash out the dust and lint during the next reverse flushing.

4) Checkall moving parts of the reader for freedom of movement and for wear, particularly
the drive motor gearing. Check the outputs of the data channel amplifiers and the sprocket
channel amplifier, using the procedure of paragraphs 11-4d. Do this regardless of whether
or not the tape reader system passed the CONTEST Reader and Punch Test. Lubricate the
drive motor bearings with premium grade SAE 20 or SAE 30 motoroil. If abearing shows

any sign of sticking, itshould be replaced. Anysignsof noise orstickiness in the moving
parts of the reader, and bearing replacement if any, must be entered in the maintenance

record.

5) Lubricate the high-speed tape punch according to procedures given in section five
of Teletype Bulletin 215B. The teletype lubrication procedures cover lubrication of

several different types of punch. It is important to follow the lubrication procedure
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that applies to the particular punch tape supplied with the PDP-4. It is particularly
important to let no oil or grease accumuidte between the armatures and the magnet

pole faces, or between contact pomts ' Always wipe of excess lubricant.

6) Finally, enter into the maintenance record your name, the date and flme, and the

reading of the elapsed-time meter for thns monthly checkout.

d EVERY SIX MONTHS - (In mulﬁple-siﬁf’r operqtion every 1500 fours): . Perform fhe»v
complete keyboard/printer lubrication procedure as given in section fhree of Tele’rype
Bulletin 217B. This is a long and qrduous |ob but it pays off well in terms of long-run ; ,
keyboard/printer rellqblllty Follow the instructions literally and carefully Avond over-
lubrication; in particular, do not get excess lubricant near the selector magnefs or the se- ‘
lector mogneformqture . Enter into the maintenance record your hame, the dcﬂe a‘nd time, 4

and the reading from the elapsed-time meter for this teleprinter lubrication.

11-7 OPERATOR's MAINTENANCE

The computer operator at a PDP-4 installation has three maintenance responsibilities: 1) per-
forming the daily machine checkout; 2) keeﬂpi‘n'g,c:n accurate Operator's Log; 3) acting as an.

aid to the technician in troubleshooting machine malfunctions.

The daily machine checkout procedure is described in paragraph 11-6a above. Preferably,
this checkout procedure should be performed as the first operation after the machine is turned
on in the morning. Running the CONTEST programs is the most important part of the daily

checkout procedure.

One good reason for running the CONTEST Si‘ograms every day is that if there is a fault in the
computer logic, one of the CONTEST pmgrqhs is nearly certain to reveal it. This means that
the fault in the computer is encountered while rUnning a program which is known to be good.
On the other hand, if the fault should occuridbring the running of a normal operating' program
later in the day, the fault might easily be dismissed as a program error, on the grounds that the
program had not been sufficiently debugged. In this case, the fault in the machine remains

undiscovered, and valuable time is wasted debugging a program which might be good.

If trouble occurs during normal computing time, the operator should ensure that the machine
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is not at fault by running the CONTEST. If CONTEST discovers a fault, the operator should
notify the author of the operating program, so that the author does not waste further time de-

bugging a good program.

For efficient operation, it is obviously desirable to discover faults by running the CONTEST
rather than to encounter them during operating programs. Otherwise all computing time, from
the start of the operating program which originally encountered the fault until the discovery of

the fault, is wasted. During this time the machine produces no useful results.

Another good reason for running the CONTEST as the first operation of the machine shift is
that CONTEST test programs have a diagnostic value. If a CONTEST program discovers a fault
in the computer logic, it simultaneously gives indications as to the general location of the
fault. This is certainly not true of operating programs. A great deal of time that would other-
wise be spent in diagnosing the location of a fault can be saved if the fault is first discovered

by CONTEST.

The PDPLOG, ifkept properly and in sufficient detail, can be a valuable aid in subsequent
diagnosis of machine malfunction. During a CONTEST run, the most important items to be

logged are:

1) The operator's name, the date and time, and the reading of the elapsed-time meter

for this CONTEST run;
2) The names of all programs run in addition to the standard CONTEST, if any;

3) All replacements of minor components made by the operator in the absence of the

technician;

4) In case of a fault discovered by CONTEST, the register indications and the set-
tings of the ADDRESS, ACCUMULATOR, and operating switches;

5) If a malfunction is so serious that the machine must go down, the exact times of

the beginning and end of down-time;

6) The reason for down-time, and all corrective measures taken by the operator to

restore operation.

The PDP LOG format is given as Table 11-1.
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In most new computer installations, the operator has an opportunity to become familiar with
programming and machine language before the technician. In addition, the operator rapidly
becomes familiar with the frequently used operating programs and routines. This knowledge is

a valuable aid in troubleshooting malfunctions that develop during normal operation. Since the’
operator is so often familiar with the internal workings of commonly run programs, he is often

able to make a preliminary diagnosis of malfunction location.

Even when a preliminary diagnosis cannot be made, thoughtful observation of register indicators
and positions of test word address and sense switches generally enables the operator to-elinminate -
vast sections of computer logic from suspicion. The operator is also in a better position than
the technician to discriminate between faults caused by machine logic malfunction and errors

caused by program bugs.

In many troubleshooting problems it is convenient to use small program loops confcininé only a
few instructions. These loops may be used either for exercising certain portions of the machine
logic, or for diagnostic purposes within a small section of machine logic. Diagnostic and ex-
ercise loops are, generally, extremely simple; i.e., an exercise loop could consist of only a
single instruction. The adjustment procedure for the type 735 memory power supply, for ex=
ample, uses three such one-instruction loops (shown in steps 1, 4, and 9 of paragraph 11-4b).
Other examples of exercise and diagnostic loops are given in paragraph 11-9d. The operator

is often able to aid the technician considerably by producing simple program loops for specific

troubleshooting applications.

11-8 MAINTENANCE PROGRAMS

The DEC maintenance programs, including CONTEST, permit effective use of PDP-4 for self-
testing. For the majority of possible equipment malfunctions, intelligent use of these programs
provides efficient trouble detection and location. Complete descriptions of the PDP-4 mainte-

nance programs and procedures for their use are available from the PDP-4 program library.

Before loading a program tape into the tape reader, the reader brake must be turned off by
turning the tape guide lever to the right. This allows the tape to be loaded. The fan-folded
tape stack is placed in the right-hand tape bin, oriented so that the tape unfolds from the top
of the stack. Tape movement through the reader is from right to left. Looking in the direction

of tape movement, the five data holes are to the left of the sprocket hole and the remaining
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three data holes are to the right of the sprocket hole. Figure 11-9 shows the appearance of the

top surface of the tape and the direction of tape movement when the tape is properly loaded.

a PDP-4 LIBRARY PROGRAM GUIDES - The library program guides are a separate set of
self-contained technical memoranda, each of which is designed as an aid to learning the
function and application of a single PDP-4 program. For rapid reference, all maintenance

program guides are written in the same format.
Each guide _éontains three major sections:

1) Console operating procedure.

2) Suggested applications of program.

3) Program description.

Both the first and second sections are intended for reference and should usually be consulted
each time the test program is used. The third section, program description, is designed as

an aid to understanding the program rather than for repeated reference. Each program guide -
starts with a cover-page abstract which permits convenient identification of the program.

