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CHAPTER 1 INTRODUCTION

1.1 SCOPE

This manual, the PDP11/40 System Manual, provides a general
introduction to the PDP11/49 svstem and includes sections on
installation, operation, the instruction set, ontions, mounting
and power, and maintenance. This overview is supnlerented with
references to other manuals in the PDP11/40 seriecs for detailed

explanations.

The PDP11/40 manuals provide the user with the theorv of operation
necessary to understand, operate, and maintain the PNDP11/40 Svstem.
These manuals reference asscciated engineerina drawinas, hoth

are Jlisted in Table 1-2. Please note that the associated drawinas
are separate volumes and documented by thelr Drawinv Directorv

numnber (not the manual number)}. Both volumes are necessary.

The level o©f discussion in each manual assumes that the reader

is familiar with basic digital computer theory. The maintenancn
nhilosophy presents information about normal syste onecration

and enabhles the user to recognize trouhle svrmntoms and ko nerform
necessary corrective action. Fach imiividual manual contairs theorv
of operation, diagrars, maintenance terchnirmes. Locic drawines for

the snecific component covered are cnntaired in sermarate volures,




This chapter describes the basic systemn components {paraaraph 1.2)
and provides a functional description of the overall PDP-11/40 system
and each of its major components (raraqraph 1.3). The remainder of
the chapter covers applicable documents {paragranh 1.4), engineerine

drawings (paragranh 1.5), and termirelogv (paracranh 1.7}
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1.2 SYSTEM COMPONEMNTS

The PDP-11/40 System consists of six hasic comronents: rrocessor,
programmer’s console, core menary, DECwritcer with associated
control, power sunplv, and mounting her. Possible wariaticn to

this basic system are listed in Tahle 1-1.

Options and peripherals added to the hasic PDP-11/40 Svstem
are covered in separate manuals delivered with the svstem,

Manuals are included only for those ontions snecificallv ordered

with an individual system.




Table 1-1

Possible PNDP-11/40 Variations

Yajor Compoenent

*ED11-2 Processor

*RY11-D Prograsmer’s

Consolea

Mo variations in hasic processor. Howsver,

af

e

Ppzgihle Variatiecns

Aner

the followina internal processcr antions cap

included: -
ER11-7 Exterded Instructior Set {T1a)
KN11-T Floating Instruction Set (TT19)

ET11-p Staclh Tinilt Reqgister

M1 -2 Maintencnce Module (conscle)

KT11+D Mernorv ¥Manacamront
{9¥11-L Line Freauency Tnterrurt Cleock

¥one



Table 1-1 (Cont)

Possible PDP-11/40 Variations

Major Component Possihle Variations

Core Memory MM11-L - 8¥X core mermory, 907 ns cycle time,

350 ns internal access time

*TMFT11-1, - MM11+1, memory plus backnlane,
space exists for two additional

MM11-Ls

ME11-1L - MM11-L memory plus backplane,
mounting box, and power supply

{(complete memory svstem)

MM11-S - MM11-L memory, interleaved, plus
backplane (mav be used for

expansion of memory ahove 24K)




Tahle 1-1 (Cont)

Possible PDP-11/40 Variations

Major Component Possihle Variatinns

Core Memory {Cont) OTTS
Memory ssrsters cormnatible with the

POP-11/20 mav alzo be used in the

PNP-11/4n. These memnries are:

M1 -E - 4K b 16 hit
M1 WF - 4K bv 16 hit
MM11-FP - 4K bhv 16 hit,
with narity
MM1T1 -4 - 1K hv 16 bhit

MM11.J - 2K bv 16 bit

These romories cannct bhe mounted within
or powered within the bhasic

PDP11/40 mountinag hox,



Major Component

DECwriter

Teletype Unit

Input Terminal

Control

Table 1-1

{Cont)

Possible PDP-11/4n Variations

**LA30

**33 ASR
33 KSR
35 ASR

35 KSR

DL11-A
DL11-B
DL11-C
DL11-D

DL11-1

Possihle Variatinns

Standard 97-character kevhecard.
Optional 128-character kevhoard
available. {(L230-8 is a serial
DECwriter and is controlled by
a DL11 control; LA3N-P is a
parallel DECwriter and is

controlled by an LC11 control.)

Each unit is availabhle in

120V or 240V nodels,

Teletyne, disnlav, or LA3N-S control
FIA terminal control
Teletyre, displav, or LA3N-S5 control
EIA terrinal control

Dataset control




Table 1-1 {(Cont)

Posgible PDP-11/40 Variations

Major Component Possihle Variations
KL11-8 Similar to KL11-A. Differ
KL11-C priparily in haud rates as
KL11-E descrihed in KL1%1 manual.
KL,L11-F
LC11 L230-P DECwriter control

Power Svstem *H742 Power Suonply (may he jurmnered for either

120V or 240V, 50/60 Hz)

*H744 +5V reculator, 25A (two normallv
suprlied with hasic svstem:; additional
unit may be included to handle svstem

optinns)

*H745 =15V regulator, 192 (two)

1-8



Table 1-1 (Cont)

Possible PDP-11/40 Variations

Major Component _ Possible Variations

*360 Power Control - mounted in top of

cabinet. Two versicons avalilabhle:

860A - requires 120V input

B60B -~ requires 240V input
Mounting Box *BA11-FC Mounting Box
* An asterisk indicates that this is the normal configuration
shipped with the basic machine, unless otherwise specified

by the customer.

* Either the LA30 DECwriter or the Teletype Unit may he used as

the basic PDP~11/40 Systewm input/output device.




1.3 FPUNCTIONAL DESCRIPTION

The PDP-11/40 is a 16-bit, general-purvose, parallel-logic,
microprogrammed computer using 1- and 2-address instructions

and 2s complement arithmetic. The system contains a variable
instruction length processor, which directlv addresses all of

cere memory. All communication among system components

(including processor, core memory, and peripherals) is performed
on a single high-speed bus, the Unibus. Because of the bus concept,
all peripherals are compatible, and device-to-device transfers

can be accomplished at the rate of 2,500,000 words-per-second. All
peripherals are in the basic system address space; therefore,

all instructions are I/0 instructions. All system components

and peripherals are linked by the Unihus and power connectors,
Subsequent paragraphs present a brief functional description

of basic PDP-11/40 System components. A functional description

of all processor options is presented in Chapter 4 of this manual.

1T-10



1.3.1 ‘Unibus

The Unibus is a single high-speed bus that provides communication
between system eﬁmponents. The Unibus, with bidirectiocnal data,
address, and control lines, allows data transfers between all

units on the bus with control of the bus an important factor in

these transfers. The fixed repertoire of bus operations is flexible
enough for speed and design economy, vet provides a fixed specification
for interfaces. The asynchronous nature of these operations also

eases design and operation. The repertoire of bus operations is:

DATI, DATIP, DATO, DATOB - data operations

INTR, PTR (BR, NPR) - control operations

Full 16-bit words or 8-bit bytes of informatién can be transferred
on the bus'betWeen the master and slave. The DATI, DATIP operations
transfer data into the master; the DATO, DATOR operations transfer
data out of the master. When a device is capable of hecoming bus
master and requests use of the bus, it is generally for one of

two purposes: to make a direct memory access (DMA} transfer of
‘data directly to, or from, another device without processor
intervention; or to interrupt (INTR} program execution and

force the processor to branch to a specific address where an

interrupt service routine is located.

Bus control is obtained under a non-procegsor request (NPR)

for the direct memory access (DMA) or under a bus regquest (BR)




for an interrupt (INTR}). A device can perform a DMA after
acquiring bus control by a BR: bus control acquisition is at a

lower priority.

Requests for the bus can be made at any tirme on the bus request
{BR)}) and non-processor request (MPR) lines. Transfer of bus control
from one device to another is made by the processor priority
arbitration logic which grants control of the bus to the device
having the highest priority. The NPR’s are serviced before and
directly after Unibus data cycles, in addition to specific times
during WAIT or TRAP sequences, The BR’s are serviced at the end

of the instruction if the requesting priority exceeds that of the

Processor.

The processcr has a special role in bus contrel operations as
it performs the priority arbitration to select the next bus
master. The processor assumes bus control when no other dev ice

has control.

The Unibus originates in the processor with the Internal Unibus

and Terminator modulé (M981} that carries the Unibus from the

processor to the next system unit. All 56 Unibus signalg and

17 grounds are carried in this one module. In addition, a 120-conductor
Flexprint cable mav be used to connect system units in different
mounting hoxes or to connect a veripheral device removed from

the mounting box.



A complete description of the Unibus, including specifications,
is presented in the PDP-11 Peripherals and Interfacing

Handbook.




1.3.2 KD11-A Processor

The KD11=A Processor decodes instructions, modifies data, makes
decisions, and controls allocation of the Unibus among external
devices. The processor contains eight hardware programming
registers which are used as arithmetic accumulators, index
register, auvtoincrement and autodecrement registers, and stack
peinter registers. Two registers are specifically used for

the processor:s program counter (PC) and stack pointer (SP).

Because of the flexibility of hardware registers, address modes,
instruction set, and direct memory access, PDP-11/40 programs are
written in directly relocatable codes. The processor alse includes
a full complement of instructions that manipulate byvte operands,
including provisiocns for byte swapping. Either words or bytes mav

be displaved on the vprogrammer’s console.

Any of the eight internal registers can be used to huild last-in,
first~out stacks. One register serves as a processor {or machine)
stack pointer for automatic stacking. This stack handling
capability permits save and restore of the program counter and
status word in conjunction with subroutine calls and interrupts.
This feature allows true reentrant codes and automatic nesting of
subroutines. Addition of the KJ11 Stack Limit Register Option
permits alteration of the stack overflow limit and provides both

warning (vellow) and fatal (red) stack error indications.



The Unibus is used by the processor and all peripheral devices;
therefore, there must be a priority structure to determine which
device hecomes bus master. A device generally reqguests use of
the bus to make a nonprecessor transfer of data directlv to or
from memory, or to interrunt program execution and force the
processor to branch to an interrupt service routine. A
nonprocessor request (NPR) is granted hy the processor at the
end of bus cycles and allows device-to-device data transfers
without processor intervention. A bus reguest (BR} is granted
by the processor at the end of an instruction and alleows the
device to interrupt the current processor task. The entire

instruction set is then availahle for manipulating device registers.

The processor recognizes four levels of hardware hus requests;
each major level contains sublevels. Many devices can be

attached on each major level with the device that is electrically
closest to the processor given priority over other devices on the
same priority level. The priority level of the processor itself is
programmable within the hardware levels; therefore, a running

program can select the priority level of permissible interrunts.

Additional speed and power are added to the interrupt structure
through the use of the PDP-11/40 fully vectored interrunt schere.
With vectored interrunts, the device identifies itself, and a
unigue interrupt service routine is automatically selected hy

the processor. This eliminates device polling, and permits

nesting of device service routines. The device interrupt

1-15




priority and service routine priority are independent to allow )
dynamic adjustment of system hehavior in resnonse to real-time

conditions,

The address mapring of the system is dependent on the three
most significant bits of the 16 hits in the KD11-A processor
address for the basic processor. If these hits are all 1s, the
two most siqgnificant bits of the Unibus address are forced to
1s: otherwise, the two most gigrificant hits of the 18-hit
Unibus address are forced to 0s. The KT11-D Memory Management
Option coverts these 16-hit addresses into full 18-bit

phvsical Unibus addresses.

A detailed description of the processor is presented in the "y}

KD1t Processor Manual,;, DEC-11-HKDAA-A-D,



1.3.3 K¥Y11-D Programmer’s Conscle

The KY11-D Programmer®s Console provides the programmer with a
direct system interface. The console allows the user to start,
stop, lcad, modify, step, cr continue a program. Conscle
displavs indicate data and address as well as which device

is controlling the bus; thus, operations can be monitored.

The programmer’s console interacts with the processor, with
microprogram control for the processor operation leocated in

the processor. The console containg only indicateors (light
emitting diodes), switches, and the contact bounce filtering
circuits for the control switches. Console operation does reguire
certain Unibus operations through the processor: DATO for DEP
and DATI for EXAM, For single-step operation, the processor
responds to a console bus reguest (CBR). The CBR priority
supersedes all other BR pricrities. Note that use of the KMT1
Maintenance Console option provides further display of machine

states and allows single microstate stepring.

The programmer’s console is mounted as the front panel of the
B211-FC mounting box and is connected to the processor by means

of twc cables.

Console operation, including descriptions of all controls and
indicators, is presented in Chapter 3 of this manual. Detailed
descriptions of console logic circuits are covered in the KD11

Processor Manual, DEC-11-HKDAA-A-D.

117




1.3.4 MF11-1L Core Memory

The MF11-L Core Memory used in the PDP-11/40 System is a random
access, coincident current, magnetic core, read/write memory
with a cycle time of 900 ns and an internal access tire of

350 ns. The memory consists of ferrite cores wired in a planar
3-D, 3-wire configuratioﬁ that uses a shared sense/inhihit line.
The kasic memory unit consists of the backnlane and three
modules capable of storing 8192 (8K} 16-kit words. Provision
for additional memory is made by this 9-slot, 2-system unit
equivalent backplane. Two MM11-Ls, each consisting of three

modules providing 8192 {8K) words, can be added,

The core memory uses the Unibus for data transfers to and from
the processor and cother devices; however, core memory is never
bus master. Because the memorv is always a slave device, a
DATO or DATCR indicates information transferred out of the
master into the memory. Because of the Unibus structure, the
memory can he directly addressed by the processor or any

other master device; every locatior in core can functicn as

a true arithmetic accunulator.

The menory does not enter the priority structure hecause it is
never hus master. The master device, however, can recuest usc of
the memory through either a bus reauest (BP) or a non-nrocessor
recuest (MPP}. Because the memory is comrletely independent of

the processor, any master device can perforrm direct data transfers

with memory without processor intervention.

1-18
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A detailed description of the memory is presented in the ME11-L
Core Memory manual, DEC-11-HMELA-A-D, Note that the ME11-L is
basically an MF11-L with the addition of a mounting box and power

supply.

Note that the instruction timing specified for the PDP-11/40 System
applies only for the MF11-L and MM11-5 memories. These memories
employ a special MSYN signal hetween the processor and the

rnenory housed in the same mounting box.




1.3.5 Optional Memory Systems

There are two types of optional memory svstems that may be
used with the PDP-11/40 System: c¢ore memories similar to the
MM11-1., and core memories used with other membars of the

PDP-11 family.

There are four memory systems similar to the MM11-L. The prime

difference is packaging. These four memories are:

MM11-L - BK by 16 hit, 900 ns cycle time,

modules and stack only.

MF11-L - MM11-L memory plus backolane
accomodating three MM11-L memories

in a double system unit.

ME11-L - Complete memnory system consisting of
MM11-L memory, backplane, mounting box,

and power suprly.

MM11-S - MM11-1, memory singularly in a single

system unit.

There are five core memories desianed for use with the PDP=11/20
System that mav be used, if desired, with the PDP-11/40 System
provided they are powered by H720 type power supnlies. These

memories are:

e
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MM11-E - 4K by 16 bit, 1.2 us access time
MM11-F - 4K by 16 bit, 950 ns access time
MM11-FP - an MM11~F with parity opticn included
MM11-H - 1K by 16 bit, 950 ns access time
MM11=-J - 2K by 16 bit, 950 ns access time

Both the MM11=-E and MM11-F memories may be expanded up to 28K

in 4K increments. Each 8K segment may be interleaved.




1.3.6 DECwriter System

The LC11 DECwriter System is a high-speed teletypewriter system
designed to interface wit@ the PPP-11 family of processors to
provide both input (keyboard) and output (printer) functions

for the system. It can be used as the console input/output device.
The system can receive characters from the keybaord or can print
at speeds up to 30 characters per second in standard ASCII formats.
The LC11 System consists of two distinct components: an LA30
DECwriter and a DEC PDP-11 interface unit, which is referred to

as the LC11 Controller.

The TLA30 DECwriter is a dot matrix impact printer and keyboard
for use as a full-scale hard copy I/0 terminal teletypewriter.
The kevboard is either 97 or 128 characters. The print set is
64 ASCTII characters, 80 characters per line, 10 characters

per inch.

The LC11 Controller is the interface between the DECwriter and
the PDP-11 Unibus. It controls data transfers between the
DECwriter and other devices in the system. It also monitors
print status, indicates when the kevboard buffer is full,

and enables the interrupt logic.

The LC11 controller consists of a single quad module that can be
mounted in the processor small peripheral controller slot. The

IA30 DECwriter is covered in detail in the LA30 DECwriter manual,



DEC~-00-LA30-DA and the LC11 is covered in the LC11 DECwriter

System manual, DEC-11-HLCB-D.

Note that the LC11 Controller is onlv used with the LA3N-P
parallel word DECwriter. If an LA30-S serial word DECwriter

is used, it is controlled by the DL11 interface.




1.3.7. DL11 Asynchronous Line Interface

The DL11 Asvnchronous Line Interface provides an interface hetwaen

a communications device, such as a Telet'pe, and the PDP-11/40
Unibus. Serial information read or written bv the device is

assembled or disassembled by the control for parallel transfer

to, or from, the Unibus. The control also formats the data from

the Unibus so that it is in the format required hy the device.

The interface provides the flags that initiate these data

transfers and cause a priority interrupt to indicate the availabhility
of the device. The DL11 is used when a Teletype is used as a

system input/output device. It is also usedlwith cther types of

communications devices such as datasets.

The interface transfers data via processor DATI and DATOR bhus
cycles. Although a DATO can be used, normal operaticn consists

of a DATOR transfer hecause the device and the interface handle

by te, rather.than word, data. The interface can acquire bus control
by a bus request (BR)}) and is normally set at the BR4 priority
level. Because the interface operates by a means of an interrupt,

no non-processor request (NPR) can he made.

There are five available DL11 interface cptions (DL11-A through
DI.11-E) in order to provide the flexibility needed to handle a
variety of terminals. For example, the user can select an option
for interfacing a Teletype or display keyboard, for handling

EIA data, or for handling dataset devices. In addition, demending



on the option used, the user has a choice of line speeds,

character size, stop-code length, and parity.

The DL11 interface consists of a single quad module. This
module contains address selection logic for decoding the
incoming bus address, an interrupt control for generating the
interrupt, and receiver/transmitter logic that performs the
conversiocn and formatting functions. The interface can

be mounted in a standard processor small peripheral controller

slot.

A detailed description of the DL11 interface is presented in

the DL11 Asynchronous Line manual, DEC-11-HDLAA-A-D.




1.3.8 Power Svstem ’)

The PDP-11/40 Power Systen provides power for ths basic systenm
and for expansion units {e.g., extra memory or device interfaces)
mounted within the basic BA11-FC mounting box, PExpansion within

the box is limited by space and availab le power.

The basic power system consists of a base H742 power supply;
two H745 =15V regulators, and two H744 15V requlators. There

is additional space in the H742 base power system for an
additional power regulator unit {either H744 or H745) depending

on the requirments of the particular system.

All regulated cutputs are protected with current limiting Mﬁ
circuits. In addition, a crowhar overvoltage circuit protects r
the +5Y output and the -153V output. An unrequlated, partially

filtered 15V output is supplied for the indicators on the

programmer *s console.

In addition te voltage, other outputs are provided by the power
system: a line frequency signal, a DC LO logic signal, and an

AC LO logic signal. The line frequency siarnal, which is a sine
wave clipped at both ground and 45V, is used by the line frequency
interrupt clock option (KW11-L) within the processor. The DC LO
signal indicates that the dec¢ voltage outputs are not at the proper

value; the AC LO signal indicates insufficient ac voltage.



The basic power system is controlled by a cabinet-mounted B60
power control unit. This power control unit provides thermal and

overload protection for the base power supply. Overloads in the
switched ac line are handled by a circuit breaker and a thermal
switch removes input power in the event of excessive heat or
fire. The power control, which is controlled by the OFF/PWR/PANEL
LOCK switch on the console, applies pwwer to the base H742 power

supply and to the cabinet ac power connectors.




1.4 APPLICABLE DOCUMENTATION

PDP-11 documents related tc the PDP-11/40 System are listed in
Table 1-2 in two main categories: general handbooks and PDP=-11/40
System manuals. System manuals cover the hardware manuals
specifically related to the PDP-11/40 and have associated
engineering drawings. General documentation covers overall

PDP-11 system descriptions, instruction set, addressing modes,
basic logic mdoules, Unibus description, interfacing information.
Also coverad is general software documentation covering hasic
programsg necessary for developinag, loading, running, and
diagnostic applications. A current list of other available

programs may be obtained from the DEC program library.

Both the PDP-11/40 series of manuals and the general handbooks
nust bhe used together for a complete understanding of PDP-11,/40
systems. The prime subject of this series is the processor

and related internal cptions unique to the PDP-11/40 svystem.

Other handboocks discuss the Unibus used to connect the processor
tec peripherals, the peripherals therselves, and programming
information. A detailed hardware descrintion of each peripheral

is provided in its assoclated hardware maintenance manual supplied

with the peripheral.

—
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Table 1-2

Applicable Documents

Associated
Title Drawing Set Description

PDP-11/40 Processor | N/A A general PDP-11/40

Handbook System handbook covering

DEC,1972 system architecture,
addressing modes, the
instruction set, pro-
gramming technigques,
memory management,
internal processor
bptions, console
operation, and system
specifications.

PDP=11 Peripherals N/2 A general peripheral

and Interfacing interface handhook.

Handbook The first part is

DEC, 1972 devoted to a discussion

of the various peripherals
used with PDP-11

Systems. The second

pért provides detailed
theory, flow, and loqgic

{continued next page)
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Title

Logic Handb ook

DEC, 1972

Table 1-2 (Cont)

Applicable Documents

Associated

Drawing Set

N/2&

ak
1

30

Description

descriptions of

the Unibus and
external device logic:
methods of interface
construction; and
examples of tvpical

interfaces,

Presents functions

and specifications

of the M-series logic
modules and accessories
used in PDP-11 inter-
facing {inciudes other
tymes of logic produced
by DEC but not used

with the PDP-11.

o



Tabhle 1-2 (Cont)

Applicable Documents

Associated
Title Drawine Seot
Paper-Tave Scftware N/2
Programmineg
Handhook
DEC-11-GGPR-D
4
PDE-11/40 Systenm PPP-11/40 Svstens

Manual

DEC=-11-H4N5A

Nascrintion

Detailed discussinn
nf the PRP~11 soft-
ware svstem used to
lead, durmn, edit,
asgsemhle, and debua
PNP-11 nroaqrams;
inont/outrur nro-
aramminT: ard the
Ffleoatine »neint and

math rnackaon,

A reneral irntrm-
duction +o *the

basic PPP-11/40
system includina
sections on in-
stallation, operation,
andd the instruction
set. Also nrovides
detalled information,
includine mairtenance,
of the svstem nower

sunnlv,




Title

KDh11 Processor
Manual

DEC~11-HEDAR-A-D

ME11-1L Core Merory
Mfanual

DREC-11-1IMELA=-A-D

Table 1-2 (Cont)

Anrlicable Docurments

Nggociated

Drawina Set

PRP-11/40N Svatenrs

Descrintion

~

Block diaaram die-

cussion, F1
discussinon,
i

Lo RN

naintenance

ow diaaram

thoorss

onoration, and

For thn

EN11-n processor,

XKY11-D nrocrammer®s

conscln, XT11 stacl

lirit rrais

¥911-1, line

~clochy ontin

PDP-11/40 Svstem

ter ortinn,
fremiencv

n, anfl

M1 mairtenance

consale ontion,

General des

detnailed de

crintion,

scrintion,

and maintenance of

the MIP1.1,
(1Tote that
the remory
11 -1, the

{contirued

core remorv,
ME11-I, is
sveaber;
hasic

next naqge)

W
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Title

DL11 Asynchronous
Line Interface
Manual

DEC=-11-HDLAA-A-D

Table 1-2 {Cont)

Applicable Documents

Associated

Drawing Set

PDP=-11/40 System

Description

core memory. The
MF11-L uses the
backplane and

core memorf of the
ME11-L without the

box and power supply.

