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INTRODUCTION

This manual provides the design engineer basic inter-
face data for the PDP-9 and PDP-9/L computers
manufactured by Digital Equipment Corporation of
Maynard, Massachusetts. 1t is assumed that the
reader is familiar with logic design, interface de-
sign, and basic PDP-9 programming.

Included in this manual are an introduction to DEC
logic symbology; descriptions of the PDP-9 and
PDP-9/L computers, with emphasis on input/output
facilities; a complete description of interfacing
techniques with detailed examples; some notes on
terminal interfacing, margining, grounding; and
general wiring rules. The I/O bus is summarized in
Appendix A, a list of modules and their character-
istics is presented in Appendix B, and a complete
design example is given in Appendix C.

The following DEC reference documents provide ad-
ditional design data: Logic Handbook (C-105), In-
dustrial Handbook (C-110), PDP-9 User Handbook
(F-95) and PDP-9/L User Handbook (DEC-9L-GRVA-
D). The Logic Handbook and the Industrial Hand-
book provide complete specifications of DEC FLIP
CHIP logic modules along with basic instructions in
digital logic usage. The PDP-9 and PDP-9/L User
Handbooks describe the instruction set for these
computers and associated peripherals. Of particu-
lar interest are descriptions of the 1/O instructions.



CHAPTER 1
INTRODUCTION TO DEC LOGIC

The logic circuits of the PDP-9 and PDP-9/L com-
puters are assembled with DEC discrete component
FLIP CHIP modules (B, R, S, and W series modules).
Logic schematics (called block schematics at DEC)
using these modules are usually drawn with DEC
pre-MIL-STD-806B logic symbols. Except for shape
representation, these logic symbols conform to
MIL-STD-806B with additional features added for
clarity. Both of these logic symbol standards are
discussed below.

The most striking feature of DEC logic (and most
puzzling to those not accustomed to it) is that a
logic signal may be true (logical 1) either when it
is high or when it is low depending on the logic
designer's preference. In any given logic network,
signals which are high-when-true and signals which
are low-when-true will ordinarily exist. Not in-
frequently, the same logic signal will have two
electrical representations, one high-when-true and
the other low-when-true. In addition, the logic
designer has the freedom of using the logic negation

[ ] @ "U MR START

MR START
-

CLEAR

< "U MR START

W—e

MR START

CLEAR

Figure 1-1

of asignal. This usage is indicated by a not sign
(~), and overbar (XXXX), or a minus sign preceding
the signal name (Figure 1-1). Whether a signal is
true-when-high or true-when-low is indicated by
the type of diamond or arrow (open or solid) in DEC
logic symbols or by the presence or absence of a
small circle in MIL-STD-806B logic. This conven-
tion permits logic design without regard to the in-
version properties of most DEC logic. It also per-
mits assignment of logic packages to the realization
of the design without requiring undue redesign to
account for gate inversions.

Frequently in larger logic networks, it is convenient
to show a named signal's source without a connection
to its load which is located elsewhere (Figure 1-2).
To facilitate this, a small circle may be drawn ot

the end of the source line when using MIL-STD-806
logic symbols in order to show that the signal is true-
when-low.
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Figure 1-2  Sources and Loads Shown Without
Connections

In DEC logic symbols, wired ANDs and wired ORs
are not explicitly marked (Figure 1-3 and 1-4);
they must be recognized. Due to the electrical
properties of DEC's below ground logic (ground and
-3V logic levels), a wired OR will usually occur at
ground thigh) and a wired AND at -3V (low). The
B683 is an exception (refer to Appendix B).
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Figure 1-3  Wired AND
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Figure 1-4  Wired OR
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In DEC logic, most flip-flops are drawn with four
outputs: one which is high when the flip-flop is in
the 1state, one which is low when the flip-flop is
in the 1 state, one which is high when the flip-flop
is in the O state, and one which is low when the
flip~flop is in the O state. This convention allows
the condition "the flip-flop is in the 1 (0) state" to
be used with gates that require either high or fow
inputs without manipulating highs, lows, 1s and Os.
Although a flip-flop has four logical outputs, as
noted above, it has only two electrical output con-
nections, as the 1-high and O-low connections are
electrically equivalent (same output pin), as are
the 1-low and 0-high connections. Except when
the lines are quite short, connections to flip-flop
outputs are not usually shown explicitly (Figure 1-5).

AR15(0) — AR5 {0) ——O

AR 15 (0) —— AR 15 (0}

ARI15 (1) ——O ARIS (1) ———

AR1S (1) —» AR15 (1) ———O
T o s

AR {5 ARFF’E’

Figure 1-5 Flip-Flop Representation

In MIL-STD-806B logic drawings, DEC shows only
the 1-high and 0-high output of a flip-flop, al-
though all outputs are considered present for the
purpose of logic design.

Mention should be made of the DEC diode-capacitor-
diode (DCD) gate which is both an AND gate and a
logic delay (Figure 1-6). This gate allows the out~
put of a flip-flop to be sampled (with a DCD gate)
at the same time the flip-flop state is changed. The
flip-flop state seen by the DCD gate is the state
prior to the change. The DCD gate generates an
output pulse when the "level" input has been true
(high) for approximately 400 ns and the "pulse" in-
put has a 100 ns positive pulse or a positive-going
(ground-going) leve!l change with a rise time of less
than 60 ns applied to it.

It is recommended that the DEC rectangular symbol
for the DCD gate be used with either the older DEC
logic symbols or with the MIL-STD-806B logic sym-
bols in order to distinguish the quite different pro-
perties of the two inputs and to indicate the logic
delay properties of the DCD gate. DEC logic sym-



bols are all rectangular in shape. The function of within the rectangle. Examples of the more common

the symbol is indicated by a descriptive notation symbols are shown in Figures 1-7 through 1-15.
DEC SYMBOL SIMPLIFIED CIRCUIT
ouTPUT ouTPUT
PULSE 100 pF
INPUT PULSE LEVEL
INPUT INPUT
LEVEL
INPUT
15K 15K
-15v -15v

MIL-STD-806 SYMBOL

PULSE .
INPUT

OQUTPUT

Y

LEVEL
INPUT

J

/1

LARGE NUMBER
OF TAPS

] SS
MAJORITY GATE
OUTPUT HIGH WHEN 400 ns

80% OF INPUTS ARE HIGH

Figure 1-6 DCD Gate
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Figure 1-7 Inverter (NOT Gate)
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Figure 1-10 Expanded Gate
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Figure 1-11 Pulse Amplifier
L) M
4 ¢ ss
s 1 Jp—o
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Figure 1-12  Monostable Multivibrator (Single Shot)

Figure 1-13  Monostable Multivibrator (Delay)

s R ——-—.-500 s JO—O

Figure 1-14 Delay

Figure 1-15 Clamped Load

DEC makes use of the electrical equivalence of var-
ious logic configurations. As an aid to understand-
ing, symbols are drawn to represent the logic func-
tion intended by the designer rather than as a single
standard symbol for each module type. Thus, a
particular module type may appear as several dif-
ferent symbols, (See Figure 1-16.)

Figure 1-16 Different Uses of a Particular Module

Occasionally, the trailing edge of a signal will be
used to cause some action, usually by triggering a
DCD gate. This usage is illustrated in Figure 1-17.
For additional details on the types of fogic modules
available see the DEC Logic Handbook (C-105) and
the module descriptions in Appendix B.
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CHAPTER 2
THE PDP - 9 and PDP-9 /L
COMPUTER SYSTEMS

2.1 PDP-9

The PDP-9 is a modular, medium scale digital com-
puter. The basic system consists of a PDP-9 central
processor with 8192 18-bit words of core storage

(1 ps cycle time), a Teletype Model KSR33 Tele-
typewriter with keyboard and printer (10 cps), a
paper tape reader (300 cps), and paper tape punch
(50 cps). Also included are a real-time clock,
hardware read-in, eight data channels, and a direct
memory~access port. For details of expanded systems,

see the PDP-9 User Handbook (F-95).

2.2 PDP-9/L

The PDP-9/L is a highly modular medium-scale digital
computer. The basic system consists of a central pro-
cessor with 4096 18-bit words of core storage (1.5 ps
cycle time) and a Teletype Model ASR33 Teletype-
writer and punch (10 cps) with keyboard and printer
(10 cps). Also included are eight data channels and
hardware read-in. No direct memory access porf is
available either in the basic or expanded version.

For details of expanded PDP-9/L systems, see the
PDP-9/L User Handbook DEC-9L~GRVA-D.

Both the central processor and the input/output faci-
lities of the PDP-9 and PDP-9/L systems are very
similar. Significant differences are pointed out in
the text,

2.3 COMPUTER SUBSYSTEMS

The major subsystems of the two computers are the
central processor unit (CPU), core memory, and the
input/output facilities. These are described below.

2.3.1 Central Processor Unit

The PDP-9 and 9/L central processor unit (CPU) is a
single address binary processor. This section des-
cribes the internal organization of the major CPU
registers and is intended to give the user sufficient
understanding of CPU instruction and data handling
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to prepare him for input/output interfacing techniques
described later. For detailed descriptions of the
CPU, refer to the PDP-9 or PDP-9/L maintenance
manual .

The CPU employs a bus system on which data is trans-
ferred at dc levels between registers. In this bus
system, all active registers use simple circuit designs
for transfers which minimize timing problems.

The control elements and registers of the CPU that
govern gating of information are described in the

following paragraphs. (Refer to Figure 2-1.)

2.3.1.1 Control Elements and Registers

Instruction Register (IR) - The IR accepts the five

most-significant bits of each instruction word fetched
from memory. The four most significant bits con-
stitute the operation code and, when decoded, in-
dicate the entry point to the control memory micro-
instruction sequence necessary to effect system re-
sponse. The fifth bit signals when the fetched in-
struction indicates indirect addressing.

Control Memory (CM) - The CM stores the sequence

of internal microinstructions required to fetch and
execute a program's instructions, to effect operation
of the data channels, and to respond fo operator
commands initiated at the control console. It isa
very fast, read-only, magnetic-core storage unit,
prewired with the sequences.

Control Register (CR) - The CR provides gate con-

trol signals to the transfer buses and to the active
registers. The register supplies new address infor-
mation to the CM based on conditions sensed.

2.3.1.2 Major Registers - The major registers in the
processor are as described in the following paragraphs.

Adder (ADR) - The 18-bit ADR functions as a fast
adder for arithmetic operations and as the transfer
path for inter-register transfers and shift operations.
It also increments the PC and MB registers as re-
quired. Entry to the ADR is via the A bus and/or
the B bus, under control of CR-developed gating
control level. The ADR operates at a 5 mc rate to
provide an inter-register transfer time of 200 ns.



Accumulator (AC) ~ The AC is an 18-bit register that
retains the result of arithmetic/logical operations for
the period between instructions, The AC can be
cleared and complemented; its contents can be ro-
tated right or left with the link. The contents of

the memory buffer register can be added to the con-
tents of the AC with the result left in the AC, The
contents of both the MB and AC can be combined by
the logical operation AND and exclusive OR, with
the result remaining in the AC. The inclusive OR
can be formed between the AC and the DATA switches
on the operator console and the result can be left

in the AC. For all program controlled transfers, in-
formation is transferred between core memory and

an external device through the accumulator.

Link (L) - This 1-bit register is used to extend the
arithmetic capability of the accumulator. In 1'%
complement arithmetic, the link is an overflow in-
dicator; in 2's complement arithmetic, it logically
extends the AC to 19 bits and functions as a carry
register. The program can check overflow into the
link from the accumulator to greatly simplify and
speed up single and multiple precision arithmetic
routines. The link can be cleared and complemented
and its state sensed independent of the AC. It is
included with the AC in rotate operations and in
logical shifts.

Arithmetic Register (AR) - The AR functions with the
AC to perform arithmetic and logic operations. It
is not accessible to the programmer. Its operation
is a function of the microinstruction sequence in the

CM.

Multiplier-Quotient Register (MQ) - The optionally

implemented extended arithmetic element (EAE) adds
the logic of the MQ to the basic PDP-9. The MQ
is 18 bits long and holds the multiplier during multi-
plication instructions and receives the low-order -
18 bits of the resulting product. During division
operations, it holds the low-order 18 bits of the
dividend and, at the completion of the divide in-
struction, it contains the quotient. It can also be
used as an extension of the AC for 36-bit shift
operations and for data normalizing operations.

Program Counter (PC) - The PC determines the pro-
gram sequence; that is, the order in which instruc-
tions are performed. This 13-bit register contains
the address of the memory cell from which the next
instruction is fo be taken. Addition of the memory
extension control option expands the PC to 15 bits
for addressing up to 32,768 locations.
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Memory Buffer Register (MB) - All information trans-

ferred into, or out of, core memory passes through
the 18-bit MB. Information is read from a memory
cell info the MB and is rewritten into the cell in
one cycle time. Instructions and data are brought
from core memory into the MB for processing. The
MB also serves as a buffer for information transferred
between core memory and the external device in
data channel transfers. As an example of operation,
the CPU would perform the instruction to add the
contents of the MB to those of the AC by issuing

the following microinstructions (see Figure 2-1).

MB OUT  /THIS OPENS THE MB TO THE
/B BUS
AC OUT  /THIS OPENS THE AC TO THE

/A BUS

The adder now adds the contents of the A and B
buses, and the output of the adder is fed back to
the input mixers of the major registers.