Immediately following the abstract is the console operating procedure.

(1) :Console Operating Procedure = This section is composed of the following five

tables:
Table Contents

1) Tapes Required for Test Lists tapes which are required to run the pro-
gram.

2) Switches Lists console switches applicable to the pro-
gram, and specifies appropriate settings.

3) Load Sequence Gives detailed step-by=-step instructions for
loading and starting the program.

4)  Error Halts Lists addresses of the programmed error halts,
the contents of relevant registers, and
the meaning or cause of the error halt.

5) Post=Error Restart Proce- Specifies correct procﬁdure for resfaerﬁ the

ures program atter each type of error
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(2) Suggested Applications of Program - The console operating procedure is followed
by a section covering suggested prbgram usage. This section of each program guide
presents a ‘generaliy useful test sequence which the operator may perform. It by no
means exhausts the capabilities of the program, and is not intended to limit the free-

dom of the operator to modify program use where appropriate.

(8) Program Description = The third and final section of each program guide contains

a detailed description of program structure and operation. The operator does not need
to read this section each time he runs the test. It would in fact be possible to execute
the suggested test without undervsfanding the program at all. However, a gobd under-
standing of the program yields the ability to modify program usage as required by:'oc-

tual computer malfunctions.

In addition to a detailed description of the program, the third section of each guide

also includes a program flow chart and listing.

b USE OF MARGINAL CHECK - Variable power supply type 734 produces all marginal
check voltages used in PDP-4. This mgply and the associated marginal check switch panel
are located at the top of the bay 1 ple‘xn;‘lﬁ:w door. The 734 supply furnishes voltages which
vary from 0 to =20 vdc, or from 0 to +20 vdc;;depending upon the setting of the polarity
switch. Voltage amplitude variation befweenfO and 20 volts is controlled by the large
black knob on the 734 supply. The output voltage is shown by the MARGINAL CHECK

voltage meter. Whenever marginal check voltage is applied for any reason, entries must

be made in the maintenance record describing the circumstances and results.

Marginal voltage can be applied to the A lines of any mounting panel by pushing up the
top toggle switch on that panel. Marginal voltage can be applied to the B lines by push-
ing up the center toggle switch. When marginal checking the A and B lines, the polarity
switch must be in the +10 MC position. To marginal check the C lines (=15 vdc), set the
polarity switch to =15 MC and push up the bottom toggle switch at the left front of the

panel to be tested.

When the polarity switch is in the OFF position, normal voltages are applied to all three
power lines of every panel, regardless of the settings of the toggle switches. The OFF

position of the polarity switch is provided as a convenience to the technician during trouble-
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shooting, notasa substitute for turning off the toggle switchesat the mounting panels. To mini~
mize the effects of unauthorized tampering (for example, someone's inadvertently turning on’
the 734 supply during an operating program) be sure to turn off all three marginal check toggle

switchesat the leftof every mounting panel at the completion of marginal check procedures. -

Marginal check voltages may be applied to a single module alone by means of the pigfcﬁl

plug-in extender (paragraph 11-10b).

The two +10 vdc power lines are used principally as the base bias supplies for transistor
logic. Making the +10 vdc supply more positive checks transistor current gain ( ) . Re=

ducing the +10 vdc supply tests for excessive transistor leakage.

The =15 vdc power line is used chiefly as the collector supply. The =15 vdc marginal

check line is applied only to pulse amplifiers (module types 16707, 4604, and 4605). Mak-
ing the =15 vdc supply more negative increases output pulse amplitude; making the =15 vde
supply less negative decreases output pulse amplitude. Marginal voltage should not be ap-
plied simultaneously to all =15 vdc supply lines throughout the PDP-4, because the result=
ing load exceeds the rating of the type 734 supply.

During maintenance program runs, the particular mounting panels to which marginal check '*
voltages might be applied depend upon which maintenance program is selected. Any pro=
gram, whether used for maintenance purposes or not, consists of instructions which must
come from memory locations. Regardless of the particular section of machine logic which -
a maintenance program tests, it must always depend upon the memory, the timing, and the -

instruction logic for its operation. Routine maintenance program runs with marginal check-

ing should, therefore, be performed in the CONTEST order:
1) Instruction Test, INSTEP (M-5)
2) Checkboard (M=1)
3) Reader and Punch Test (M-2)
4) Teleprinter Input=Output Test (M=3)

Marginal checking may also be done using the CONTEST (M-4) program. The individual
sections of CONTEST parallel the four maintenance programs listed above, in order.” How-

ever, each of the listed separate programs above is more versatile than the corresponding
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section of CONTEST.

When running maintenance programs that test the memory, marginal check voltage should
be applied only to the memory module and the memory control logic. The Checkerboard
program, for exarhple, primarily tests the core bank and the sense amplifiers. If marginal
check voltages were applied to control logic (bay 1) while running the Checkerboard pro=-
gram, control malfunctions might be introduced which the checkerboard program could
not diagnose. Conversely, if marginal check voltages were applied to the memory module
while running the Instruction Test Program, memory errors might be introduced which'the ™

Instruction Test program could not diagnose.

While running a maintenance program to solve a specific troubleshooting probl_em,> the ap-
plication of marginal check voltage is made at locations determined by the nature of ’rhéx ”
problem. To aid in selecting mounting panels for marginal checking, the physical |b§:a;
tion of fhe various logic sections of the computer, with respect to module location, is

shown in Figure 11-1.

¢ LOG ENTRIES - When running maintenance programs with marginal check voltages, it

is extremely important to keep detailed and accurate logs. An accurate maintenance rec-
ord, when combined with the marginal check production test record (supplied with the -
PDP-4) makes up a complete operating history of all machine logic under marginal condi-
tions. When accurate and complete maintenance records are kept faithfully, any deteriora-
tion of circuit components is easily detected. A deteriorating component is revealed in

the record as an error of a particular type which occurs at steadily decreasing margin vlblk‘-
tages over a period of months. Without logs, a symptom of this type is likely to pass com-

pletely unnoticed.

When accurate logs are kept, a glance at the previous history of the failure pattern in cer-

tain sections of computer logic often saves unnecessary replacement of plug=in units.

For example, a certain sense amplifier may operate in a completely reliable manner under
normal conditions, yet it may fail at a narrower margin than the others. Normally this
would indicate that the sense amplifier was weak; however, when a logged history of

sense amplifier performance under marginal check voltages is available, it can immediately

be determined whether the narrower margin at which this sense amplifier failed is the result
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of a gradual drift (indicating weakness) or is merely the voltage at which this sense ampli-
fier has always failed. In the first case, the sense amplifier would be replaced. In the
second, however, since no drift in margin voltage is taking place, it can be vqssumed that
the sense amplifier will continue indefinitely to give reliable performance ‘under normal

conditions.

11-9 TROUBLESHOOTING

The troubleshooting procedure presented below does not involve the use of malfunction tables
or symptom-cause-remedy charts. For a full scale general purpose digital computer like PDP-4,
such tables or charts would be so cumbersome and inconvenient as to be useless. Instead, the
method suggested depends upon logical thinking, common sense, and an organized sfep-by-step

procedure.