Installation, con-
figuration, programming,
and theory of opéra-
tion of the DL11
interface. Covers DL11-2
throuah DL11-E.

The DL11-A or C is
normally used as a
control for the

Teletype of LA30-8

DECwriter bhut the

DL11 can be used for

a variety of com-

munications devices.




Title

KET1 Instruction
Set Optiocns
Manual

DEC~11-HKEFA~A-D

KT11-D Memory
Management
Option Manual

DEC~11-HKTDA-A-D

Table 1-2 (Cont)

Applicable Documents

Asgeciated

Drawing Set

KE11-E Extended
Instruction Set
(EIS) Option and
KE11-F Floating
Instruction Set

{FIZ8) Option

KT11-D Memory

Management

34

—
1

Description

Algorithms, data

programming, theory

of operation, and

maintenance for

KF11=-E Extended

- Instruction Set

option and the
KE11-F Floating
Instruction Set

otnion,.

Operation, programming,

the

(EIS}

(FIS)

and detailed theory

of operation for

KT11-0 Memory

the

Management option,

it



Title

LA3O DECwriter

LC1T1 DECwriter

System Manual

Tahle 1-2 (Cont)

Applicable Documents

Associated

Drawing Set

Manual DEC-00-LA30-DA

DEC-11-HLCB-D

Description

Presents a detailed
discussion of the
DECwriter including
installation, opera-
tion, principles of
operation, maintenance,
trouhleshooting, and

engineering drawings.

Provides general and
detailed descriptions,
proqgramming, and
operaticn for the

LC11 DECwriter
interface. The

LC11 is used when an
LA30-P (parallel)
DhCwriter is used as
a system innut/output

device.




Title

KL11 Teletype

Control Manual

Automatic Send-
Receive Sets,

Manual

Takle 1-2 (Cont}

Applicable Documents

Asgsociated

Drawing Set

DEC=-11~HR4C=D

Bulletin 2738,

two volumes,

Teletype Corp.

—
i

36

Descrintion

Provides general and
detailed descriptions,
programming, ad-
justments, and main-
tenance for the KLi1
Teletyne Control that
may be used instead of

the'DL11 Control.

Describes operation
and maintenance of
the Model 33 ASPR
Teletype unit that
can be used as an
input/output device
with the PDP-11/490
Svstem. Comparable
manuals available for

other Teletype models.



Title

Model 33 Page
Printer Set,

Parts

Table 1-2 (Cont)

Applicable Documents

Associated

Drawing Set

Bulletin 1184B,

Teletype Corp.

Description

Contaiﬁs an illustrated
parts breakdown to serve
as a guide for dis-
assembly, reassembly,
and parts ordering for
the Model 33 ASR
Teletype Unit.
Comparable manuéls
available for other

Teletype models.




1.5 ENGINEERING DRAWINGS

A complete set of engineering drawings and module circuit schematics

is provided with each PDP=-1%/40 System. These prints sets were

noted in Table 1-2 of paragraph 1-4 either under a Drawing Directory

reference or as a second volume to the Maintenance Manual. The

engineering drawings are necessary and interrelate with the

manual discussion. The DDI (Drawing Directory Index) provides a

list of prints included in the set and includes drawing number,

title, and revision numbers.

An ¥ in the column

labled CUSTOMER

PRINT SET indicates each drawing that is provided for the customer.

IThe 1972 DEC Logic Handbook contains general logic symbols used

on DEC drawings. A more detailed discussion of drawinq set

cgonventions is contained in the KED11 Processor Manual,

DEC-11~HKDAA~A-D with this convention directly applicable to the

processor and processor options of the PDP-11/4

An overall corporate convention is useful in id

and is noted helow:

Original drawing size

Drawing type

D-CS-M7233-0-1

0.

entifyinag prints

Series

Manufacturing variation
Module type, eaquipment
tvype, or a 7-digit

DEC part number.

fa



-,

CS¢ Circuit schematic
BS: Block schematic
BD: Block diagram

FD: Flow diagram

DD: Drawing directory
MU: Module utilization
AD: ~Assembly drawing
UA: Unit Assembly

WL: Wire list

PL.: Parts list

AL: Accessory list
In addition to the basic drawing number, a second typve of number
is used with logic drawings. It consists of a 3-digit number

located in the title block. For example:

KT

1
L

XKT11~D Option drawing set Sheet 3 of this specific drawing set

The processor drawing set uses a number designation for each
module. Thus, X2-4 indicates sheet 4 of the K2 drawing set.
K2 indicates the U WORD drawing set. Processor drawing set
designations are listed in the EKD171~A Processor Manual along
with a description éf the flow chart and légic diagram

conventions.
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CHAPTER 2 INSTALLATION

2.1 SCOPE

This chapter provides installation infeormation and recommendations
to ensure proper installation, and subsequent operation of the

PDP«11/40 System,

Only installation of the basic PDP=11/40 System and processor

options is included in this chapter. A section on installation

of periphefals is not provided because of the modular and Unibus
concepts of the system. To install a peripheral, for example, it

is usually only necessary to insert the iﬁterface module{s) into

the basgsic system mounting box and connect appropriate cabling

between the interface and the peripheral. Installation and maintenance

of the peripheral itself is normally covered in associated manuals.

It is recommended that sufficient time be given to site planning
and preparation with particular attention given to the user’s
specific system configuration especially if a larae number of

peripherals are part of the system,

There are two DEC documents that aid in proper site planning:
the PDP=11 Configuration Worksheet and the PDP=11 Site Preparation

Worksheet.




The configuration worksheet permits the user to lav out the
system prior to ordering sco that he is aware of drawer layout,
cabinet layout, and Unibus interconnecticon. This ensures that
the proper number of drawers and cabinets are used and that

Unibus length is sufficient for the system.

The Site PREPARATION Worksheet permits the user to determine

the power reguirements, environmental preparations, and phvsical
arrangenent of his system. The worksheet provides data on
operating environment, power requirements, service and access
requirenents, and physical specifications for the basic system

and available peripherals.

A final layout plan should be approved jointlv by the user and
DEC prior to delivery of equipment. It is recommended that any
modifications to the installation site be effected prior to

shipment and installation of the svstem,

DEC Sales Engineers and Field Service Engineers are available for
consultation and planning and it is receommended that a gualified
DEC representative either install the system, or be present during

the installation process.

2-2
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2.2 SITE PREPARATION

Adequate site planning and preparation can greatly simplify the
installation process, resulting in more efficient and reliable
PDP=11/40 installation. DEC Sales Engineers and Field Service
Engineers are available for consultation and planning with
customer representatives regarding objectives, course of action,
and progress of the installation, The information in this

paragraph is provided primarily to permit review of the site planning.




2.2.1 Physical Dimensions

The overall dimensions and total weight of the particular
PDP=-11/40 System as well &s dimensions, weights, and cable
lengths of anv optional cabinets and free=-standinug peripherals

should be known prior to shipment of the eguipment.

The route the equipment is to travel from the customer receiving
area to the installation site should be studied and measurements
of doors, passageways, etc. should be taken to facilitate
delivery of equipment. All measurements and floor plans should

he submitted to the DEC Sales Engineer and DEC Field Service to
ensure that the edguipment is packed to suit the installation gite
facilities. Any restrictions {(such as bends or obstructions in

ahliwavs, etc.} should bhe reported to DEC.

If an elevator is to be used for transferring the PNP=11/4D
and its related equipment to the installation site, DEC
should be notified of the size and gross weight limitations

so that the equipment can bhe shipped accordingly.

Installation site space requirements are determined by the
specific system configuration to be installed and, when
aprlicable, provision for future exransion., To determine

the exact area required for a specific configquration, a
machine=room floor plan layout can be helpful., When applicable,

space should be provided in the machine room for storage of



s

tape reels, printer forms, card files, etc. The integration
of the work area with storage area can be considered in relation to

the work flow requirements between areas.

In large installations where test equipment is maintained, DEC
recommends that the test equipment storage area bhe within or

adjacent to the machine room.

Operational reguirements determine the specific location of

the various options and free-standing peripﬁerals of the system.
Dimensions, weights and cable lengths of free-standing peripheral
equipment must be known prior to installation; preferably

during site preparation and planning. The system peripherals

‘must not be located at distances from the basic system where

connecting cables exceed maximum limits. The following points

should be considered when planning the PDP=11/40 layout:

3. Ease of visual observaticon of input/output

devices by operating personnel.

Ira Adequate work area for installing tapes,

access to console, etc.

Ce Space availability for contemplated future

expansion.




d. Proximity of the cabinets to peripherals.

8. Proximity of cabinets and perinherals to any
humidity controlling or air conditioning

equipment.

The final layout should be reviewed by the DEC Sales Endineer,
DEC Field Service, and in=house engineering personnel to ensure
that cable limitations have not been exceeded and that proper

clearances have been maintained.



2.2.2 Fire and Safety Precautions

The following fire and safety precautions are presented as an
aid in providing an installation that affords adeauate operational

safequards for personnel and system components,

a. If an overhead sprinkler system is used, a
f¢dry pipe®’ system is recommended. This type
of system, upon detection of a fire, removes
socurce powexr to the room and then opens a
master valve to fill the room’s overhead

sprinklers.

b. If the fire detection system is the tyne that
shuts off the power to the installation, a
battery~operated emergency light source should

be provided.

C. If an automatic carbonsdioxide fire protection
system is used, an alarm should sound prior to
release of the CO to warn personnel within the

2
installation,

d. If power connections are made heneath the floor
of a raised=flcor installation, waterproof
electrical receptacles and connections should

be used.




€.

An adequate earth ground connection should be provided

for the protection of operating personnel.
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2.2,3 Environmental Requirements

An ideal computer room type environment has an air distribution
system which provides cool, well-filtered, humidified air. The
room air pressure should be kept higher than that of adjacent

areas to prevent dust infiltration.




2.2.3,1 Humidity and Temperature - The PDP=11/40 electironics
are designed to operate in a temperature range of from 50 T
(10°cy to 122°F (50°C) at a relative humidity of 20 to 953
without condensation. However, typical systen configurations
that use I/0 devices such as magnetic tape units, card readers,
etc., recquire an operational temperature range of from GOOF
(15°C) to 80°F (27°C) with 40 to 60% relative humidity.

Mominal operating conditions for a typical svstem confiquration

[l [As .
are a tenperature of 70 F (20 C) and a relative hurmidity of 45%.



2,2.3.2 Air Conditioning ~ When used, computer room aireconditioning
equipment should conform to the requirements of the ¢*Standard for
the Installation of Air Conditioning nad Ventilating Systems
(noneresidential) *?®, N.F.P.A Mumber 90A; as well as the requirements

of the **Standard for Electronic Computer Systems®?’, N.F.P.A,

Number 75.




2:.2.3.3 Acoustical Damping - Some perinheral devices {such

as line printers and magnetic tape transports) are quite noisy.
In installations that use a group of high noise level devices,
an acoustically damped ceiling reduces the noise. Operator

comfort and efficiency is a major concern here.



ot

2.2.3.4 Lighting -~ If cathode=~ray tube (CRT)} peripheral devices
are part of the system, the illumination surrounding these
peripherals should be reduced to enable the operator to

conveniently observe the display.

2=13




2.2.3.5 Special Mounting Conditions — If the PDP=11/40 is

to be subjected to rolling, pitching, or vibration of the
mounting surface ({e.g., abhcard a ship), the cahbinets should he
securely anchored to the installation floor by mounting bolts.,
Since such installations reguire modifications to the system
cabinets, DEC must be notified upon placement of the order so

that necessary modifications can be made.



2.2.3.96 Static Blectricity — Static electricity can be an
annoyance to perscnnel and can, in extreme cases, affect the
operational characteristics of the PDP=11/40 System and related
peripherals, If carpeting is installed on the installation room
floor, it should be of a type designed to minimize the effects
of static electricity. Flooring consisting of metal panels, or

flooring with metal edges, should be adequately grounded.




2.2.4 Electrical Reguirements

The PDP-11/40 can be operated from a nominal 115V, 50/60 Hz
or 230V, 50/60 Hz ac power source. The primary ac operaticnal

voltages should be maintained within the defined tolerances.

Line voltage tolerance should be maintained within 19% of
the nominal value and the 50/60 Hz line freguency should not

vary more than 3 Hz,

Primary power to the system should be provided on a line senarate
from lighting, air~-conditioning, etc,, so that computer

operation is not affected by voltage surges or fluctuations.

The PDP-11/40 cabinet grounding point should bhe connected to
the building power transformer ground or to the building ground
poirt. Direct any questions regarding power requirements and
installation wiring to the DEC Sales Engineer or Field Service

Engineer.

Primary power outlets at the installation site must be
compatible with the PDP-11/40 primary power input connectors.
The PDP=11/40 basic system requires onlv one recentacle,

Figure 2=1 shows the ac plug.



NOTE:
Hubbell 2610
Nema L5-30P (plug)

LS-30R (raceptacie}

115V, OR 230V, 60H2,5INGLE-PHASE 30A
(PIN VIEW OF MALE PLUG)

FRAME GROUND
(GREEN)

NEUTRAL
CR

RETURN
{(WHITE}

PHASE
{BLACK)

11-1134

Figure 2-1 PDP-11/40 Comnector
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2.3 INSTALLATION PROCEDURES

The procedures presented in the fellowing paragraphs are
provided to assist in unpacking, inspection, and installation

of the PDP-11/40 System and associated processor options.

CAUTION
Do not attempt to install the system
until DEC has bheen notified and a DEC

Field Service Representative is present,




2.3.1 Unpacking

Before unpacking the equipment, check the shipment against the
packing list provided. Check that the correct number of packages
has been delivered and that each package contains all the items
listed on the accompanying packing slip. Also, check that all

items on the accessories 1list in the Customer Acceptance Procedures
have been included in the shipment. Unpack the cabinets as

described in the following procedure.

N



Step Procedure
1 Remove outer shipping container.

MNOTE
The container may be either heavy
corrugated cardboard or plyvwood,
In either case remove all metal
straps first and then remove anv
fasteners and cleats securina the
container to the skid. If applicahble,
remove wood framing and supports

from around the cabinet perimeter.
2 Remove the polyethvlene cover from the cabinets,

3 Remove the tape or plastic shipping nins, as applicable,

from the cabinet({s) rear access door{s).

4 Unbolt cabinet(s) from the shinping skid. Access to
the bolts, located on the lower supporting siderails,
is facilitated by opening the access door(s). Remove

the holts.

5 Raise the leveling feet so that thev are abhove the

level of the rolle-around casters,

[R%]
B
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Use wood blocks and planks to form a ramn from the
skid to the floor and carefully roll the cabinet onto

the floor.
Roll the system to the proner lecation for installation,

If applicable, repeat Steps 1 through 7 for the expansion w

cabinets.
When the cabinets are oriented prorerly follow the

procedure of Paragraphs 2.3.2 and 2.3.3 to install the

cabinet{s).

#
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2.3.2  INSPECTION

After removing the equipment packing material, inspect the
equipment, and report any damage to the local DEC slaes office.

Inspect as follows:
Step Procedure

1 Insnect external surfaces of the cabinets and related

equipments for surface, bezel, switch, and light damage, etc.

2 Remove the shipring bolts from the rear door, then open
the rear door of the cahinet, and internally inspect
the cabinet for conscle, processor, and interconnedting
cable damage; loose mounting rails, loose or hroken
modules, hlower or fan damage, anv loose nuts, bolts,

screws, etc,

3 Inspect the wiring side of the logic panels for bent nins,

hroken wires, loose external cormwonents and foreisn material.

4 Inspect the power supnlv for prorer seating of fuses

and power connections.




Step Procedure

5 Inspect all peripheral eguipment for internal and
external damage. This includes insvection of
magnetic tape and DECtape transport heads, motors,

paper=~tape sprockets, etc,

CAUTION
Do not operate any peripheral device
which employs motors, tape heads,
sprockets, etc,, if thev appear to

be damaged in shipment.

S
]
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2.3.3 Cabhinet Installation

"The PDP=-11/40 cabinets are provided with roll-around casters
and adjustable leveling feet, It is not necessarv to holt

the cabinet to the rmounting floor unless conditions indicate
otherwise {(e.qg., shipboard installation}. Cabinet installation

procedures are as follows:

NOTE
In multiple cabinet installation,
receiving restrictions mav necessitate
shivping cabinets individually or in
vairs. In such cases the cabinets are

connected at the installation site,

Step Preocedure

1 ith the cabinets positioned in the room, install
11952=GA filler strips hetween cabinet groups
(filler strips are shipped attached to the erd
of a cabinet group). Remove 4 bolts each from
the front and rear filler strips. Butt the
cabinet groups together while holding the
filler strips in place and reholt throuqgh
both cabinets and the filler strips ({see
Drawing C=UA=H952-G=0). Do not tighten the

holts securely at this time.




Lower the leveling feet so that the cahinet(s)
are not resting on the roll-around casters but

are supported on the leveling feet.

Use a spirit level to level all cabinets and ensure

that all leveling feet are firm acainst the floor.

Tighten the bolts that secure the cahinet groups
together and then recheck the cahinet leveling.
Acain ensure that all leveling feet are planted

firmly on the floor

Femove the shipping bracket that secures the

extendable BA11=-FC Mounting Box in the cabinet.

2=24
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2.3.4 Ac Power Connections

A 3-wire cable is used to connect the site source power to the
power contrecl in the top of the H940=-C cabinet (see Figqure 2-1
for connector type). The cable is connected at the factory for
either'230v, 50 Hz or 115V, 60 Hz operation. Most cabinets in
a PDP~11/40 system include a power contreol and a single ac

power cab le; power is distributed within the cabinet from the

power control,.

Power cables are intended to he connected to a site power

systen that provides ac power on a single-rhase, 2-wire plus
qround systent. One of the two wires should maintain a constant
{(neutral) voltage, while the supply voltage is developed on

the other (phase) wire,

The cabinets should he grounded to an earth ground, with
ground straps connecting all the cahinets to each other.

In addition, the frame ground wire in each power cahle
connects the cabinet ground systert to the site power svstenm

ground.

The.power controls in all the cabinets are connected together
to rovide a central control of power turn=on ond turn-coff.
These connections require that the phase of tho voltage
gupplied to each power control he the same as the phase of
the voltage supnlicd to all other power controls in the

sare svsten,




Before connecting any power cables to the site source power,
check all customer wiring. Ensure that power receptacles of the
appropriate types have been provided for each cabinet, and that
the receptacles are positioned close enough to the cabinet
positions to allow connecting the cabhles without stretching

or crossing the cables. In particular, check that the phase

and neutral wires have heen connected to the same pins in

each receptacle, so that all cabinet power controls receive

the same voltage phase.,



T

2.3.5 Intercabinet Connections

When a multi=cabinet system is assembled, three types of electrical
connections mist be made between cabinets (see Paragraph 2.3.3

for mechanical connections). These connections are:

d.a Unibkbus connections — a BC11-A cable rust connect
the last system unit in a cahinet to the first

system unit in the next cabinet,

b, Remote power connections -~ all cabinet power controls
are connected to a 3-wire control bus that provides

for system turne-on and turn=-off, and

c. Ground strapping - the frame ground of the system
is distributed through the cabinets by direct

electrical connections between the cabinet frames.




2.3.5.1 Unibus Connections w.To connect the Unibhus between the
H960-C cabinet and an H960«D Expansion Cabinet, insert the

BC11=A c¢able in the rear system unit slot of the BA11=-FC

mounting box of the H$60-C Cabinet., The cable then runs through

a cablé clamp in the upper left corner at the rear of the BA11-FC
mounting box, and is passed under the power supply mounting rails
into the next cabinet. In the H960=D cabinet, the cahle passes
through a gimilar cabkle ciamp, and is inserted in the appropriate
slot of the first system unit of the mounting hox. The BA11=FC

is noted above as an example, other mounting boxes might bhe

the last box,.



2.3.5.2 Remote Power Connections — Each cabinet in the sys%em
has one 860 power contrel. All the power controls are connected
bv a 3-wire bus that carries a remote turn-on signal, an
emergency turn=off signal, and a control ground; there are
three Mate-N-Lok connectors on each power control for the
3ewire bus. A cable is supplied with each cahinet to connect
the power control of that cabinet to the next cahinet. Because
each 860 power control must be capable of connecting to the

860 power controls in the preceding and following cabinets,

two Mate-N-~Lok connectors ére reserved for the intercabinet
cahles. A third connector is provided for connection to the
on/off switch, the thermal switch, or other emergencv shute=off

devices within the cabhinet.




2.3.5.3 Ground Strapping = Electrical safety is provided by
connecting all thz cabinet frames to the ground level of the

site power system. This is done by connecting a wire in each
power cahle between the frame and the power svystem ground; this
is not a load carrying wire, and is intended only as an ernergency
ground path. The green wire in each power cable is the frame
ground, while the white wire is the neutral, or return wire,

that carries the load current,

To improve the level cof safety provided by the frame ground
connections, all cabinet frames are connected bv braided corper
straps of 4 AWG solid wire with crimp-on luas, which are fastened
to copper studs that are welded to the frames {this also prevents
the generation of ground loops between cabinets that arc connected
by signal=carrving cables}. The studs are welded to the hottom
side rails of the cabinet frame, facing inward; the stud on the
left side of the cabhinet is slightly forward of cernter while the

stud on the right side is slightly to the rear,

The ground strao supplied with each cabinet is fastened to
one stud, passed over the side rail of that cahinet and the
side rail of the adjacent cabinet, and fastened to the stud
in that cabinet. The copper studs arc threaded, and nuts are

supplied on the studs.

] ~
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2.3.6 Remote Peripheral Interconnection

Installation instructions for -remote peripherals, such as line
printers, card readers, and magnetic tape units, are covered in
the apbropriate peripheral maintenance manual. Normally, the
peripheral itself is a free~standing unit and the peripheral
contreller is mounted in one of the system drawers. The controller
and peripheral must he interconnected and the peripheral must

also be connected to an ac power source.

In a basic PPP=-11/40 System, there is a small peripheral
controller mounting slot that houses the controller for the
system input/output device (LA30 DECwriter or Teletype Unit}.

This device is characteristic of remote peripherals installation.
When installing the system, it is necessary to interconnect

the system and the input/output device (Teletype or DECwriter)

as described in the following steps:

Step Procedure

1 Place the freestanding DECwriter or Teletype in the

desired position next to the system cabinet.




Step

Procedure

Run the control cable from the DECwriter or Teletype
unit through the back of the system cabinet and through
the cablie clamp at the rear of the mounting box. Note
that, because of the size of the control cable connector,
the cable clamp must first be removed before the
connector is brought into the box. Once this is done,

the clamp can be replaced.
Connect the control cable connectcocr to the receptacle
on the controller {(DL11, KL11, or LC11} mounted in

the small peripheral contreoller slot of the processor.

Verify that the controller module is plugged securely

into the small contreoller sick,

Connect the power cable from the DECwriter or Teletvrpe

unit into one of the cabinet power receptacles.
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2.3.7 Installation Verification

Prior to turning power on, proper installation of all processor
internal options and memory should he verified. Although memory
and processor options are installed in the svstem at the factory,

installation should be verified at the site.

Installation verification procedures for the available processor
options are given in Table 2-1, ¥Verification vrocedures for core
memory, as well as procedures for installing additional mermory,

are given in Table 2-2. A diagram of the merory svstem unit is

shown in Fiqure 2-2.




Table 2«1

Option Installation Verification

Option Procedure
KE11=-E Extended Instruction - 1. Verify that KE11-E module M7238
Set (EIS) Option is installed in slot 2 (gsections

A=F} of processor backnlane

assemblyv.