NO SHIFT  /THE OUTPUT OF THE ADDER IS
/GATED ONTO THE "0" BUS (OR
/INPUT GATES TO THE MAJOR
/PROCESSOR REGISTERS)

AR IN /THE "0" BUS (OR ADDER OUT-
/PUT) IS TRANSFERRED TO THE
/AR

AROUT  /OPEN AR TO "A" BUS

NO SHIFT  /GATE ADDER OUTPUT TO "0"
/BUS

AC IN /TRANSFER DATA TO AC

2.3.2 Core Memory

2,3.2.1 PDP-9 Memory - PDP-9 core memory
(Figure 2-1) operates with a complete cycle time of
1.0 pys. Each 8192-word core memory module con-
tains a core stack, sense amplifiers, drivers, and a
memory address (MA) register. The MA sets up the
memory location (address) to be used for data re-
trieval or storage.

System core memory can be expanded from the basic
8,192 words up to 32,768 words in 8, 192-word in-
crements, Such expansion requires implementation
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of the optional Type KGO9A Memory Extension Con-
trol, to extend PDP-9 addressing capability.

Each PDP-9 memory module has a two-port capa-
bility for data entry and retrieval. One port, con-
necting to the memory bus, services the processor;
the other port allows a peripheral device direct and
immediate access to memory for fast data transfers
via a direct memory access (DMA) bus. A device
request for DMA service has priority over a pro-
cessor request, which is deferred until DMA opera-
tion terminates. The optional Type DMO%A Multi-
plexer Adapter permits concurrent servicing of up to
three DMA peripherals and assigns each a fixed
priority.

2.3.2.2 PDP-9/L Memory - The PDP-9/L core
memory is a 4-wire, 3D system with a cycle time of
1.5 ps. The basic PDP-9/L contains 4,096 18-bit
words and is expandable in 4,096-word sections up
to 32,768 words. The Type KGOPA Memory Exten-
sion Control option is required for memory expansion
above 8K. Each PDP-9/L memory has a one-port
capability, i.e., no direct memory access is avail-
able.

2.3.3 Input/Output Facilities

One of the most useful features of both the PDP-9
and PDP-9/L computer systems is the flexible, high
capacity input/output facility (Figure 2-1) with which
the computers communicate to such DEC peripherals
as displays, analog-digital and digital-analog con-
verters, magnetic tape controllers, data communica-
tions equipment, disk systems and, for the PDP-9,
drums. The design techniques developed for inter-
facing special systems are simple and inexpensive;
for example, it is possible for the PDP-9 and PDP-
9/L to communicate with their associated peripherals
in two ways:

a. Under direct program instruction control
(Program Controlled Transfers)

b. Under channel control (Channel Transfers)

Program controlled transfers are implemented under
direct supervision of a stored program. Machine in-
structions, called 10T instructions, contained in
this program carry out the necessary internal and
extemal (device) signal conditioning to effect the
desired information transfer. This method requires
very little device interface logic and is the least
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expensive method for slow speed transfers (50, 000
words per second for the PDP-9 and 33,000 words
per second for the PDP-9/L). However, program
controlled transfers require the use of major registers
in the CP which must be cleared of vital informa-
tion before a transfer occurs.

Channel transfers require more logic in the external
device, but are less demanding of computer hard-
ware and time. In general, they are used to move
large blocks or arrays of data between machine and
peripheral at rates of from 6 to 20 times those of
program=-controlled transfers.

The PDP-9 uses two distinct channel transfers, the
data channel (DCH) and direct memory access (DMA)
Figure 3-1. The data channel requires from three

to four memory cycles to effect an 18-bit word trans-
fer and uses some of the CP control logic. The PDP-
9/L has only the data channe! facility which is the
same configuration as in the PDP-9; however, the
1.5 ps cycle time of the PDP-9/L slows transfer to
two-thirds of the rate of the PDP-9 transfers.

Both computers communicate with peripheral devices
by program control and data channel through the
1/0 bus which consists of two 36~pair cables with
male connectors at both ends. Each peripheral is
chain linked to a common interface point at the
central processor. Signals between the bus and
central processor are shown in Figure 2-1. Each
signal is described in detail and some of the com--
puter control logic which serves them is shown in
the following section.

A summary of the physical properties of the 1/O bus
and descriptions of the signals it serves are given in
Appendix A, The DMA channel of the PDP-9 has its

own bus, and will be covered separately.

2.3.3.1 Program Controlled Transfers - When there
are a small number of peripherals and no complex
timing or stringent priority considerations in a com=
puter system, data can be transferred by 10T instruc-
tions via the 1/O bus to and from peripherals (most
applications fall into this category). Hardware cost
is low since the computer supplies most of the con-
trol, but computer time may be high.

There are four computer subsystems used in program-
controlled transfers. These are: 10T instruction
fogic, read status logic, program interrupt and skip
logic, and API logic. Each of these is described
below.



IOT Instruction Logic - Input/output (IOT) instruc~
tions initiate the transmission of signals through the
1/O bus to control peripheral devices, sense their
status, and effect transfers between them and the
processor. When an IOT instruction is transferred
to the MB (Figure 2-1) the computer logic decodes
it according to the format shown in Figure 2-2.

The PDP-9 1OT instruction has the following char-
acteristics.

a. An operation code of 70g.

b. An 8-bit selection code to allow the selection
of up to 256 decoders. Outputs of these decoders
are used by peripheral devices to enable various
functions such as data transfers.

MEM CYCLE START *’f 1 WLSEC "— l ' ’

L]
M— 500 7) SEC

Figure 2-3 1OP Timing Diagram for PDP-9

c. If the device has requested an input transfer
(to the computer) by grounding the RD RQ signal of
the 1/O bus, the contents of the 18 data lines, 1/O
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TO THE OTHER IOP BITS. THERE IS NO 10P3,

Figure 2-2 PDP-9 IOT Instruction Format

c. A command code (bits 14-17) capable of being
microprogrammed to clear the AC and/or issue up to
three pulses to the 1/O bus (IOP1, IOP2 and 10OP4),

When an 10T instruction is decoded in the IR, the
following sequence occurs (Figure 2-1).

a. The bit pattern placed in MB bits & through
13 is buffered by the IOT control logic (where it
emerges as DSO through DS5 for MB6 through MB11,
and SDO, SD1 for MB12 and MB13) and placed on
the 1/O bus cable. Assertion or binary 1 is =3V and
binary 0 is ground. (The device logic used to re-
spond is explained later.)

b. The microprogrammed signals IOP1, IOP2 and
IOP4 are generated by the IOP control logic, if they
are selected by the instruction, and appear in time
sequences defined by the IOP timing diagram (Figures
2-3 and 2-4). They are used by the device to effect
data transfers, sense the status of a device, or issue
commands.

BUS 00-17, are jammed into the AC register of the
CP. If, during the IOT instruction, the RD RQ line
is not grounded, the computer will place the contents
of its AC onto the 18 data lines. The proper timing
to effect the transfer is given in Chapter 4.

MEM CYCLE START—D{ 1.5 ) SEC F— ’ ]
o
Oﬁ [———
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Figure 2-4 1OP Timing Diagram for PDP-9/L



There are five basic control circuits in the PDP=-9
and PDP-9/L 1/O sections, which handle the IOT
instructions. Part of each circuit is described be-
low. Characteristics of the driver or receiver mod-
ules are presented in Appendix B.

MB Bits 6 through 13 Buffering - Figure 2-5 shows
how MB bits 6 through 13 of the CP are gated with
the IOT (B) signal (always present during an IOT
instruction) and then drive DEC Type B213 Bus
Drivers down the I/O bus in the form of signals
DSO through DS5 for MB6 through MB11 and SDO,
SD1 for MB12 and MB13. Any device on the bus
must be able to decode these signals.

BD

B213 [ ® 0O

MB 6 A

l
o

———& DS S

ROO2

8D

-

MB 1§

A
ROOQ2

107 (B)

Figure 2-5 MB, DS or SD Signal Buffering

IOP Control Logic - The IOP control logic is shown
in Figure 2-6, A 2-bit counter (OO0, 101) is driven
by the 1/0O CLK POS clock pulse during the 10T in-
struction. The counter pulses each of the three R602
Pulse Amplifiers in turn. If any one is enabled by
the appropriate MB bit 15, 16, or 17, the associated
flip-flop, IOP1, 10OP2, or IOP4 is set. IOP1 and
IOP2 are reset by the next 1/O CLK POS pulse while
IOP4 is reset by a delay.

Data Lines (1/O Bus 00 through 1/0 Bus 17) - Figure

2-7 indicates the modules which manipulate the data
lines. 1/0 bus line 01 is illustrated as an example.

RD RQ =~ This ground signal, which must be issued
by the device requesting data transfer to the com-
puter, is gated with IO1 to the IOP counter and is
used to generate an AC RD control pulse to the CP
(see Figure 2-6).

1/O PWR CLR - Whenever it becomes necessary to

reset a device fo its initial conditions, 1/O PWR
CLR pulses, which are 400 ns (nominal width) neg-
ative-going signals, are issued. This occurs during
power turn-on, actuation of the IO RESET switch,
or the occurrence of a CAF (clear all flags) instruc-
tion. The output driver for I/O PWR CLR is shown
in Figure 2-8.

Read Status Logic - The 10T instruction IORS =

700314 sends a pulse down the RD status line of the
1/O bus. This signal can be used to place various
device flags onto the data lines. The computer then
reads the data on these lines into its AC for evalua-
tion. These status bits can also be displayed on the
register indicators by turning the console switch to
position STATUS (STA on the PDP-9/L) and stopping
the computer. In this situation, a train of pulses is
placed on the RD status line. The output logic for
the RD status line is shown in Figure 2-9.

Program Interrupt (PI) and SKIP Logic - To avoid for-
cing the computer to continually monitor slower de-
vices for their ready conditions in program controlled
transfers, program interrupt and SKIP facilities are
built into these computers. The program interrupt
logic allows a device to force the running computer
into a break state (i.e., a break from normal pro-
gram sequence) by grounding the PROG INT RQ sig-
nal of the 1/O bus. Before entering this break state
the computer completes its current instruction or
higher order break (such as DCH request or API or
real-time clock), stores the contents of the PC, link,
state of extended memory, state of memory protect
and content of extended PC in location 0 and ex-
ecutes the instruction in location 1 (see Figure 2-10).
This instruction is usually a JMS to a SKIP routine.
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The SKIP routines consist of a set of 10T instructions
which send IOP1 pulses to all devices; thus interro-
gating each device which may be requesting the Pl
(many devices can tie onto the PROG INT RQ line).
If a device returns the pulse via the SKIP RQ line of
the 1/O bus, the computer skips the next instruction.
Thus, the device has been identified and can be ser-
viced by the computer.
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Figure 2-9 RD Status Logic

INFORMATION EM|MP [EPC PC

SIZE (BITS) 1 1 1 13

L= LINK CONTENT

EM=STATE OF EXTEND MODE

MP=STATE OF MEMORY PROTECT MOOE

EPC=CONTENT OF THE EXTENSION TO PROGRAM COUNTER
AND;

PC=CONTENT OF THE PROGRAM COUNTER.

THE INTERRUPT SERVICING SUBROUTINE MUST SAVE
AND RESTORE THE CONTENTS OF THE ACCUMULATOR

Figure 2-10 Program Interrupt Storage Word Format

The 1/O logic used by the computers to effect the PI
facility is shown in Figure 2-11. The flip~flop PIE
(program interrupt enable) is set with the ION in-
struction (700042). Then, if CLK SYNC, DCH
SYNC and PI disable are all low, the flag PROG
SYNC can be set by 1/O SYNC IN if a PROG INT
RQ is initialized by some device. A control pulse
called BK (1) then sets PROG SYNC which requests
control memory to accept an odd address, which
forces the computer to put the PC, link and extended
memory address into location 0. The PC then goes
to 1 and this becomes the address of the next instruc-
tion executed.
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Figure 2-6 shows the SKIP facility control logic.
Here, the grounded SKIP RQ line is inverted, gated
with bit I/O (1) of the counter, and finally triggers
the W612 Pulse Amplifier which sets the CP SKIP
flip-flop. This flip-flop forces the computer to add
2 to the PC instead of 1.

Automatic Priority Interrupt (API) System - The PI
facility becomes inefficient on a system with a large
number of peripherals which require a hierarchy of
priorities or data rates of more than 50,000 words
per second. In this case, central processor overhead
time can be reduced with a multichannel interrupt

PROGRAM INTERRUPT
€

(29
R203
PROG SYNC
[X9) 0d
R203
PROG SY
w005 (15ma)
PROG INT RQ
1/0 SYNC IN

1/O PI Logic
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system. Such an option is the KFO9A Automatic
Priority Interrupt Facility provided in the PDP-9
system. A complete description of this option is
given in a separate manual, DEC-08-15AA-D.
However, Chapter 3 will outline the interfacing
techniques required to use in the API.

2.3.3.2 Channel Controlled Transfers - The PDP-9
has two separate facilities for channel controlled
transfers, There are data channel and direct mem-
ory access. The PDP-9/L, however, uses only the
data channel facility which is identical to that in
the PDP-9 except for timing.




Channel transfers, in general, differ from program-
controlled transfers in that they are designed to
manipulate blocks of data, rather than a word at a
time (a block of data is defined as a series of data
words stored in sequence in some device; i.e., core
memory or disk). A block of data can be completely
specified for any device by the address of its first
word and the number of words in the block. Thus,
to specify a block and its destination between any
two devices, three variables are necessary.

These are:
a. Present first address;
b. First address of its destination;

c. Word count of the block.

Data Channel (DCH)

Each device on the DCH is assigned two locations in
memory. The first location is defined as the word
count (WC) register and is programmed to contain
the 2's complement of the word count of the block.
The second location is programmed to contain a
value one less than the address in memory that will
send or receive the first word of the block. This
location is called the CA (current address) register.