For efficient troubleshooting, the technician must be completely familiar with the PDP-4 system
function and machine logic. When confronted with a malfunction, a technician who is not
familiar with the machine wastes valuable time poring over prints and elementary system de-
scription, thus unnecessarily prolonging down-time. It is essential fo have a good underlying
knowledge of system function (chapter 4), operation (chapter 5), the machine logic (chapters
6-9), and, to a lesser degree, plug-in unit circuit theory (chapter 10). It is equally impor-

tant to be familiar with the logic prints (D-size block schematics).

Most people find it impractical to memorize the prints completely; but, after a reasonable learn-
ing period, the competent technician will probably know which print contains what logic, and
even the approximate area of the print which shows given sections of the logic. All of the
machine logic is on the prints. The description of the logic (chapters 6 through 9) is tied to

the prints. The flow of logic levels and pulses can be traced from the prints. Location and
identification of circuits by mounting panel location, pin connection, and module type is also

given on the prints.

This maintenance manual is intended primarily as an aid to learning the prints. Once the sys-
tem logic is well understood, the prints are usually used much more often then the manual. The
prints are the best available source of reference information, and the prudent technician should
take the time to become thoroughly at home with them. This is much easier than it sounds;

once the function of the machine is well understood, the details of the machine logic follow
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quite logically, making the learning task less formidable than the sheer bulk of the data would

suggest.

In addition to the prints and this maintenance manual, the technician should have five manu-
facturer's manuals for the standard in-out equipment: the Digitronics 2500 manual for the paper
tape reader; Teletype Bulletin 215B for the punch; and Teletype Bulletins 216B, 217B, and
11498 for the keyboard/printer. It is helpful to read these manuals to learn what information is
in them. Much computer down-time can be saved by knowing in advance where to go for in-

formation.

- When confronting a new malfunction in the machine, the following sequential plan of attack

should be followed:
1) Initial investigation: gather all available information on the problem.
2) Preliminary check: see if the malfunction presents obvious physical symptoms.

3) Console troubleshooting: attempt to localize the problem to a particular section
of logic; use the maintenance programs. Use marginal checking procedures, if indi-

cated.

4) Logic troubleshooting: further localize the malfunction to a particular module,

power supply, or power control unit.

5) Module troubleshooting: locate the specific malfunctioning component inside o

particular module or power unit.
6) Testing after repair: ensure that the machine is really back on the line.
7) Logging the trouble: note what went wrong, and how it was fixed.

Steps 1 through 4 are further discussed in paragraphs a through d below. Step 5, module
troubleshooting, is treated in 11-10b. Step 6, testing after repair, is explained in e below.

Use of maintenance logs (step 7) is covered in f below.

a INITIAL INVESTIGATION - As the first step in troubleshooting a malfunction, l‘:»efore‘.‘
even touching the PDP-4, the technician should find out as much as possible about the na-
ture of the malfunction. Question the operator mercilessly. Consult the operator's log:

did the malfunction also occur during the operator's CONTEST runs? Has the operator ho—
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ticed any unusual machine behavior as a prelude to this malfunction? If this malfunction
occurred during a CONTEST run, the operator should have noted the readings of the con- .,
sole indicators and the settings of the test word, address, and sense switches. Also, if the
malfunction occurs during a CONTEST run, these indications and settings are very S|gmfu-

cant and must be carefully noted in the maintenance record.

Look for a possible history of this malfuncfion'qmong previous entries in the maintenance - ..
records. This step is particularly important if more than one technician works on the ma=
chine. Has the same malfunction, or one related to it, occurred before? If so, how was ..
it remedied? Look also at the last half-dozen monthly entries for maintenance program

runs with marginal check. Is there a deteriorating module (one that fails at sfeadi_ly de-
creasing margins) that seems related to this malfunction? If so, compare notes; do the rég.;?
ister indications and switch settings for that failure resemble the indications and settings

for the present malfunction?

The more information the technician can gather, the more rapidly he can make his diagno-
sis and the sooner the machine can be retumed to operation. Every available source of in-
formation should be explored. Do not try to troubleshoot a computer malfunction cold;

usually this just wastes time.

b PRELIMINARY CHECK - The second step is to check for physical symptoms of malfunc-
tion. Look first at the ACCUMULATOR, ADDRESS, and operating switches. Make sure
that the operator is not running the program incorrectly. Open the plenum doors. Look
for broken cords or plugs, tripped circuit breakers. Has someone inadvertently placed half
the machine on marginal check voltages? Are all modules plugged in all the way? Are

all memory cables plugged in all the way? Is there power?

This preliminary check is useful far more often in the case of a catastrophic malfunction
than in the case of an intermittent one. Except for cable and plug=-in unit connections
which may be intermittent, most intermittent malfunctions are due to cold-solder joints,
or faulty circuit components. Unless the malfunction is definitely isolated to within two
or three modules by the initial investigation (a above), it is poor strategy to start chécking
arbitrary modules for cold-solder joints or bad components. More sophisticated trouble-

shooting procedures must then be used (c and d below). Nevertheless, because it elimina’}es
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many common sources of frouble which might otherwise be overlooked, the preliminary
check should not be omitted. Few things are more annoying than to go through complex
time~consuming troubleshooting procedures only to discover that the malfunction is.actually

caused by some obvious cable connection not making proper contact.

c CONSOLE TROUBLESHOOTING - In many cases, the initial investigation discloses
an appropriate line of attack but does not in itself pinpoint the location of the trouble.
The third step in the troubleshooting sequence, troubleshooting from the console, is used

to localize the malfunction within a small section of the machine logic.

Console troubleshooting most often requires the use of the maintenance programs (with or

without marginal checking, depending on the nature of the malfunction).

Intermittent malfunctions caused by weak components can almost always be aggravated and
so transformed to relatively consistent malfunctions b§' the use of marginal checking. Un-
fortunately, use of marginal check cannot reveal intermittent connections (such as cold-
solder joints or interruptions in cable wiring). Consistent (catastrophic) malfunctions are,
however, easy to locate. Simply run the appropriate maintenance program, wait for the

error halt, and consult the program guide.

(1) Maintenance Program Selection = Normally the initial investigation (a above) re-

stricts a malfunction to within some large section of machine logic. For example, a
particular in-out device does not work properly; or it is impossible to transfer into the
accumulator; or some operating program which is known to be good invariably halts at

a certain memory location, etc.

Even if the program does not run at all, the malfunction can usually be well localized
by initial investigation. In this case the trouble is likely to be located in the general
control functions (i.e., in the timing; or in the control logic for the states or memory;
or in the instruction register and decoder; or possibly in the program counter and pro-

gram control logic).

For nearly any computer malfunction, the initial investigation usually determines which
of the maintenance programs is the proper one to use. The program used depends on the

character of the malfunction. Suppose, for example, that the complaint involves
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unexplained halts in operating programs. The operator says that attempts to restart the
programs result merely in another unexplained halt, and he then produces a list of mem-
ory locations at which the machine frequently halts. An appropriate maintenance pro-

gram for investigating this malfunction would be the Checkerboard.

(2) Use of Marginal Check - The particular maintenance program most likely to dis-

cover a malfunction should first be run without marginal check voltages. If the mal-
function is a consistent one, it shows up immediately during this first run. If the. mal-
function does not show up during the first run without marginal voltages applied, there
are two alternate possibilities, one of which probably explains the situation. First,

the malfunction may be an intermittent one, for example, a loose connection. éécond,
there may be some loading condition imposed on the logic circuits which is presén’r

during the operating program, but not during the maintenance program.