2. Ensure that jumper Wi on print
K3=8 of KD11-A processor module
M7233 (located in slot 5, sections

A=F)} has been removed,

3. Ensure that the three over=the-hack

cables have been connected to

the 40enin Berqg connectors on

the M7238 KE11-FE module and the
M7232 processor nodule (slot 3,
section A«D). These cahles provide
the required lecgic interconnection
hetween the processor and the

KFi11=E onticn,

it



Table 2-1

Option Installation Verification

Option

KE11-F Floating Instruction

Set (FIS) Option

Procedure

1. Verify that the KE11-E option has
been installed. The KE11-E is a

prerequigite for the XE11-F,

2. Verify that KE11-F module M7239
is installed in slot 1 (section A«D)}

of processor hacknlane assenmbly,

3. T@®nsure that the three jumpers;on
the XE11=-E 47238 mordule have heen
renoved., These must be renoved to
allecw the KRt1=F onpticn to

execute fleating=pcint instructions.

Jumper Print Module
W1 KE=-2 M7238
W2 KE=5 M7238
=9 M7238

W3 KE

M2
[ ]
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Table 2-1 {Cont)

Option Installation Verification

Cption

KT11=D Memory Management T.
Option (requires the
KJ11=-A installation
procedure also)
2.

Procedure

Verify that KT11=-D module M7236

is installed in slot 8 (section A=F)

of processor system unit.

Verify that processor jumper

changes have been made as indicated

below {these changes are

detailed in the installation

section of the KT11=D onticn )

ranual) s

Verify that the following jurmpers

have been reroved:

Jumper Print HModule

N10 K1=6 M7231 A
W9

W6 K1-8 M7231

WS



N

Option

Taple 2=1 {(Cont)

Option Installation Verification

Procedure

Jumper Print Module
W1

w2 Kt1-7 M7231
W3

w4

w7 E1=9 M7231
W8

Verify that the following jumper

hasgs been moved:

r;‘
==
[

XK4-4 M7234

Verifv that the following have

hbeen added:

cloe6 K4-4 M7234

c107




Table 2=1 (Cont}

Option Installation Verification

Option Procedure

KJ11=A Stack Limit Register 1. Verify that KJ11=A module M7237
is installed in slot E03 of the

processor backplane,

2. Verify that the following

Processcr jumpers have been

changed:
Jumper Print Module
W2 X1=8 M7231
W1 Kd=4 17234
W1 K5=4 M7235

Jumpers are moved according

to instructions on prints,

*Note that if the KT11-D option
is present Jurmper W2 of M7231

is removed completely,
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Table 2«1 {Cont)

Option'Installation Verification

Option

KW11~-L Line Frequency Clock

KM11<A Maintenance Console

Procedure

Verify that KWi1-L module M787 is
installed in slot F03 of the processor
backplane. Verify that the backpanel
wire between pin F0O3R2 and F03V2

for BG6& H has been removed.

This option consists of a double-
length module (Wi130/W131) that is
plugged into slot F01 when-used to
monitor KD11=A operation, and slot
01 when used to monitor KTi11=D,

KE11«E, or KE11-F operation.

Note that this option is not installed

in the system during normal use.




Memory

MFil1-I. Core Memory

{basic to PDHP11/40}

Table 2=2

Memory Verification or Installation
Procedure

1. Verify proper address selection on jumpers

on CONTROL & DATA LOOPS (6110} module.

2. Verify that modules are installed pronerly:

Module Slot
MEMORY STACK(11214) 1,8ections C¢ thru F
MEMORY DRIVERS{G231) 2,8ections A thruy F

CONTROL & DATA LOOPS(C110)} 3,Sections 2 thru ©

3. Verify Unibus interconnection to the ED11-A
processor {M280) and interconnection or

termination to rest of svstem (M920 or ¥M3830),

4, Verify that system unit power cable
{(D-TA=7009103=-0=0} is connected from the
system unit to MATE=N-LOK receptacles of
the power distribution panel lécated on the
BA11-PC mounting hox. Connector P1 goes

to 3; connector P2 goes to 4,

g
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Table 2-2 {Cont)

Memory Verification or Installation

Memory _ Procedure

5. Verify the interconnection of K4-4 MSYNA L
signal from the ¥XD11-A processor system unit
{(pin AN781) to MF11-L memory system unit
(pin C0O1U1). Use twisted pair wire with

grounding at nearest ground pin.

MM11-L Core 1. Select proper address selection on jumpers
Memories on COMNTROL & DATA LOOPS {G110) medule.
{additional
memories added 2. Insert modules in either set of locations:
to MF11-L
memories) © Module Slot

MEMORY DRIVERS(231) 4,Sections A thru F

CONTROL & DATA LOOPS(G110) 5,Sections A thru F

MEMORY STACK(H214) 6,S5ections C thru F
Module ' Slot
. MEMORY DRIVERS{(G231) . 7,5ections A thru F

CONTROL & DATA LOOP5(G110) 8,Sections A thru F

MEMORY STACK(H214) 9,8ections C thru F

2=41




Memory

MF11=1, Core
Memory
{expansion units
added to basic

PDP11/40)

Table 2~2 (Cont)

Memory Verification or Installation

Procedure

3. Verify the interconnection bv wire wrap of

pins CO3U1 to CO4U1 and CNEUT to CO7U1.

t. Insert the MF11=1, system unit into the
BA11-FC mounting hox using thumh screws

provided,

Z. Rearrange Unibus connections and termination
using the M3%20 and #9300, resmectivelv,
If memory is last unit in the mounting hox
use BC11=-A cabhle for interconnection to a

next box.

3. Verify prooer address selections on jurners

on COMTROL & DATA LOOPS(GT10) modules.,

4. Insert modules according to leocations noted
for MFP11=L Core Merorv (basic) and MMi11-1,

Core Memories (additional).

ik



Table 2-2 {Cont)

Memory Verification of Installation
Memory ' Procedure

5. A system unit power cable (D-IA-7009174-0-0)
is used to connect the backpanel of.the
additional MFi1i1-L to the power distribution
panel®s MATE-N-LOK receptacles. See

paragraph 6.5.4 for power loading restrictions.

6. Connect the K4~4 MSYNA L signal from the
previous MF11=L system unit {(pin CO09U1) to
this additional MF11-1, system unit (C01U1).
Twisted pair wire with grounding at nearest

pins should be used.




2.3.8 Initial Power Turn-0On }

Before turning power on, check the PDP~11/40 system as

described in the following steps:
Step Procedure

i Ensure that all installation verification procedures

{paragraph 2.3.7) have heen performed.

2 Before pludging in the systemr ac power cables, disconnect
the following Mate=N-Lok plugs in the basic H742 power
supply wiring harness (see Figure 2=3): P1 through P7.

Note that plugs P8 through P15 remain connected.

3 Turn off the circuit breaker on the 860 power
regulator. (If more than one cahinet exists, turn off

all B60 requlators,)

4 Plug in the ac power cable, turn on the circuit breaker, o+
and check the dc voltages generated bv the regulators,
These voltages can be checked at pins of plugs Pl
through P6. See drawing D=IC=11/40-0-2 for specific pin

numbers. Check fan ac power on plug D7.



—

Step

Procedure

murn off the circuit hreaker and re-connect all

connectors {P1 through P7).

Turn on the circuit breaker and verify correct

operation of the console OFF/POWER/PANEL switch.

Check the operation of all fans in the top ©of the

mounting box.




.
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2.4 INITIAL OPERATION AND PROGRAMMING

Once the system has been installed and power aprlied, preliminary
Opefating and programming procedures should be followed prior

to using the éystem° Console coperation, as well as the basic
operating procedures noted in Chapter 3, should be performed
first. If the user is already familiar with console operation,
then the basic operating procedures given in paragraph 3.6

may be performed immediately. These procedures are necessary

to, but independent from, the customer acceptance procedure noted

in paragraph 2.5,

After initial operation, both procedures use a common set of
system, peripheral, and individual instruction diagnostics,

These programs, listed in Table 2-3, define initial acceptance
and operation, They also provide for a continuing check on proper

operation as well as permit analysis of system failures.
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P

Number

MATINDEC=-11~D0OAA
MATNDEC=-11-DOBA
MATINDEC=-11=DOCA
MAINDEC~11=DODA
MATNDEC=11=DOEA
MAINDEC=11=DOFA
MATHDEC=-11=-DOGA
MATMNDEC=-T11=DOHA
MATHNDEC~11=-DOIA
MAINDEC=11=-DOJA
MATNDEC=11=-DOKA
MATNDEC=11=DOLA

MATNDEC=11=-DOMA

MAINDEC=11=DCKBA=A

MAINDEC=11=-DCKBB
MAINDEC-11=-DCKBC

MAINDEC=11=DCKED

MAINDEC=11=-DCKBE -

 MAINDEC~11=DBKDM

MATINDEC=11=D0O0B

Table 2«3

PDP-11/40 Diagnostic Programs

Tests

PROCESSOR (INSTRUCTION SET} TESTS

Unconditional branch -

Conditional branch

Single operand instructions

Single & douhle operand instructions
Rotate/Shift instructicons

Compare with equal results

Compare with not equal results

Move instructions

Bit manipulation instructions (RIT,BIC,BIS)
Add instruction

Subtract instruction

Jump instruction

RTS, RTI, JSP instructions

Sign extend instruction

Subtract one and hranch instructicon
Exclusive OR instruction

Mark instruction

Trap and interrupt return

Trap instructions & error traps

T15 combined instruction test




Table 2-3 {Cont)

PDP~11/40 Diagnostic Programs

Number Tests

MEMORY TESTS

MATINDEC=11=-DZMMA Address test up
MAINDEC-11=-DZMMB Address test down
MAINDEC=11-DZMMK Up/Down address test for ACT=11
MAINDEC=11-DZMMD Basic memory patterns test
MAINDEC=11=-DZMME Moving 13 and 0s
MAINDEC=-11=-DZMMF 1s susceptibility test
MAINDEC=11=-DZMMG Worstecase noise test
MAINDEC=11=DZMMIL Random data test
MAINDEC=11-DZQMBA Memory exerciser
MAINDEC=11=-DZQMBA . Extended memory exerciser

KE11=-E (EIS} OPTION

MAINDEC-11-DCKBL Divide instructicn

MAINDEC=11=DCKBK Multiply instruction

MAINDEC=11<DCKBJ Arithmetic shift combined instruction
MATINDEC=11=-DCKBI Arithmetic shift instruction
MAINDEC=11=-DCQKA MUL/DIV Exerciser



Numbex

MATINDEC=11=-DBKEA
MAINDEC=11~DBKEB

MATNDEC=11<DBKEOQ

MATNDEC=11=-DBKTA

MAINDEC=11=DBKTB
MAINDEC~11=DBKTC
MAINDEC=11-DBKTD
MATINDEC=-11-DBKTG

MAINDEC=-11=-DBKTF

MATINDEC=11-DCKBF

MATNDEC«11=DZKW2A

Table 2«3 (Cont)

PDP=11/40 Diagnostic Programs

Tests
"KE11=-F (FI5} OPTION
Basic instruction tests
Exerciser
GTP overlay
KT11=D MEMORY MANAGEMENT
Basic logic test
Access keys test
MFPI/MTPI tests
States test
Memory managemenﬁ exerciser
Abort test
KJ11=A STACK LIMIT REGISTER
Stack linmit test

KW11=L LINE FREQUENCY CLOCK

- Line frequency clock test




2.5 CUSTOMER ACCEPTANCE

Verify correct system operation by performing the Customer
Acceptance Procedures. The Customer Acceptance Procedures
document is shipped with the PDP-11/40 System and lists all
the tools, programs, and tests required to certify system

operation,

N
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3 SYSTEM OPERATICN

3.1 SCOPE

This chapter provides the information necessary to operate
and program the PDP-11/40 System and associated input/output
terminal (Model 33 ASR Teletype or LA30 DECwriter). The
description is divided into five major parts: programmerts
console, DECwriter, Teletype, basic system operation, and

basic system programming.

The description of controls and indicators for the
congsoles is in tabular form and provides the user with the
type and function of each operating switch and indicator.
Operating controls for peripheral devices that are not part
of the basic machine are contained in the appropriate

peripheral manual.

Basie step-by-step procedures for both manual and program
operation are given in paragraph 3.5, Basic system programming

is covered in paragraph 3.6,
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3.2 K¥11l-D PROGRAMMER'S CONSOLE

The KY¥1l-D Programmer ‘s Congole (Figure 3-1) provides the
PDP-11/4% System with a necessarv and useful programmer’s
interface. Manual operation of the system is controlled by
switches mounted on this console which is the front panel

of the basic mounting box. Visual displays indicate processor

operation and the contents of the address and data registers.

All register displays and switches, whether marked on the
console panel or not, are numbered from right to left. The
numbers correspond to the powers of two, i.e., 215.,,,,22,

21, 20, Therefore, the most significant bit (MSB) is at the
left of each specific register or display, the least
significant Bit (LSB) is at the right. Whenever an indicator
is on, it denotes the presence of a binarv 1 in the particular
bit position. The alternate color coding on the console

identifies the different functions or segments of the binary

number in octal format.

3-2
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In addition to the alternate color coding, the DATA register
contains an index mark that divides the low-order bvte

{bits 0-7) from the high-~order byte (bits 8~15). The high-
order byte is divided into octal format bv two more index
marks. Wo marks are regquired for the low-order bvte bhecause
octal coding for this bvte is identical to the alternate

color coding.

Figqure 3-1 shows the location of all PDP-11/49 console
controls and indicators. Each indicator and associated
function is listed in Tahle 3-1, Each control and related

function is listed in Table 3-2.
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Figure 3-1 PDP-11/40 Programmer's Console



Pt
Indicator Type
DATA 16-bit display

M3B at left

Color-coded in
3-bit segments
for occtal format

Byte division
noted with
additional
indexing for
octal format in
upper byte

Tegble 3-1

PDP-11/1i0 Console Indicators

Fanction

Displays the output of &
processor data multiplexer
which gates information from
a variety of sources within
the processor, Normal
programming use results
the following displays:

in

HALT instruction has R{00}
RESET instruction has R(00)
WAIT instruction has R{IR)
SINGLE STEP and HAL? switeh
has processor status (PS)

The display of the data
multiplexer is especiglly
impeortant when used in the
single clock mode., During this
mode, the KMil maintenance
console is ussd to step through
g program a single micro-
instructicen at a time, In this
instance, the information in
the DATA display is the result
of a single microword &nd shown
on the processor flow diagrams
{(refer to KD1l-A Processor
Manual).

Hemarks

When console awitches are used,
information shown on the DATA
display is as follows:

LCAD ADRS - the transaferred
switch register information

DEP - the switch register data
Just deposited. Note that
data and address are
corraelated. The address is
where this data was stored.

EXAM - the information from the
address exsmined. Note mddress
and date correlation.

HALT - displays the current
processor status (PS) word.

When a programmed HALT instruction
is issued, bus control is '
trangferred to the console and
processor register,RC,.is displayed
on the DATA display., This allows
program ldentification of halts.

During direct memory access {(DMA)
cperations, the processor is not
invelved in data transfer functions.
Therefore, the data digplayed in

the DATA display is not that of

the last bus operation.



Indicator

ADDRESS

Type
18-bit display
M3SB at left

Color~coded in
3-bit segments
for occtal
format

Table 3-1
{continued)

Function

Displays the address in the
bus address register (BAR)

of the processor. This varies
with an instruction execution
but for a HALT WAIT, or single
step operation, the program
counter is displayed between
operations. The updated {or
incremented) value of the
program counter is always
displayed.

If the KT11-D option is not.
included 1n the syatem, the
two most significant bits
{(A17,416) are ordered accord-
ing to the lower 16 bits; they
are set only when bits AlK,All;,
and Al3 are all set. Addresses
between 160000 and 177777,
therefore, are translated to
addresses between 760000 and
71777, respectively.

If the KTi1-D memory option

is instelled, the ADDRESS
display usually displays a
virtual address with the KT11-D
providing an offset physical bus
address (not displayed). During
console operations, however, the
console grovides and displays

a full 18-bit physical address.

Remarks

When console switches are used,
information shown on the ADDRESS
display is as follows:

LOAD ADRS - the transferred
switch register informstion.

DEP or EXAM - indicates the
bus address just deposited
into or examined.

During a programmed HALT or WAIT
instruction, the ADDRESS displays
the incremented address of the
instruction. The BAR is the
instruction location plus 2,

In single instruction mode, the
next PC is placed into the BAR
and displayed in ADDRESS between
instructions.

During direct memory access
(DMA) operations, the processor
is not involved in the data
transfer functions, and the
address displayed in the
ADDRESS display is not that of
the last bus operation.

Within instructions, the display
indicates various processor bus
addresses. These values ars
apparent only in a meintenance
mode, using the KM11l and single
clocking.
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Indicator

RUN

Type
Single light

Table 3-1
{continued)

Function

When the RUN indicator is on,
the processor clock is
running and is operating on
an instruction.or looping in
console operation. _
When the RUN indicator is

off, the microprogramming is
not processing en instruction,
The proceasor may be in control
of the bus and awaiting a
response for a data transfer;
or the processor may have
relinguished bus control for
an NPR or BR request.

Remarks

During normal mschine _
operation, the RUN 1ight
flickers on and off
(indicated by a faint glow).

A programmed RESET command

turns off the RUN light. This
also occurs between single
clocks when the EM1l maintenance
console is tsed,

For programmed HALT and WAIT
instructions, the cleck
continues to run with the
processor leoping in the
microprogram. This is also
true for console operaticon
of the HALT switch.
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Indicator

PROC

BUS

CONSOLE

Type
Single light

Single light

Single light

Tahle 3-1
(continued)

Function

When 1it, indicates that the
Praocessor is controlling the
Unibus as the master device.

When 1it, indicates that some
device has control of the
Unibus., If the PROC indicator
is 1it, that device is the
processor.

When 1it, indicates that the
processor is in the consgle
portion of the microflow.
Control switech activation
is sensed and acted upon.

Remarks

When the PROC light is on and
the RUN light is off, the
processor is waiting for dats
from the bus. These conditions
indicate that the processor

is in control of the bus

(PROC on) but that the processor
clock is off (RUN ofrf).

This display is uszeful for
determining where bus control
is and that it is present.
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Indicator

USER

VIRTUAL

Type
Single light

Single light

Table 3-1
{continued)

Function

When 1it, indicates that the

- processor is in the user mode

and certain KT11-D restrictions
on instruction operation and
processor status (PS) word

- loading exist. Refer to the

KT11~D option discussion in
chapter I and the KT11-D
manual,

When 1it, indicates that a
virtual address 1s displayed

in the ADDRESS display. This
virtual address is usually
modified by the KT11-D cption

to provide & different physical
address for the Unibus., If the
KT11-D option is installied, this
display is usually dctive during
program operation, During conaole
operation, the consocle ADDRESS
display and switch register both
provide a full 18-bit physical
address. The VIRTUAL light is off
in this instance.

Wnen VIRTUAL l1ight is off, it
Indicates that the bus address
indicated by the ADDRESS displey
is the physical address,.

‘Remarks

Does not function unless the
KTil-D memory management
option has been installed in
the system.

Does mot function unless the
KT11-D memory management
option has been installed in
the asystem.
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Switch

OFF/POWER/
PANEIL LOCK

Table 3=2

PDP-~11/40 Conscle Controls

Type

3-position,; key

operated switch

Function

Provides power control to
console and lock-=out of
console controls as follows:

OFF position - removes all
power from the processor.

POWER position - applies
primary power to the
processor. All console
controls are fully
operational when switch is
in this position,

PANEL LOCK position - disables
all console (panel) controls
except the switch register key
switches. This prevents
inadvertant switch operation
from disturbing a running
program.

The data entered in the switch
register is still available to
the processor whenever the
program explicitly addresses
the switch register (address
777570) .

Remarks

System not being used

Normal operation.

Processor operating;
console épntralldisabled.
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Switch

Switch
Register

Type
18 key-type switches

Bit position of each
switch is labied;
M3B is at lerft.

Color-coded in 3-bit
segments for octal
format.

Up- position - logical
one {or on). Down
position « logical
zero (or off),

Table 3-2
{continued)

Function

Provides a means of specifying
an address of data word into the
processor,

If the werd containg deta, it is
loaded into the address specified
by the ADDRESS REGISTER by lifting
the DEP key.

If the word in the switch register
represents an address, it can be
loaded into the ADDRESS REGISTER
by depressing the LOAD ADRS key.

If the KT11-D memory management
option 1s used, bits 17 and 14
are directly used as the physical
bus address during console
operation.

If the KT11-D is not installed, the
processor bus address bits 17 and 16
are set if switech register bits 15,
1%, and 13 are 8ll set. Bits 17 and
16 of the switch register have no
effect.

The contents of the switch register
may be used by the processor any time
the program explicityly addresses the
register at address 777570. Tnis
address can only be used by the
proceld3sor.

Remarks
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Table 32
(continued)

Switch Type Function Remarks
LOAD ADRS Momentery key-type The LOAD ADRS switeh The address ias loaded into a
switech transfers the conbtents of temporary location which is
the switch register to the net modified during program
Depress to bus address register {BAR) execution. To restart a
activate through a temporary location

pregram, it is only necessary

R{(TEMPC) within the to depress the START switch.

procesgor. This bus address,.

displayed in ADDRESS, . NOTE
provides an sddress for the
console functions of EXAM, Double exsmine or deposit

DEP, and START. functions increments the

value of the loaded address
both in the BAR and in
R(TEMPC) .

Attempts to examine or deposit
an odd bug address {bit 00
enabled) cause bit 00 to be
disregarded, For example, an
attempt to examine address 1001
results in address 1000 being
displayed. Byte date for
location 1001 is located in
DATA bit 15 through bit 08.
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Switeh

EXAM

Type

Momentary key~type
switch

Depress to
activate

Table 3-2
{(continued)

Function

The EXAM awitch uses the
contents of R{TEMPC) as a

bus address; the contents of
this bus address is displayed
in DATA, the bus address is
displayed in ADDRESS.,

A LOAD ADRS operation usually
pre-esteblishes the initial
R{TEMPC) address; sequentisal
examines automatlcally update
R{TEMPG) .

If the EXAM switch iz depressed
twice in succession, the contents
of the next sequential bus
address is displayed in DATA.
This action is repeated each

time EXAM is dspressed provided
no other switch is used between
thess steps.

Whenever the LOAD ADRS or DEP
switch is depressed, 1t destroys
the inerementing sequence. The
next time BXAM is used, it
displays the current address
rather than the next sequential
address.

Remarks

If an odd address is
examined, bit 00 is ignored.
FPor example, if address

1601 is examined, the
address 1000 is displayed
in ADDRESS,

An EXAM opersation that
references a non-existent
address causes a time out
{with no TRAP) and the
switch register address

(777570) is displayed in
DATA.



7i-¢

Switeh

CONT

Type
Momentary key-type
switch

Depress to
activats

Table 3-2
(continued)

Funetion

Causes the processor to
continue operation from the
point at which it hegd
stopped,

If the ENABLE/HALT switch is
in the ENABLE mode, CONT _

returns bus control from the
console to the processor and
continues program operation.

If the ENABLE/HALT switch is
set to HALT, depressing the
CONT key causes the processor
to perform a single instruction.
Control is returned to the
conscle after each instruction,
permitting a program to be
stepped through an instruction
at a time.

Remarks

If program stops, depressing
CONT provides a restart
without power clear.




Switeh

ENABLE/HALT

CT-¢

Type

2-position, key-
type switch

Table 3-2
(continued)

Function

Allows elther the program or
the console to contrecl
processor operetion,

ENABLE Dosition -~ permits the
gsystem to run in & normal
manner, No console control
requests are made., All switches
except ENABLE/HALT and the
switch register are dizabled.

HALT position =~ halts the
processor after the next
instruction or outstanding
TRAP sequences, and befors
Unibus BR requests, and
passes control to the
console.