After the computer has set up the WC and CA re-
gisters and has specified the address of the device's
first word, it enables the device and returns to its
main program. The device then informs the com-
puter via the DCH RQ (data channel request) line
when it wants to transfer each word and specifies on
I/O ADDR lines (/O address) its WC address. The
CA register automatically becomes WC+1, At any
given transfer, the WC and CA locations are incre-
mented by the computer. Then, the word on the
bus is passed into the address specified by the con-
tents of CA. If, during the transfer, WC overflows;
that is, the last word of the block has been reached,
an I/O OFLO (overflow pulse) is transmitted to the
device., During DCH transfers, the CP suspends ex~
ecution of the main program. The MB register is
used as a buffer between memory and device (see
Figure 2-1).

DCH Logic - The 1/O bus contains seven lines unique
to the DCH, which are DCH RQ, DCH GR(1), DCH
EN, ADD OFLO, 1/O OFLO, INC MB and +1-~CA

INH. Other 1/O bus signals used by the DCH in-
clude: 10 PWR CLR, IO SYNC, 10 ADDR 03 ~10
ADDR17, WR RQ, and RD RQ.

The DCH RQ (request) line asks for a data channel
break from the computer; the DCH GR (grant) signal
represents the computer's permission to "go ahead."
DCH EN (enable) is a =3V line that is linked from
device to device to establish priority among the
group tied to DCH. It can enable one device to
post a DCH RQ or prevent it from doing so if a
higher priority device has already requested it.

ADD OFLO (address overflow) and /O OFLO (over-
flow) are signals issued by the computer to indicate
overflow conditions. 1/O PWR CLR (power clear) is
used in each device to set all registers to their in-
itial states (i.e., clear all data registers, interrupt
flags, etc.). 1/O SYNC (synchronize) is a timing
pulse, 1/O ADDR 03 to 1/O ADDR 17 (address)
specify word count registers assigned in memory to
each device. RD RQ (read request) is a signal issued
by a device to inform the computer that information
must be transferred to computer memory. WR RQ
(write request) is also issued by the device only to
inform the computer that the fransfer must be out of
computer memory. INC MB causes a single cycle
DCH break where the contents of the word located
at the address specified on 1/O ADDR lines is incre-
mented by 1. +1 ~CA INH, when grounded by a
device, inhibits the computer from incrementing

the CA during the DCH break.

1/O SYNC pulses (Figure 2-12) occur on computer
CLK POS pulses only where no AM SYNC (DMA)

is present, and where no IOT instruction is currently
in progress (IOT(0)). Output drivers are B213 Bus
Drivers.

DCH RQ Logic - If a DCH RQ ground level (Figure
2-13) is present on the enabling input to the DCH
SYNC flag, then I/O CLK POS will set this flag
provided IOT(0), CLK SYNC(0), etc. are present.
This means that this flag is set if no IOT, RTC, PI
or optional API operation is in progress. The DCH,
therefore, cannot interrupt any of these operations.
However, once set, DCH SYNC inhibits the CLK,
and the API takes priority.

DCH SYNC sets DCH SYNC SAVE which ultimately
requests the break state from the CP, DCH SYNC
also drives a B213 Bus Driver which supplies DCH
GRANT to the device. DCH GRANT requests that
the device specify its WC address.
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IO OFLO Logic - The 1O OFLO signal, derived 1O ADDR Input Logic - The IO ADDR input logic
from a B213 in the CP (Figure 2-14) occurs during (Figure 2-15) consists of Type S103 Inverters and
the WC cycle of a data channel break if the WC two 5-mA clamped loads from a W005 module. The
address overflows to all zeros. output of this circuit is the IO ADDR XX (B) signal



which goes to the input mixer circuit shown in
Figure 2-15.
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Figure 2-15 10 ADDR Input Logic to Computer

DATA OFLO Logic - The DATA OFLO signal is de-
rived from a B213 flip~flop as shown in Figure 2-16.
DATA OFLO is a 200 ns pulse, gafed onto the 1/O
bus in the middle of the third add to memory DCH
cycle, which signals an incorrect sum occurred. This
happens when the contents of the MB and the contents
of the 1/O bus are of like signs and their sum has the
opposite sign. If the contents of the MB and the con-
tents of the 1/O bus have opposite signs DATA OFLO

cannot occurs. Thus,

DATA OFLO occurs when:
(MB) + (L/O Bus) > 2" - 1
OR

(MB) + (1/O Bus) < -2/

(TO DEVICE
(@ DATA OFLO 1N 616 ays)
[ 1) ) — Je— 200 nsec
B213 o —L_r—
DATA OFLO 3y

Figure 2-16 DATA OFLO Logic

+1 ~CA INH and DCH EN Logic - The +1 = CA

INH is a signal from the device to the computer. It
is applied to an R002 Diode Gate and two 5-mA
clamped loads. DCH EN is a -3V signal from the
computer to the device and is produced by three
5-mA clamped loads. Both of these signals are
shown on Figure 2-17.

INC MB Signal - The INC MB signal is distributed
between 1/O facilities and control memory. Loading
for INC MB is the same as that for RD RQ, shown in
Figure 2-6.

Direct Memory Access Channel (DMA)

The DMA logic of the PDP-9 is sufficiently compli-
cated to require reference to the PDP-9 Maintenance
Manual for logic schematics and explanations.

w005
— DCH EN

(TO 1/0 BUS)

41— CA INH
ROO2
—

w005

Figure 2-17 +1 =~ CA INH and DCH EN Logic



CHAPTER 3
INTERFACING TO THE PDP -9
and PDP-9/ L COMPUTERS

This chapter presents techniques and examples for
interfacing special devices fo either the PDP-9 or
PDP-9/L computer. The methods shown have been
designed and implemented by DIGITAL engineers
and by no means represent any design rule restric~
tions. In many applications modules or circuits
other than those shown can be employed for the
same desired function af the discretion of the de-
sign engineer. In all cases, however, the bus rules
summarized in Appendix A of this document must not
be violated.

Both the PDP-9 and PDP-9/L communicate with their
associated peripherals through 1/0 bus cables. Three
transfer techniques can be used:

a. Program controlled transfers for systems with-
out optional API,

DMA BUS

b. Program controlled transfers using the API
facility.

c. Data channel transfers.

Program controlled transfers occur under direct con-
trol of IOT instructions. Data channel transfers are
set up by 10T instructions, but are carried out in-
dependently. All transfers take place between the
computer and its peripherals through @ parallel 1/0
bus system (Figure 3-1). Each device interface has
two sets of 1/O cables; (these are two cables per set)
an input set which comes from the computer or from
the previous device, and an output set that goes to the
next peripheral device on the line. Input cables are
jumpered to the output cables within the device.
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3.1 PROGRAM CONTROLLED TRANSFERS

3.1.1 Signal Summary

The signals used with program controlled transfers in
the computers were described in Chapter 2. The
configuration of the PDP-9 and PDP-9/1L 1/O con-
trol logic which generated these signals was also
shown. For characteristics of the modules driving,
or receiving from the computerbus refer to either
the Digital Logic Handbook (C-105) or Appendix

B of this manual.

In summary, there are a total of seven sets of signals
for non-API program controlled transfers. These are
as follows:

DSO through DS5, SDO, SD1

These signals correspond to the bit pattern in MB
bits 6 through 13 during the 10T instruction and
are used to address the device.

IOP1, 1IOP2 and IOP4

These control pulses decoded from MB bits 17, 16,
and 15 are used by the device to effect transfers
or sense control functions.

RD RQ

A signal which the device must place at ground
if it requires a data transfer into the computer.

Data Lines

1/O Bus 00 through 1/O Bus 17 carry an 18-bit
word to or from the AC during program controlled
transfers,

1/0O PWR CLR
Clears all device flags committed to it.

PROG INT RQ

Causes the computer to go into a "break" state
when enabled.

SKIP RQ

A ground on this line will force the computer to
skip the next instruction after completion of the
current 10T instruction.
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3.1.2 Peripheral Interface Requirements

The bused system of input/output data transfers im-
poses the following requirements on peripheral equip-
ment using the programmed data transfer facility.

a. Each device must have the ability to sample
the select code generated by the computer during
IOT instructions. When selected, it must be cap-
able of producing sequential command pulses in ac-
cordance with the computer-generated IOP pulses.
Circuits performing these functions in peripheral de-
vices are called device selectors (DS). One double-
sized module Type W109 provides all these functions.

b. Each device receiving output data from the
computer must contain gating circuits at the input
of a receiving register which are capable of strobing
the data on the 1/O bus into the register when trig-
gered by a command pulse from the device selector.
Such gates are called device input gates.

c. Each device supplying input data to the com-
puter must contain gating circuits at the output of
the transmitting register capable of strobing the in-
formation from the output register to the 1/O bus,
and furnishing a read request (RD RQ) level to the
computer when triggered by a command pulse from
the DS. Such gates are called device output gates.

d. Each device many contain a BUSY/DONE
flag (flip-flop) and gating circuits that can supply
a signal to the computer input/output skip bus upon
command from the DS. The flag is set to indicate
that the device is ready to transfer another byte of
information.

Since the 1/O bus is bidirectional, a signal called
RD RQ must be supplied by the device to inform the
computer that the desired direction of the data trans-
fer is from the device to the AC. If RD RQ is not
present, the computer assumes an outgoing transfer
(from the computer).

3.1.3 1/0O Bus Transfer

3.1.3.1 Loading a Device Buffer From The AC -
Loading a device buffer from the AC (Figure 3-2) is
usually accomplished by but is not restricted to the
following two steps. The first IOT clears the device
buffer and the second IOT ORs the contents of the
AC into the cleared buffer, For such a transfer, the
details are as follows:
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Figure 3-2 Reading and Writing on the PDP-9 and
PDP-9/L 1/O Buses
a. Prior to the end of the first cycle the AC is 3.1.3.2 Reading a Device Buffer into the AC -
placed onto the 1/O bus. Note that in any output Reading the content of a device buffer into the com-
transfer, IOP1 must not be used fo transfer the AC puter is accomplished in the following manner:

to an external register.

a. IOT pulse 2 is generated in the device selec-

b. IOT1 is generated in the Device Selector tor module which is jumpered to produce a 1-ps

Module W109 and transmitted to all "clear" inputs

of the flip~flops in the device buffer. pulse.

c. IOT4 is generated in the W109 and applied to b. This 1-us pulse is used to gate the device
the DCD input gates of the device buffer. Note that data buffer onto the 1/O data bus.
the input to the DCD gates for each bit must be buf-
fered from the 1/0O bus by Type W107 Emitter Follow- c. Simultaneously, a read request positive pulse
ers, is generated (by a B163) on the RD RQ line.
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d. The central processor receives the request
signal and allows time for the data bus to settle
completely,

e. The I/O bus is strobed into the AC.

The output of the W109 is a 1-ps pulse, and is re-
garded by the 1/O bus system as a level. Either
pulse or level notation may be used, provided this
definition is kept in mind. Often, designers have
used the W103 module and W640 modules to gener-
ate the T-us pulse. This combination has since been
replaced with the W109 module.

Since the 1/O bus is ORed into the AC the read
IOT instruction is usually microprogrammed to clear
the AC prior to reading (i.e., MB14=1), 1/0 wave-

forms are shown.

3.1.4 Other 1/0 Bus Facilities Used in AC
Transfers

3.1.4.1 Program Interrupt (PI) Facility - When com-
puter time is at a premium, it is advantageous for the
computer to perform other tasks rather than to wait in
a skip loop for the peripheral to complete its opera-
tion, The program interrupt facility allows the com-
puter program to enter a subroutine af device re-
quest in order to service it. If more than one de-
vice is tied to the PI, a series of skip tests must be
made to identify the requesting device.

Figure 3-3 shows the device hardware required for
PI. The device flag is connected to the PROG INT
RQ line with a B163 module or equivalent. When
an interrupt is recognized by the computer, it stops

execution of the main program, stores certain flags
and the contents of the PC in memory location
000000. It then executes the instruction in location
000001, which should be a JMP to the skip sub-
routine. Interrupts occur only when the PI is en-
abled. The IOT instructions associated with the PI
are:

IOF = 700002 /TURN OFF PI FACILITY
ION = 700042 /TURN ON PI FACILITY

3.1.4.2 1/0 Skip Facility - The skip subroutine
referred to above must identify the interrupting de-
vice. The I/O skip facility performs this function
in the following way (see Figure 3-3).

When the IOT1 pulse is used in an 1/O skip instruc-
tion (example CLSF = IOT 0001 = 700001), it is
gated with the device flag flip-flop through a diode
gate and returned to the computer on the 1/O skip
request bus line. A positive pulse, 1 ps wide, is
returned to the processor if the tested flag is a bin-
ary 1. The skip flip-flop in the processor is set,

and the instruction following the 1OT instruction in
the program sequence is not executed -~ it is skipped.
The signal on the skip line is sampled 600 ns after
IOP1 is issued. A B163 Diode Gate or equivalent
must be used in the device, to gate the SKIP RQ on-
to the bus.

The following program sequence represents a single
output transfer to a device.