If the malfunction is caused by loading conditions unique to the operating program, it
can nevertheless be detected during a maintenance program run. This is done by ap-
plying marginal check voltages to the suspected sections. From the last few entries in
the maintenance record, the technician can determine the marginal check voltages -
which normally cause failure during the selected program. A malfunction that is caused
by differences in loading conditions is likely to show up at considerably smaller mar-

gins than those listed in the last few log entries.

If the maintenance program discovers the error during application of marginal check
voltages, do not restart the computer. First look at the register indications and at the

ACCUMULATOR and ADDRESS switch settings for hints locating the malfunction.

(3) Procedure - Console troubleshooting procedures for locating catastrophic malfunc-
tions should be directed toward discovering a pattern of consistency among the errors.
Two examples of procedures which locate catastrophic malfunctions through the dis-

covery of error patterns are presented in (4) below.

Location of an intermittent malfunction is extremely difficult using console trouble-
shooting alone. For this reason, procedures for locating intermittent malfunctions are

explained under logic troubleshooting (d below).
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Malfunctions (either catastrophic or fnférfni’rfenf) in the power-clear and special pulses,
and in other control logic iniria’réd By éonsole keys,.can be easily located by using the
REPEAT switch and the SPEED controls. All operations except STOP that are initiated
by console keys may be repeated indefinitely at repetition rates selected at the SPEED
controls. If desired, oscilloscope signal tracing techniques can be used in troubleshoot-
ing console operations. The scope may be synchronized on SPO (available at one of the
three insulated standoffs in panel 1A). The SPEED controls should then be set to the

fastest repetition rate.

(4) Examples - Two examples illustrating the discovery of error patterns are given; the
first a continuation of the memory address trouble hypothesized in (1) above; the sec-

ond an example of trouble involving the in-out equipment.

In (1) above, the Checkerboard was selected as the maintenance program most likely

to give an indication of the malfunction location.

A number of possible malfunction locations may occur to the technician: the X and Y
selection inverters, the memory address register, the memory address decoders, the
memory address transfer logic, the program counter, etc. However, before running
the Checkerboard, the operating program should be closely examined: do the memory
locations at which the computer likes to halt all contain the same instruction? If they

do, the instruction register or the instruction decoders could be at fault.

In the present example, suppose that examination of the operating program discloses
that the troublesome addresses do not all contain the same instructions. The logical

first step in console troubleshooting is then running the Checkerboard.

If the Checkerboard program detects an error, the computer halts at location 7740.
Pressing CONTINUE then displays the location of the failing memory register. Sup-
pose that this is an intermittent malfunction; i.e., suppose that the entire Checker-

board program proceeds to completion with no error halt.

The fact that the machine completes the test without an error halt suggests that circuit
loading conditions during the normal operating program are significantly different from

conditions during the test run. Do not despair == use marginal check!
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There is one fortunate charac’reris’ric which every malfunction displays. No matter how

unusua| l'r may be, there is clways a thread of consistency in the errors it produces

Returning to the present exomple; suppose that the marginal check voltages cause re-
currence of the malfunction, and that every error halt of the Checkerboard program
occurs at an address in which bits 9 through 11 contain 5 octal (101). Now there is

something to work on.

The bindary-to-octal decoder for MA is in location 1C23 (see Figure 8-1)." Output

9-11
level 5 is asserted negative. This level feeds a 50-pin Cannon connector ’rhéém’émory
module. Figure 8-3 shows the level arriving at pin N of the Y selection mverfer module
in |oca‘r|on 2D3. The ground assertion level comes out on pin P of the same module

We can check for the positive assertion level at the memory read/wrl’re swn‘ches in lo-
cations 2B14 and 2B16. Except for an extremely improbable situation (such as 5|mu|-

taneous malfunction of all eight read/write switches in 2B14 and 2B16), the trouble

must be located somewhere along the line of connections listed above.

The console troubleshooting procedures illustrated by the foregoing example have iso-
lated the trouble to a manageable section of the computer logic. The technician can

now proceed with the signal tracing procedures described in d below.

As a second example, suppose that the operator reports the keyboard/printer types

nonsenge. It is possible, by spending a great deal of time, to make some sense of the
remarks pﬁn’red out as part of the operating program's output subroutine; however, the
data output is entirely meaningless. If the preliminary check discloses nothing useful,

the logical first step is to run the Teleprinter Input=-Output Test.

The advantage of a specific in-out test program of this sort is that the correct output is
known. The correct printout of the test is THE QUICK BROWN FOX, etc. Suppose,

however, that the printout looks like this:

QTHE QUIIU Z
TW STY AUHPS TPE
THE LAZY ETL WQUE .
‘ TYUITP AZIESLHAULH PYZS
QATHER
B
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Four facts are immediately evident:
1. The carriage return does not work at all.
2. The line feed operation is generated spuriously.

3. One of the three operations at the beginning of a line (carriage return, line feed,

and letter shift) is interpreted as Q.
4. The figure shift operation does not work at all.

The first step in troubleshooting this failure is to type the expected line of printout at

the keyboard:
(Carriage return, line feed, letter shift)

THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG
(space, figure shift)
1234567830 =22518#" ()a, 3/"
(bell)

(Carriage return, line feed, letter shift.)

If every character and printer operation works properly from the keyboard, the trouble
must be in the keyboard/printer control logic, or in the transfer logic. Suppose, in

this example, that the printer does perform correctly from keyboard input.

Table 5-1 gives the octal numbers representing the teletype code for each character
and printer operation. The first observation is that the carriage retumn is absent. The
code for carriage return is 02, or 00010. First of all, then, something is evidently
wrong with the fourth bit of the teletype code. Now before opening up the machine,
check first that the bit 4 failure hypothesis is consistent with the other printout errors.
First, one of the printer operations at the beginning of the line is interpreted as Q.
The code for Q is 35, or 11101. If the fourth bit is added to this code, the result is
11111, or 37. Code 37 represents the letter shift, one of the operations at the begin-

ning of the line.

Counting printer operations in the bad printout, from the beginning of the line, note
that the first spurious line feed occurs as the 15th printer operation. In the correct
printout, the 15th operation is the character Rin BROWN. The code for R is 12; if
bit 4 fails, this code becomes 10 (i.e., 01010 becomes 01000). Code 10 represents

| line feed. So far, so good... Finally, the figure shift operation was absent from the

bad printout. The code for figure shift is 33; if bit 4 fails, this code becomes 31
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(i.e., 11011 becomes 11001). Code 31 represents W.
WQUE
TYUITP

stands for (figure shift)
1234567830
. when bit 4 is added to the codes for W, line feed, and T.

The trouble now has been narrowed to within a small section of computer logic. The
transfer logic must be faulty with respect to the fourth bit. The trouble cannot be in
bit 4 of the LUO printer buffer because this buffer acts as a shift register to develop
the teletype signal. If a particular stage of this buffer/shift register is defekc’t\iv.e.;,xE the
shiftout is incomplete. But this completely disables the printer; there cou|d\b-e ﬁo
printout at all. So the trouble cannot be in the printer buffer; it must be in the trans-"

_w fer from AC.