The HALT mode is used with
the CONT switch to step the
machine through programs
one instruction at a time-

When the START switch is
activated in the HALT meode,

a gystem clegr is effected
without progrem stert. Thils
mode of operation is useful
for clearing conditions in the
system that might prevent
proper operation. When the
START switch is activated in
the ENABLE mode, it provides
a 8ystem clear with a program
start.

’\-...\

Remarks

Continuous pregram control
requires the ENABLE mode.

" The HALT wmode is used to

interrupt program control,
perform single imtruction
operation, or clear the
system.
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Switch

TXEB

Momentary key-type
switch

Depress to

activate initialize,
release to have

START function
occur.

Table 32
{continued)

Function

Depressing the START awitch
provides a system clear
{initialize). When the
ENABLE/HALT switch is set to
HALT, the processor doces not
start.

When ENABLE/HALT is set to

ENABLE, releasing START

begins processor operation. The
starting address is that of the
last console operetion determined
by R(TEMPC). Usuelly, this
temporary location is loaded from
the switch register by a LOAD ADRS
operation,

If the program stops at any time,
it can be restarted at its original
location by the START

switch; the value of R{TEMPC)
remains unchangsd,

Use of the START switech in the HALT
mode provides for a system clear.
This mode of operation is useful
for eclearing conditions that

might prevent proper operation.

Remarks
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Switeh Type

DEP Momentary key-type
switch

Lift to ectivate

Table 3-2
{continued)

Function

The DEP switch uses the contents
of R(TEMPC) as a bus saddress.

The contents of the switch
register are transferred to

this location. After use, the
data appears on the DATA display
and the address is on the ADDPRESS
display.

A LOAD ADRS operation usually pre-
establishes the initial address;
sequential DEP operations.
automatically update R{TEMPC),

If the DEP switch is raised twice
in succession, the contents of
the switch register is deposited
in the next sequential bus address
location., This action is repeated
each time DEP is raised provided
no other switch 1s used betwesen
these stepa, Whenever the LOAD
ADRS or EXAM switeh is depresssd,
it degtroys the incrementing
process. The next time DEP is
used, it deposits the current
addreas rather than the next
sequential address.

RN

Remarka

If an attempt'is made to
deposlt an odd eddreas,
bpit 00 is ignored and a

- word depesit occurs,

A deposit operation that
referances a non-existent
address causes a time out
{with no TRAP)}, No error
message is visible from
the console for a deposit
to a non-existent address,
An immediate verification
by an examine operation,
however, would result in
the display of the switch
register address in the
DATA display.



3.3 DECWRITER

The LA30 DECwriter unit is one of the input/output devices
that can be used with the PDP-11/L0 System., Data can be
entered into the processor via the keyboard or data from
the processor can be printed out by the DECwriter.
Contreols and indicators for the LA30 DECwriter are shown
in Pigure 3-2 and listed in Table 3-3. Further detailed
operating information is contained in the LA30 DECwriter
manual (DEC-00-LA30-DA) and in the LC11 DECwriter System

manual {DEC-11-HLCB-D).
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Control or
Indicator

READY
indicator

LOC LiF
switch

CB2

CBl

Keyhoard

Cec-¢

%
\&..-/

Table 3-3

LA30 Contrels and Indicators

Type

single light
{white)

rushbhutton switch
with indicator

circuit breaker
2~position toggle
switch

circuit breaker
double=-pole,.
single throw

Typewriter-like
layout

97 or 128
characters

Punction

When 1lit, indicates that power has
been applied to the system and the
DECwriter is ready for use in either
an inrut (kevboard) or output
{printer) mode.

When depressed, advances paper as
long as switch is held down. Key-
hoard and printer operation disabled
during line feed. This is an off=line
operation.

When set to on (up)position, applies
power to printer stepping motor
electronics.

When set to on (up) rosition, applies
primarv power to the DECwriter.

Uses a tvpewriter-like kevboard to
print characters on paper or toc input
information into the computer.

The keyboard does not type directly
into the printer; it simply sends the

Remarks

appropriate ASCII code to the controller
for transmission to the Unibus. Therefore,
an echo keyboard program must be used for

typing directly on the paper.
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3.y TELETYPE

The model 33 ASR Teletype unit is one of the input/ﬁutput
devices that can be used with the PDP-11/40 Sysﬁem. Dats
can be entered intoc the processer via the keybosrd or
through a paper-tape reader. The Teletype can also be
operated off-line to.punqh paper tapes. Confrols for thé
Model 33 ASR Teletype are shown in Figure 3-3 and listed
in Table 3-lt. Further detailed operating information is
contained in the Teletype Corporation mahuals listed in

Table 1«2 of this msanual,
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Figure 3-3 Teletype Controls
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Table 3~4

Teletype Controls

Control Type Function Remarks
PUNCH
REL. pushbutton Momentary switch, Disengages the paper tape
depress to activate from the punch teo allow

loading or removal of tape.

B.SP. pushbutton Momentary switch, Backspaces the paper tape
depress to activate by one space each time the
pushbutton is depressed to
allow manual correction or
rubout of character just

punched.

ON pushbutton 2-position switch, When depressed, turns on
connected to OFF the paper tape punch and
pushbutton releaseg OFF switch,

OFF pushbutton 2=pogition switch, When depressed, turns off
connected to ON the paper tape punch and
pushbutton raeleases ON switch.
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Centrol

START/STOD/
FREE switch

e

Type

3-position switch

Table 3-4
{continued)

Function
READER
Controls operation of the tape
readey.
START nosition -~ engages tape

readey which beains operation
under program control,

STOP position - engages reader
mechanism but does not energize
it. In effect, tape is locked in
the reader bhut reading operation
does not begin until the switch
is moved to START.

FREE position - disengages
reader to permit loading and
unloading of tape.

s

Remarks

Used on-line

i
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Tahle 3-~4

{(continued)
Control Type Function Remarks
LINE/QFF/ ' 3-position Serves two functions: applies
LOCAL switch rotary switch primary power to Teletype and

connects computer to Teletype.

LINE position - enerqgizes
Teletvype and connects it to

the computer as an input/output
device. Signals from either the
Teletype reader or kevboard c¢an
be used as an input while the
computer cutput can be used to
control the kevboard or punch.

OFF position - deenergizes the
Teletype by removing primary
power.

LOCAL position - disconnects
the Teletype from the computer.
The Teletype can be used for
punching cr reading tapes but
all control is localized at the
kevhoard,
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Control

Keybcard

Cover
Guard

Tyne
45 printing
characters

6 non=printing
characters

Typewriter-like
lavout

Latch, push to
release

Table 3=4
{continued)

Function

Uses a typewriter-like kevboard
to print characters on paper,
punch tape, or input information
into the computer.

Off-Line Operation (LOCAL} - When
tape reader and punch are off,
rrints characters on paper.

When punch is on, simultaneously
prints characters on paper and
punches equivalent code into paper
tape.

When reader is on, reades code from
minched paper tame and prints
equivalent characters on paner.

On-Line Operation {(LINE) - When
tave reader and punch are off,

prints characters on paner and

sends edquivalent sianals to the
comnuter,

When tape reader is on, reads code
from punched paper tape and sends
ecuivalent signals to computer. No
characters are printed.

When receiving signals from computer,
orints equivalent characters on paper
and punches tape if punch is on,

Used to hold paper tape in position
when using tape reader.

Remarks



3.5 BASIC OPERATION

Many methods exist for storing, modifying, and retrieving
information from the PDP-11/,0 Systeﬁ. These methods depend
on the form of the information, time limitations, and the
peripheral equipment connected to the processor. The
foliowing procedures are basic to the use of the PDP-11/10
System. Although they may be used less frequentlj a8 the
progr&mmiﬁg and use of the system become more sophisticated,
they are valuable in preparing the initial programs and in
learning the function of system input and output transfers.
For an understanding of the various operational controls
and indicators, refer to paragraphs 3.2 through 3.4. Basic

programming techniques are given in paragraph 3.6.

Operating procedures are separated into the following

categories:

a., Power on paragraph 3.5.1

b. Basic console paragraph 3.5.2
control

¢. Manual program paragraph 3.5.3
loading

d. Automatic program paragraph 3.5.l
loading

e, Running progreams paragraph 3.5.5




3.5.1 Power On

When the console OFF/POWER/PANEL switch is turned from
OFF to POWER, the system is initialized (or zeroced). &
time delay allows sufficient time for voltages to logic

units {especially memory elements) to stabilize.

The power-up initialization logic directly sets the
microprogram control to a ssquence of controlled events

determined by the setting of the ENABLE/HALT switch.

If the consocle ENABLE/HALT switch is set to ENABLE when
power is turned on, the processcr sxecutes a power-up
microprogram sequence with the power-up vector address
determined by jumpers on the Status module {M7285) of
the KD11-4 processor. A new processor status {(P3) word
and program counter {PC) are unstacked from the vector
address, and vector address plus two, respectively.
Program operation begins with an entrance to the FETCH
portion of the microflow with the new PC used to obtain
the first instruction. Note that the processor Status
module jumpers are initally set at octsl location 2l.
This location can be changed to accommodate system

requirements,
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If the console ENABLE/HALT switch is set to HALT when
pover is turned on, the processor microflow is directly
set to the console microloop. The machine awaits the

activation of a console control switeh., -

The third position of the OFF/POWER/PANEL switch is PANEL
which provides for program operation with the console
control switches dissbled. However, the console switch

register may still be accessed,
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3.G5.2 Basic Console Control

Two major areas of control exist: control influenced by
the ENABLE/HALT switch, which selects either program or
console control; and control by the switches and

sequences used for loading dats manuslly into the processor.

3.5.2.1 ENABLE/HALT Switch

When the processor has control (ENABLE/HALT in ENABLE),
either the START or CONT gwitch causes the program to

run. The S3TART switch initislizes the system with a clear
signal and begins operation at a specific address determined
by the last console operation {usually LOAD ADRS). The

CONT switch merely releases console control, and the

program continues,

When the ENABLE/HALT switch 1is set to HALT, the console
cbtains control. The LOCAD ADRS, EXAM, and DEP switches
can be used. The CONT switch can now cause the proccessor

to step through the program a single instruction at a time.
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3.5.2.2 Loading Data Manusally

Whenever data is manually loaded into a computer, it is
desirable to have the address increment automaticsally
upon each deposit. Thus, the user can set a starting
address and continue to store dats in sequential memory
locations providing only new data for each location., The
programmer's console logic also permits the user to
immediately examine the data just deposited without
re-addressing, to re-deposit if necessary, and to continue
wlth asutomatic incrementation. These sequences are

associated with the functioning of the DEP and EXAM switches,

The address in the ADDRESS register, and R(TEMPC), doss not
increment the first time EXAM or DEP is used after a HALT
or LOAD ADRS. It does not increment if DEP is used
immediately after EXAM or if EXAM is used immediately after
DEP., It does increment if a DEP is used immediately after

a DEP, or if an EXAM is used immediately after an EXAM,
This increment is a word increment as the console is word
oriented. Thus, the user can look at a location, change it,
depesit the changed data, and then re-examine them without

having to lcad an address each time.
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Incrementation is on even boundaries for all addresses except
the address specificallv designated for the rrocessor internal

registers, which are incremented bv one.

For example, to alter several successive locations, the

followinag steps are performed:

Step Procedure
1 LOAD ADRS (starting location)
2 EXAM (no increment - looks at starting location)
3 DEP (neo increment - lpads starting location)
4 EXAM {no increment -~ checks previous deposit)
5 FXAM (increment - looks at next location)
) DEP {(no increment — loads second location)
7 EX2M (no increment - checks orevious devosit)
8 FXAM (increment - looks at third location)
etc.



If the user desires to take advantage of automatic address
incrementation for examining or lecading data, the following

steps can be used to load data into sequential locations:

Step Procedure
1 ' LOAD ADRS {starting location)
2 DEP (no increment - lcads starting location)
3 DEP (increment - loads second location)
4 DEP {(increment - loads third location)
5 DEP (increment - loads fourth location)
etec.

The same procedure can be used for examining data in

sequential memory locations.
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3.5.3 Manual Loading

A primary manual use of the programmer's console is. to.

store the bootstrap loader in the core memory. {Programs

and data can be stored or modified by manual use of the
programmer's console.) The bootstrap loader (DEC-11-L3PA-LA)
is a minimal instruction program that can automatically
load programs into core memory from a paper tape punched

in a special bootstrap format. One of these programs,

after being stored, can in turn load any binary format

tape into the computer. (An explanation of the number

designations used for DEC programs is given in Table 3-5.)
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Tabie 3-5

Program Identification Codes

Format:

Notes:

Example:

References:

Product Code

Computer Series
Major Category

Minor Category
(sequential numbers)

Option Category
{hardware required
to use software)

Revision Category
{sequential letters}

Distribution Method

Distribution Meode

DEC-11-L2PB-PO

COMPUTER  IDENTIFICATION
!“RODU[T& fD]STRIBUTION

DEC-11-L1PA-TA
b 4 M4
1 2 3456 78

MAINDEC =
DEC=

indicates a PDP-11 programming library pro-
duct, second in a series of loaders, requiring a
paper tape system to use, the first revision to the
program, supplied as a paper tape in bootstrap

maintenance library products
programming library products

PDP-11 Computer Systems
Loader

= first in a series of programs
= second in series, etc.

paperf tape system

= high-speed rezder andfor punch
= Teletype keyboard only
= magtape

= basic program
= {irst revision

second revision, ete.
listing
paper tape

= ASCH
= binary (absolute)
= other (bootstrap binary)

binary format. :

DEC Classifying and Documenting Standard, DEC-00-BZZB-D.

A list of all identification codes is in the PDP-11 Convention Manual.
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The sequence of loading the computer is shown in Figure 3-

with programs ncted as follows:

a. Bootstrap loader - manually loaded by consaole
(DEC-11-L31PA-LA) switches; provides for
automatic loading of programs
punched in a special format.

b. Absolute loader -~ punched in special format;
loaded by bootstrap loader:
provides for automatic loadirg
of programs punched in binary
format.

¢. Selected program - punched in binary format:
loaded automatically by
absoclute loader.
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PROGRAM
LOAD

USE BOOTSTRAP
TO LOAD
ABSOLUTE QR
MAINTENANCE

" DO
" YOU HAVE ™
A BOOTSTRAR
ROM

USE ABSOLUTE

* LOADER TO

LOAD PROGRAM

USE
MAINTENANCE

"I LGADER TO

LOAD PROGRAM

LCAD BOOT

Figure 3-4

LLOADER
PROGRAM

4
PROGRAM
RUN

LOAD ADDRESS
AND START

=1023

Flowchart of Procedure for Loading
and Running Programs
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In order to eliminate the necessity of more than one bootstrap
loader, the bootstrap loader instructions contain two
variables (x and y) to provide compatibility with various
memory configurations and reading devices. These variables

are listed in Table 3-6, A complete explanatioh'of the
bobtstrap loader program is given in Chapter 5 of the

Paper Tape Software Programming Handbook (DEC-11-~GGPB-D);
further information may be found in the program listing,

DEC-11-L1PA~LA.

The following procedure is used for manually loading the

BOOT loader program {(DEC-11-L1PA-LA}):

Step Procedure
1 Set ENABLE/HALT switch to HALT to give bus control

to the console when powering up.

2 Turn OFF/POWER/PANEL switch to POWER position. This
energizes the programmer's console,

3 Enter starting address of bootstrap loader (Table 3-6)
into switch register. Make certain that the correct
xx value is used (03774y for 8K memory, 077744 for
16K memory, 13774l for 24K memory, ete.).

I Depress LCAD ADRS switch. The address set in the
switch register is shown on the ADDRESS display.

5 Enter starting address contents {016701) into
switeh register.

6 Lift DEP switch. The contents just entered in the
switeh register is displayed in the DATA display.

T Enter contents of next address into switch register.

NOTE

It is not necessary to lead addresses after the
starting address has been loaded because the
address is automatically incremented by two each
time DEP is used sequentially.
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11

12

Procedure
Lift DEP switch.

Repeat steps 7 and 8 above for each location
of th= bootstrap loader. When loading the
contents of address xx7766, make certain that
the correct x value is used. When loading the
contentg of the last address, make certain
that the correct y value is used.

The bootstrap locader program is now loaded
in memory locations xx7744 through xx7766
and can be used to automatically load other
programs into memory.

Correct program entry can be verified by
examining the addresses between xx7744 and
xx7766. This is accomplished by setting the
starting address into the switch register and
depressing the EXAM switch. The contents of
the starting addresses are shown in the DATA
display. Each time the EXAM is again depressed,
the address is automatically incremented by

two and the corresponding contents digplayved.

This last step (verification) may be sufficient
if the bootstrap loader program has already
been loaded into the system. The program is
stored in the last portion of available

memory so that it tends to survive program
operation and is availlable for reloading
programs. If the program is not intact, leoad
according to the above procedure, beginning
with step 1.
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Table 3-6

Bootstran Loader
(DEC~11-L1PA-TA}

Bootstrap loader shouid be toggled into highest core memory bank.

Address Enstruction
xx7744 016701
xx7746 000026
xx7750 012702
xx7752 000352
xx7754 005211
xx7156 105711
xx7760 100376
xx7762 116162
xx7764 000002
xx7766 xx7400
xx7770 005267
xx7772 | 177756
xx 7774 000765
xx7776 YYYYYY

xx represents highest available memory bank. First location of the loader is one of the following, depending
on memory size; xx in all subsequent locations is the same as the first.

Address Memory Bank Memory Size
037744 | 1 8K
077744 2 16K
137744 3 24K
157744 L 28K

Contents of address xx7776 {yyyyyy) should contain device status register address of paper-tape reader to
be used when loading the bootstrap formatied tape. Addresses are:

Teletype Paper-Tape Reader 177560
Righ-Speed Paper-Tape Reader 177550




3.5.4 Automatic Loading

Information can be stored or modified in the computer
"automatically only if a program capable of performing these
functions has previously been stored in the core memory. For
example, having the bootstrap loader stored in the computer
enables the user to operate any program that has been punched
in the speciél tape format required by the bootstrap loader.
Typical programs of this type include the absolute loader,

the absolute dump, and the teleprinter dump.

The hootstrap loader is limited because of the special tape
format; another loader is used to load any binary format
tape into the computer. This is the absolute loader (DEC-
11-1.2PB-PQ}, which is loaded into the computer by the boot-~
strap loader. Once the absélute lcader is in memory, any
binary tape program (suéh as PAL III assembler, symbolic
editor, input/output service routines, diagnostics, math-

ematical routines, etc.) may be automatically loaded.

The following paragraphs give procedures for loading the
absolute loader, and for using the absolute loader to store
other programs. A complete description of the absolute

loader program is give in Chapter 5 of the Paper Tape Soft-

ware Programming Handbook (DEC-11-GGPB-D); refer also the the

program listing, DEC-11-L2PB-LA,




3.5.4.1

Loading Absolute Loader

The fcllowng procedure is used for automatically loading the

ABSolute Loader Program (DEC-11-L2PB-PQ):

Step

1

Procedure
Set ENABLE/HALT switch to HALT.

Make certain that the bootstrap loader has been

stored in core memory (refer to Paragraph 3.6.3,
step 1l}.

Enter starting address of bootstrap loader into
switch regisgter. The starting address is xx7744

(03774ly for 8K memory, 0777hh for 16K memory,
137740h for 24X memory, etec.).

Depress LOAD ADRS switch. The address set in the
switch register is displayed in ADDRESS REGISTER
indicators.

Set Teletype LINE/OFF/LOCAL switch to LINE. This
connects the Teletype to the computer.

NOTE
If some other reading device (such as
the high speed paper tape reader} is
used, make sure that the vy value in
bootstrap loader address xx7776
corresponds to the device as described
in Table 3-6.

Place the absclute locader tape in the Teletype
reader. Make certain that the special leader
(a sequence of 351 punches) is under the reader
station. Blank leader does not work.

Set ENABLE/HALT to ENABLE.
Depress START switch. The tape is now read into
the computer which halts when the entire program

is loaded.

Upon completion of lecading this tape, the DATA dis-
play lights may be in any configuration. The main
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reason for this is that no checksum capability
exists in the bootstrap loader.

Any PDP~1l program punched .in binary format may be loaded
automatically by using the absolute loader.  The absoclute
loader can be set up to select_either an absolute or relocatable
code. If a relocatable code is selected, the user may
specify that the relocatable code start at a specific address
or that the code start loading at the point the previous
load‘stopped. The absolute loader also provides a checksum
 test to ensure accurate loading. Although the computer
normally stops when the binary tape is loaded, instructions
on the tape itself may cause the computer to begin execution
of the program immediately after loading is finished. This
action is beyond the control of the user because.it is a part

of the program on certain binary tapes.

The following procedure is used for automatic loading of

binary tapes into the computer by using the absolute loader:

Step 3 Procedure
1. Make certain that the absolute loader program is

stored in core memory (refer to paragraph 3.5.4.1).
] Set ENABLE/HALT switch to HALT.

3 Enter starting address of absolute loader into
switch register. The starting address isgx7500

(037500 for. 8K memory, Q77500 for 16K memcry,
137500 for 24K memory, etc.).

e
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Step . Procedure

4 Depress LOAD ADRS switch. The starting address of
the absolute loader is now displayed in ADDRESS
REGISTER indicators.

5 Select the type of load desired by setting switch
register as specified in Table 3-7, '

Table 3-7

Binary Tape Load Selection
{using ABSolute Loader}

Switch Register Settings
Type of Load Bits 15-01 Bit 00

Normal ({(absolute) Not applicable 0

Relocatable ({continue
where left off)} "’ 0 1

Reldcatable {load at
specified address) Qffset from 1
tape origin

& Make certain that input/output device (Teletype unit
of L.A30 DECwriter) is on-line.

NOTE
The reading device may be changed at any
time by the user without reloading the
absolute loader. If a reader is to be
changed, simply replace the contents of
address xx7776 with the appropriate device
status address (y value in Table 3-6),.

7 Load desired binary tape into reader by placing
leader under the reader station.
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Procedurs

Set ENABLE ‘HALT switch to ENABLE.

Depress START switch. This begins the binary tape
load. '

If the binary tape contains a transfer address
instruction, the computer begins execution of
the program as soon as loading is complete.

The computer stops when either loading is complete
or there is a checksum error.

a. Loading complete - the low-order (right hangd)
byte displayed in the DATA indicators is zero.
Additional binary tapes may be loaded by re-
peating steps 5 through 7 above and depressing
the CONT switch.

b. Checksum error- the low~order byte displayed
in the DATA indicators is not zero, thereby
indicating a checksunm error has occurred ipthe
previous block of data. In this case, reposition
the tape in front of the error-producing block
and depress the CONT switch.




3.5.4.3 Loading Maintenance Loader

The maintenance Loader program, MainDREC-11-D9EA, provides
an alternate method of loading diagnostic programs that
can be used if the Absoclute Loader fails to function
because of a hardware failure. This loader should only be
uged to load diagnostic programs if the Absolute Loader

malfunctions.

Use the following procedure to automatically load the

maintenance loader:

Step Procedure
1 Set ENABLE/HALT switch to HALT and depress

START to clear the svstem.

2 Make certain that the bootstrap loader has
been stored in memorv, starting at address 037744,

NOTE

The maintenance loader operates in the
lowest 8K of memory. If some other memory
area must be used, several program locations
must be changed as listed in Table 3-8

after the maintenance program is loaded.

3 Set switch register to 037744 and depress LOAD ADRS.

4 Set Teletype LINE/OFF/LOC2I switch to LINE.

5 Place the maintenance loader tape in paper-tape reader.
6 Set ENABLE/HALT switch to ENABLE and depress START.

The tape is read into memory and the processor halts
when the entire program has been loaded.

NOTE

If the maintenance loader was not loaded
into the lowest 8K of memorv, make location
changes at this time (see Table 3-8).