LACY /LOAD AC WITH DATA

IOT SKIP  /TEST DEVICE STATUS

SKIP RQ

n

]

PROG INT RQ

10 Vv

BUS

BITN

T READ ]

STATUS
v N
A
—

B163's B163's

Jo——— 107 xx01 s
¥}
A
BI63
L XKY
DEVICE | BUSY/DONE

FLAG

Figure 3-3 Device Flag Hardware
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JMP. -1 /TEST DEVICE UNTIL READY
10T WRITE /TRANSMIT DATA TO DEVICE
An input transfer is represented by:
IOT SKIP  /TEST DEVICE STATUS

JMP -1 /TEST UNTIL READY

IOT READ /READ DEVICE BUFFER
DACY /STORE ACIN'Y

A skip subroutine might look like:

IOTSKIPD1 /TEST DEVICE 1

JMP .+2  /DEVICE 1 NOT INTERRUPTING

JMSSUBD1 /GO TO DEVICE 2 SERVICE SUB-
/ROUTINE

IOT SKIP D2 /TEST DEVICE 2

JMP .42 /DEVICE 2 NOT INTERRUPTING
JMSSUBD2 /GO TO DEVICE 3 SERVICE SUB-
/ROUTINE

3.1.4.3 Read Status Facility - The IOT instruction
IORS = 700314 loads the AC with a word comprised
of various device flags and control flip-flops. Ex-
ternal devices with assigned status bits use the read

REAL
TIME
CLOCK
OVERFLOW
FLAG %

PROGRAM
INTERRUPT

A

TAPE
PUNCH
FLAG %

S

TELETYPE
PRINTER
FLAG %

TAPE
READER
NO TAPE %

AN AN A S

status level to gate their device flag onto the cor-
responding 1/O bus line (Figure 3-3). The status
word can be displayed in the REGISTER indicators
by putting the console switch to status and stopping
the computer. Figure 3-4 shows the bit positions
associated with the commonly interfaced flags. The
functions of the device flags normally interfaced to
the TIORS (input/output read status) facility are pre-
sented below.

Program Interrupt - a 1-bit indicates that the pro-
gram interrupt control is enabled. A 0-bit indicates
that it is disabled. The program interrupt control is
automatically disabled upon granting of a program
interrupt request.

Tape Reader - a 1-bit indicates that the reader was
previously selected and has assembled a character in
its buffer for transfer to the AC upon execution of a
"read buffer" 10T instruction. This flag is also in-
terfaced to the program interrupt control to request
program interruption when the flag goes to the 1
state.

Tape Punch - a 1-bit indicates that the paper tape
punch has punched a line of tape relating to the con-
tents of the AC at the time of selection. The flag

is also interfaced to the program interrupt control to
request program interruption when the flag goes to
the 1 state.

Teletype Keyboard - a 1-bit indicates that the key-
board buffer has assembled a character code relating
to a struck key. The flag is cleared when the as-
sembled code is read into the AC by an IOT instruc-
tion. The flag is also interfaced to the program in-
terrupt control to request program interruption when
the flag goes to the 1 state.

RESERVED FOR
SPECIAL USERS
DEVICES

DECTAPE
FLAG %+

(0] 1 2 3 | 4 5 6 7

8

g |10 1 13 | 14 16

T T

REAL TIME
CLOCK
ENABLED

TAPE
READER
FLAG %

TELETYPE
KEYBOARD
FLAG %

LIGHT PEN
FLAG %

¥* WILL CAUSE A PROGRAM INTERRUPT

+ INCLUSIVE OR OF TRANSFER COMPLETION AND ERROR FLAGS

*H " " MTF AND EF

Figure 3-4

TAPE
PUNCH
NO TAPE

AG

M UNASSIGNED
TAPE ¥+

FLAG %

IORS Word-Status Bit Assignment



Teletype Printer - a 1-bit indicates that the tele-
printer is ready to accept a character code from the
AC. The flag is cleared when the teleprinter buffer
is loaded and it remains so until the action called
by the code has been executed. The flag is then
again set to 1, The flag is also interfaced to the
program interrupt control to request program inter-
ruption when the flag goes to the 1 state.

Light Pen - a 1-bit indicates that the Type 370 Light
Pen has detected the presence of illumination, nor-
mally a CRT-displayed point. The pen is equipped
with a manually operated shutter which should be
opened only when the pen is positioned on the face
of the CRT display. The flag is also interfaced to
the program interrupt control to request program in-
terruption when the flag goes to the 1 state.

Real-Time Clock Overflow ~ a 1-bit indicates that
the real-time clock counter (stored in memory lo-
cation 000007 of bank 0) has overflowed; i.e., the
initialized clock count (in 2's complement form) has
been incremented to zero. The flag is also inter-
faced to the program interrupt control to request
program interruption when the flag goes to the 1
state.

Real-Time Clock Enabled - a 1-bit indicates that
the real time clock is enabled and incrementing
the contents of location 00007 by one at the rate
of 60 times per second (or 50 times per second for
50 Hz powered PDP-9 systems). A 0-bit indicates
that the real time clock is disabled. The flag is
not interfaced to the program interrupt control.

Tape Reader No Tape - a 1-bit indicates that the
paper tape reader has detected a no-tape condition
and has halted. In the case of a tape break, since
the break may be skewed, approximately 12 lines
of previously read tape is considered invalid data
when the no-tape flag is detected going to a 1.
Although this flag is not interfaced to the program
interrupt control, it does force the tape reader flag
to go to the 1 state and hence request program in-
terruption for the no-tape condition. A program may
make use of the no-tape flag by executing an IORS
instruction and testing the AC contents prior to each
selection of the reader. An alternate method calls
for a program-interrupt accessed subroutine to ex-
ecute the IORS instruction and check the states of
the tape-reader and tape-reader-no-tape flags to
determine which flag initiated the interruption.
While the no-tape flag is a 1, the tape reader will
not respond to IOT selection; i.e., the reader is
inhibited from reading tape lines. Depressing the

FEED button on the tape reader after loading a tape
for readin clears the no-tape flag.

Tape Punch No Tape - a 1-bit indicates that the
supply of unpunched tape in the internal magazine
has been exhausted except for approximately one
inch. This length is adequate for punching several
characters; it may be used also for splicing purposes.
This flag does not request a program interruption.
Users making use of this flag must include an execu-
tion of the IORS instruction and a test of the AC
contents prior to each selection of the paper tape
punch.

DECtape - a 1-bit indicates that the DECtape flag
and/or the error flag (both contained in the TC02
DECtape control unit) are set. This flag is inter-
faced to the program interrupt control to request
program interruption when the flag goes to the 1
state,

3.2 GENERAL USE OF 10P PULSES AND DEVICE

SELECT CODES

The use of the three IOPs is summarized below:

IOP Pulse 1 - Normally used as an 1/O skip instruc-
tion to test a device flag. May be used as a com-
mand pulse, such as to clear a register before load-
ing it but not to initiate either load or read from a
device.

1OP Pulse 2 - Usually used to transfer data from the
device to the computer or to clear a register. May
not be used to determine a skip condition. May be
used to transfer data from computer to device.

IOP Pulse 4 - Usually used to transfer data from the
computer to the device. May not be used to deter~
mine a skip condition or to effect transfer of data
from a selected device to the processor.

It is important that the IOT device select codes are
unique to each device. When designing a special

system, the engineer will note which device codes
are already taken by existing peripherals or options
and which codes might be used by any future addi-
tions to his system. A summary of assigned codes

is given in the User Handbook for the computer.
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3.2.1 Timing Charts

Figure 3-5 and 3-6 are complete timing charts for
non-API program controlled transfers in the PDP-9
and PDP-9/L. When applicable, all signals are
measured at the computers.

3.3 PROGRAM CONTROLLED TRANSFERS USING
THE API OPTION

The API option extends PDP=9 and PDP-9/L capa-
bilities by providing servicing for as many as 28
1/0O devices with minimum programming and maxi-
mum efficiency. Its priority structure permits high
data-rate devices to interrupt the service routines
of slower devices with a minimum of system "over-
head.” The option permits the device service rou-
tines to access directly from hardware-generated
entry points, eliminating the need for time-con-
suming flag searches to identify the device that is
causing the interrupt.

The option provides 32 unique channels, or entry
points, for the device service routines, and 8 levels
of priority. The four higher levels are for fast ac-
cess to service routines in response to device-initi-

ated service requests. Each of these levels can be
multiplexed to handle up to eight devices assigned
an equal priority. The four lower levels are assign-
ed to program-initiated software routines for trans-
ferring control to programs or subroutines on a priority
basis. Four of the 32 channels are reserved for
these software levels.

Each device interfaced to the API option specifies
(sends) its "trap address" or unique service routine
entry point to the processor when granted an API
break by the processor. Core memory locations
40g through 77g are assigned as these entry points.
JMS or JMS T instructions contained in these loca-
tions provide linkage to the actual service routines.

Of the 28 hardware channels, 3 are assigned inter-
nally to the paper tape reader, real-time clock,
and optional power-failure detection system. The
APl interface logic for these devices is wholly con-
tained within the 1/O wing of the PDP-9,

Each API priority takes precedence over lower API
priorities, program interrupts (PI facility, basic
PDP-9), and the main program. The highest priority
program segment interrupts lower priority program
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Figure 3-6 PDP-9/L Program Controlled Transfer Timing

segments when activated. Above all of these in
priority, the DMA, DCH, and RTC program segments
hold highest priority.

The entire API system may be enabled or disabled
by a single IOT instruction. With the exception

of the paper-tape reader channel, it is not possible
to enable or disable a single channel. For a detail-
ed description of API logic in the PDP-9, refer to
document number DEC-09-15AA-D.

3.3.1 API Interface Logic

3.3.1.1 API 1/O Bus Signals - The 1/O bus con-
tains 12 lines unique to the API; these include an
API RQ (request), an API GR (1) (grant) and an API
EN (enable) line for each of the four levels. Other
1/O bus signals used by the API include 1/O PWR
CLR, 1/O SYNC, and I/O ADDR 12-1/0 ADDR
17. The API RQ lines are used by the device to
request an interrupt from the computer at a particu-
lar priority level. The API GR is the computer's re-
sponse to an API RQ. The API EN signal indicates
to a device the status of another device on that
interrupt level. (There can be as many as eight
devices sharing any priority level.) 1/0 PWR CLR

3-8

is used to establish initial conditions, 1/O SYNC is
used for timing, and the 1/O ADDR 12 to I/O ADDR
17 specify the unique entry point or trap address to
a device service routine.

3.3.1.2 The W104 Module - DEC makes a double-
height FLIP CHIP module, the W104, to handle much
of the timing and hardware interface demands of the
APL. Its equivalent circuit is shown in Figure 3-7.

The W104 serves to establish priorities among de-

vices tied fo the same priority level; it also accepts
the request for interrupt from the device and imple-
ments the necessary timing to place the trap address

onto the I/O ADDR lines. The functions of the W104

signal and data lines are described below.

a. 1/O Address Lines - Each W104 module con-
tains six address selection lines (pins AJ, AK, AL,
AN, AS, AU) which are normally connected to the
1/O ADDR lines of the 1/O bus to form the trap ad-
dress. For a standard API device, pin AJ is con-
nected to line 12 (40g) and pins AK-AU form the
channel number. In some cases, trap addresses
above 778 may be used, although standard PDP-9
peripherals should be restricted to 40g-77g. If a
single device is required to generate a number of
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Figure 3-8 Using the API Facility of the PDP-9

different addresses on the basis of a single flag,
the W104 can be used to gate the address from a
flip-flop register onto the IO ADDR lines. Figure
3-9 shows an example of this.

b. RQ Lines - This signal requests an interrupt
on level "N" and must be tied to API "N" RQ of
the device 1/0 bus.

clo
O

c. GR Lines - This signal is tied to the API "N"
GR 1/O bus signal. This is the computer's response
to an APl "N" RQ. It is used by the W104 to post
thie 10 ADDR levels and thus indicate its trap ad-
dress to the computer. The trailing edge of GR
generates the CLR FLAG pulse.
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d. EN IN Lines - When more than one device is
tied to any API priority level, the API "N" EN in-
coming 1/O bus signal (refer to Appendix A) is tied
to the W104s EN IN line. The outgoing API "N"
EN 1/0 bus signal is jumped to the EN OUT signal
of the W104. Thus, if the device closest o the
computer requests APl on a certain level, ifs EN
OUT signal will prevent all other devices on the
same API level from requesting an interrupt.

3.3.1.3 Use of the W104 Module in a Device ~
Two examples showing the use of the W104 module
are presented below. The first deals with a single-
flag device while the second explains multiple-flag
devices.

a. Single Flag Devices - The device using APl
connects to the W104 inputs called FLAG, REQ(1),
and ENA(1). The other W104 signals usually go to
the 1/O bus or are not used. Figure 3-2 shows how
a device flag is tied to the API lines of the 1/O bus
through the W104. In this case, APl channel 0 is
used. Note that the signal API 0 EN, usually jump-
ered between in-going and out-going cables, is
cut and two new signals created; API 0 EN IN at
the incoming cable and API 0 EN OUT at the out-
going cable. This was not done for AP 1 EN to
API 3 EN. Note also, that it is necessary that the
PI facility operate when either APl is shut off or
when the W104 module is not plugged in (for this
reason, PI logic is also shown in Figure 3-9). The
circuitry-shown in Figure 3-9 operates in the follow-
ing way.