Now, finally, knowing in advance where to look for the trouble, go into the machine.

The logical places to check for transfer are:

. 1
pin 2F4S, AC]6

asserted negative;
pin 2F4R, same signal, asserted at ground;
pin IM18H, same signal, again asserted at ground.

This particular keyboard/printer malfunction will probably never occur. The example
presented above is primarily intended to illustrate logical, step-by-step troubleshoot-
ing techniques. It is the general analytical process of isolation illustrated by the ex-
ample that is important, not the specific steps used above to signal-trace a particular

unique keyboard/printer malfunction.

d LOGIC TROUBLESHOOTING - After console troubleshooting procedures (c above)

have located the trouble to within a small section of the computer, logic froubyleshoofing
methods are employed to isolate the malfunction to within a single module or module con-
nection. Logic troubleshooting is most often done using the oscilloscope and small diagnos-

tic or exercise loops consisting of only a few instructions.

Logic troubleshooting is normally the fourth step in the troubleshooting sequence; it relies

heavily upon successful completion of the first three steps. Logic troubleshooting is detail
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work, normally perfbrméd‘on'ly’ on small sections of logic or particular discreet strings of
connections between panels. With the possible exception of diagnostic and exercise loops,
the procedures outlined in this paragraph are applicable only to small subsystems. These ‘-
procedures should not be substituted for the console troubleshooting methods outlined in ¢’
above. To avoid wasted time from widespread detail work, use console troubleshooting ‘to
isolate the malfunction to the smallest possible section of machine logic before logic -

troubleshooting procedures are begun.

The remaining portions of this paragraph discuss the construction and development of both: ™ -

diagnostic and exercise loops, as well as suggested procedures for logic troubleshooting.

(1) Diagnostic and Exercise Loops - A loop is a set of instructions, one characterisfic

of which causes the computer to repeat the set of instructions over and over again. A |
loop may contain any number of instructions, and generally incorporates some method
of indexing. The diagnostic and exercise loops discussed here, however, contain only

a few instructions and are designed to repeat indefinitely (i.e., no indexing is used).

Exercise loops are specifically desighed to pulse some small specific sectionof the
computer logic repeatedly. Some examples of exercise loops, used in adjusting mem-
ory circuits, are included in paragraph 11-4b, steps 1, 4, and 9, and in step 2 of

paragraph 11-4d.

In general, most exercise loops contain the following three parts:

1. One or more instructions that set up desired initial conditions;

2. The group of instructions which generates the desired pulse or level;
3. A jump instruction, returning control to the beginning of the loop.

The simplest possibyle} exercise loop is the jump instruction alone. A jump instruction,
becomes a loop when it addresses the location in which it is stored. For exompl»_e_,"{'!f
the instruction "jump to 0000" (60 0000) is deposited in location 0000, and the c‘ofnv-
puter is started in location 0000, then the computer repeats the jump instruction over
and over again. The jump instruction is itself the instruction in the second and third
parts of the exercise loop. In step 1 of paragraph 11-4b; the jump instruction is used

as a loop which provides read/write currents for adjusting the type 735 power supply.
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A disgnostic loop is simply an exercise loop which includes some method of, sensing

for error. A diagnostic loop can be set upvfo halt the computer in case of error in such
.a way that the console indicator lights give some indication of the location of the.mal-
~ function causing the error. Good familiarity with the PDP=4 instruction list-is required

for the development of small exercise and diagnostic loops.

Exercise and diagnostic loops are used generally as a way of kéepi»ng';éomé;"s;éc‘:’rion of
computer logic operating repetitively in a predictable manner. Whéﬁ'Eéhefffive op-
.eration is set up in this way, oscilloscope signal tracing techniques can be:used to de-
termine whether the correct pulses and levels are being generated. - Diagnostic loops

are also used during console troubleshooting procedures as an aid in further narrowing
. : ‘?v'»

i

the possible trouble area.

In general, the set of instructions that §ets up desired initial conditfons should be very
short, cér’rainly no more than three instructions. If a par’ricularvrepefitviye operation
fequiresb a complicated or involved pattern of initializing, then nearly all the prepara-
tion should be done at the console before depositing the exercise loop. Instructions
that set up initial conditions in exercise loops are normally taken main|y':from the op-
erate group of instructions (cll, oas, cla). For certain opplicctiohs," the instruction

law, and the memory reference.instructions dzm and lac, are useful.

The loop instruction or instructions that generate the desired operating pulse or level
in an exercise loop naturally depend on the specific repetitive pulse"or level desired.
For example, the pulse that generates in AC the exclusive OR function between the
contents of AC and the contents of MBis produced by a number of instructions == add,

tad, xor, sad, lac.

Ohe of the jump instructions, jmp or jms, must be used to make the exercise routine
repeat itself indefinitely. The following example (Table 11-8) illustrates an exercise
loop of six instructions and two data words which tests the reaction of each bit of the
accumulator to the exclusive OR pulse under each of the four poséib|e'i|‘1i’rid| condi-
tions. In other words, the loop repetitively checks each bit of the accumulator for

behavior corresponding to the exclusive OR truth table at the end of paragraph 7-2c.
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TABLE 11-8 SAMPLE EXERCISE LOOP

Exclusive OR pulse loop ' Instructions Loc. Contents

fe— e ————————— : — —

Load AC with all 1s lac Ts 1000 20 1005
Exclusive OR with all Os xor Os 1001 24 1006
Exclusive OR with all s xor 1s 1002 24 1005
Exclusive OR with all Os xor Os 1003 24 1006
Repeat jmp load 1004 60 1000

All 1s Is 1005 77 7777

All Os Os 1006 00 0000

Alternatively, the instruction lac could be replaced by the instruction load accumula=

tor from test word switches (lat: 75 0004). -
In a diagnostic loop, the set of operations to be repeated includes some instruction or .
instructions forsensing an error. Generally, these are the skip instructions. All skip .
instructions are in the in-out and operate groups, except the two memory reference .
skip instructions sad and isz. Table 11-9 gives an example of a simple diagnostic loop

to test the response of accumulator bits to the exclusive OR pulse.

TABLE 11-9 SAMPLE DIAGNOSTIC LOOP

Exclusive OR loop ' Instructions Loc. Contents
Load AC with test word lat 1000 75 0004 -
Deposit AC in TW dac TW 1001 16 0006
Exclusive OR with TW xor TW 1002 24 0006
Skip on nonzero AC sna 1003 74 0200
Jump to "load AC" jmp lat 1004 60 1000
Halt on an error hit 1005 74 0040
Location TW ™W 1006 00 0000
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This sample disgnostic loop does not test for all \possible combinations of 1s and 0Os in
AC and MB as did the exercise loop of Table 11-8. However, the loop does halt the
computer on an error, and shows the malfuncﬁbning’bi‘r of AC in the accumulator indi=
cator lights (that bit which is different from the corresponding bit of the test word -

switches) .