3-46



Maintenance Loader Location Changes For Different Memories

Table 3-8

Change Contents of:

xx7502
xXx7510
xXx7542
xx7566
xx762l
xx767h

xx71 70
xx7h7h
xx7Wh75
xx7h 75
xxT7776
xx U7l

Where xx equals:

03 for 8K memory
07 for 16K memory
13 for 24K memory
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3.5.5 Running Programs

When running any program, the program must first be lcaded
into the core memory either manually cor by using one of the
automatic loading programs (bootstrap loader or absolute
loader). Once the program is in storage, it can be run

at any time by loading the starting address cf the program
{refer to appropriate program documentation) into the switch
register, depressing the LOAD ADRS switch, and then de-
pressing the START switch. The user also must make certain
that the ENABLE/HALT switch is in ENABLE and that the
appropriate external devices are on-line {connected to the

computer).

The program can be manually steopped at any time by setting
the ENABLE/HALT switch to HALT. It can be restarted from
that point by returning the ENABLE/HALT switch to ENABLE
and depressing the CONT switch. It can be started anew by

reloading the starting address and depressing the START switch.

A program can be altered during operation, or new data
introduced, through the switch register. This console
register has a bus address that the processor can reference
in its instruction sequence. The information transferred

may be treated as data or used to alter program flow.

Because of the speed of the computer, consocole indicators are
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of 1imited value while thé computer is running. Major use
of the indicator panel 1s made during manual operstion,
single instruction operation, or during the maintenance
mode. During manual operation, the console indicators
reflect the console operations of LOAD ADRS, EXAM, and DEP.
During maintenance operations, the console indicators
display various aata functions of the processor as the
maintenance module is used to step through the program

a microword at a2 time. Use of the maintenaence module is

described in the KD11 Processor Manual, DEC-11-HKDAA-A-D,
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3.6 BASIC PROGRAMMING

In order to produce programs that fully utilize the power
and flexibility of the PDP-11/40, it 1s necessary for the
uger to first become familiar with various programming
techniques that are part of the basic design philosophy
of the PDP-11/,0 System. These techniques (such as use of
stacks, subroutine linkage, interrupt nesting, reentrant
and recursive programming, ete.} are covered in the
PDP-11/40 Processor Handbock which also provides a

detailed discussion of the instruction set.

In asddition to the general programming information given
in the PDP-11/40 Processor Handbook, the user should

familiarize himself with console operation (described in
paragraph 3.2) and with the basic and extended PDP-11/40

instruction sets (Ghapter I},
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In the event the user is already familiar with.progfamming
the PDP-11/20 System, the PDP-11/40 can quickly be learned
by comparing the prime programming differencesa between the
two systems. These differences are listed in Table 3-9.
Basically, the PDP-11/40 has added capabilities and speed.
These capabilities are increased even more if the KT11l-D
Memory Management Option and the KE1ll Extended {EIS) and
Floating (FIS) Instruction Set Options are included in the

system.

Note that the basiec PDP-11/4,0 System (without options) has

- four more instructions than the PDP-11/20. These instructions

are: sXclusive OR (XOR), Subtract One and Branch {(S0B},

ReTurn from inTerrupt (RTT), aend Sign eXTend (SXT).




Table 3-9

PDP-11 Programming Comparison

PDP-11/20

JMP/JSR (R)+ uses (REG)}+2 as address

A31 REG 6 (5P) autodecrement
raeferences can cause coverflow.
Address modes I and 5, JSR and
traps are tested.

No red zone on stack overflow,

SWAR instruction does not .
affect V.

Program HALT displays PC of
HALT instruction in ADDRESS
display.

Byte operations to the cdd
byte of the PS cause odd
address traps.

¥o RTT ingstruction.

If RTI sets T bit, T bit trap
acknowledged after instruction
following RTT.

Explicit reference to PS can
load T bit. Console can load
T bit, initialize can clear it.

PDP-11 /10

JMP/JSR (R)}+ uses {(REG) before
aunto-increment as address. All
auto-increments are now post
auto-increments.

Address maodes 1,2,4, and 6, JSR
and traps are tested except that
nonaltering (DATIs} references to
stack data are always allowed.

Red zone trap occurs if stack is
16 words below boundary. This trap
saves PC+2 and PS on new stack at
locations 2 and 0.

SWAB instruction clears V

Program HALT displays PC+2 of
BALT instruction in ADDRESS
display.

Byte operations to the odd hyte
of the P8 do not trap. Not all
bits may exist.

If RTT sets the T bit, the T bit
trap cccurs after the instruction
following RTT.

If RTI sets T bit, T bit trap
acknowledged immediately
following RTI.

Only implieit references (RTI,
RTT, traps, and interrupts) can
load T bit. Conscle cannot load

T bit but initialize can clear it.
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Table 3-9
{continued)

PDP-11/20

0dd address or non-existent
references using the 3P cause

a HALT, This is a case of doubie
bus error with a second error
cccurring in the trap service

of the first error.

Stack 1imit boundary fixed at
cctal 00 with violations
serviced by an OVFL trap.

First instruction in an
interrupt service routine
is guaranteed to be executed.

Power up vector at 2l when
power returns.

4 trap instruction to vector
location 1l exists for the
IR code 3. No name is given
this instruction. '

PDP-11/1;0

0dd address or non-existent
references using the 3P cause
a fatal trap. On bus error in
trap service, a new stack is
created at locations 0 and 2.

Optional variable stack limit
boundary (KJ11-4 Option). Use
of red and yellow zones on
either basic (octal L00) or
optionally variable boundary.

The first instruction in an
interrupt routine is not executed
if another interrupt occurs at a
higher priority level than was
assumed by the first interrupt.

Power up vector 1s initially at
23 can alter jumpers to other
addresses,

The formerly unnamed instruction
for IR code 3 is now called BPT.
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Table 3-9
{continued)
PDP-11/20 PDP—ll/&O
NOTE

The following is the seaquence of service
for internal processor traps, external
interrupts, and HALT end WAIT.

BUS ERROR TRAP - o0dd address,
data time out.

HALT instruction for conscle
operation.

TRAP instructions - illegal or
reserved instructions, TRT,
I0T, EMT, TRAP,

TRACE TRAP - T bit of
processor status

OVFL trap - stack overflow
PWR FATL trap - power down

CONSQLE BU3 REQUEST - console
operation after HALT awitch

UNIBUS BUS REQUEST - peripheral
request, compared with processor
priority, usually an interrupt
occurs.

WAIT LOOP -~ loop on a WAIT
instruction in the IR until
an interrupt allows exit, A
CONSOLE BUS REQUEST returns
to this loop after being
honored.

BUS ERROR TRAP - odd addreas, fatal

stack overflow (red); if KT11-D option

iz used; memory management violations

to 250.

Same. {Refer to KT11-D, if installed,

for other changes.)

TRAF instructions - Illegal or
reserved instructions, BPT, IOT,
EMT, TRAP.

Same

OVFL - warning {yellow) stack overflow

Same

Same

S eme

Sane
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I PROCESSOR INSTRUCTICNS AND OPTIONS

k.l  SCOPE

The purpose of this chapter is to present a brief introduction
of the PDP-11 instruction set and the processor options

available for the PDP-11/40 System.

Paragraph ;.2 discusses the basic PDP-11 instruction set
and also covers the expanded instructiong that are
available if certain processor optiona (KEll-E, KEll-F, and

KT11-D) are installed in the basic system,

Paragraph lL..3 describes each of the options that can be
mounted in the basic KDl1l«A processor and referencss
appropriate documents containing detailed information on
the specific option. These optiodns are: KEll-E, KEll-F,
KJ11-A, KT11-D, KW1l-L, and KM1l-4 with an sdditional
Small Peripheral Controller. Specifications are contained

in Tables 4=12 through L=-16.

Information on memory units is presented in paragraph li.l,
These units include the MM1l-L, MFIl-L, MElleL, and MM11-3

memories,




h.2 INSTRUCTION SET

This section summarizes the PDP-11/L40 address modes and

instruction set. Its purpose is to define the KDil-A and
provide tabular, quick-reference information. A complete
description of PDP-11/40 address modes and instructions,
with additional details and examples, is provided in the

PDP-11/40 Processor Handbook.

The Instruction Set Processor (ISP) notation is used to

define the processor operations for each address mode ard
instruction. Table }-1 defines the meodified ISP symbology
used in this chapter. A more detailled description of ISP

notation is provided in Appendix & of the PDP-11/40 Processor

Handbook, Similar notation is ued in the block diagram and

flow diagram description of instruction implementation.

The following paragraphs cover address modes ({(paragraph L.2.1),
the basic instruction set (paragraph .2.2), and the extended
instruction set (paragrsph 4.2.3). The conventions used in

the KD1il=A Processor are:

() is used for € D or [ ]
s or ( ) around an expression indicates logical A
+ indicates logical OR
-~ indicates logical negation
plus indiecates addition

minus indicates subtraction

n



Table 4-1

ISP Symbology
Symbol Definition
{3 Befines the limits of an expression, such as word length {15:0).
il Defines the limits of a memory declamation; Mw [SP] specifies the address of the
stack pointer in memory.
-~ The expression to the left of this symbaol is replaced by the expression to the right
of this symbol, ’
Z « | indicates the Z bit is set,
- PC + PC + 2 indicates the program counter register (PC) is incremented by 2.
cat Indicates concatenation; registers to the left and right of this expression are consid-
ered 10 be dam reguster '
equiv Designates that expressions to the left and right are equivalent,
& Logical AND
OR Logical inclusive-OR
~ Negate
XOR Logical exclusive-OR -
’ Indicates that a reference to the expression with which this symbol is used may
cause side effects, e.g., registers may be changed as a result of the operation.
; Used as 3 delimiter
next A sequential delimiter, the operation to the left must occur before the operation to
the right.
m Designates an address mode; address mode ] is indicated by m = 1.
TE General register 7 (program counter)
ai Auto-increment; by 2 for word instructions, and by | for byte instructions,
r Indicates 3 result; used many times with limit symbols as an _‘;ptcrme:_jiate re_gi_s_t_gg
""" {r{15:0%. B | -
+ Addition; expression to the left is added to expression to the right.
~ Subtraction; expression to the right is subtracted from expression to the lefg,
X Multiply; expression to the left is muttiplied by expression to the right.
Divide; expression to the left is divided by the expression to the right.
sign-extend The sign bit of a byte, bit 7, is extended through bits 8 to 15.
Mw Memory word declaration; the address in brackets points to the memory location.
nw' Indicates next word, as pointed to by the PC with side effects "). The word is ai
the next sequential PC address, or the word pointed to by the next word (deferred
addressing).
R [dr] Indicates that 2 register {R) address as a memoty declaration is that of a device
register.
D Destination
Db Byte destination
S Source
. Sb Byte source




h.2.1  Address Modes

The instruction set of the PDP-11/40 System Tflexioly
interacts with the gsneralepurpose registers through ths
address modes. Table 4-2 1lists all of the address modes,
including the program counter (PC) register address modes.
These address modes, along with the gensral-purpose register
designation, determine the instructions' operands

(source and/or destination) and form part of the 16-bit

instruction format {(Figure L-1).
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Tahle 4-g
Address Modes

Mode | Designation

Symbelic’

ISP

Description

General Purpose Register-Addressi

o register R if (m=0) then Rr(wi:0); The register (R, Rr) is the operand.
| register @R or (R) | if (m=1) then M[Rr]; Defer to operand through register
deferred {R, Rr) as address. '
2 auto-increment | (R)+ if {m=2) and (rg#7) then Defer to operand through register
- {M[Rr]; next (R, Rr) as address, then increment,
Rr < Rr +ai);
3 auto-increment @(R)+ if {(m=3) anad (rg#7) then Defer to operand through (R), Mw
deferred (M{Mw{R:]]; next {Rr] as address, then increment
Rr+Rr+2; register (R, R1).
4 auto-decrement -(R). if fm=4) then (Rr + Rr - ai); | Decrement register (R, Rr), then defer
-next M([Rr]; to operand through register (R, Rr) as
address.
5 anto-decrement | @-(R) if (m=5) then (Rr + Rr - ai; | Defer to operand through (R), Mw
deferred next M[MwiRr]ll); Rr after decrement of register (R, Rr).
6 indexed +X(R) if (m=6) and (rg#7) then Index via register = {R, Rr) by the
M{nw’ + Rr]; amount specified in next PC word (X).
- 7 indexed @+ X(R) or| if (m=7) and (rg#7) then Defer to operand through index of
deferred @(R) MIMw[nw’ +Rrl]: register (R, Rr) specified in next PC
word (X} as address. '
PC Register Addressing
2 immediate #n if {m=2) and {(rg=T) then' Defer to operand through PC value
nw (wl:0) {next word); next word is immediate
_ _operand.
3 absolute @#A if {m=3) and (rg=7) then Defer via next word (PC address) as
M[nw'] address to operand; absolute address-
ing.
6 relative A if' {m=5) and {rg=7} then Relative to PC; uses next word as de-
MInw +P(]; ferred address of operand.
7 | relative @A if {m=7} and (rg=7) then Defer relative to PC; uses next word as
deferred M[Mw[nw' +PC}); address of deferred address of the op-

erand.

NOTE: The following symbols are used in thi_s table:

R = Register
X, 11, A = next program counter (PC) word (constant)




SINGLE OFERAND L. #

@
3

x#H

R

MODE
| 1 § 1 1 A i ] 1 L
15 & 5 4
QP CODE DESTINATION
ADDRESS FIELD

#=5PECIFIES DIRECT OR INDIRECT ADDRESS.
#%=SPECIFIES HOW REGISTER WiLL BE USED.
##x=SPECIFIES ONE OF EIGHT GENERAL PURPOSE REGISTERS.

DOUBLE QPERAND 4 * EEE *it ® E1 TS
MODE @ Rn MODE L @ o

L11 10I 5 8 N 5 4 ’ 3 2
SOl]RCE DESTH;ATION

ADDRESS FIELD ADDRESS FIELD

#=DIRECT/DEFERRED BIT FOR SOURCE AND DESTINATION ADDRESS.
#x= SPECIFIES HOW SELECTED REGISTERS ARE TO BE USED.
=#2:=SPECIFIES A GENERAL REG!STER.

n-1o06s

Figure 4~1 Double and Single Operand
Addressing



T

h.2.2

Basic Instruction Set

The KD11-4 basic instruction set is divided into six groups

of instructions. The format of each group is shown in

Figure l}~2. The six groups of instructions are:

Double Operand - Operations which imply two operands

{such as add, subtract, move, and compare) are handled
by instructions that specify two addresses. The first
operand is called the source operand; the second is
called the desatination operand. Bit assignments in

the source and destination address fields may specify
different address modes and different registers.

Double-operand instructions are listed in Table L-3.

Single Operand - Operations which require only one

operand (such as clear, increment, test) are handled

by instructions that specify only a destination

address (operand). The operation code, address mode,

and destination address are specified by the instruction.

Single-operand instructions are listed in Table L-l.

Register Source or Destination - Instructions in this

group make use of the general processor registers as
simple accumulators and the resulted is stored in the
selected register. Information can be used as either

a source or destination operand. For example, the
exclusive OR of the selected register and the destination
operand can be stored in the destination address.

Register source or destination instructions are
listed in Table l}-5.




Program Control (Branch) - These instructions permit

control of the program by branching to new locations
in the program dependent on conditions tested by the
program. The instructions cause the program to branch
to a location specified by the sum of an offset value
(multiplied by 2) and the current contents of the PC
provided the branch is either unconditionals or isg
conditional end the conditions are met after testing
the PS word,.

Program control instructions are listed in Table L -6.
Miscellansous - These instructions include HALT, WAIT,

and RESET as well as interrupt and trap handling
instructions such as RTI, RTT, EMT, and TRAP.

Miscellansous instructions are listed in Table L-7.

Condition Code Opersastors - These instructions are used
to set or clear individual condition codes in the
processor status (PSS} word. Selected combinations of
these bits may be set or cleared together.

Condition code operators are listed in Table L-8,

Ly-8
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DOUBLE OPERAND

OP CODE Src | dst
1 1 3 i ] i L ] I L n
13 12 1 [} 5 [+
REGISTER S0OURCE OR DESTINATION
" REG Sre/dst
N | ] ] 1 i i ] ] ]
SINGLE OPERAND
0P CODE ' dst
] L ] | i ] | i i ] | | L
15 & 5 [+]
MISCELLANEQUS
0 §] 0 Yz 0 REG
A 1 L { ] ] [ ] ] ] ] ] 1
BRANCH (PROGRAM CONTROL)
OP COCE OFFSET
| I S R A DV PO | [N N R T 1
15 a 7 Qo
CONDITION CODE OPERATORS
Q 0 0 e alttN|[z]v] ¢
} I N T I N | R T

Figure 4-2

Instruction Formats

11-#063
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Table 4-3

Pouble Operand Instruciions

Mpemenic
Instruction ISP Notation Description
and Op Code
MOV v« 8 next Move source 1o intermediate register, s,
Move N«+r{l5 Set N if negative.
{Src 10 Dst) if(r{15:0=0) then (Z + 1 else Z + 0), Set Z if Q.
01SSDD Y0, Clear V.
D'+ Transmit result to destination.
MOVEB T+ 5b7; next Mave source to intermediate register, 1.
Move Byte N<«1{T; Set N if negative.
{Src 10 Dst) if(r{7:0y=0) then {Z + 1 elte Z + 0); Set Zif 0.
1158DD V<0, Clear V.
Db+t Transmit result to destination.
CHMP r{i6:0)+ 5 - D"; next Source and destination operands are compared, bet una{fected.
Compare Only condition codes are affected, as follows:
{Src to Dst) N+ r{15); Set N if r is negative.
0288DD if (1 (15:0y=0) then (Z « | else Z + Q); SeiZifrisO.
if(SU5Y=~DUN & (505 XOR 1 {15)) then | Set V il operands have opposite signs and the sign of the source
{V<1else ¥+0); is the same as the result, r.
C+1(16& Set C if 17th bit is carTy.
MPB £ {8:0) «~ Sb’ - Db'; next Same as CMP, except operands are bytes.
Compare Byte] N < (7}
125500 f{r{7T.00=0) then (Z « | else Z + OY;
if (Sh {7y =~ Db {73 & (Sb (N XOR r {7} then
(V+lelse V<0O)
C~r{8
BIT 1< D" & 5 ;next Logical AND of source and destination operands.
Bit Test N+ {15 Set W if negative.
0338DD i (7415:00 = 0) then {Z + 1 else Z + O}; Set Zif 0.
V0D No overflow.
BITB r+ Db” & Sb’; next Same as BIT, except byte
Bit Test, N+ (T :
Byte if {10 = 0) then {Z = | else Z+0Y;
1388DD V+0
BIC T+ D&~ 8 next AND destination operand with compiemented source operand.
Bit Clear MNer{ls Set N if negative.
04SSDD 50 =0)then{(Z+ i eise Z+0); Set Zif 0.
Vg Clear V znd put resultin
Der destination address,
BICB r + Db’ & ~ 8b*; next Same as BIC, except byte.
Bit Clear, N1 {Th
Byte HE{T®=0)then(Z + 1 else Z+0);
1485DD V0,
Dbt i

{continued on next page)
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.Table 4-%

{continued)
Doxisle Operand Instructions
Mnzmonic -
mad Op Code 4
BIS r<«D"'OR 5';next Inclusive OR of source operand and destination operand.
Bit Set N+« r{l15); Set N if negative.
0555SDD if (£ {15:00=0) then (Z + 1 else Z + 0); Set2if Q.
V+0; Clear V.
D+r Put resutt in destination.
BISB r + Db’ OR Sb’; next Same a2 BIS, except byte.
Bit Szi, Byte | N+ (T
1588DD if {r {7:00 = Gy then (Z = 1 else Z + 0);
V0
Do+r
ADD 1{16:Q) + & + D’; next Add source and destination to provide } 7-bit sum.
Add N+ {15; Set N if negative result.
0588DD f(r{15:00=0) then{Z + 1 else Z < 0O); Set Zif 0.
if {8 (15 equiv D {35 & (S {15} XOR r {15)) Set V if both operands were same sign and the result is of
then (V +~ | elee V +0}; opposite sign.
Cr ity Set Cif carry.
D+ ¢ {15:0 Put result in destination.
suB 1{16:0) «- D" - 5§, next Subtract source operand {rom destination operand.
Subtract N+erddsy Set N if negative results.
1655DD f{rds:M=0)then{Z + | else Z+0); Set Zif 0.

HOADXORS AN L (DS XOR {15
then (V + | else V < 0);

C+r {6y

D+ r{15:0)

Set V if operands had different signs and result is opposite
sign from destination.

Szt C if 2 carry.

Put result in destination.

h=-11




Table I-4

Db+

Single Operand Instructions
Mnemonic
instruction ISF Notation Description
and Op Code
CLR D+0; Clear destination, N, V, and C; set Z.
Clear dst N+0;
£050DD Ze1;
V+0;
Cep
CLRB Db’ + O; Clear destination byte.
Clear Byte dst | N < @;
1050DD Zey,
Vg,
C+0
COM 1< ~D'; next Compiement destination,
Complement | N+ {15 Set N if negative.
dst if (r {15:0y=0) then Z « 1 else Z « D}; Set Zif 0.
0051DD Ve Clear V.,
C+1; Set C.
Der Put result in destination.
COMB | £+~ Db’ next Same as COM, except byte.
Complemenf N1 (P,
Byte dst if (r (7:00=0) then {Z « 1 else Z +0);
1651DD A AgltS
C+i;
Dbher
INC 1D+ 1;next Result is sum of I plus 1.
Increment dst | N < r{15) Set N if negative.
005200 if (£ {15:0> = Q) then {Z < 1 else Z < Q); Set Zif C.
if (z {15:0) = 100000, ) then (V +- 1 elee ¥+ 0); | Set V if resuit equals 100000, (dst was 077777,).
Dex Put result in destination.
INCE r+Db + 1;nexat Same as INC, except byte.
Increment N+ {7,
Byte dst if (r (7:00=0) then {Z « | else Z + O);
1052DD if (r (7:00= 2005 ) then (V < ] else ¥+ 0); Set V if resuit equals 200, (dst byte was 177;).
Db +r
DEC r< D' -1 next Result is destination operand minus 1,
Decrement N+1{5; Set N if negative.
dst if (z {15:0) = @) then (Z +~ 1 else Z + O); Set Zif 0. =
0053DD if (e (15:0v = 7777?8) then {V + 1 else V= 0); | Set Vif result equats 77777, (dst was 1000008).
Der Put result in destination.
DECE r+ Db -1;next Same as DEC, except byte.
Decrement [ N<1{D; :
Byte dst if{r{7:0)=0) then {Z « L else Z+@);
1053DD if (¢ (7:0)= 177;) then (V + 1 else ¥ < 0); Set Vif result is 177, (dst byte was DGDS).