AA

RQ(1)

The DEVICE FLAG is set by some device state
change, enabling the RQ flop of the W104. The
next 1/O SYNC pulse issued by the computer after
a 400 ns delay will set RQ, which then posts API O
RQ. The computer, some time later, issues APl O
GR(1) which sets ENA(1). ENA(1) places the trap
address onto the IO ADDR lines (in one of the two
configurations shown) and the computer executes
the instruction of the specified address. The next
1/O SYNC pulse after API GR(1) clears ENA. An
IOT instruction clears the device flag and thus RQ
of the W104. While the RQ flip-flop is set, API O
EN OUT goes to ground. This signal is passed onto
the next device as API 0 EN IN. At ground, it will
prevent the next device's RQ flag and any others
down the line from setting. A PROG INT RQ will
be raised simultaneously with the API RQ. How-
ever, APl takes priority and the PI will be ignored.
If the API is disabled, however, the PI will be raised
instead. Removing the W104 module from the con-
figuration (remembering to jumper the API 0 EN 1/O
cable lines together) leaves the device PI facility
intact.

b. Multiple Flag Devices- The hardware shown
in Figure 3-10 allows multiple flags to use API and
PI facilties similar to the way shown in Figure 3-9.
Note that when the last flag is cleared, the request
flag of the W104 is cleared.

Each device interfaced to the automatic priority
interrupt system must specify its "trap address" or
unique entry point to its service routine. Locations
40g-77g are reserved at these service routine enfry

w104
BU

DEVICE %) L~

PROG

INT
RQ

FLG R107

BS

AT
R163

-

s
R107

[
DEV 1
ot BUSY/DONE

CLR
FG1

10T
CLR
FG 2

Y
R107

Y
R107

$0....0¢
BUSY/DONE

Figure 3-10 Multiple Flags Device Using Both API

and PI Facilities
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points. Trap addresses and channel numbers are
related as follows:

(TRAP ADD RESS)8=(C HANNEL NUMBER)8+(4O)8

Locations 40g-77g should contain JMS or JMSI in-
structions to provide linkage fo the actual service

routine.

compatibility but priority levels may be changed at
the user's option.

Figure 3-11 shows an example of four devices tied

to the API (only API-related lines are shown). In

this example, the following relationship exists be-
tween device number and priority level.

Device Priority Level
Table 3-1 shows the relationship between channel A 3
number and trap address, the channel assignments
for standard PDP-9 1/O devices, and their suggested B 2
priority levels. All devices listed in Table 3-1 are c 0
connected to the APl as shown. The channel num-
ber-assignments should remain fixed for software D 2
Table 3-1
Channel and Priority Assignments
Channel Suggested
Number ATrop Standard Device Priirify IP ADDR
ddress Bits 12-17
(Octal) Level
0 40 Software channel 0 4 100 000
1 41 Software channel 1 5 100 001
2 42 Software channel 2 6 100 010
3 43 Software channel 3 7 100 011
4 44 DECtape (TCO02) 1 100 100
5 45 Magtape (TC59) 1 100 101
6 46 Drum (RM09) 1 100 110
7 47 Disk 1 100 111
10 50 Paper Tape Reader 2 101 000
11 51 Clock Overflow 3 101 001
12 52 Power Fail (KP09) 0 101 010
13 53 Parity (MP09) 0 101 011
14 54 Light Pen (34H) 2 101 100
15 55 Card Readers (CROTE, CRO2A) 2 101 101
16 56 Line Printer (647) 2 101 110
17 57 A/D (AFOT) 0 101 111
20 60 DB99A /DB98A 3 110 000
21 61 Data Link to System 360 3 110 001
22 62 Data Phone (DP0%A) 2 110 010
23 63 Reserved for Systems Device 110 011
24 64 110 100
25 65 110 101
26 66 110 110
27 67 110111
30 70 111 000
31 71 111 001
32 72 111 010
33 73 Teletype LT19 111 011
34 74 Control LT19 111 100
35 75 Unassigned 111 101
36 76 ‘ 11 110
37 77 111 111
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Figure 3-11 Multiple Devices on the Automatic Priority Interrupt System

If all four devices request service simultaneously,
they are serviced in the following order: C, B, D,
and A. Although B and D are on the same priority
level, device B is serviced before D because it is
closer to the computer on the 1/0 bus.

3.4 DATA CHANNEL TRANSFERS

The PDP-9 and PDP-9/L data channels, multiplexed
to permit interfaced service to four peripheral de-
vices, provide relatively high-speed interface to
the core memory along the 1/O bus. Requests for
data from I1/O devices are honored by the channel
at the completion of the instruction in progress at
the time the grant signal is issued. The channel is
controlled by word count and address registers held
in core memory; each request updates these registers,
and fransfers the data between the memory and the
device.

Each of the four devices has a unique pair of sequen-
tial core memory registers associated with it. The
system software assumes that these are registers 30-

37g. These registers must be initialized by the pro-
gram before the peripheral device may begin trans-
ferring data through the channel. The first (word
count) register, of lower numerical value, must be
even, and is initialized to contain the 2's comple-
ment of the number of words to be transmitted. The
second (address) register is initialized to contain one
less than the first address of the data word block.

These registers may be examined at the end of chan-
nel operation to check for final address; if, for
example, the device indicates that a short record
was read. Peripheral devices normally issue a pro-
gram interrupt or API request at the completion of
the transfer when the word count register has count-
ed up to 0.

The maximum transfer capacity of the channel is
between 250,000 and 333,000 words for the PDP-9
(165,000 and 218,000 for PDP-9/1) depending on
the mix of input and output rates. Each input trans-
fer steals three processor cycles; each output trans-
fer steals four processor cycles. The latency time



(maximum wait before service is granted after a re-~
quest is made) under adverse conditions may be as
high as 30 s for PDP-9, or 40 pus for PDP-9/L (see
latency section). Special care is necessary, how-
ever, when designing software for devices whose
channel usage is greater than 50,000 words per
second.

Priority among 1/O devices making simultaneous re-
quests is determined by their physical placement on
the 1/O bus; devices closer to the processor have
priority over devices further away. The establish-
ment of priority requires that each device quickly
propagate an enable signal to the next device on
the bus; a special module, the W104 Multiplexer,
has been designed for this purpose.

3.4.1 Latency

Since data channel requests are only honored be-
tween instructions, the fype of instruction in pro-
gress determines the waiting time until the interrupt
is granted. The following considerations apply:

a. The IOT instruction is noninterruptible. The
interrupt request is honored at the completion of
the instruction which follows the IOT.

b. The EAE instructions delay interruption until
they complete, which may be as long as 17 ps.

c. The XCT instruction is noninterruptible. The
interrupt request is honored at the completion of the
instruction referenced by the XCT.

d. Lower priority devices wait for the comple-
tion of data transfers on the requesting higher priority
channel. Hence, if four requests come up simultan-
eously, the lowest may wait 12 ps for PDP-9, or
16 us for PDP-9/L., and indefinitely if a higher
priority device is taking successive breaks.

Long XCT chains or sequential IOT instructions can
lock out channel requests for indeterminate periods

of time. These are to be avoided in programs opera-
ting devices requiring short latency. EAE instructions
requiring more than 12 ps are uncommon, but possible.
Unfortunately, requests tend to stack up during these
waiting periods, so that lower priority devices must
wait even longer. 1/O system design must insure
that the latency time requirement of each peripheral
is satisfied.

3.4.2 Data Channel Interface Logic

3.4.2.1 Device Requirements - Each device con-
nected to the data channel must have the interface
hardware outlined below. The first four requirements
are essentially the same as those met by devices
connected to the program interrupt. They insure
that the device hardware may also be checked by
maintenance routines using special IOT instructions.
Requirements e, f, and g are met by the Type W104
Bus Multiplexer which is strongly recommended for
use in the interface. The W104 is shown on Figure

3-7.

a. Each device must have the ability to decode
the 6-bit selection code transmitted by the processor
on the device selection lines. When selected, the
device must be capable of producing internal com-
mand pulses in response to IOP pulses transmitted on
the bus. The module performing such functions in the
peripheral device is called the device selector.
Furthermore, the device must have the ability to
force selection of the device selector, regardless
of the address on the selection lines. The Type
W109 Device Selector module possesses this property.

b. Each device receiving output data from the
computer must contain gating circuits at the input
of the receiving register which are capable of strob-
ing the 1/O bus information into the register when
triggered by a command pulse from the device selec-
tor. In addifion, the device must supply a write
request level to the channel during the period where-
in it is selected,

c. Each device supplying input data to the com-
puter must include gating circuits at the output of
the transmitting register which are capable of gating
this register onto the 1/O bus when triggered by a
command pulse from the device selector. In addition,
the device must supply a read request level to the
channel while it is selected.

d. Each device must contain a request flag (flip-
flop) which is set whenever the device is ready to
receive (or transmit) another word of information.
This flag is normally cleared when the transfer is
complete.

e. The device data flag is used to request a
break through a synchronizing flip-flop, which drives
the request line (DCH RQ). The device data flag
must be cleared when the bredk is granted (DCH
GCR).
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f. Each device must be capable of propagating
the enable signal (DCH EN) to the next device to
establish priority of devices along the bus in case of
simultaneous requests. The next device must be
enabled if the current device is enabled and is not
itself requesting.

g. Each device must contain the gating circuits
necessary to transmit the core memory address of the
word count register assigned to the device. The ad-
dress is transmitted by the selected device upon re-
ceipt of the grant signal (DCH GR) from the chan-
nel.

h. Each device must contain an "active" flip-
flop which controls whether or not the device per-
iodically requests data transfer through the channel.
This flip-flop is normally turned on by the program
with an IOT instruction and off by the IO OFLO
signal transmitted to devices by the channel.

3.4.2.2 Interface Hardware

DCH 10 Bus Signals - The 1/O bus contains seven
wires unique to the DCH, These are called DCH
RQ, DCH GR(1), DCH EN, DATA OFLO(1), 1/O
OFLO, INC MB and +1 ~CA INH. Other 1/O
bus signals used by the DCH include 1/0O PWR CLR,
1/0 PWR CLR, 1/O SYNC, WR RQ, RD RQ and
1/O ADDR 12 through 1/0O ADDR 17,

The DCH RQ line is used by the device to request a
data channel break from the computer. DCH GR is
the computer's response to the request.

The DCH EN signal is a -3V level from the computer
and is daisy-chained from W104 module to W104
module of each device on the DCH. Each module
can ground this level and inhibit any device further
down the chain (away from the computer). In this
way, priorities for devices are established.

The 1/O OFLO line sends a pulse to the device from
the computer whenever the WC register overflows
(1's complement) during a DCH request.

The DATA OFLO(1) is a 200 ns pulse occurring dur-
ing an add-to-memory DCH break whenever the sum
of the contents of memory and contents on the 1/0
bus, which must be like signs (2's complement) has
an opposite sign.

INC MB is a signal sent to the computer by the de-
vice to indicate that the device needs to increment
the location it specifies on the 1/O ADDR lines.

+1 ~CA INH, when grounded, forces the CP to in-
hibit incrementing the CA during its DCH break.

1/O PWR CLR is used to clear the flip-flop in the
device; I/O SYNC is a timing pulse derived from
the main computer clock; and RD RQ and WR RQ in-
form the computer of the transfer direction.

1/O ADDR 12 to I/O ADDR 17 specify the address
of the word count (WC) register previously set up by
the computer.

The W104 Module ~ As with the API interface for
program controlled transfers, the DCH uses the W104
double-height FLIP CHIP module to handle the timing
and hardware demands of the DCH. The equivalent
logic circuit of this module is shown in Figure 3-7.
The signal lines associated with the W104 module

are described below:

RQ Lines - The RQ signal of the W104 is tied to
DCH RQ of the 1/O bus. When the RQ flop of the
W104 is set, a DCH RQ signal asks for a break from
the computer.

GR Lines - This signal is tied to DCH GR of the I/O
bus. The computer supplies the positive level in
response to the DCH RQ. The negative edge sets
ENA of the W104 which then gates the B163 onto
the 1/O ADDR line.

1/0 ADDR Lines 12 through 17 - These lines of the
W104 are connected to their corresponding signals
of the 1/O bus when a line corresponds to the code
of the address of the CA register in memory.

EN IN and EN QUT Lines - The signal EN IN of the
W104 is connected to DCH EN of the input 1/O bus
cable: EN OUT is tied to DCH EN of the output
1/O bus cable. The EN OUT signal then goes via
the 1/0 bus to the EN IN of the next device.

RQ Line - An RQ flag raised at any device causes a
ground to propagate down the DCH EN line (away
from the computer) and inhibit any other "RQ" flag
below the active device, from being set.

1/0O PWR CLR and I/O SYNC - These signals are

connected to their equivalent on the 1/O bus and
are used for clearing registers and synchronizing to
the computer, respectively.

3.4.3 Data Transfers to and From the Computer

The device flag is raised asynchronously by some
state change in the device control. This flag is
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synchronized by the W104 Data Multiplexer, which
requests a data channel interrupt through the DCH
RQ line. If more than one device on the channel is
requesting a transfer to or from the computer, the
multiplexer insures that the lower priority device is
shut out by driving its enable (DCH EN) input line
to ground (disable state). This request is recognized
by the processor and, at the end of the current in-
struction, control is relinquished to the channel
hardware.,

Channel hardware begins operation by identifying
the device requesting service. This is done by
issuing a grant signal (DCH GR) to all connected
devices. Upon receipt of the grant signal, the
device which supplied to the DCH RQ transmits the

core memory address to be incremented and rewritten.

If, in this word count updating procedure, the count
reaches 0, an 1/O overflow signal is set to all
devices. The device hardware interprets the over-
flow signals as a shut down command. No further
transfers are made until the device is reinitialized
by the programmer.

After incrementing the word count register, the
channel reads the next sequential word from mem-
ory. This is taken as the current address register,
which is incremented and rewritten into memory.
The updated value is used to specify the location
into (from) which the data is to be transferred.