The Table 11-8 and Table 11-9 examples are given only to illustrate form and 6rggni-
zation. Diagnostic and exercise loops take on endless variety. A ’rechnicidh §ho§|d
be able to generate applicable loops to troubleshoot any section of the compu:}c“a}; f
Although the examples given are typical maintenance loops, they are designed for one
specific application. Even if a similar problem should occur, the particular circum-
stances are not likely to be identical. For example, it may not be necessary to test
for every combination of 1s and Os (as does the exercise loop of Table 11-8). It may
not even be necessary to test every bit of the accumulator.. If the problem seems con-
fined to the exclusive OR pulse logic alone, and is unrelated to the response of the AC
bits, the simple exercise loop composed of the instruction xor, followed by jmp to the
location containing xor, would be sufficient. Ingenuity, common sense, and familiar-
ity with the instruction list, enable an alert technician to develop diagnosfic or éxer-

cise loops to suit any specific troubleshooting problem.

(2) Suggested Procedures - Logic troubleshooting procedures should be undertaken

only after the preliminary check or console troubleshooting has isolated the malfunction

to a small section of the computer logic.

Logic troubleshooting is performed inside the computer. Italwadys consistsof a number of . :
steps designed to narrow down the location of a malfunction to within a particular plug=in
unit, connection, or power unit. The specific steps required and the order in which

they are carried out always depend on the problem. In general, however, logic trouble-
shooting steps fall into three broad categories: 1) signal tracing, 2) substitution, and

3) aggravation.

Only one good method of signal tracing is available == the use of the oscilloscope.
Since component troubleshooting has (hopefully) isolated the trouble to within a small

section of computer logic, an appropriate exercise or diagnostic loop can be used to
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operate the:suspected section of:logic repetitively. ‘When the machine. is running in a
closed exercise or diagnostic loop, the desired operating pulse orilevel is generated at
lni'ervals fhaf are alwqys mul’rlples of the 8-microsecond memory cycle, or equal to an

m-oui' dewce cycle

The oscilloscope sweep may be synchronized to any of the timing pulses- (eagh generated
once per memory cycle). For convenience, the time shift pulse and timing pulses SPO
~and T1 are available at insulated standoffs in panel 1A. The duration of .the sweep may

be set either to 1 microsecond per centimeter (so that the entire sweep displays one
..memory cycle), or to a value which displays one complete performance of the exercise

or diagnostic loop.

., Every pulse or leviel generated in a given section of machine logic¢ is‘available at some
plug=in module output pin. The pin locations are shown on the block schematic for
.that section of machine logic. In the case of a catastrophic malfunction, the signal

. tracing method determines with absolute certainty whether a pulse of good quality
(amplitude, duration, and rise time) is being generated at the right time. - In the case
of an intermittent malfunction, this signal tracing technique must be combined with

1

some appropriaite form of aggravation (discussed below). N

Sybstitution is the technique which first occurs to most technicians. Usually a spare
plug=in moduyle is substituted for a suspected module to see whether the malfunction is
thereby curesd. When troubleshooting registers and counters, howe\./er,f it-issoften more
useful to excchange bits of the register or counter rather than substituting a spare module.
After the e~xchqnge, if the malfunction has moved to the new location, the trouble is
probably in ’rhe exchanged module. However, if the malfunction still affecfs the or=-
|g|nq| |0 cqhon, the malfunction is more likely to be in some logic network supplylng

pulses or Ievels to fhat location. o

Aggravation, as an electronics maintenance technique, sounds as though it should be
scrupu lously avoided; it is actually quite useful. In the froubleshoohng of mferml’r-
tent rnalfunctions,” aggravation is often the only technique which gives any mdlcq’rlon
of m¢alfunchon location. The two main types of aggravation are vnbrahon and margm—
al clheck. Marginal check voltage application, as a method of finding weak 65§;1bon-

ent;s or malfunctions due to program-linked differences in circuit loading, isdiscussed in
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c above. Vibration, as a malfunction locating technique, is used primarily to locate

intermittent connections.

As long as reasonable care is used to avoid inflicting permanent damage, the technician
should not hesitate to twist, probe, worry, or poke at connections, cables, plugs, or
plug=in units. All connections in PDP-4 are designed for excellent reliability. Con-
nections through plugs and sockets, and through cables, should be immune to any reason-
able amount of pulling, twisting, or flexing. If such aggravation produces a computer
error, an intermittent logic connection is probably causing the malfunction. Procedures
for finding intermittent connections in individual plug=in units are described in para-

graph 11-10.

Intermittent failures caused by poor connections cannot be located merely by using
marginal check. However, an intermittent connection can often be revealed by vibra-
ting the modules while running an appropriate maintenance program. Often wiping
the handle of a plastic screwdriver across the back of the suspected row of modules is a
useful technique. The resulting vibration generally interrupts an intermittent connec-

tion.

By repeatedly restarting the program and narrowing the area of vibration (tapping fewer
and fewer modules)"rhe malfunction can be localized to within oné or two modules.
After localizing the malfunction in this way, try wiggling the suspected module up and
down within the mounting panel. If wiggling the module causes a computer halt, before

removing the module closely inspect the associated mounting panel wiring.

Although each PDP-4 system is thoroughly tested before it leaves the factory, never-
theless, a poorly soldered connection may occasionally show up later. This type of
malfunction appears as an intermittent failure and is sometimes very difficult to locate.
Poorly soldered connections, if any, are more likely to appear in mounting panel or

plug and cable connections than within the modules themselves.

e TESTING AFTER REPAIR - After a malfunction has been located and the defective plug-
in unit or connection replaced or repaired, a complete test should be made of the entire

system.

The procedures described above (console troubleshooting and logic troubleshooting) are
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usually followed under the tacit assumption that only one malfunction is present in the.ma- ..
chine. As a matter of fact, even after faulty parts related to one malfunction are located:
and repaired or replaced, the system may still contain other faults. In ordér to ensuresthat.
the PDP-4 is definitely in perfect operating condition, the entire MAINDEC should-be. tun
with the application of marginal check voltage after the completion of corrective mdinte-
nance procedures. Particular emphasis should, of course, be placed on those parfiens-of -

MAINDEC which check the originally malfunctioning section of the computer logic.

e

A record of the computer malfunction and the way in which it was repaired must be entered

in the maintenance record.

PRETE A N1 TS

£ MAINTENANCE RECORD ENTRIES - The first step of any troubleshooting ’ﬁr*é'éé‘auré is
“an initial investigation of the malfunction (a above). This entails gatherlng all avallc:ble
information which might apply to the problem. The maintenance record forms ‘& ital part*
of that information. It must therefore contain a clear, detailed, accurate description of
every computer malfunction, giving the cause of the malfunction, the steps taken;to isolate

the malfunction, and the way in which the malfunction was finally repaired:. - =

A maintenance log should not be constrained into a standardized rigid formc:ti,;""rc':;ﬂ;;‘éfr, it
should look much like a diary. Computer malfunctions are much too diverse ’ro categorlze
into any standard-form questionnaire. The date and time of each entry should Ko Followed
by comments describing everything that the technician does to the computer for whotever

reason.

Accurate logs‘ reveal at a glance the previous history of failures throughout the enfire ‘sys—
tem. No one can be aware of every possible failure pattern of a sophisticated system such
as PDP-4. Properly kept maintenance logs often reveal patterns of consistenclyv gfr:nong}fail-
ures that seem totally unrelated. In troubleshooting, completely new lines of attack can
often be suggested by such patterns of consistency. To take best cdvahtage of this informa-
tion, the maintenance log must be kept accurately and faithfully. The more information
available on o trouble, the less computer down=time required before it is isolated and re-

paired.