{continned on next page)
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({0 =0) & (C = 1) then (C « 0 else C + 1);|
Db<er

Table -4
{continued)
Sirgle Gpevend Instructions
Minemanin :
Instroctism " ISP Notstice Description
and Op Code ol
NEG r+~I¥; next Negate D by 2's complement.
Megate dst N+ {l5; Set N if negative result.
G054DD H(r{15:00 = 0) then (Z « 1 else Z « 0); Set Zif 0.
if (r (15:00 = 160000, ) then (V + ] else ¥+ 0); | Set V if destinetion operand was 100000,
H(ri5:0=0) then{C+0else C+ 1), Clear C if result is 0, otherwise set C.
D<r - Put result in destination.
NEGB 1 +-Db’; next Same as NEG, except byte.
Negate Byte | N+ r{?;
1654DD H(p{T:Q=0)then (Z+1elszZ+0D);
if (1 (7:0) = 200, ) then {(V + [ else V - 0);
f{r (7.0 =0} then (C ~ Qelse C+ 1);
Dber
ADC 1+ D' +C; next Add the C hit 10 the destination,
Add Carry Ner{15) Set M if negative.
0055DD i {¢ {15:0) = 0) then (Z + | else Z< 0); Set Zif 0.
if {1 (15:0)= 100000} & {C = 1) then (V+ | Set V if destination was 077777 and C was 1.
else ¥+ O; next
{2 {15:0y = 0) & (C = 1) then {C + [ else Set C if destination was 177777, and C was 1.
C+0)
D+r
ADCE t+< Db +C;next Same as ADC, except byte.
Add Carey Ner{®;
Byte (e (7:00=0) then (£« 1 else Z + 0);
1055DD if {1 (7:00 = 2005) & (C = 1) then (V « 1 else
- Y+ 0); next
- if {r (7:0) = 0) & (C = 1) then (C+1 else C - 0);
Db +r
SEC r+ " -C; next Subtract C bit from contents of destination
Subtract N« {15 Set N if negative.
Carry i (r{15:00 = Q) then (Z + [ else Z = 0); Set Zif 0.
005400 F{{15:0 = 1000003) then {¥ +« 1 else ¥V +0); | Set V if result is 1000008.
f{r5:0) =0} &{C=1) then (C+ Delse Cleay Cif resultisOQand C=1. -
C+1)%
Der. Put result in destination.
SBCB r+ Db’ -C; next Same as SBC, except byte.
Subtract N+l
Carry Byte (700 =0)then {(Z + 1 else Z + 0);
1056DD | f (r{7:0= 200, ) then (V + 1 ekse V + 0);

{continued on next page}
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Table l-iy

{continued)
Single Operand Instructions
Mnemonie
Instruction ISP Notatien Description
and Op Code )
TST 1< D" ~0; next Sets N and Z condition codes according to contenls of
Test destination address.
00s7DD N<r{15y,
i (r (15:00 =0} ther (Z + 1 else Z « Q);
Vi '
C+0
TSTB = Db’ -0; next Same as TST, excepi byte.
Test Byte N+r{D,
1057DD ({70 =0)then (2« 1 else Z+0);
V<0,
C+0
ROR r {16:00 « [ (0} cat C cat D" {15:1); next 1 7-bit intermediate result is C and contents of destination
Rotate Right rotated right one pizce.
036000 N« r{i5y Set N if high order bit is set.
if{rd5:Gr=0)then(Z+ Jelse Z«0; Set Z if result is 0.
Ccat D{I5:0) < 1 {16:0); next Put 17-bit result inte C bit and destination.
if (N XOR C) then {V + 1 elze V « () Loagd V with exciusive-OR of N and C (after rotation is
complete).
RORE i (8:00) + Db’ {0 cat € cat Db’ {7:1); nexe Same as ROR, except byte.
Rotate Right | N+« (7, :
Byte (M =0) then(Z+ 1else Z+0Q);
106000 C cat Db + 1 (8:0); next
HINXORC)then (¥~ lelse V= 0)
ROL 1 (16:0) + D” (15:0% cat C; next 17-bit result is £ and contents of destination rotated left one
Rofate Left bit.
00e1DD M1 (l3; Set N if reanit iz negative.
if (F @5:0y=0) then {Z+ | else Z < Q); Set Z if result is .
C cat D +r1 {16:0}; next Put result into C and . Bit 15 into T bit and previcus € &g
inte bit 0.
Hf(NXORCythen(V+ 1 else V+0) Load V with exclusive-DR of N and C after rotation is
complete.
ROLB 1 (8:(0 + DY’ (7:0} cat C; next Same as ROL, excepi byte.
Rotate Laft N+l
Byte if {1 {7:0) = 0) then (£« 1else Z+-0);
106100 C cat Db < r {8:(; next
if (N XOR C) then (V « I else V < 0) -
ASR r < D'{2; next Contents of destination skifted right one place (+ 2).
Arithunetic C+ Dy Least-significant bit loaded into C.
Shift Right N+r{(15; Set N if result negative.
006200 if (r {15:0y =0 then (Z « 1 else Z < 0); next Set Z if result Q.

if (N XOR C) then (V + 1 else V < 0);
D+ v

Load ¥ with exciusive-OR of N and C after shift is complete.
Put result into destination.

(continued on next page)
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Table lL.-L

{continued)
Single Opersnd Instructions
Bnemonic
Enspruction iSF Notation Description
and Op Code ' 4
ASRB r + Db'/2; next Same 2s ASR except byte.
Arithmetic C+~Db @) -
Shift Right N1 (?;
Byte if (£ {7:00 = ) then (Z + 1 else Z + 0); next
1052DD if (N XOR C) then (V < 1 efse V<0);
Dh=+r -
ASL r <D {15) cat B* {13:0} cat 0; next Shifts contents of destination left one place, but sign bit
Arithmetic remains in most significant place.
Shift Left C+ D14, next Bit 14 Joaded into C.
0063010 M+r{l5; Set N if result negative.
if (r{15:0) =0) then (Z + | else Z + 0); next Set Z if result 0. ) )
if (N XOR C) then (V + | else ¥~ 0); Load V with exclusive-OR of N and C after shift completed.
Der - Put result in destination.
ASLB r + Db’ {7) cat DY’ {5:0% cat 0; next Same as ASL, except byte.
Arithmetic C = Db {6); next :
Ehift Teft N+ {7
Byte if (c (7:00 = 0) then (Z < | else Z +- 0); next -
166300 if (N XOR ) then (V + 1 else V < 0); e
Db «r -
MARK 8P « 8P + (2 X dF (5:00); pext Adjusts stack pointer by the number of words indicated in the
Mark low 6 bits of the instructicn {2 X nn locations).
0064nn BC < R{5] ; next Puts old PC (R5) into PC.
R[5] < Mw [SP]: Contents of old RS poppe 1 into R5. .
SP+SP+2
SXT (N =1} then (r {15:0>+ -1 else r {15:00 = 0); | If the N bit is set, then - | it placed in the destinstion opsrand.
Sign Extend | next Qtherwise, 0 is placed in the destination operand.
destination if(r{i15:0 =0} then {Z « 1 else Z + Q}; Set Z if result is 0.
067DD D'«
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Table -5

Register Scurce or Destination Instructions

VIR — — —
Instruction ISP Notation Dewcription
and Op Code i
XOR r = Rjss] XOR I; next The exclusive-OR aof the register and the destination operand
Exclusive-OR is stored in the destination address.
074RDD if (r = 0) then (Z « 1 else Z < 0); Set Z if result is 0.
N« (is) ' Set N if result is negative.
Vi Clear V; no overllow possibie.
Risr] «r
s08 r < R[st] -1; next Decrement register by 1. If result is not equal to O, branch.
Subtract R[sr] +1;
One and if (r # 0) then (PC <« PC -2 X 4f (5:0) Subtract 2 X 6-bit offset from PC to get new PC.-
Branch
Q77K offset

h-lél
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Table L-6
Program Control Instructions

ISP Netation

Description

Unconditional |

0004 loc

BNE
Branch

Not Equal
0010 loc

BEQ
Branch on
Equal
0014 loc

BGE

Branch if
Greater than
or Equal (zero)
0020 loc

BLT
Branch on
Less Than
0024 loc

BGT
Branch on

“Greater Than

0030 10c

BLE

Branch on
Less Than

or Equal (zero)
6034 loc

BPL
Branch on
Plus

1000 loc

BMI

Branch on
Minus
1004 loc
BHI
Branch on

Higher
10101oc

PC « PC + sign-exiend (instr (7:00 X 2)

if (Z = 0) then (PG+PC + sign-extend
(instr (7:0 X 2))

if (Z = 1} then (PC + PC + sign-extend
{instr {7:00 X 2)}

if (N equiv V} then (PC « PC + sign-extend
(instr {7:00 X 20

if (N XOR V) then (FC + PC + sign-extend
(instr {7:00 X 2))

if (~Z & (N equiv V)} then (PC « PC + sign-
extend (instr {(7:0¢ X 2))

if (Z OR (N XOR V) then (PC « PC + sign-
extend {instr {7:0) X 2))

if {N =0} then (PC + PC + sign-extend
(instr (7:0) X 2))

if (N = 1) then (PC + PC + sign-exiend
{instr (7:0) X 2))

if ~(C OR Z) then (PC « PC + sign-extend
{instr (720} X 2)}

Always branch.

-| PC changed as follows:

Eight least-significant bits of instruction are multiplied times 2
and added to PC with sign extended.

Branch if Z is 0.

Branch if Zis 1.

Branch if N is equivalent to V.

Branch if exclusive-OR of N and V equal 1.

Branch if Z not 0 and N equals V.

Branch if Z equals 1 or if exclusive-OR of N and V equals 1.

Brasich if Nis 0.

Branch if Nis L.

Branch if C and Z are 0.

{continued on next page)
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Table li-6
(continuend)

Program Conirol Instructions

Mnemomic
Instrection ISP Notation Deseription
and Op Code
BLOS if (C OR Z} then (PC < PC +signextend Branchif Cos Zis 1.
Branch on (instr (700 X 20}
Lower or . e
Same
1014 1ac
BYC if {V = 0} then (PC < PC + sign-extend Branch if Vis 0.
Beanch on {instr {7:00 X 2))
Overflow
Clear
BVS if (¥ = 1) then (PC +~ PC + sign-extend Branch if Vis 1.
Beanch on {instr {7:0) X 2))
Cverflow Szt
1024 loc
BHIS if (C =0} then (PC « PC + sign-extend Branch if Cis Q.
Branch on {instr {7:0} X 23}
Higher or
Same
1030loc
BLO if {C = 1) then (PC + PL + sign-exiend Branch if Cis 1.
Branich oa {inste {723 X 2))
Lower
1034 lec
ISR SP + SP--2; next Push contents of R onto stack.
Tump to Mw [SP] + Rlsrl;
Subroutine Rfst] « PC Seore curgent PC in R.
CO4RDD PC + D address Load subroutine address into PC.
RTS PC + R|drl, Load contents of R into IC.
Return from | Rfdr] +Mw [SP]; Pop stack pointer into B
Subroutine SP«SP+ 2
Q00208

L-18

e

)



Table 1 -7

Miscellaneous Instructions
Mnemonic
Instruction ISP Notation i Description
and Op Code
HALT Off + true Processor halts with console in control. No activities or
Halt instructions can be executed until a console actions restarts
000000 the processor.
WAIT Wait + true Processor relinquishes bus and waits for an external intarrupr.
Wait h
000001
10T SP+ 8P-2; next Push PS onto Stack.
I/O Trap Mw [SP] < P3;
000004 SP + 8P -2; next Push PC anto stack.
Mw [SP] «~ PC; '
PC « Mw [20]); Get new PC from location 20,
PS « Mw {22} Get new PS from location 22,
RESET Init=1; Send INIT on Unibus for 20 ms.
Reset Delay (20 milliseconds); next '
External Bus ! Init =0
000005
SPL PS{7:5) « df 2:0) Load three least significant bits, N, into PS.
Set Priority :
Level
Q0023N
RTI PC -+ Mw [SP]; Pop PC off stack.
Return from | SP+ SP + 2; next
Intetrupt PS < Mw [SP]: Pop PS off stack.
000002 SP+SP+12 [ (RTL permits trace trap.}
RTT PC « Mw [SP]; Pop PC off stack.
Return from | SP < SP+ 2:next
Interrupt PS +~ Mw [SP]. Pop PS off stack.
000006 SP«SP+2 (RTT inhibits trace trap.)
EMT 8P+ SP-2;next Push PS onto stack,
Emulator Trap| Mw [SP] + PS;
104 Code 5P+ 5P -2 next Push PC onto stack.
(104000 — Mw [5P] < PC;
104377) PC+ Mw {30}; Get new PC and P8 from locations 30 and 32.
PS + Mw [32}
TRAP SP + SP - 2; next Push PS onto stack.
Trap Mw [SP} « P§
104 Code SP + SP -2: next Push PC onto stack.
(104400 — Mw [SP] + PC;
104777) PC ~Mw {34]; Get new PC and PS from locations 34 and 36.
PS + Mw [36]
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Table [ -f
Condition Code Operators
Mnemaonic
Instruction ISP Notation Description
and Op Code
CLc il (instr 4y =0 & instr {Q¥ = 1Y then C + Q When bit 4 of the instruction is 0 bits 3, 2, 1, and © clear
Clear € correspending bits in PS.
Q00241
CLv if(iostr B =0& st {>= 1 thenV+0
Ciear ¥
0242
CLZ if{instr ) =0 & instr D= 1) then Z+ 0
Clear Z
000244
CLN if(instr =0& inste 3y =1)thea N+ {
Clear N
000250
CcCC if (instr 4y =0 & instr {3:07 = 17} thea
Clear ali {C+0;
Condition V=0 -
Codes Z+0;
000257 N<0)
SEC if {instr {4} =‘1 &instr i =1)thenC+ 1 When bit 4 of the instruction is 1, bits 3, 2, 1, and © set corre-
Set C sponding bits ia PS,
000261
SEY if(instr = & instr (I} = thenV <« 1
Set v _
000262
SEZ if(instr @)= 1 & instr (2 =1)then Z« |
Set Z
006264
SEN if(instrih=1&instr D=1 then N+ 1
Set N
000270
ScC if {instr (4:0} = 37) then
Set all {C+1:
Condition Ve,
Codes Z+1; -
000277 N+ 1)
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.2.3

Extended Instruction Set

Additicnal instructions are available if certain processor

options are added to the basic system. These instructions

are:

Kfi11l-E Extended Instruction Set (EIS) - These
instructions have the same formst as double-operand
instructions and provide an increased arithmetic
capability to the basic instruction set. These
instructions are: multiply (MUL), divide (DIV},
arithmetic shift (ASH), and arithmetic shift
combined (ASHC),

The EIS iﬁstructions are listed in Téble -9,

-

KE1l-F Floating Instruction Set (FIS) - These
instructions permit arithmetic operations in
floating-point notation. The instructions are:

FADD, FSUB, FMUL, ané FDIV {floating peoint addition,
subtraction, multiplication, and division).
Descriptions of each of these instructlons are

given in the PDP-11/L0 Processor Handbook.

KT11-D Memory Management - The MFPI instruction is
provided to allow inter-address space communication
when the PDP-11/10 is using the memcry management
option. The MTPI instruction determines the address
of the destination operand in the current address
space.

Hote that in the table, the move from previous
instruction (MFPI) and the move to previous
instruction (MTPI) are listed as MFPI/D and MTFI/D.
This is because in the PDP-11/40, MFPI and MFFD

are executed in an identical menner as are MIPI

and MTPD,

The XKT11-D instructions are listed in Table L-10C.
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Table -9

Extended Instruction Set (FIS)
iMpemaonic
Enstruction ISP Motation Description

and Op Code
MUL r31:0+ B X Rse]; next Multiply contents of source register and destination ta form
Muttiply _ 32-bit product.
O7T0RSS Gl =0)then(Z < I else Z +0); Set Z if product is 0.

N+=r{31} Set N if product is negative.

if (1 31:0) < -2") OR (r 31:0) 3> 21%) then Set C if praduct is more than 16-bit result.

(C+lelse Ce0)

V0, No everflow possible; clear V.

Risi} ¢15:0) <1 (31:16); next Store the high-order resuit in R.

Risr OR 1] {15:0) <1 {1 5:0}; Store the Jow-order result in succeeding register if R is even

aumber, Otherwise, store in R,

nv el (31:0) = Risc] cat R[sr OR 1]/D°; next The 32-bit dividend, R, R OR 1, is divided by source operand
Divide . D. R must be even number.
071RSS r2{15:0y + Risr} cat R[sr OR 1} —(r1 X D); Determine the remainder.

next N« ¢l {15} Set N if quotient is negative. -

if(r1 31:0 = Q) then{Z < 1 else Z+ ); Set Z if quotient is 0.

f(D=0Ythen{(C+ i else C=0); Set C if divide by 0 attempted.

if(rii5=0)& (rl1 81:16y# 0} Set V if divisor is 0, or if the result is too large to be stored

OR as a 16-bit number,
ifrl 19 =1)& 1 3116 #-1)
OR

if (D =0) then{V « 1 else ¥V < 0);

Rlst} «rl (15:0 Store quotient in R.

Rlst OR 1] «12 Store remainder in R OR 1.
ASH 1 {79:0} < signextend (Rfsr] {I5:0)X 2% Contents of R are shifted NN places right or lefi, where NN
Arithmetic (D’ {5:0) + 32) mod 64); next equals the six low-order bits of DD,
Shift NN =-32t0 +31.
072RDD Risr] (15:0) < {47:32); next Store tesult in R.

if(R[st] =0)then(Z = | else Z < Q) Set Z if result is 0.

if ((R[sr] €157 =0) & (£{79:48) D) OR Set ¥ if sign of register changed during shift.

{Rsr] {153 =1) & {1 (79:48) # - 1)) then

(V< 1elseV+0);

N<«R[sr] 45% Set N if result is negative.

if (DGY= 1 thenC+1 31 Load C from last bit shifted out of registes,

if (D {5) = 0) & (D {5:00 # 0) then

Ceridd

if (DG = then C+0
ASHC 1 {95:0) < signextend (R[sr] cat R[sr OR 1] X | Contents of R,and R ORed with |, form a 32-bit word {R =
Arithmetic 2 1 (I 5:00 + 32) mod 64),; next 31:16, ROR | = 15:0) that is shifted right or left NN places,
Shift specified by six low-order bits of destination operand, DD.
Combined R[st] « r 63:48); next Stare resultsinRand R OR 1,
073RDD R[sr OR 1} «r {47:32) next

if (Rsr] cat R[st DR 1] =0} then (Z + ! cise
Z+0);

N« R[sc] {15

f{e 6D =0 & (r{95:64)# 0) OR

f{e 61 #0) & (r{95:64y#~1) then
(Velelse V()

if(D{3)=1)thenC+ (31

if (D Sy=0) & (D (5:00# 0) then

C+r{pd,

(D E:M=0)thenC +0

Set Z if result is 0.

Set N if result is negative.
Set V if sign bit changes during the shift,

Load C with high order if ieflt shift.
Load C with low order if right shift,

Otherwise, cleay C.
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Table

4~10

Memery Manasgement Instruction Set

Mnemonic .
Instruction ISP Notation Description
and Op Code
MFPI/D r += D' next Get destination operand from previous I space.
Move From SP+Sp-2; Push stack.
Previous N<rsy Set N if negative.
Instruction if(r(15:0y=0) then (Z « 1 else Z = 0); Set Zif 0.
Space V«0; Clear V.
0065DD Mw [SP] <r Put operand into curzent address space.
- MTPI/D : 1< Mw [SP] ;- Get data from cutrent stack,
Move To SP <SP+ 2; next Pop stack,
Previous N« r {15 Set N if negative.
Instruction i (r¢15:00 =0} then (Z < | else Z + 0, Set Zif 0.
Space Vi Clear V,
0066DD Der Move to previous I space destination.
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h.3 PROCESSOR OPTIONS

The basic KD11-A processor of the PDP-11/1,0 System contesins
space for installing six processor cptions. In addition,
there is a small peripheral controller slot that is usually
used for a programmer's console device (such as the DECwriter
or Teletype interface) but that aslso can be used for a
variety of options dependent on the user's individual
raequirements. The specific slot, or slots, allocated for

each option is listed in Table L-1T and shown in Figure 6-
The processor options that are availsble are:

a. KE11-E Extended Instruction Set (EIS)
b. KE11-F Floating Instruction Set (FIS)
c., KJ11-A Stack Limit Register

d. KT11-D Memory Management

e, KWll-L Line Frequency Interrupt Clock
f. KMl11-A Maintenance Console

g. Small peripheral controller slot (varieble option)

The agbove options can be used in any combination as they
function independently with two exceptions. The KE11-F{FIS)
option phsically requires the KFE11-E(EIS)options and software
for the KT11-D cption reguires the XJ11-4 option. Each

option is discussed separately in subsequent paragraphs which
include a general description, specifications, and =&

reference to more detailed documents.



Table L1-11

Location of Processor Optibns

Option

KE11-E Extended Instruction Set (EIS)
KE11-F Floating Instruction Set (FIS)
KJ11-4A Stsack Limit Register

KT11-D Memofy Management

KW11~L Line Frequenpy Clock

KM11-A Maintenance Console

For maintenance of the basic
processor

For maintenance of the XT11-D
and /or EIS and FIS options

Small Peripheral Controller Slot

Section(s) Slot
AR 02
A-D 01

B 03
A-F 08
F. 03
P 01
E 01
C-F 09
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u;3.l KE11-E Extended Instruction Set (EIS) Option

The KE11-E Extended Instruction Set Option is a processor

option that expands the basic PDP-11/40 instruction set to

include: multiply (MUL}, divide (DIV), arithmetic shift (ASH), o
and arithmetic shift combined (ASHC). The option permits
multiplication and division of signed 16-bit numbers and -
arithmetic shifting of signed 16=-bit or 32-bit numbers.

Condition codes are set on the result of each instruction.

The KE11-E (EIS)option is a single hex (six section) module

(M7238) that plugs direetly into slot A02-F02 of the processor

system unit. The'Option functions as an extension of the j
basic KD11-A data paths, microbranch contrel, and control ROM, |
The basic processor timing is not degraded when this option

is used. The NPR latencj is not affected when the ingstructions

are being executed. Interrupts are serviced at the end of

each instruction in the standard manner.

There are no addressable registers in the KE11-E option.
A1l operands are fetched from either core memory or from
the general processor registers and the result of each

operation is stored in the general registers.

N’
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The MUL instruction uses the contents of the effective address
specified by the destination register and the source register
as 2's complement integers which are multiplied., The result is
stored in the source register and, if even, the low-order
result in the succeeding register. If the source register
address is odd, gnly the low-order product is stored. The MUL

instruction multiplies full 16-bit numbers for a 32-bit product.

The DIV instruction permits a 32-bit dividend to be divided

by a 16-bit divisor to provide a 16~bit quotient and a

16-bit remainder. The sigh of the remainder is always the

same as the sign of the dividend unless %he femainder is zero.
Overflow is indicated irf more than 16 bits are required to
express the quotient. In this case, the instruction is aborted,
the overflow condition code is set, the expansion processor
status (EPS) word is loaded into the processor PS register, and
the program branches to a service roubine. If the source
register is zero, indicating divide by 0, an overflow is

indicated.
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When the ASH instruction is used, the contents of the selected
register is shifted right or left the number of places
specified by a count. This shift count is a 6-bit, 2's
complement number which is the least significant & bits of

the destination operand. If the count is positive, the number
is shifted left; if it is negative, the number is shifted
right. This allows for shifts from 31 positions left to 32
positions right {+31 to -32). A count of zero csuses no

change in the number.

When the ASHC instruction is used, the contents of a register
{address R) and the contents of another register (asddress of the
first register ORed with one, R+l) are treated ass a single 32=bit
word, Register R+1 represents bits 0-1%5, register R represents
bits 16-31, This 32=-bit word ié shifted right or left ths
number of places specified by a count, This shift count ig the
same as that described for the ASH instruction and permits shifts
from +31 %o =32, If the selected register (R) is an odd number,
then R and R+l are the same, In this case, a shift btecomes a
rotate and the 16-bit word is rotated the number of counts

gspecified by the shift count (up to 16 shifbs},

Specifications for the KEI1-E option are listed in Table L-12
at the end of this paragraph. A detalled description of this

option is given in the KE1l Imstruction Set Options Manual,

DEC-11-HKEFA-A-D,

L=-28
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Table l-12

KE11-E (EIS) Specifications

Instructions

Operations

Registers

Timing (approximate)

Size

Multiply (MUL)

Divide (DIV)

Arithmetic Shift {(ASH)
Arithmetic Shift Combined (ASHC)

Multiplication and division of
signed 16-bit numbers.