3.4.3.1 Operations Unique to Reading - If the read
request (RD RQ) signal is present and the write re-
quest (WR RQ) signal is not present, the transfer is
taken as an into-computer data transfer (refer to
Figure 3-12). At the beginning of the second (cur-
rent address) cycle, IOP2 is issued. At this time
the device is expected to gate its data onto the 1/0
bus for subsequent read-in by the channel. At the
end of the second cycle, the data is read into the
AR register. The third cycle stores the data word

in the memory. This ends the sequence and the
channel relinquishes control to the processor.

3.4.3.2 Operations Unique to Writing - If the write
request (WR RQ) signal is present and the read re-
quest signal is not present, the transfer is taken as
an out-of-computer data transfer (refer to Figure
3-12). During the middle of the third (data) cycle,
the channel places the requested data onto the

1/0 bus for subsequent read-in by the device. The
data remains available until the middle of the
fourth cycle. At the beginning of the fourth cycle,
IOP4 is issued instructing the device to clear its
buffer and to gate the data on the bus into its re-

ceiving register. DCD gates must be used. The
sequence then ends and the channel relinquishes
control to the processor.

3.4.4 Expanding the DCH to Eight Devices

The number of devices connected to the data chan-
nel is limited by the combined transfer rate capability
and the propogation delay of control and data sig-
nals. The most critical delay is that of the DCH
EN. Approximately 600 ns are available between
1/0 SYNC and DCH GR during which DCH EN

must be able to propogate through the W104 modules
in all DCH devices. If only four devices are used,
(requiring a total of four W104 modules), these is

no propagation problem for 1/O cable lengths of

up to 50 feet. Furthermore, the system software has
set aside WC and CA addresses for the four devices.
If the total 1/O cable length is less than 50 feet,

up to eight W104s could be added to the data chan-
nel. In this case, the WC and CA registers for these
extra devices would have to be assigned by the sys-
tem designer.

3.4.5 Interface Design

The interface shown in Figure 3-12 can be used to
either read or write from the computer into its data
buffer. 1f the MODE flip-flop is set to enable the
RD RQ gate, the computer will read the contents of
the device register into the core address location
CA+1. If MODE is set to enable the WR RQ gate,
then the computer will write into the device data
register the memory word contained in core memory
location CA+1. The circuit operates as follows:

a. The MODE is selected by 10T instruction.

b. A change in state of the device (not shown)
sets DEVICE FLAG, which enables the RQ flag of
the W104. The pulse I/O SYNC sets RQ. The com-
puter responds with DCH GR, setting ENA and thus
gating onto the 1/O ADDR lines the WC address.
ENA(1) enables ENB which is set with the reset 1/0
SYNC pulse. The SELECT line goes to ground, en-
abling the W109. Meanwhile, the trailing edge of
DCH GR produces CLR FLG which resets the DEVICE
FLG. IOP 2 s issued (for a RD RQ) and the data
buffer gated onto the bus. 1f a WR RQ was placed,
the IOP4 is issued on the reset cycle. The register
is cleared on the trailing edge and loaded 1/2 ps
later by the delay. DCH timing diagrams are shown
in Figure 3-15 and 3-16.
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Figure 3-12 DCH Interface Logic for Reading and Writing
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c. If an 1/O OFLO occurs, the PI flag, enabled
by ENB, will be set. The computer and device are
then informed that the block has been transferred.

3.4.6 Other DCH Features

3.4.6.1 Incremented Memory - The memory incre-
ment operation (Figure 3-13) is the first cycle only
of a channel transfer. The word specified on the
1/O ADDR lines is incremented. Maximum rate is
250,000 increments per second on the PDP-9 or
165,000 on the PDP-9/L, unless some latency con-
dition interferes. A typical interface circuit using
the increment memory facility is shown in Figure

TO PI OR API
DEVICE LOGIC

_J "
PWR CLR R20S

DATA OFLO (1)

Ay AE ENB (1)
1/0 ADOR LINES O——f

f AF
— ens(0)
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i

'
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!
1
|
1
! w104
'
|
1
|
I

I/0 PWR CLR

8D 8s
CLR FLG FLG

R203
DEVICE
FLG
10P 1 ——p Pa

I0P2 —p{ Pa

1u'Sec LEVEL

3-13  Here, a clock pulses the device CLK RQ
flag which, in turn, enables the W104. A DCH RQ
is made, ENA is set by DCH GRANT and INC MB
is gated onto the bus, along with the /O ADDR
lines. The location specified by the W104 on the
1/O ADDR lines is incremented. If the specified
register has reached, and overflow signal (1/0
OFLO) sets CLK FLG which causes a PROG INT
RQ, thus informing the computer of the overflow
condition. Otherwise, the machine resumes normal
operation until the next DCH RQ.

3.4.6.2 Add-to-Memory - The add-to-memory

operation (Figure 3-14) is a combination of reading
and writing. The data transmitted by the device is
added to the word read from memory, and rewritten

BE ADDED

ADDITION

10pa —pf Pa

TO DS LOGIC OF DEVICE
(AS FOR PROGRAM CONTROLLER TRANSFERS)

1/0 BUS 00 1/08uUs Ot I/0 BUS 17

NOTE
REFER TO FIGURE 3-15 AND 3-16 FOR TIMING

Figure 3-14 DCH Add-to~Memory Circuit With +1 ~CA INH Mode

3-22

I1/08US 00 1/0 BUS 01 I/08BUS 17

NUMBER TO

RESULTS OF



into memory. The sum is transmitted back along the
1/O bus. Four cycles are required.

This is a 2's complement operation - the contents of
the MB (and thus the location addressed) are assumed
to be in 2's complement form.

The circuit shown in Figure 3-14 does not differ much
from an ordinary DCH transfer. A DCH RQ is made.
Both RD RQ and WR RQ are sent to the computer. A
MODE flip-flop can be set to inhibit incrementing
the CA contents during the third cycle. (For aver-
aging, IOP 2 is used to gate the data to be added
onto the bus and IOP4 strobes the sum into the sec-
cond register.) If DATA OFLO(1) occurs, a PI is
set.

3.4.6.3 +1 ~CA INH - A feature that inhibit CA
incrementing is extremely valuable when running
diagnostics. By asserting the +1 = CA INH signal,
the computer will continuously cycle around the
same CA location during DCH breaks, since this
prevents a one from being added to the CA register.

3.4.7 Standard Core Register Assignment for DCH

Table 3-2 shows the existing core register assignments
for standard devices using DCH.
Table 3-2
Standard Core Register Assignment

Device Word Count | Initial Address
DECtape 30 31
Magtape 32 33
Interprocessor Buffers 22,23 24,25
Not presently assigned 36 37

3.4.7.1 DCH Timing - Figures 3-15 and 3-16 in-
dicate the timing of all DCH 10 signals in the PDP-
9 and PDP-9/L, respectively. These timing charts
assume no latency after a DCH RQ is posted.
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CHAPTER 4

DIRECT MEMORY ACCESS CHANNEL
OF THE PDP -9

The direct memory access (DMA) channel permits
channel-interfaced devices to directly access
system memory locations for the purpose of entering
or retrieving data. DMA channel devices effect
their data transfers by stealing memory cycles from
the central processor (CP). A DMA request for
access to memory always has priority over a CP re~
quest. The maximum data transfer rate for the DMA
channel is T x 10° words per second.

While the CP is cycling without accessing memory
{as in the execution of EAE arithmetic, EAE data
shifting, or 10T instructions following the fetch of
such instructions from memory), DMA and CP opera-
tions overlap;i.e., no fime is lost to the CP by DMA
requests for access to memory. Where the operations
do not overlap, the CP operation is suspended until
the DMA channel frees memory. The design of the
PDP-9 system prohibits more than one memory bank
of an expanded system from being active at any one
time.

The Type DMO9A Adapter-Multiplexer, offered as a
standard PDP-9 option, is a compatible high-speed
interface by which up to three devices may be multi-
plexed to the DMA channel. Although users may
design and fabricate an interface for one device,

the relative low cost and the additional benefit of
DMA channel expansion make it a valuable addition
to a PDP-9 system. The DMO9A option is described
later in this chapter.

4.1 DMA INTERFACE SIGNALS

Each memory bank of a PDP=9 system contains an in=
put mulfiplexer which permits both the CP and a DMA
channel device to gain access to memory locations.
This multiplexer includes a synchronizer and priority
system to assure that a device request for memory
access will be granted if the CP and the device
simultaneously request a memory cycle.

The CPs memory buffer (MB) register outputs {convey-
ing addresses and data) are bused from memory bank
to memory bank when they enter one part of the mem-
ory input mixer, The channel interface MB outputs

4-1

are similarly bused to each memory bank and enter a
second part of the mixer. The sense amplifier out-
puts from the memory banks are also bused together
and drive both the CP and the channel interface.

The input mixer gates are strobed into the memory
address (MA) register at the beginning of the read-
half-cycle and are connected to the memory drivers
during the write-half-cycle. An external device
interface must provide data during the write-half of
a normal read/restore memory cycle. Approximately
200 ns are available to receive and return the sense
amplifier signals during a typical read/restore mem-
ory cycle,

The following signals constitute the DMA interface
to the PDP=9 memory system. They consist of signals
supplied by memory and signals which must besuppli-
ed by the appropriate channel control (DMO%A or
equivalent, see Figure 4-1).

AM RQ

Signal level sent by channel control to request
a memory cycle. Ground level for assertion,
-3V otherwise.

AM SYNC (1) B

Signal level returned to channel control by mem-
ory, signifying acceptance of cycle request. At
ground level for assertion, -3V otherwise.

Clock

Clock pulse train of 120 ns, negative-going
pulses. Sent by memory to synchronize internal
operation of channel control to system timing.
The time between pulses is the same as the pro-
cessor cycle fime.

AM GRANT

Negative-going 120 ns pulse sent by memory to
channel control. Normally, the pulse is used to
place device~supplied address word on channel
control data lines for input to memory MA regis-
ter. It may also be used to stop the transmission
of the data word of the previous DMA iransfer if
successive requests are being made.
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Figure 4-1

AM STROBE

Negative-going 120 ns pulse sent by memory to
channel control. Normally, pulse is used to
place lines for input to previously addressed
memory location. It may also be used to termin-
ate the transmission of the address via the
channel control data lines.

AM DATA

18 data lines convey device-supplied address

4-2

CH2 FAST RQ

DMOPA Option Block Diagram

and data words from channel control to memory .

-3V for 0-bit, ground for 1-bit. Channel control
must bus drive these lines to ensure signal integ-
rity at memory,

Sense Amplifiers

18 data lines convey data word from previously
addressed memory location to channel control .
320 ns negative-going pulses from the memory
sense amplifiers. Negative pulse (-3V)indicates
1-bit, ground for 0-bit,



4.2 DMO9A OPERATION

The DMO9A Adapter-Multiplexer is a convenient
interface through which up to three devices may
gain access to memory locations via the DMA
channel. The option satisfies the interface require-
ments of the channel, establishes a relatively simple
interface for the devices, and allocates priority of
service among the devices. The DMO9A is designed
to transfer data to memory at high speed (1 ps trans-
fer time) and to devices at either of two speeds, de-
pending upon the operational characteristics of their
interface logic circuits. Devices having 10 mHz
logic should request the fast (1 s) transfer rate;
devices having lower speed logic will operate at
the slow (3 us) transfer rate, (devices interfaced

to the PDP-7, the PDP-9's predecessor, are typical
of the latter category). The slow speed applies only
to the DMO9A and the affected device. Regardless
of the transfer mode and direction, the DMA chan-
nel steals only one memory cycle per each data
transfer .

Figure 4-1 is a simple block diagram of the DM09A,
showing the major elements of the option and the
interface signal lines to the memory bank (s) and to
the devices.,

Device signals supplied to the DMO9A have the
following characteristics:

CHX BK RQ
-3V for assertion, otherwise at ground
CHX RQ IN

-3V for device-to-memory transfer, ground for
memory-to-device transfer

CHX DATA

=3V for 1-bit, ground for 0-bit
CHX ADDR

-3V for 1-bit, ground for 0-bit
CHX FAST RQ

=3V for slow mode transfer (to device only),
ground for fast mode transfer,

4-3

Signals supplied by the DMO9A to interfaced devices
have the following characteristics:

CHX ADDR ACCEPTED

Negative-going 320 ns pulse. Occurrence
signifies that device-supplied address has been
strobed into memory system MA register.,

CHX DATA READY

Negative-going 320 ns pulse. Occurrence
signifies that data is present in AM register for
entry into device buffer register. Pulse may
be used to strobe the data in.

CHX DATA ACCEPTED

Negative~-going 320 ns pulse. Occurrence
signifies that device-supplied data word has
been strobed into addressed memory location .

CHX FAST CLEAR

Negative-going 320 ns pulse. Occurs when
DMO9A is synchronized to memory. It should
be used to clear device request. This pulse
is generated for fast mode transfers only.

BUFFERED DATA

18 data lines supply data word read from
device-addressed memory location in memory-
fo-device DMA transfer. -3V for 1-bit,
ground for 0-bit.

The following discussion and the timing diagrams
(Figures 4-2 and 4-3) serve to illustrate the opera=~
tion of the DMO9A and the manner in which devices
must function to make use of the DMA channel .