11-10  MODULE REPAIR

When the location of a malfunction has been narrowed to within a specific module or small
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group of modules, it may be worthwhile to continue troubleshooting within the unit. In many
cases, a minute or two of additional oscilloscope signal tracing can isolate a malfunction to a
particular transistor, diode, or connection. Considerable bench testing time can often be saved
in this. way, .even if the module must be replaced. The following portions of this paragraph de-
scribe removal and replacement of modules, troubleshooting within modules, and circuit~-

component: replacement.

a REMOVAL AND REPLACEMENT - Plug-in units may be extracted by means of the DEC
type 1960 plug=in puller furnished with the PDP-4. Carefully hook the small flange of the
~puller over the center of the plug=in unit rim, and gently pull the unit out of the mounting
~panel. Use a straight, even pull to avoid damaging the plug connections or twisting the
»“e*tc'hed circuit. Since the puller does not fasten to the plug=in unit, prevent the unit from
fa.lli.ng by gr%:sping the rim of the unit in your other hand before the unit comes all the way

out of the mounting panel.

When replacing a module, always position it so that the component side of the board is to
the right, and the printed wiring side of the board is to the left. The aluminum rim of a
module extends along the bottom edge beyond the plug. When a module is properly in-
stalled, this aluminum extension fits into a matching slot in the mounting panel. Should a
rrjlc.)_dule‘be installed with the bottom edge up, this aluminum extension prevents the plug

from making contact with the socket in the mounting panel.

Carefully slide the module in between the guide ridges embossed on the mounting panel

surfaces until the plug just begins to make contact with the socket. If the plug and socket
are prpper|y aligned, a gentle pressure is sufficient to fully insert the module. If the plug
and socket are not aligned, do not force the connections. Occasionaly, slight movements
of the module within the guide ridges may be necessary to match the plug with its connec-

tor. After a little practice, rapid removal and replacement of modules is very easy.

Connections to the power supply and power controls are. made both by connections at bar-
“rier terminal strips and by cables terminating in plugs. Although both the wiring and the
barrier terminal strip connections are color-coded, color-code markings denoting the proper
connections may have rubbed off or become unclear. Before removing or replacing a power

unit, clearly mark all ambiguous connections both on the unit to be removed and on the
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spare to be installed. After disconnecting the unit, release it by removing the Phillips-
head mounting screws on both sides. (The power units are fairly heavy, so get a good hold

to avoid dropping them when they are removed.)

b MODULE TROUBLESHOOTING - Locating a malfunction within a single module or
power unit can be done in two ways. The Ffirst (active circuit troubleshooting) involves use
of the plug=in unit extender (DEC type 1954), the pigtail plug-in extender, the oscilloscope,

and small two- or three-instruction exercise loops of the type described in paragraph 11-%c.

The second method is bench troubleshooting. This involves use of a suitable multimeter
(paragraph 11-1) and other applicable bench test equipment such as an in-circuit transistor

and diode checker, a regulated bench power supply, etc.

In complex installations, or in multiple installations, an independent bench module tester

may be desirable. A bench tester for DEC plug=in modules can be made up from a type 722
power supply, standard DEC signal-generating plug=in units (clocks, pulse generators), and
suitable switching circuits. Such a bench tester, when used with an oscilloscopev., can pro-

vide active-circuit troubleshooting (signal tracing) independently of the computer.

A desirable addition to the bench module tester is a type 734 power supply. This supply

permits marginal checking of plug=in units at the bench.

Information on system design with DEC modules, helpful in assembly of a bench tester, is
contained in the Digital Modules Catalog (A~705) and the Digital Logic Handbook
(A-400B), both available from DEC without charge.

(1) " Unit Extender = The DEC type 1954 plug-in module extender permitstroubleshoot~

ing a module while the system is operating. Remove the module to be tested and in-
sert the extender in its place. Then plug the module into the exposed end of ‘the ex-

tender. The unit is then accessible for active-circuit troubleshooting.

During active-circuit troubleshooting, marginal check voltages may be applied to an
individual module by using the pigtail plug-in extender (paragraph 11-1 above). Pins
A, B, and C of the exposed module can be fumished appropriate marginal check volt-

ages through the three alligator clip leads of the pigtail extender.
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CAUTION

Although DEC circuits are designed with internal safeguards which -
prevent damage from opening or shorting the output terminals on.a
single unit, they are not proof against all the accidental shorts which
might be produced while testing the unit on an extender card. Care
must also be exercised when testing terminals on the wiring side of

the racks.

(2) Bench Troubleshooting = If simple inspection fails to reveal the cause of trblszle,

the use of multimeter resistance readings can usually isolate the trouble to a specific

o a

defective component.

Resistance readings may be taken fo check the emitter-base and the collector-base
diodes of transistors in both the forward and reverse directions. It is essential to deter-
mine the internal battery polarity of the multimeter. Often this polarity is opposite to

the normal polarity of the leads as used for voltage and current measurements. = -

Resistance readings for both the emitter-base and collector-base diodes of a :trans_i:‘sy'ror
should be relatively low in the forward direction, and relatively hiéh in the reverse
direction. Note that although incorrect resistance readings are a sure indication that
the transistor is defective, correct readings give no guarantee that the transistor-is

good. It may have other troubles.

Several types of inexpensive in-circuit transistor and diode checkers are on the market.

These generally provide a more reliable indication of diode or transistor malfunction.

Damaged or cold=-soldered connections can also be located with the multimeter. Se'r
the multimeter to the lowest resistance range and connect it across the suspected con-
nection. Poke at wires and components around the suspected connection with a probe
or with the fingers. Alternatively, rap the module sharply (but not too sharply) on a

wooden surface.

Often the response time of a multimeter is too slow to detect the rapid transients pro-
duced by intermittent connections. Current interruptions of very short duration,
caused by intermittent connections, can be detected by placing a 1.5-volt flashlight
battery in series with a 1500-ohm resistor across the suspected connection. Observe

the voltage across the 1500-ohm resistor with an oscilloscope, while probing the con-

nection.
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c COMPONENT REPLACEMENT - Use a six=-volt soldering iron with an isolating trans-
former for removal and replacement of defective components. Avoid excessive heat which
can cause damage to components and may even cause delamination of the etched wiring.
Transistors and diodes require special care. Whenever possible, attach a copper ’c:zlulqiécfor
clip or other heat sink to the lead being soldered, thus reducing the amount of heat trans-

ferred to the component.

11-11 DRAFTING NUMBER SYSTEM

le\e numbering system used for DEC documentation is coded for identification and control pur-
poses. This numbering system should always be used when ordering any drawings or lists from
DE,C'. Consistent use of the system can also save you a considerable amount of time when filing
and retrieving DEC documentation in your own files. The drawing identification code consists
of up to 13 letters and digits making up eight individual data fields. These eight fields are sum=~

marized in the eight horizontal lines of Table 11-10 below. : I

TABLE 11-10 DOCUMENT NUMBER FORMAT

Typical

Document BS- D 400 01- 3 A~ 1

Number

Field Designates Code Comments

BS- Document Type 2 letters |

D Document Size 1 letter A, B, C, D, or E.