Arithmetic shifting of signed
16-bit or 32-bit numbers

None in option. Operands fetched from

core or general processor registers,

MUL = 9.5 us
DIV = 10.5 us
ASH = 3.,)} us plus address calculabion

time plus 300 ns times sbsoclute

value of shift count

ASHC

3.8 us plus address calculation

time plus 300 ns times absolute

value of shift count

Single hex module (M7233)
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}.3.2 KE11-F Floating Instruction Set (FIS) Option

The KE11-F PFloating Instruction Set Option is a processor
option that enables the KD11-A processor to perform
arithmetic opsrations using floating-point arithmetic. The
prime advantage of this option 1s increased speed without
the necessity of writing complex flocating-point software
routines. The KE1l-F performs single-precision operations,
The KE11-F option cannot be used unless the KE11-E{(EIS}

option has been installed in the system.

The KE11-F (FIS)option is a single quad module (M7239) that
plugs directly into slot AOl-DO1 of the processor system unit.
If a BR request is issued before the.instruction is within
approximately 8 us of completion, the flcating-point

instruction is aborted. In this event, the program counter (PC)
points to the aborted floating-peint instruction, making the
instruction the next instruction to be performed by the program.
The NPR latency iz not affected when flcating-point instructions
are being executed. Interrupts are serviced at the end of each

instruction in the standard manner.
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The FIS option provides four special instructions: floating-
point addition {(FADD}, floating-point subbraction (FSUB),
fleoating-voint multiplicaticn (FMUL), and floating-point

division (FDIV).

Floeting-point representation of a binary number consists of
three parts: an exponent, a mantissa, and the sign of the
mantissa. The mantissa is a frsction in magnitude format with
the binary point positioned between the sign bit and the most
significant bit., If the mantissa is normalized, all leading
Os are eliminated from the binary representation; the most
significant bit 15 thus a 1. Leading Os are removed by
‘shifting the mantissa left; however, each left shift of the
mantissa must be followed by a decrement of the exponent value
to maintain the true value of the number. The exponent value
represents the power of 2 by which the mantissa is multiplied

tc obtain the value to be used.

For FADD or PFSUB coperations, the exponents must be aligned
{or equal). IFf they are not, the mantissa with the smaller
exponent is shifted right until they are. Each right shift

is accompanied by incrementation of the exponent value..Once
the exponents are aligned (equal), the mantissa is added or
subtracted. The «xponent value indicates the number of places
the binary point is to be moved in order tc ohtain the actual

representation of the number.
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For FMUL instructions, the mantissas are multiplied and the
exponents are added. For FDIV instructions, the mantissas

are divided and the exponents are subtracted.

The KE11~-F Floating-Point option stores the exponent in
excess 2008 notation. Therefore, values from -128 to +127

are represented by the binary equivalent of 0 to 255

(octal 0-377). Mantissas are represented in sign magnitude form.

The binary radix point is to the left, The result of the
floating-point operations is always rounded away from zero,

increasing the absolute value of the number.

If the exponent is egual to 0, the number Is assumed %o be O
regardless of the sign bit or fraction value. The hardware

generates a clean 0 in this instance.

Specifications for the KE11-F option are listed in Table I-13
at the end of this paragraph. A cetailed description of this
option is given in the KE1l Instruction Set Options Manusal,

DEC-11-HKEFA-A-D,
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Table L-13

KE11-F (FIS)Specifications

Prerequisite KE11-E Extended Instruction Set Cption

Instructions _ Multiply (MUL)
Divide (DIV)
Arithmetic Shift (ASH)
Arithmetic Shift Combined {ASHC)
Floating-point Addition (FADD)
Floating-point Subtraction (FSUB)
Floating-point Mulitply {FMUL)
Floating-point Divide (FDIV)

Operations Multiplication and division of
signed 16-bit numbers.

Arithmetic shifting of signed 16-bit
or 32-bit numbers.

s Single~precision floating-point addition,
{ subtraction, multiplication, and division
of 16-bit numbers.

Registers None in option. Operands fetched from
'~ core or general processor registers
{stack ordered)

Size ) Single guad module {(M7239)

./I
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h.3.3 KJ11-A Stack Limit Register Option

The KD11-A processor is capable of performing hardware stack
operations. Because the number of locations occupied by a
stack is unpredictable, some form of protection must be
provided to prevent the stack from expanding intc lgcations
containing other information. In the basic .machine, this
protection is provided by a fixed boundary. The KJ11-A Stack

Iimit Register Option provides a programmable boundary.

The KJ1l-A consists of a single addressable reéister,
sccessible to both the console and the processor, that

is used to change the stack 1imit and to provide warning
(yellow zone violation) and error (red zone violation)
indications to the processor, Tne stack 1imit register is an
B-bit register (high byte) that can be addressed either as

a high-order byte (777775) or as a full word {(777774).

During operation, the register is loaded with an address
signifying the lower limit of the stack (stack violations
cccur at or belcw this limit}. During subsequent stack
pointer related bus operations (DATC, DATOB, and DATIP), if
the address of the bus operation is less than tne contents

of the stack l1imit register, an error condition exists.
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If the difference is less than or equal to 16 words, a yellow
zone violation occurs., The operations that caused the yellow

zone viclaticn are completed and then a bus error trap occurs.
This error trap, which itself uses the stack, executes without

causing an additional violation.

If the space between the bus address and the stack limit
register is greatver than 16 words, then a red zone violation
occurs and the operation causing the error is aborted. The
stack 1s repositioned and a bus error trap occurs; that is,
the o0ld PS and PC are pushed into locations 2 and O and the
new PC and PS are taken from locations L and 6. A red zone
vioglation is & fatal stack error. Other fatal stack errors
are odd stack or non-existent stack, Note that these two
stack error conditicns exist in the basic KD1l- A processor;
however, in this case the stack 1imit is fixed at memory

location LDOgz. The option utilizes this MOOSboundary also.,

The KJ11-A Stack Limit Register Option is a single-height

module that plugs inteo slot EO3 of the processor,

Specifications for the XKJ11-A option are listed in Table L-14

at the end of this peragraph, A detailed description of unie

cpticn is presented in the HDl11-A Processor Manual, DEC-11-HKDAA-A-D,
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Register

Register
Addreas

Stack Limit

Yellow Zone
Violation

Red Zone
Violation

PDP-11 /110
Stack Limit

Size

Table L-1l

KJ1l~A Specifications

8-bit stack 1imit register (bits 15-08)

addressable by console or processor, but
not by any bus device 7

777774 (word addressing)
777775 (byte addressing)

programmable; if register is all Os,
then:

000 - 337 = red zone

340 - 377 = vyellow zone

occurs if the stack operationt's address
is less than the stack 1limit address by
16 words or less. The operation is
completed and then a TRAP is executed.

oceurs if the stack operstion's address { 3
is less than the stack limit address by '
more than 16 words. The operation is
aborted (fatal stack error), a stack
vector exists at address )}, and a bus
error TRAP occurs. The old PS and PC
are pushed into locations 2 and 0: the
new PC and PS are taken from locations

Yy and 6.

The PDP-11/4,0 System has a fixed stack
limit at 377. Therefore, it is equivalent
to the initialized state of the KJ11-A,

one single-height module
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L.3.4 KT11-D Memory Management Option

The KT11-D Memory Management Option is a PDP-11/40 processor
option that provides the capability to expand the 32K-word
addressing of the KD1l1l-4 processor to 128K words and to
enhance the use of multi-user, multi-program systems., A
time-sharing environment i1s created by providing two
operating modes: kernel and user. These modes can operate
with or without relocation and protection. Mede selection

is made by using an expanded KDl1-A processor status word.
The KT11-D option basically performs four functions:

a. BExpands the besic 32-K word address capability

to 128K words.

b, Provides address space with memory relocation
and protection for multi-user timesharing

systems,

¢. Implements the sepsrate address spaces for the

kernel and user modes of coperation.

d. Provides memory management information for use

of memory in multi-user, multi-program systems,

L-37




The standard 16-bit word length of the KD11-A processor limits
the memory address capability to 32K words, In addition, the
upper LK of address space is always reserved for internsal
regiater and external device addresses. The KT11l-D converts
the 16-bit virtusl address generated by the processor to an
18-bit physical bus address, thereby increasing the usable

memory address capability from 28K to 124K words.

Becausge the KT11l-D option relocates all addresses automaticaily,
the KD11-A processor may be considered tTeo be operating in a
virtual address space. This means that no matter where a
program is loaded into physical memory, it does not have to

be re-linked; it always appears to be at the same virtual

location in memory.

In a multi-programmed, timeshared system, user programs must

be prevented from modifying or destroying the operating system.
The KT11-D option implements the kernel/user modes of operation
upon which the timeshared system is based. The option uses twe
sets of eight 32-bit Active Page Registers (APR}. An APR is
actuslly a pair of 16-bit registers: a Page Address Register
(PAR), and a Page Descriptor Recister (PDR). These registers

are always used as g palr and ccontain all the infermation
needed to describe and locate the currently active memory pages.
One PAR/PDR set is provided for each mode of operation (kernel

and user). Logic within the KT11-D analyzes every memory

4=38
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reference to ensble the correct PAR/PDR set. Thus, a user
mode program, for example, cannot operate in the space

assigned to kernel programs.

In a multi-program, multi-user enviromment, memory space
must be used in fthe most efficient method possible in order
to accomodate as many users as possible with minimum delay.
The KT11-D option maintains bits that indicate whether the
associated psge has ever been written inteo, The software
memory management system can interrogate each PDR to determine
how that page had been used. This.information enables the
software system to evaluate the overall use of avallable
memory space. For example, if an active memory page has
never been altered, the memory management system might, if
necessary, overlay that page with a new program requested by
a user. If a current active page has been written into, the
memory management operating systeh needs to be informed so
that the modified program can be rewritten into secondary

storage bhelfore the page is overlaid.

Specifications for the KT11l-D Memory Management Option are
listed in Table L-15 at the end of this paragraoh, A detailed
description of this option is given in the KT11-D Memory

Management Option Manual, DEC-11-HKTDA-A-D,
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Memory Expansion

Interface

Timing

Delay

Operating Modes
Available Pages
Page Length

Program Capacity

Size

Table I1-15

KT11-D Specifications

Expands PDP-11/0 memory address
capability up to 124K words.

Address line outputs compatible
with PDP-11 Unibus

Timing derived from KD11-A processor

Adds 150 ns to every memory reference
when installed.

Kernel and user

Provides 8 JK-word pages for each mode
A page can vary in length from one
32-word block up to 128 32-word blocks.,
Maximum page length is ;1096 words.

Eight L096~word pages accomodate
3Z2K-word programs,

Single hex-size module (M7236)

L-L0
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4.3.5 KW1ll-L Line Freouency Clock

The KW1ll-L Line Frequency Cloeck is a PDP-11/L0 Drocessof
option that provides a method of referancing real intervals.
This option generates a repetitive interrunt request to the
processcr, The rate of interrupt is derived from the ac line
frequency, either 50 Hz or 60 Hz. The accuracy of the clock
period, therefore, is dependent on the accuracwy of this

frecuency source.

The KWll-L Line Frequency Clock can be operated in either
an interrupt or npnminterrupt mode. When in the interrupt
mdde, the clock option interruvts the processor esach tima
it receives a pulse from the line freauency source. In the
non-interrupt mode, the clock coption functions as a program
switeh that the processor can examine or ignore. Mode

selection is made by the program.

Specifications for the KW1ll-L Line Freguency Clock Ovntion are
listed in Tabls [j~-15 at the end of this paragraph. A detalled
descrintion of this opticn is given in the KWll-L Line Time

Clock Manual, DEC-11-HKWB-D.
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Tahle 4-16

KWil-T, Specifications

Register 2=hit status renister

hit N6 - interrunt enable
hit 07 - interrupt monitor

Register 777546

Address

Vector 100

Address

Mode Control hit 06 set - interrunt mode

hit 06 clear - non-interrupt mode

Monitor bit 07 can be used to serve as a partial
Function check on the origin of the interrunt vector
Interrupt Rate same as line freauencv; 50 or 60 Hz
Priority Level RRE

Size Single-height module {(M787} that mounts

in ¥D11-A nrocessor slot *3

h-b2
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1.3.6 ¥KM11-A Maintenace Console Optioh

The KM11-A Maintsnance Console {Also referred to as the
maintenance module) is a 2-module set containing 28
indicator lights and four switches used to monitor and

control functlons during maintenance tests,

The functions monitored by the ortion depend on which
processor slot the module is installed in, Different
overlays are provided to indicate the function being
tested. The module is Installed in processor slot FOL
when testing the KD11-A processcr and is installed in

solt E01 when testing the KT11l-D or KE11=-E,F options,

Use of the maintenance module, iIncluding a descripilon of
the overlays, is given in the KDll«A Processor Manual,
DEC=11-HKDAA-A-D and in the approoriste option manuals. Also,
g detalled descrivtion of the ortion is presented in

the KD1ll-A Processor Masnusl.
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h.3.7 Small Peripheral Controller 31lot

Processor slot 09, sections C-F, permit installation of any
small peripheral controller opticn. This slot is normally
used to install the controller for the PDP-11/L0 System
input/ocutput console device, but may be used for any small

peripheral controliler, if desired.
The standard controlliers for system I1/0 devices are:

a. DL1l Asynchronous Line Interface - the standard
controller used for either the LA3ID-S DECwriter

or for the ASR 33 Teletype unit.

b. LC11 DECwriter Control - & controller used when the

LA30-P DECwriter is used as the system I/0 device.

c. XKL11 Teletype Control - an earlier version of the
Teletype Control which is used only with the

ASR 33 Teletype unit.

4 briefl description of the LC11 and DL11 are given in
paragraphs 1.3.6 and 1.3.7, respectively, of this manual.
Detailed descriptions of all three controllers are included

in the related meintenance manual listed in Table 1-2.
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.,  MEMORY OPTIONS

Memories with different ranges of speeds and variouvs physical
and electrical characteristics can be freely mixed and
interchanged in a single PDP-11/L0 System. The basic system
mounting box can house up to 56K of memory in addition to the
processor and processor options. Additicnal memery units may
be added by using separate boxes snd power suvplies., Bach

box may be expanded up to 24K in BK increments.

The following paragraphs describe four of the core memory
types that can be used with the PDP-11/40 System. It should
be noted that core memories compatible with the PDP-11/20
may alsc be used with the PDP-11/40 provided they sre mounted

in a different box and powered by an H720 power suprly.
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.1 MMI1-L Core Memory

The MM11-L core memory is a read/write, random access, coincident
current, magnetic core type memory with a cycle time of 900 ns
and an access time of 40O ns. The memory is organized in a 3D,
3-wire planar configuration. It provides 8192 (8K) 16-bit words

that are hoth word snd byte addressable.

The memory is organized into 16-bit words, each word containing
two 8-bit bytes. The bytes are identified as the low-order byte
(bits 00-07) and the high-order byte (bits 8-15). Each byte is
addressable and has its own address location. Low bytes are

always even numbered and high bytes are odd numbered. Full words
are addressed at even-numbered locations only. When a full word

is addressed, the high byte is automatically included. For example,
the BK memory has 8,192 words or 16,38L bytes; therefore, 16,384
locations are assigned. Address 000000 is the first low byte,
address 000001 is the first high byte, 000002 is the second low

byte, 000003 is the second high byte, ete.

The MM11-L consists of thres medules: a G110 hex-type module
containing the memory control logic: a G231 hex-type module
containing the memeory driver logic: and an H21llL guad-type module

containing the memory core stack,
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The memory control logic acknowledges the reguest of the master
device, determines whicn of the four basic operations (DATI,
DATIP, DATO, or DATOQOE; is to be performed, and sets up appropriate
timing and contrel circuits to perform the desired read or write
operation. It also containg the inhibit drivers and sense
amplifiers gs well as device selector loglc to determine if the
memory bank has been addressed from the Unibus, The control logic
ineludes a 16-bit fliv-flop register that stores the contents

of a word after it is read out from destructive memory. This

same word can then be written back into memory (restored) when

in the DATI mode, The register is also used during DATO and
DATOB cycles to accomodate loading of incoming data from the

Unibus lines intoc the core memory.

The memory driver loglc includes: address selection logic that
decodes the incoming address to determine the core specifically
addressed;: the switches and drivers that direct current flow
through the msgnetic cores to ensure the proper polarity for
the desired function; and the X and Y current generators that
provide the necessary current to change the state of the

magnetic cores,
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The ferrite core memory stack consists of 16 memory mats
arranged in a planar configuration. Each mat contains 8192
ferrite cores arranged in a 128 by 6l matrix. Esch mat
represents a single bit position of a word. Each ferrite
core can gasume a stable magnetic state corresponding to
either a binary 1 or binary 0. Even if power is removed
from the core, the core retains its state until changed by

appropriate control signals.

Information for ingtallstion of the MM11-=L in the BA1ll-FC

box of the PDP=11/L0 is noted in Table 2.2,
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h.h.2 MF11-L Core Memory

The MF11-L core memory is‘basically a standard MM11-L, 8X
core memory with the addition of a backplane. The backplane
provides the interconnections between the core memory
modules. The MF11l-L is the normal memory supplied with the

PDP-11/40 System.

Information for installation of the MFll=l in the BAll=FC

box of the PDP-11/40 is noted in Table 2-2.
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Ihg.3 ME1l.L Core Memory

The ME1l-L is & complete memory system consisting of an
MM11-L core memory and asscciated backplane (MF11-L) housed
in its own mounting box which contains an integral power
supply. This power supply and mounting box can accomodate
up to three MMll-L core memories. In effect, the MEl1ll-L can

be expanded up to 24K in 8K increments.

The system mounting box is B4 inches high, 19 inches wide, and
20 inches deep and i1s designed for mounting in a standard
19-inch cabinet. Rack-mountable slides are included but thse
~box can be used as a stand-alone unit, if désired. In addition
to heolding the core memory, backplane, and power supply, the
box contains all cables necessary for providing power and

for interfacing the units of the ME1l-L. It also provides for
connection to the Unibus. The rear of the box contains cable
clamps, a line cord for input power, a cooling fan for the
memory modules and power supply, and a power control circuit

breaker.

4=50

w



.-‘_-“\.\

The system power supply converts single-phase 115V or 230V ac
line voltage to the two regulated dc voltages required by the
memory system: +5V for the loglc and -1EV for the core memory.
Both outputs are overvpoltage and overcurrent protected. The
power supply also provides line power to the mounting box

cooling fan and the BUS AC LO and BUS DC LO signals which are

sent to the Unibus in the event of a power fallure.

The power supply consists of a power control, a power chassis
assembly, and a dc regulator along with assoclated ac and dc

cables. The power control contalns a thermal circuit breaker

which protects against input overload and is reset by depressing

a button on the rear of the mounting box. A thermostat in the

regulator opens one side of the primary circuit and deenergizes

the power supply if the temperature rises above 100° ¢. It is

automatically reset when the temperature reaches 630 C.




h.iJi  MM11-3 Core Memory

The MM11l~S core memory is an MM1l-L memory with backplane
and 1s capable of being interleaved in 16K segments, This
permits the memory to be expanded above the 24K limit of
the MF1l-L. The prime physical difference between the MM11-S
and the MFlI-L is that the MM1l-S is a single gystem unit

while the MP1l-L is a double system unit,

If the MM1l-S is interleaved, it permits faster memory
operation. When interleaved, twoc adjacent contiguously
addressed 8K memory banks are used and successive memory

cycles are performed within alternate 8K memory blocks,



5 UNIBUS AND SYSTEM. CPTIONS

5.1 SCOPE

The purpose.of this chapter is to provide a general
description of the Unibus that is used to intercomnect
all major components of the PDF-11/40 System. In addition,
it provides brief descriptions of some of the Unibus
options (peripherals) that can be used with the PDP-11/40.
Because of the Unibus concept, these pefipherals can be
used, without modificatién, with any member of the PDP-11

family of computers.

Deteiled information on the Unibus and peripheral interfacing

is provided in the PDP-11 Peripherals and Interfacing Handbook.
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5.2 UNIBUS

The Unibus is a single, common path that comnects the processor,
memory, and all peripherals. Address, data; and control
information is transmitted along the 56 lines of the bus. The
form of communication is the same for every device on the
Unibus. The same signal format is used by the processor to
communicate with memory and peripheral devices, Peripheral
devices also use this format when communicating with the

processor, memory, or other peripheral devices,

All instructions applied to data in memory can be applied
equally well to data in peripheral device registers and
peripheral device registers may be manipulated as flexibly
as memory by the processor. This is an especially powerful
feature, ccnsidering the special capability of PDP-11/h0
instructions to process data in any memory location as

though it were an accumulator,

Most Unibus lines are bidirectional; therefore, the input
lines can alsc be driven as output lines. This means that
a peripheral device register can be either read or changed
by the processor or other peripheral devices, and the same
data lines can be used for transfer coperstions. Thus, the

same register can be used for both input and output functions.
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Communication between two devices on the bus is in a master-
slave relationship. During any bus operation, one device
has control of the bus. This device, the bus master, controls
the bus when communicating with another device on the bus,
called the slave. & typical example of this relationship

is the processor, as méster, fetching an instruction from
memory (which is always a slave). Another example is the
disk, as master, transferring data to memory, as slave.
Master~sglave felationships are dynamic. The processcr, for
example, passes bus control to a disk. The disk, as master,

then communicates with a slave memory bank.

The Unibus is used by the processor and all I/0 devices;

thus, a priority structure determines which device obtains
control of the bus. Consequently, every device on the

Unibus capable of becoming bus master has an assigned priority.
When two devices, which are caﬁable of becoming bus master,
have identical priority values and simultaneously request

use of the bus, the device that is electrigally closest

to the = processor receives control.

Communication on the Unibus is interlocked between devices.
Each control signal issued by the master device must be
acknowledged by a response from the slave to complete the

transfer. Therefore, communication is independent of the
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physical bus length and the response time of the master and
slave devices. The maximum transfer rate on the Unibus with
optimum device design, is one 16-bit word every [L00 ns, or

2.5 million 16-bit words per second.

Registers in peripheral devices are assigned addresses

similar to memory; thus all PDP-11//0 instructions that

address memory locations can become I/0 instructions. Data
registers in devices can take advantage of all the arithmetic
and logic power of the processor. The PDP-11/40 controls devices
differently than most computer systems. Control functions are
assigned a register address, and then the individual bits
within that register can cause control opersations to occur.

For example, the command to msake the paper-tape reader read

a frame of tape is provided by setting a bit {(the reader

enable bit) in the control'register of the device. Instructions
such as MOV and BIS may be used for this purpose. Status
conditions are alsc handled by the assignment of bits within
this register, and the status is checked with TST, BIT, and CMP
instructions. In addition, there is no 1imit to the number of
registers that a device may have, providing an unlimited
flexibility in the design and control of peripheral eguipment.
The same bit locations in peripheral registers are assigned

to the same or similar operation. For example, regardiess of

the device, bit 15 usually represents an ERROR flag.

5-4
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A device {other than the processor) that is capable of becoming
bus master generally requests use of the bus for one of two
purposes:

[

a. To make a non-processor transfer of data directly to or
from memory by means of a non-processor request (NPR).

b. To interrupt program execution and force the processor
to branch to a specific address where an interrupt
service routine is located by means of a bus request (BR),
The request and granting of bus mastership is performed in paraliel
with data transfers on a completely independent set of bus lines.
Thus, while one device is using the bus, the next request is
being checked for pricrity and the next user is being assigned.

Because of this time parallelism, successive data transfers by

different master devices can occur at the full Unibus speed.

When a device capable of becoming bus master requests use of the
bus, the handling of that request depends on the location of
that device in the priority structure. The following factors

must be consgsidered to determine the priority of the request:

a. The processor's priority is set under program control
to one of eight levels using bits 7,6, and 5 in the
processor's status register. These three bits set s
priority level that inhibits granting of bus reguests
(BRs)} on the same or lower levels. :

b. Reguests from external devices can be made on any
one of five reauest lines. Non-processor request {NPR)
has the highest priority, and its request is granted
by the processor between bus cycles of an ingtruction
execution. Bus request 7 (BR7) is the next highest
priority and bus request i (BRI} is the lowest,
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The four lower level priority requests (BR7 to BRL} are
granted by the processor between instructions. When the
processor priority is set to a specific level, all bus
requests on that level and below are ignored. For
example, if the processor priority is 6, requests on
BRé6 or any other lower level are not granted.