A device can be initialized by program controlled
transfers to indicate the direction of data transfer,
the number of words to be transferred, and the
address of the initial memory location which is to
deliver or receive the first data word. A device flag
can then be set to place -3V on the associated break
request line (CHX BK RQ). If the DMO9YA is not
currently active, the break request initiates the
transition of the adapter-multiplexer request (AM
RQ) to ground to request a memory cycle. The
return of a ground level on the AM SYNC (DMO0%A
synchronizing) line signifies that the memory system
has accepted the DMA request for a cycle.
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Figure 4-2 DMA Synchronization Cycle, Timing Diagram

Synchronization of DMA requests occurs at the
beginning of the memory cycle preceding the
cycle in which the data transfer is to take place.
Thus, the maximum waiting time for the DMA
channel is 2 s where the first ps is the interval in
which the device flag and the AM RQ can come up
and the second ps is devoted to synchronizing the
DMA. The synchronizing action also blocks pro-
cessor access of memory to assure DMA priority
access.

In a fast mode transfer, following the AM SYNC
signal, the DMO9A generates the CHX FAST CLEAR
signal to clear the device flag and thus the CHX
BK RQ line. This action affords another device or
the active device the opportunity to anticipate
completion of the data transfer and initiate another
break request for successive data transfers if the
respective device is capable of a 1-ps data transfer
rate. In the case of output (to device) transfers at
the slow rate, the CHX ADDR ACCEPTED signal
(described below) serves to clear the device flag.
Successive requests are not permitted for slow mode
transfers; i.e., an active device or other DMA
device must wait at least one memory cycle following
a slow mode request before another slow mode re~
quest will be honored.

The device-supplied address (and data word, if
request is for a device~to-memory transfer) must be
present on the CHX ADDR and CHX DATA lines at

the time of the break request. The trailing edge of
AM GRANT generates AM IN to place the address

in the AM register and, thus, on-line for entry into
the memory address (MA) register of the PDP-9 mem-
ory system. Shortly thereafter, the DMO9A gener-
ates the CHX ADDR ACCEPTED signal which tells

the device that the address has been entered in
memory. The device may use this signal to clear its
address register or to setup the next address if succes-
sive requests are to be made. For a slow mode device,
the CHX ADDR ACCEPTED signal occurs at an opport-
une time to clear the device request flag.

The AM STROBE signal occurs midway into the
cycle, or 500~520 ns after the start of the transfer.
If the CHX RQ IN line is at -3V (signifying a de~
vice-to-memory transfer), AM STROBE generates
AM IN to enter the device-supplied data word in
the AM register and, thus, on-line for enfry into
the addressed memory location. If CHX RQ IN is
at ground potential (signifying a memory~-to-device
transfer), data present on the sense amplifier output
lines are gated through the data multiplexer to the
AM register.
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For a device-to-memory transfer, AM STROBE
enters the contents of the AM register in the mem-
ory location previously addressed by the device
address word. The DMO9A then generates the
CHX DATA ACCEPTED signal which signifies to
the device that its data word has been entered in
memory. CHX DATA ACCEPTED is generated only
when a data transfer is made from the device to
memory . The device may use this signal to clear
its data buffer in preparation for a successive DMA
transfer .

For a memory-to-device transfer, AM STROBE
causes the DMO9A to generate the CHX DATA
READY signal, which tells the device that a data
word is present on the buffered data lines at the
output of the AM register. The device must read
this data into a buffer register within 300 ns.

The CLK line supplies buffered clock pulses to the
DMO9A for the purpose of synchronizing its internal
operations to those of the memory system.

In the fast mode, if a device flag (either that of a
currently active device or another DMA device)
initiates a CHX BK RQ after AM SYNC time but
prior to AM GRANT time, successive DMA breaks
will be granted,

4.2.1 Interfacing To The DM0O%A

External devices are interfaced to the DMO9A option
through one of three available cabling sections

each of which contains the cable connectors speci-
fied below. These cables must be ordered with the
external device option (not the DMO9A) and can-
not be more than 50 ft long.

2 ~ cables (WO031 to W031) variable length -
18 AM Data Signals

2 - cables (WO031 to W031) variable length -
18 Device Data Signals

2 - cables (WO031 to WO31) varicble length -
15 Device Address Signals

1 - cable (W021 to WO31) variable length -
7 Control Signals

When interfacing to the DMO9A, the following
procedures are suggested.

a. All address, data, and control request levels
should be interfaced to the DMO9A through Type
R650 Bus Drivers.

For devices that have already been designed
and do not follow the above suggestion, the DM0O9A
option contains a number of prewired clamped load
modules (Type W005). These clamped loads are used
to terminate collector driven lines when necessary
(no clamped loading in external device logic). One
5 mA clamped load is available for each address line,
data line and all control levels of the three devices
which can be interfaced to the DMOSA , Therefore,
the user may insert these optional clamped load
modules as is necessary for his system.

b. Devices interfaced to the DMO9A option should
delay their request for a data transfer until their ad-
dress (and data for an input transfer) has had time to
settle on the cable lines, especially if the device is
connected to the DMO9A through long cable lengths.

c. Devices operating in the fast transfer mode
must use the CHX fast CLR pulse to lower its RQ
Tine and this must be accomplished within 300 ns to
prevent multiple transfers .

d. Whenadevice requests multiple fast mode trans-
fersata 1 mcrate, it is suggested that the CH X fast CLR
pulsebe gated off at the device so that the CH X BRRQ
levelis never removed until the last word has been trans-
ferred (see Timing Diagramin Section 3.4).

e. Negative pulses (120 ns and 320 ns) from
Wé12 Pulse Amplifiers in the DMO9A should be
terminated with 100 ohms to ground. Collection
driven levels should be terminated with 10 mA
clamped loads.

f. Where the connector cable exceeds 15 ft,
interface levels from B123 flip-flops, collector
driven lines, and R650 Bus Drivers should be
terminated with G795 modules.

4.2.2. DMO9A Master Drawing List

The following table lists the DEC drawings for the
DMO%A .



Table 4~1
Engineering Drawings

Drawing Number

Title

Drawing Number

Title

C-UA-DM09-A-0

Unit Assembly

A-PL-DM09-A-0 Parts List
C-AD-7005394~0-0 Busing Schedule
A-PL-7005394~-0-0 Parts List
D-BS-DM09-A-1 DMA Adapter Multiplexer

D-BS-DM09-A-2
D-CD-DM09-A-3

Control
AM Register
Cable Diagram

D-ML-DM09-A-4
A-PL-DM09-A-4

A-CP-DM09-A-5
D-BD-DMO09-A-6

D-FD-DMO9-A~7
D-TD-DM09-A-8
D-CD-DM09-A-9
K-WL-DM09-A-9

Utilization Module List
Module Parts List
Component List

DMO9A Block Diagram
DMO9A Flow Diagram
DMO9A Timing Diagram
DMO%A-~Memory Interface
Wiring List Type DM09-A-

4.2.3 Summary of Data Transfer Rates and

Latencz Times

The data rates, the latency times (i.e., the time
which a device must wait before its request for

of efficiency for the PDP-9 and PDP-9/L modes of
1/O service are presented in Table 4-2, The "direct"
mode refers to program controlled transfers made to

or from a single device without interruption by
other 1/O facilities.

service is answered), and the representative degrees

Table 4-2
Data Transfer Rates and Latency Times
Mode Data Rate Latency
Maximum/Aypical Maximum/Typical Efficiency
PDP-9 PDP-9/L PDP-9 PDP-9/L
Direct 100 kHz 66 kHz 10%
PI 25 kHz/1 kHz 16.5 kHz/ 45 ps for one 67.5 ps for 2%
.66 kHz device 100+us one device
for two devices/ 150+ps for two
~100 ps devices/150 s
API 35 kHz/ 23 kHz/ 30 ps/50 s 45 y5/75 pis 3%
10 kHz 6.6 kHz
DCH 250 kHz/ 166 kHz/ 20 ps/5 s 30 ps/7.5 s 25%
50 kHz 33 kHz
DMA 1 MHz Not Available 2 s Not Available 100%
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CHAPTER 5
GENERAL WIRING RULES
AND SUGGESTIONS

5.1 TYPICAL WIRING

In building logic assemblies the wiring intercon-
necting the logic modules forms an important part
of the logic. Improper wiring may lead to unreli-
able operations of the logic. DEC logic will gen-
erate waveforms whose rising edges contain frequen-
cies over 100 MHz. At these frequencies the in-
ductance, mutual inductance, capacitance, and
transmission line properties of the wiring become
noticeable. To avoid potential problems, the fol-
lowing rules and guidelines are provided.

a. The propagation delay of typical wiring is
1.5 ns/ft (4.5 ns/m). Although this delay is usu-
ally small in comparison with gate delays, it is

often significant when overshoot and reflections
are considered.

b. The current carrying capacity of a wire is
only V/Z0 until the wave (change) has propagated
along the wire three times (4.5 ns/f, 13.5 ns/m).
Typical wiring has a characteristic impedance (Zq)
of approximately 150 ohms, so that the current
available af the end of the wire for rising waveforms
is only 20 mA until reflections propagate,, regardless
of the source current available. Conversely, the
initial voltage drop produced by a clamped load is
1Z( or 1.5V for a 10 mA clamped load and 150 ohms
characteristic impedance wiring .

c. The inductance and capacitance of the wir-
ing combine to produce high frequency ringing on
the transitions of waveforms. This ringing can be
controlled by either resistively terminating the line
with approximately 100 ohms if the circuit will
drive it (B-series pulse amplifiers) or with the DEC
level terminator circuit incorporated into the G796,
G704, B163 and other modules. This clamp circuit
inhibits the waveforms from reaching =3.5V and from
going above ground.

d. The mutual inductance and capacitance of
the wiring also causes high frequency cross-talk
which may produce false operation of the logic.

This can be reduced in the following ways: by
minimizing the number of high frequency signal com-
ponents through the substitution of slower R-series
logic, instead of B-series; by clipping or clamping
high frequency ringing with a level terminator cir-
cuit; by wiring with short wires and/or twisted pair,
thereby reducing coupling.

5.2 GROUND SYSTEM

A good ground system is essential to reliable logic
operation. The following is recommended: (1) Bus
the ground and power pins A,B, and C in each mod-
ule row with a type 932 Horizontal Bussing Strip.

(2) Tie the ground bus strips to chassis ground ap-

Figure 5-1

Logic Ground Mesh



proximately every two inches (once per H800 module
block), using solid wire and white spaghetti insula-
tion. (3) Wirewrap all grounded pins together for
each vertical module row (pins C and other ground
pins). This ground mesh (see Figure 5-1) will form

a stable base for satisfactory logic performance.

5.3 SIGNAL WIRING RULES

The following signal wiring rules are meant as arbi-
trary guidelines for the construction of reliable logic
assemblies, since under some conditions in the past,
limits have been exceeded, while, under other con-
ditions, the guidelines failed to prevent trouble.
The best test of adequate wiring design is the ability
of the signal waveforms to meet the following wave-
form requirements.

These rules DO NOT APPLY to B-series transistor
inverters such as the B104, B105, B123 or B124; to
transistor inverter flip=flops such as the-B200, B201
or B204; or to the input circuits of the B301, B310,
B360 or B620. The use of these modules since it
requires very careful design and considerable ex~
perience is not recommended. Note that the R- and
S-series pulses are to be treated as "levels" as the
R-andS-series pulse amplifier output circuit is simi-
lar to an ordinary logic gate output circuit.

5.3.1 Control Area Pulses
(high pulse wiring density)

If less than 6 in. total run length, use single wire;
if 6 to 20 in. total run length and less than 6 loads
total, use single wire; all other cases use twisted
pair; in any case, terminate the end of the run in a
100 ohm pulse terminator as on the G700.

5.3.2 Register Loading Pulses
(low pulse wiring density)

If distance from source to single load or to cable is
less than 8 in., use single wire; if cable is used
(cable length must not exceed 20 in.; maximum ver-
tical distance between cable connectors is 1.5 in.),
use G794-G794 or G799-G799 cables. If distance
between load pins or between cable and load pin is
less than 6 in., use single wire; if longer than 6 in.,
use twisted pair. All loads on a run must be located
within an area 22 modules wide and 2 modules high;
in any case, the end of the run must be terminated
in a 100 ohm terminator as available in the G700,

5.3.3 Waveform Requirements

The following waveform requirements should be met
by all levels and pulses.

7 STEADY STATE REACHED
WITHIN 65ns FOR "FAST SIGNALS".
1P@ns FOR "SLOW SIGNALS". SEE NOTES

3. GLITCHES ON UPPER

LEVEL MORE POSITIVE
THAN -@,5V.

1. STEADY ~-STATE
LOWER LEVEL TO
BE -3.3vT0-3.9V.

2 RISETIME LESS THAN
20 ns, MEASURED FROM
~3.0V.T0 —-0.5V. SEE NOTES

4. STEADY-STATE
UPPER LEVEL
MORE POSITIVE
THAN -@.3V.

6. GLITCHES ON LOWER
LEVEL MORE NEGATIVE
THAN -2.5V. SEE NOTES
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5. FALL TIME LESS THAN 3@ns ON
"FAST SIGNALS' 6@ns ON "SLOW
SIGNALS" MEASURED FROM —-@.5V.
TO -2.5V. SEE NOTES

Figure 5-2 Waveform Requirements for B Series
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6 MAXIMUM OVERSHOOT
LESS POSITIVE THAN +4.8v

. LEVEL BEFORE PULSE LESS 2 WIDTH AT
POSITIVE THAN +@.5V. -1V BETWEEN
3@ns AND 4@ns

I
|
' 3. wiDTH AT
-2V GREATER
THAN 150 f = = = - =~
7. NO RINGING
BELOW -0.5V

5. GLITCHES ON BOTTOM OF
PULSE MORE NEGATIVE
THAN -2 5V

4. PEAK AMPLITUDE
MORE NEGATIVE
THAN ~2.5V

35ns OR 40ns PULSES

Figure 5-3 Waveform Requirements for B Series Modules

If 2. is not met, the source is overloaded. If 1. is not met, recovery time is not long enough.
If 3. is not met, the level is inadequately If 2, 3, 4. are not met, load is too heavy or wire is
terminated. too long.
If 4. is not met, the source is overloaded. If 5,6, 7. are not met, termination resistors
If5, 6, 7. are not met, more clamped loads are should be added along line.
needed.