004 Project Number 1,2, 0or3 Initial zeros of the project

digits number are omitted (see typi-
cal document number at the
top of this table).

00 Serial Number 2 digits Customer serial number for
special equipment. Type
numbers for project varia-
tions.

01- . Assembly 2 digits Designates a particular por-
tion of project equipment.
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TABLE 11-10 . DOCUMENT NUMBER FORMAT -

(continued)

Typical

Document BS-D 40001~ 3 A-1

Number :

Field Designates Code Comments

e e

3 Subassembly 1 digit

A- Revision 1 letter To indicate system.revisiqn.

1 Change 1 digit To indicate changes in dogu-
ment when a revision letter
cannot be used.

a DOCUMENT TYPE - The first two letters of the identification code give the document

category. The first of these two letters specifies the content of the document, for-example

-= B: block, C: circuit, W: wiring, etc. The second letter specifies the form layout or

format of the document. For example == S: schematic, L: list, etc. Most of the DEC

document categories are listed below with short descriptions (Table 11-11) .

TABLE 11-11 DOCUMENT CATEGORIES

Code

Category

Description

BD

CD

FD

D

Block Diagram

Cable Diagram

Flow Diagram

Timing Diagram

Diagram of the components, subassemblies, or
complete assemblies of a system showing logi-
cal interaction. :

A block configuration diagram of a system,
showing the cabling between assemblies. Gives
DS and WD drawing references for each assem-

bly.

Represents the logical behavior of a system with
respect to a series of states, or with respect to
time. '

Shows the timing relationships of a system con=-
taining or controlling some mechanical device.

11-54



TABLE 11-11 DOCUMENT CATEGORIES (continued)

Code Category Description

WD Wiring Didgram Shows the wiring of a subsystem or g%gembly.
Used primarily in manufacture, ... .5
. CL - Cable List Gives wire colors, plug and socket Bins,*and

names of signals for a specific cable. . .. .

DL - . . 'Diode List - ' Lists terminal points connected by dloéfe§ not
: - contained in modules. : ST

oML Lo Module List Lists each module used in q'syé’rérﬁ. - Oftén
gives logic function of modules. ..« - ..
PL Parts List Lists each part of an assembly. Gives part
numbers.
RL Replacement List Shows all drawing revisions and serf‘al codes for

each particular system of a project.

TL Terminator List Lists the points at which lines must be termina-
ted by load resistors.

WL Wiring List Gives terminal points connected by wires.

-BS - Block Schematic A system layout drawing where symbols are’
used for logical functions. .

CS - Circuit Schematic The schematic drawing of a particular ¢ircuit;
- shows DEC part numbers.

RS : Replacement Schematic The schematic drawing of a parficbl.ar"c;i‘i‘;é:uif;
shows JEDEC part numbers. ‘

b SIZE LETTER - Although many documents are reduced to a size which can be in¢luded

in a system manual (i.e., 11" by 17" maximum) they are initially drawn and revised on any

of five sheet sizes. These sizes are:

Ao, 8-1/2" x 11"
B.veieriiinnn. 11" x 17" (twice A size)
O 17" x 22" (twice B size)
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Divivinvninint. 22" x 34" (twice C size)

E.oivrvvnnnnnnn, All sizes larger than D. Most E-size DEC drawings are
30" x 42", _.

¢ PROJECT NUMBERS - Every document applies to a particular project series which is
denoted on the document by a number of one, two, or three digits. Since initial Os are
suppressed, project numbers less than 100 appear as two-digit numbers, and projéect num-
bers less than 10 appear as single-digit numbers. Project numbers are assigned only to cen=
tral designs which form the basis for several different systems. Although machinés are often
modified for particular applications, all machines having a project number are basically

similar in design and performance. To date, all project numbers have been single~digit

numbers.,

Some examples are:

2..... (002) ..... PDP-1
3..... (c03) ..... PDP-1 -~ for a customer requiring many systems
4..... (004) ..... PDP-4

d SERIAL OR CUSTOMER NUMBER - The serial number is used to denote a change or de-
viation from the standard documents for a machine. When an assembly or subassembly is ..
modified for a particular customer application, all documents which apply to the modified
machine show the two-digit serial number as part of the document number. Normally, all
standard machines have the serial number 00, which signifies the standard design.” When
a particular customer application requires specific additional equipment which operates
‘with the standard machine, documents are identified by the serial number, the assembly

number, and the subassembly number taken together.

e ASSEMBLY NUMBER - The two-digit assembly number identifies some portion of a com-
plete system. The size of the assembly may vary, depending upon the size of the system.

For PDP-4 documentation, the assembly numbers are as follows:

o1- ..... Internal Processor
02- ..... Memory
03- ..... Console and Power
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04-. ..... Real Time Interface (Type: 25 of the PDP-4)
05~ - ..... Paper Tape Redder and.associated logic
- 06~ .;v.. Paper Tape Punch-and vqgspc,ia’red logic
07- - ..... Keyboagrd/Printer and associated logic
08~ ....... Magnetic Tape and associated logic (Type 54 for PDP-4)

09- . ....s Card Reader and associated logic

f SUBASSEMBLY NUMBER The one-dlglt subassembly number ldenhfles a section of d fie
|arger comple’re ossembly A given assembly may be made up of a large number of elecm-
cal and mechanical subassemblies. For example, the subassemblies which form the PDP-4
internal processor assembly are:

01- .... Internal Processor

| I Timing

2....... States

X Arithmetic Unit |
4....... Arithmetic Unit [I
5.000000 Memory Address Register
< Memory Buffer

7oveinn. Program Counter

As a second example, the gﬁbaésembly numbers of the PDP-4 Type 25 real-time option as-

sembly are as follows:
04- .... Real Time Interface (Type 25 in PDP-4)

| P Real time control logic

2.0, Information collection logic
K JN Information distribution logic
4....... Information source/sink selection logic

g REVISION LETTER AND CHANGE NUMBER - The revision letter signifies that the
standard design of a subassembly has been revised or improved. All subsequent machines
are constructed from documents bearing the latest revision letter. Normally, a revision

letter denotes a change made in the design of all systems in a project.
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The change number is used only when a revision/letter cannot be used. Change umbers
signify changes in the design of a system originally constructed from documents &f an early
revision. Suppose, for example; that a number of machines have been constructed from docu-
ments bearing the revision letter "A", while current production follows the B revision. When
an earlier machine is modified to conform to current design, it then carries the "B" label and
the B revision documents apply. However, if other modifications are made to an A machine
which do not bring the machine to B status, then the revision letter "A" still applles To

show the chdnge, the one-digit change number is added to the revision |eﬂ'er as a sufﬂx,

€.9., A 11 A 2, etc, I

h FORMAT EXAMPLES - Presented below are two examples of the document nuiibér system
as applied to documents for PDP-4.

The block schematic, a

I D-size print, showing

[
BS- D40(/)O4-2 A-1
l

\

the first change in

revision A of the

_information collector, part of

the type 25 real time option,

standard production design, for .

PDP-4.

The wiring diagram, a

D=-size print, showing wiring of

the second three panels (1D, 1E, 1F) of

the internal processor,

standard production design, in

PDP-4.
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