40 NSEC |
—™ MIN -

0%

60 NSEC
Max

PRV

100 NSEC ~0,
+ 75 NSEC

Figure 5-4 Standard R Series FLIP CHIP Waveform



5.4 LEVEL WIRING RULES FOR B~, R-, and S-
SERIES LEVELS AND PULSES

a. Levels entirely in one cabinet (not going
through a cable): If less than 20 in. total run
length and less than 4 loads, the levels do not need
to terminate; if less than 50 in. total run length and
less than 4 loads and the level is ANDed with a
pulse at the end of a run, they do not need to termi-
nate but should be checked to determine that the

pulse samples the level after ringing has settled down.

If a short length run but more than 4 loads, terminate
if the waveform does not meet waveform requirements
below; all other cases terminate level with a level
terminator circuit.

b. Interbay Levels (levels which run through a
cable): Use G796-G796 cable between bays for
all level cables. The levels do not need to termi-
nate if: 1) source to cable run is less than 20 in.
2) cable to load run is less than 20 in. and there
are less than 4 loads, 3) cable to load run is less
than 50 in. and there are less than 4 loads and the
level is ANDed with a pulse at the end of the run.
Otherwise terminate with a level terminator circuit.

The standard level terminator is the G704 2 mA

terminator circuit. It consists of a 2 mA clamped
load which does not allow signal excursions below
approximately =3.5V and a clamp diode which does

not allow signal excursion above approximately
ground. The single inputs of the B163 (pin D, E,

K, L, R, S) contain similar circuits which may be
used in lieu of G704 terminators if convenient.

The G796~G796 cable assembly contains a standard

2 mA terminator circuit at each end. The R-series
DCD gate contains a diode clamp which prevents
input excursions above ground on both the level

and pulse inputs. The DCD gate clamping feature

is also an adequate terminator in most cases. ROO1
and RO02 diodes are usable as ground clamp termi-
nators with the cathode tied to ground and the anode
tied to the level run, if no other terminator is avaijl-
able. A diode to ground should only be used if no
other solution is practical. Additional clamped loads
may have to be added to a long level line to maintain
adequate fall time. For a terminator to be of any
value, it must be within 10 in. beyond the last load
in the run.



CHAPTER 6
USER TERMINAL INTERFACES

6.1 REQUIREMENTS

Teletypes and other user terminals must meet a min-
imum number of requirements to be used with the
standard PDP-9 or PDP-9/L hardware-software sys=
tem. (Violation of any particular requirement will
necessitate the use of some hardware option, special
interface or a modification of the standard software.
In many cases, the change is quite simple, such as
supplying extra NUL characters to allow a slow
carriage to return.) PDP-9 and PDP-9/L software
isdesigned for an ordinary (essentially unmodified)
Teletype machine using the ASCII (USASCII) char-

acter codes. The requirements are as follows:

a. The terminal must have a 20 mA, neutral,
full-duplex or an EIA interface.

b. The terminal must use self-synchronizing,
asynchronous, serial-by=bit, serial-by~character
data transmission, that is, ordinary, start-stop,
teletype-style data transmission.

c. The printer or display portion of the terminal
must respond fo the control characters CR (carriage
return, 015_) and LF (line feed, 0128) in the ordi-
nary way . Response to other control characters is
not required.

d. The printer or display must have "continuous
paper-like" characteristics. That is, a special
control should not be required to "advance-to-the-
next page" (erase the present display).

e. No waiting time, beyond that provided by a
CR LF sequence, should be required to return the
printing carriage to the beginning of the line.

f. The printer or display should respond to at
least the first 64 graphics of ASCII. (USASCII
figures 040g to 077, and upper case 100g to 137g).
Any version of ASCII can be used with the user
doing translation among equivalent graphics as
necessary . All 95 graphics of USASCII can be used
when available.

6-1

g. The keyboard must be able to generate at
least one of the ALTMODE or ESC (PREFIX) codes
(0338, 1754, 176g).

h. The keyboard must be able to generate the
"control" characters (OOO8 to 0378).

i. The keyboard must be able to generate at
least the first 64 graphics of ASCII.

j. The terminal should not have any peculiar
features i.e. (features not predictable from a rea-
sonable interpretation of some revision of the ASCII
standard).

Any terminal which meets the above requirements
should be a usable terminal. It may not be as
convenient to use as an ordinary Teletype with the
PDP-9 (PDP-9/L) modifications but it will be ade-

quate for many uses.

6.2 TELETYPE INTERFACE

Teletypes supplied by DEC for PDP-9 or PDP-9/L
systems have the following as standard: local (off
line) mode; slashed zero (@), upward arrow and left
arrow characters; a separate ALTMODE, ESC, or
PREFIX key and standard plug connector. When
considered necessary by DEC engineering, various
mechanical modifications will also be incorporated
to provide improved reliability and user convenience.

Connections for 20 mA , neutral, full-duplex termi-
nals (most Model 33 and 35 Teletypes and similar
equipment) can be made as indicated on the drawings
furnished with the machine by the manufacturer. A
283B plug can be connected as shown in Figure 6-1.
Polarity must be as indicated. Connections for an
EIA Interface (see EIA standard, Document Number
RS-232-B) can be made as shown in Figure 6-2.



PORTABLE TELETYPE JACK, SURFACE MOUNTINGS!
WESTERN ELECTRIC 4@4B OR EQUAL

CORD SET DEC PART NO.12-05857-2, FLUSH MOUNTING:
DEC PART NO.12-85693 WESTERN ELECTRIC 548A OR EQUAL
OR EQUAL DEC PART NO.12-05857-3
GREEN G G
+® y > > O
KEYBOARD \ RED | { \
(SEND CirCUIT) ) o ' R_ R CABLING To
R ! ra LT19 OR
. | BLACK B s [ 680 TELETYPE
PRINTR ] II } 7— SCANNER
({RECEIVE CIRCUITY / YELLOW Y Y
[N
- < A

TELETYPE TERMINAL
BOARD OR CONNECTOR
(REFER TO DRAWINGS

PORTABLE TELEPHONE PLUG
WESTERN ELECTRIC 2838 OR
EQUAL.

SUPPLIED BY DEC PART NO. 12 -05857-1
MANUFACTURER)

Figure 6~1 20 mA, Full Duplex Terminals

PORTABLE TELEPHONE JACK
SURFACE MOUNTING
WESTERN ELECTRIC 4@4B OR EQUIVALENT
iy posuls
CORD SET DEC PART NO. 12-@85857-2

DEC PART NO. 12- 95693
OR EQUIVALENT

FLUSH MOUNTING

WESTERN ELECTRIC 548A OR EQUIVALENT
DEC PART NO. 12-25857~3

M
KEYBOARD | RED rR IR |
(SEND CIRCUIT) —,
(CIRCUIT 88) | GREEN 6 f
GN CIRCUIT A CABLING TO
D (CIRCUIT AB) | -, LT1e OR
PRINTER BLACK B (B | 689 TELETYPE
(RECEIVE CIRCUIT} —, SCANNER
(CIRCUIT BA) SPARE | ELLo [
R YELLOW Y Y
o e R o e
LN N -/

TERMINAL'S CONNECTOR

OR TERMINAL STRIP
{(REFER TO DRAWINGS
SUPPLIED BY MANUFACTURE)

PORTABLE TELEPHONE PLUG
WESTERN ELECTRIC 2838
OR EQUIVALENT DEC PART NO 12-05857 —1

Figure 6-2  Connections for EIA Interface (EIA
Standard RS-232-B) (Model 37 Tele-
types and many other terminals)



CHAPTER 7
MARGIN CHECK BUS

Margin checking is a time~saving method of preven-
tive and corrective maintenance, whereby the tol-
erance of a logic section to a change in nominal
voltage gives an indication of circuit conditions.

A decreasing tolerance to voltage changes (that is,
the logic fails at smaller deviations from nominal
voltage), indicates a degradation of circuit perfor-
mance .

Margin checking in peripherals is generally done
one logic row at a time. The method used for
monitoring the margin voltage differs from previous
DEC margin check methods. Since the PDP-9 and

MARGIN CHECK
MODE SWITCH

the section of logic under test have no effect on
the meter reading, and any drop between the logic
and meter is negligible since the meter current is
small, As shown in Figure 7-1, the margin voltage
line and the meter return line are connected to-
gether at the end of the system.

Figure 7-2 is a simplified schematic of the mainten-
ance control panel. A few points concerning the
circuitry follow:

a. The voltmeter is zero-center, and when the
MC switch is OFF, it reads zero.

SHORTING
PLUG AT END
OF BUS

MARGIN BUS
4
4

MARGIN
VOLTAGE
METER

V METER

ILOAD + IMETER ( 6A MAX) .

+10 FIXED IN PDP-9

— —

+M

IMETER
(1mA MAX)

|
|
!
I

|
(;—__]

MARGIN BUS
Janp

Figure 7-1

PDP-9/L systems are larger than the PDP-8 compu-
ter series, voltage drops in the margin lines are
significant. For this reason, margin voltage moni-
toring is done as close to the logic as possible, by
means of meter return lines. As shown in Figure 7-1,
a simplified schematic of the margining system, vol-~
tage drops between the variable power supply and

+10V

LOCAL
POWER
SUPPLY

—o
LOCAL
MARGIN
SWITCH

Margin Bus Voltage Drops

b. The variable supply has its output floating
until a margin check is made. At this time the
proper side of the supply is grounded.

c. The MC power supply provides the variable
dc voltage for margin checking. Up to 5A is
available at 20V from the margin check bus.



d. If the MC switch on a Maintenance Switch The cable used to connect the margin bus in the

Panel is inadvertently left in the MC position, while system has a male connector (Cinch=-Jones P306CCT)
the maintenance panel switch is OFF or margining at one end and female connector (S306CCT) at the
in another mode, the correct fixed voltage is sup~ other. The cable is called the BC10B margin check
plied to the logic through a margin voltage line. and remote control cable.

If this situation occurs, the following current is

available +10V line, 4A; =15V line, 5A.

e. The voltmeter shows the difference between

voltage level.

the variable supply and the fixed supply for each The power connector bracket used is DEC part
number 7005467 .

MC IN BLUE =15

MC INRED +10

MARGIN  BRACKET ASSEMBLY  "RIGHT" SHORTING
BUS (MARGIN WIRING)  MARGIN (DEC PART #
CABLE  (DEC PART#7005467) CHECK BUS 7005486)

—r A
i M f—< 69— €---<n
POWER
SUPPLY e -
+10VDC RED  ~ (16— #—< € <(2)
(Mg < € - - - <3¢
=15 VvDC BLUE
W e #—< € - - - <
(86— < (-‘A‘-«SH——J
66— — - - - <8
=t Grnorn < € e
-15|+10
MC [MC
VARIAC RS CONNECTOR BLOCK HEY
ABS FOR AMP FASTON CONNECTQRS
©15V REMOTE TURN ON
TO 836 OR 844 POWER
CONTROL WHEN USED ORN +10 MC
: SWITCH
+10Vv TO
UPPER ROW
r

VOLTMETER

']
1o

» 2% oF Logic
+10V FIXED RED (PIN &)

% l__] % | = r—@-l s

-15V FIXED o cisvTo

UPPER ROW
%% 0f Locic
+10V MC TO (PIN B)

FAN HOUSING

GRN -15V MC TO
FAN HOUSING
TO REST !'1o 2ndser

OF LOGIC OF MARGIN CHECK
SWITCHES

TYPICAL WIRING OF
TYPE 1943 OR SIMILAR
LOGIC PANEL

Figure 7-2  Margin Bus Circuit
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CHAPTER 8
THE PDP - 9 and PDP-9 /L
GROUND MESH SPECIFICATIONS

To keep electrical noise and potential differences
under control in the FDP-9 or PDP-9/L facility the
following ground system is recommended. Other
possible grounding methods may prove adequate
but serious consequences of an inadequate ground
system mean the user should consider carefully any
alternate system he provides.

Each cabinet should be fitted with ground lug termi-
nals connected together as shown in Figure 8-1 with
#4 gage copper wire or equivalent. Ordinary stranded

4 gage wire is adequate for this purpose, although
#4 gage welding cable (extra flexible stranding) may
be preferred by some. Upon installation, the pur-
chaser should supply a good earth ground connection
to the central processor through #4 gage copper wire
or equivalent. In general, an adequate earth ground
is provided by a steel beam of a building frame or a
large water pipe.

The type of the earth ground necessary depends on
the use of the system. A system involving a digital-
analog interface usually requires that the digital
system ground be connected to the analog system
ground at a single point, often at the analog-digital
interface. A good ground connection is usually re-
quired in these cases. In small systems where no
analog interface is involved, the grounding provided

by a large electrical conduit may be adequate, al-
though electrical conduit systems often are connected
together poorly in terms of a low resistance path to
ground. In large systems, additional connections to
earth ground may also be advisable. All of these
ground connections are additions to (not substitutes
for) the ground leads carried along through the vari-
ous signal buses (memory, I/O multiplexer and chan-
nel buses) and the ground conductors contained in

the power (main) cables. The green wire in the power
(mains) cable must also be returned to ground, usually
through the conduit of the electri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>