¢. When more than one device 1s connected to the same
bus request line, the device electrically nearer the
processor has a higher priority than the device further
away. Any number of devices can be connected to a
specific BR or NPR line.
When a device other than the processor gains control of the bus,

it uses the bus to perform either a data or interrupt transfer.

Direct memory or device access data transfers can be accomplished
between any two peripherals without processor supervision. These
are called NPR level data transfers. Normally, NPR transfers are
made between the memory and a mass storags device, such asg a disk.
During NPR transfera, it is not necessary for the processor bto
transfer the information between the memory and the mass storage
device, The bus structure allows device-to-device transfers,
thereby allowing customer-dedigned peripheral contrcllers to
directly access other devices (such as disks) on the bus. This
direct access capability permits operations such as a disk
directly refreshing s CRT display. An NPR device is allowed
extremely fast access to the bus and can transfer data at high

rates once it gains control. The processor state is not affected
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by this type of transfer; therefore, the processor can relinquish
bus control while an instruction is in progress. This release of
the bus normally occurs:at the beginning or end of bus cycles;
however, the bus is never released between cycles of & read-

modify-write sequence.

Devices that gain bus control with one of the bus request lines
{BR7, BRé, BRS5, BRL) can take full advantage of the power and
flexibility of the processor by requesting an interrupt. The
entire instruction set is then available for manipulating date
and status registers. When a device servicing program is to be
run, the task being performed by the prbcessor is interrupted,
and the device service routine is initiated. After the device
reQuest has been satisfied, the processor returns to its
former task. Note that interrupt requests can be made only if
bus control has been gained through a BR priority level., An

NPR level request can never be used for an interrupt request.




5.3 UNIBUS OPTIONS

A large number of Unibus opticns are available for use with
the PDP-11/40 Svstem. A hrief description of some of thege
options is included in the following paragraphs. TFor more
detailed informaticon, refer to the associated hardware

maintenance manual.
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5.3.1 PC1l]1 High-Speed Paper-Tape Reader/Punch

The High-Speed Reader and Punch is capable of reading 8-~hole
unoiled perforated paper tave at 300 characters prer second,
and punching tape at 50 characters per second. The system
consists of a High-Speed Paper~Tape Reader/Punch and the
BCll Control. A unit containing a reader only (PR11l) is

also available.

In reading tape, a set of phototransistors translate the
presence or absence of holes in the tape to logic levels
representing ls and 0s to the presence or absence of holes

in the tape. Any information read or punched is parallel-~
transferred through the control. When an address is placed

on the Unibus, the control decodes the address and determines
if the reader or punch has bheen selected. If one of the four
device register addresses have been selected, the control
determines whether an input or an output operation should be
performed. An input operation from the reader is initiated when
the processor transmits a command to the paper~tape reader status
register. An output operation is initiated when the processor

transfers a bvte to the marner-~tape punch buffer recister.

The control enables the PDP-11 System to controi the reading or
punching of paper tamne in a flexible manner. The reader can be
under direct program control or can operate without direct
sunervision throuch the use 0f interrunts to maintain continucus

operation.
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5.3.2 LP11 High-Sreed Tine Printer

The LP11l Migh-Speed Line Printer is available in several
models, ranging from an SN-column, S4-character model
{LPll-FA} to an 132-column, 96-character model (LP11-iTR),
Tither column-width printer can he ordered with 64~ or
96-character print sets. The printer is an impact tvpe using

a revolving character drum and one hammer per column. Forms

up to six parts may be used for multiple copies. Fanfold

paper from 4 inches to 14 7/8 inches wide may be used with
adjustment for pin-feed tractors. The print rate is dependent
upon the data and the number of columns to be printed.
Characters are printed 20 at a time {24 on the 132-column model}
and if 20 (or 24) or less are used, the rate can be as high as

1100 lines per minute.

An 8-bit value, representing a character to be printed, is
transferred in parallel from the Unibus to the line printer.
The line nrinter then loads the character serially into the
printer memorv via the line printer huffer (LPB). When the
memory becomes full (20 characters) the characters are
automatically printed. This continues until the full 80 columns
have been printed -or a special character is recognized. The

132-column model prints 24 characters at a time.

Ln
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5.3.3 CR11 Card Peader

Model CR11 Card Reader reads EIA standard 80-column punched
data cards at 300 cards per minute; model CMI1l reads 40-

column mark-sense cards, which can have punched holes, at

200 cardg per minute,

The punched card reader uses a vacuunm picker which works

in conjunction with riffle air so that card wear ig insig-
nificant, card jam virtually impossible and the reader
extremely tolerant of damaged cards. The viffling action
separates the cards in the input hopper to prevent sticking.
The picker uses a strong vacuum to grasp the bottom card and
deliver it to the read station on demand. The picker and
associated throat block prevent the unit froﬁ multiple
picking to the extent that taped or stapled cards are not
allowed to enter the card track. 1In such cases the reader
stops with pick check alarm. The operator can separate the
cards and enter them into the input hopper for normal
reading. The card track is very short, so that only one
card 1s in motion at a time. The combination of damaged
card tolerance, gentle card handling, and short card track

provide virtually jam-proof operation.

Cards are read by column, beginning with Column 1. A select
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instruction starts the card moving past the read station.
Once a card is in motion, all 80 columns are read. Column
information is read in one of two program-selected modes:
card image or compressed code. In the card image mode 12
information bits in one column are loaded intc the data
buftfer and are available to the program at CRBl address.

in the compressed code mode, the card image is encoded into
8-bit bytes and is available to the program at CRB2 address.
A punched hole is interpreted as binary 1, and the absence

of a hole as binary 0.
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5.3.4 TC1ll/7US56 DECtape Svsten

The TCl1l/TU56 is a dual-unit, bidirectional magnetic - tape
transport system for auxiliary data storage. Low cost, low
maintenance and hicgh reliakility are assured by:

a. simply designed transport mechanisms which have- no
no capstans and no pinch rollers.

b. hydrodynamically lubricated tape guiding (the tape
floats on air over the tape guides while in motion)

¢. redundant recording
d. Manchester recording technigques (virtually eliminate
drop-outs)

Each transport has a read/write head for information
recording and playback on five channels of tape. The systenm
stores information at fixed positions on magnetic.tape as in
magnetic disk or drum storage devices, rather than at un-
known or variable positions as in conventional magnetic
tape systems. This feature alliows replacement of blocks of
data on tape in a random fashion without disturbing other
'previously recorded information. 1In particular, during the
writing of information on tape, the system reads format (mark)
and timing information from the tape and uses this information
to determine the exact pesition at which to record the inform-
ation to be written. Similarly, in reading, the same mark
and timing information is used to locate data to be played

back from the tape.




The DECtape system consists of the TUS56 dual transport, the
TCll Control {which will buffer and control information for
up to four dual transports) and DECtape(3/4 inch magnetic

tape on 3.9inch reels),

The system utilizes a l0-track read/write head., On a tape

the first five tracks include a timing track, a mark track,
and three data tracks. The other five tracks are identical
counterparts and are used for redundant recording to increase
system reliability. The redundant recording of each character
bit on non-adjacent tracks materially reduces bit dropout

and minimizes the effect of skew, The use of Manchester
phaée recording, rather than amplitude sensing techniques,

virtually eliminates dropouts.
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5,3.5 ™11/mULY DRCnactare Svstem

The TM11/TUI0 is a high-performance, low-cost magnetic

tape system ideally suited for writing, reading, and storing

large volumes of data and programs in a serial manner.

Because the system reads and writes in industry-compatible

format, information can be transferred between a PDP-11 ané

other computers. For example, a PDP-1ll might be used to

collect data and record it for later processing on a large
computer. The 10 1/2 inch tape reels contain up to 2400

feet of tape upon which over 96 million bits of data can.

be stored on high density 9-track tape or over 72 million

bits can be stored on high density 7-track tape.

The TM11/TUll employs read after write error checking to check
that proper data is writieri on the tape. Should a tape
dropout be detected, appropriate action can be taken to

assume nc loss of data.

Tape motion is controlled by vacuum columns and a servo-
controlied single capstan. Long tape life is possible
because the only contact with the oxide surface is at the
magnetic head and at a rolling contact on one low-friction,

low-inertia bearing.
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5.3.6 RC11/RS64 DECdisk Memory

The RC11/RS864 is a fast, lowfcost, random access, bulk

storage system. One RC11/RS64 combination provides 65,536, l6-
bit words of storage. Up to four RS64 disks can be

controlled by one RC1ll Controller for a totalof 262,144

words ﬁf storage. Disk functions include: look ahead,

read, write, and write check, as well as a "locok ahead"

register which indicates current disk positien.

The RS64 disk stores data in a 32 x 16-bit word block format.
Cyclic Redundancy Check (CRC) error detection is performed
automatically by the controller on a block basis, the blocks
being randomly addressable. A self-synchronizing, phaselock
clock reccvery system is used to ensure exceptional data
reliability. This technique facilitates data recovery in

of restart after a power failure or during periods

of high shock or vibration.

Fast t}ack switching time permits spiral read and write. Data
may be read or written as 32-~word blocks from one to 65,536
words. When the last address on a track or surface has been
used, the RCll Controller will automatically advance to the

next frack orto the first track of a new disk surface.
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Each RS64 disk unit has a set of switches for Write protecting
the disk. The Write Lock ENABLE/DISABLE switch determines
whether protéétion is desired or not. If this sﬁitch is

in ENABLE position, writing data on tracks selected by five
switches is not allowed. The setting of five switches

below the ENABLE/DISABLE switch forms a binary number that
corresponds to the number of a track; when write protection

ig in effect, 2all tracks numbered from zeroc to the selected
number (both inclusive) are write protected. Any attempt

to write in a write protected area will result in an error

indication by the controller.
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5.3.7 TRF1L/RS11 Disk Svstem

The RFll Controller and RS11 Digk combine as a fast, low-cost
random-access bulk-storage package for the PDP-11. One

RS11l and the RFl1l provide 262,144 17-bit words (16 data

bits and 1 parity bit) of storage. Up to eight

RS11 disks can be controlled by one RF11 for a tbtal of

2,047,152 words of storage.

The F11/R511 is unique . in fixed head disks because each
word is addressabkle. Data transfers may be as small as one
word or as large as 65,536 words. Individual words orx
groups of Qords may be read or rewritten without any limits
of fixed blocks or sectors, providing optimum use of both

disk storage and ma'n memory in the PDP~11 system.

The RS11 contains a nickel-cobalt-plated disk driven by a
hysterisis synchronous motor. Data is recorded on a single

disk surface by 128 fixed read/write heads.

Fast track switching time permits spiral read or write. Data

may be written in blocks from 1 to 65,536 words. The RF1ll control

automatically continues on the next track, or on the next
disk surface, when the last address on a track or surface

has been used.
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The disk stores data words in a 22-bit format which includes

guard bits and a sync bit to operate the self-clocking logic

of the RS11 Disk logic. The sync bit adjusts the timing of
the data strobing to ensure proper recovery of each word of
data. The RSl has a redundant set of timing tracks,

recorded exactly in phase with the primary timing tracks.
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5.3.8 RR11-C DECpack Disk Cartridge Svstem

The DECpack cartridge disk drive and control is a complete mass
storage system, offering an economical solution for large
volume, radom-access data storage. The system includes a
modular mass storage device utilizing removable disk car-

tridges and a complete easy-to-program control.

The DECpack is available in two models: The RKO02 drive with
over 600,000 words per drive; and the RK03 drive with over

1.2 million words of storage per drive.

The DECpack is ideal where a large volume of programs and

data are developed and maintained for one or more users.

When used with PDP-11 software such as the Disk Operating
System or RSTS-11 System, DECpack offers the flexibility of
permitting each member of a grour of users to maintain his

own private program and data files, It is expandable up to

4.8 million words (RK02) or 9.6 million words (RKO3 or RKO5) per

controller.

The removable digk cartridge offers the flexibility of
virtually unlimited off-line capacity with rapid transfers
of files between on-line and off-line without copying opera-
tions. It utilizes a cartridge similar to the IBM 2315,

but with 12 sectors.
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Average total access time on each drive is 90 milliseconds.

On expanded systems, operations are overlapped for efficiency:
one drive may read or write while one or more additional
drives are seeking new hwead positions for the hext ransfer.
All data transers utilize the non-Processor Reqguest facility

during transfers.

Each disk is permanently mounted inside a protective case
that automatically opens when ingerted in the disk drive.
While on-line, dust contamination is prevented by a highly-

efficient continuous "absolute" air filtration system.

The DECpack providesg accurate data storage and transfers

by means of a write check function, correct cylinder verif-
ication by hardware, hardware checksum, and hardware
maintenance features. There are no mechanical detents, thus

a major source of wear and critical adjustment is eliminated.

5-21




5.3.9 VP01 Storage Displav

The VT0lA is a Tektronix Model 611 direct-view storagg tube
with a resolution of 400 stored line pairs vertically and
300 stored line pairs horizontally. Dot writing time is
20Ms , with a full screen erase time of 500 ms. The VTO1l

can display 30,000 discrete resolvable points.

The VT0lA is interfaced to the Unibus and controlled wvia the

AAll-A and AAll-D conversion subsystem.
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5.3.10 vyRr01 Oscilloscope Displav

The VRO1A, a modifieé Tektronix tvpe RmGHNd oscillosgcone,
provides accurate measurernents in DC-to-45% KHz arnplications.
It is a low-frequency, hich-sensitivitv displavy and can be
used for accurate curve nleotting in the X-Y mode of

operation.

The VROl is interfaced to the Unibus and controlled by
means of the AARLl1-B and AA1l-D Digital-teo-Analog Conversion

Subsvstem.
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5.3.11 VR14 Point Plot Display

The VR4 is a completelv self-contained CRT dismnlav with a
6.75 by 9-inch viewing area in a compact 19-inch nackage.
The VR14 reaquires only analog X and Y pnosition information
with an intensitv pulse to generate sharp, bright point
plot displays. Except for the CRT itself, the unit uses all
solid-state circuits with high-speed magnetic deflection to
enhance brightness and resolution. The intensity pulse mav
be time multiplexed or gated by a separate innut to allow
the screen to be timeshared between two inputs. The digplay

unit is available in rack-mountable or stand-alone models.

The VR4 is interfaced to the Unibus and controlled through

the AAll~C and AAll-D Dicital-to-Analog Conversion subsvstem,

A two-color display (VR20) is also available. It is used
with the AALl-E and AAll-D Digital-to-Analog Conversion

subsvstens,



o

5.3.12 vT0s Alphanurmeric Displav

The VT05 is a flexible, hgh performance alphanumeric display
terminal with a cathode ray tube display and communications
equipment capable of transmitting data over standard phbne
lines and data sets at half or full duplex at rates up to

300 Baud.

Tt is contolled by the DL1l, the same controller used with
Teletype terminals, or it may be used over a Bell 103A

or equivalent modem.
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5.3.13 RTﬂi DIClink Terminal

DEC-link is a low-cost, self contained data entry device
which is remotely locatable. It features Teietype and EIA
serial line compatibility. DEC-1ink offers 16 unigue
keyboard characters which a monitoring computer may use for
either numeric data or control functions, It can display
up to 12 digits of decimal data (plus decimal point) as

well as status indicators.

Data ig entered via an integral lb-character keybeoard;
numeric data is displayed locally. . The status
indicators are used to indicate mnon~numeric information J)
such as 'repeat transmission", "computer ready", etc. Four
programmable status indicators are standard on DEC-link.

The DL11 Control may be used with the RTOl for direct connection

or it may be used over a Bell 103A or equivalent modem.
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5.3.14

Communications Ontions

DIGITAL has extended the PDP-11's adaptability to various

communications applications with a wvariety of interfaces.

These devices enable the PDP-11 to be connected both locally

and remotely to serial asynchronous and serial synchronous

lines.

The interfaces allow both full and half duplex

operations with connections to communications terminals via

the standard EIA RSZ232~-C and CCITT

are summarized bebw:

DEVICE

DCl1

DP11

DN1l

DM11

DL11

INTERFACES PDP-11 WITH:

Serial Asynchronous Line

Serial Synchronous Line

Autccalling Unit
Up to 16-serial

Asynchronous Lines

Serial 8-bit
Asynchronous Line

interface. The devices

TYPICAL USES

Connects PDP-11 to
various asynchronous
terminals, or to
another computer via

a common carrier
communications facility.
Has program controlled
Baud rates, character
lengths, and stop codes.

Connects PDP-11 to loczal
or remote computers and

terminals via high speed
serial line.

To dial remote computer
or terminal.

Terminal-oriented systems
for timesharing, message
switching, store and
forward, data collection,
remote ceoncentrators.

Connects PDP-11 to local
teletype connections

and local 8-bit current
mode devices.
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DL11

Serial 8-bit
Asynchronous Line

Connects PDP-11 to local or
remote 8-bit EIA-compatible
asynchronous terminals such
as CRTs, plotters, card

readers, and line printers.
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5.3.15 AFC]11l Low-Level Analog Input Subsystem

The AFCll is a flexible, high performance, differential analog
input subsystem for IDACS-1l industrial data acguisition conttol

systems.

The AFCll system multiplexes up to 1024 differential input
analog signals, selects gain, and performs a 13-bit analog-
to-digital conversion at a 200 channel per second rate under
program control. Three signal conditioning modules and eight
program-selectable gains allow the system to intermix and
accept a wide range of signals: low level {10mv f.s.), high

level (10070v f.s.)}, and current inputs (1 to 50ma f.s.).

Designed for accurate and relable operation in demanding
industrial environments, the AFCll achieves high isolation
and commen mode noise rejection through relay switched
capacitor multiplexing. The subsystem also simplifies input
wiring, requiring only simple twisted pairs which connect

to screw terminals,

Modularly constructed in eight-channel standard hardware
units, the AFCl1l is easy to configqure to user applications,

and simple to expand.

The analog input subsystem is particularly suited for data
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acquisition in the high noise environments encountered in

process monitoring and control, production testing and laboratory
applications. In such environments common and normal mode
noise,cabling and grounding problems can greatly affect the
operation of such transducers as thermocouples, strain gages,
analytical bridges, and .industrial milliamp, current transmitters.
These problems can also affect the accuracy and performande

of the measuring system.

In typical applications, use of ungrounded sensors could cause
common mode voltages of up to 150 volts peak-to-pezk (at powér
line frequency) to appear on the input signal leads to the
measuring system. For example, if termocouples become
ungrounded during operation, large common mode voltages can
appear in coincidience with the signal. The design features

cf the AFCll allow either floating or grounded signal sources
thus insuring reliable, trouble - free operation. Due to

the flying capacitor design, the system tclerates common

mode voltages in excess of 200 volts. FET solid-state
multiplexers, in contrast, can be seriously damaged with common

mode voltages over 25 wvolts.
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5.3.16 ADQ1-N Analeg-to-Digital Conversion Subsystem

The ADCL-D is a flexible, low—cost multichannel analog

data acguisition opticn which interfaces directly to PDP-11
computers, When it is under computer or external clock
control, the ADOl-D rpovides 10-bit digitizatien of unipolar
high-level analcg sighals having a nominal full-scale range
of 0 to _1.25, +2.5, +5.0 or +10.0 volts. An optional sign-
bit addition allows 1ll-bit bipciar operation. Programmable
input range selectinon extends the ADO1-D's dynamic range at
moderate sampling rates the the equivalent of 13 bits for

unipolar signals or 14 bits for bipolar signals.

An optional sample-and-hcld amplifier reduces the conversion

aperture to 100 nanoseconds.

Available as a factory or fEld-installed PDP-11 option, the
standard ADOl-D consists of an expandable solid-state

input multiplexer, programmable input range selector, A/D
converter, control, and bus interface in a single 5 1/4 inch
rackmountable assembly plus a separate logic power supply.
The multiplexer can be expanded by adding 4-channel modules
up te 32 channels. An expansion multiplexer may be added to

provide a manimum configuration of 64 channels.
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The subsystem is well suited to a variety of tasks-testing, #}
monitoring, logging, and analytical instrument data reduction -

in both laboratoy and manufacturing environments. Tt is also

a first choice with OEM's and system contractors as an

economic and efficient system component for sophisticated data

acguisition systems.



5.3.17 AAl1-D Digital-to-Analog Conversion Subsysfem

The AAl11l-D is a low cost, high performance multichannel

digital tc analog conversion subsystem for PDP=11 computers.

Interfacing directly to the PDP-11 Unibus, the Aall-D controls
up to four single buffered, 12 bit bipolar digital to analog
converters. Each BA614 converter, which includes output
amplifier and reference voltage.source, is contained on a
plug~in module and provides 10 ma current output at ilQ

volts. Full scale output voltage is timpot adiustable from

+lv to +10v in two ranges.

Storage scope, display scope, and light pen control options
are available for the AAll-D. These options provide Z axis
bianking for intensity control and require two D/A converters

to control X and Y trace coordinates.

Available as a factory or field ingtalled option, the AAll-D
fully implemented with four digital to analog converters and
a scope control option, i1s contained in a single System Unit.

A rack mountable power supply is separate.
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6 EQUIPMENT MOUNTING AND POWER

6.1 SCOPE

The purpose of this chapter is to provide detailed information on the

PDP=-11/40 mounting and power system.

The BAT11-FC mounting box is basic to the PDP=11/40 mounting system and

is discussed in paragraph 6.2. System unit . allocations as well as

processor and basic memory slot allocations are noted for the basic

box. This mounting information is presented in context with the ;

system mounting space within the same cabinet and in adjacent cabinets

(paragraph 6.3).

System power is provided by a cabinet ac power contrel unit (paragraph
6.4) and a basic power supply. This power supply (paragraph 6.5)
consists of an H742 bulk power supply and its individual H744 (+5V)
and H745 («15V) regulators. These three items are covered separately

in paragraphs 6.5.1 through 6.5.3.

Basic dc power distribution is covered in paragraph 6.5.4 and trouble-

shooting of the power system is described in paragraph 6.5.5.




6.2 SYSTEM MCOUNTING BOX

The major components of the PDP-11/40 System, with the exception of
the power system and console I/0 device, are mounted in a single
BAT1=FC mounting box. Space for additicnal memory and/or peripheral

interfaces is also provided within this mounting box.

The BA11=FC mounting box is mounted in a standard DEC H960-C cabinet

as shown in Figure 6«1, Thg box is mounted on Chassis slides so

that it can be pulled ocut for maintenance and/or installation of logic
modules; the power supply, however, remains within the cabinet. Cooling
fans are mounted on top of the hox to provide proper cooling of the
logic elements within the box, The KY11=-D Programmer*®s Console is

locatéd cn the front of this box.

The mounting box is capable of holding nine system units or
equivalents. Each system unit casting contains four siots for
mounting logic modules. An alternate double system unit contains nine
slots as it has no center casting, This double system unit is used

for the KD11-A processor and MFT11«L memory.

Allocation of logic within the box is shown in Figure 6=2. A double

system unit {with nine slots}) is used for the processor and processor
options, Another double system unit is used for the MFii1-L core memory
which includes three modules to provide a basic 8K memory. This leaves
space for five additional system units (or equivalents) for additional

memory and/or peripheral interfaces., Nete that core memory should always



be placed asclose to the processor as possible. The basic mounting
box provides mounting space, power, and cooling for these additional

{expansion) units.

Module allocations for the processor, memory, and programmer?’s console

are covered in paragraphs 6.2.1 through 6.2,.3, respectively.

Whenever an expansion item is added to the basic bhox, certain factors
must be considered such as the number of system units required by

the device, power cable connections, Unibus connections, and jumpers.
Power cable connections are covered in paragraph 6.5, Unibus inter=
connections are discussed in paragraph 6.3.2. When certain devices
{such as the XT11-D, KJ11=A, etc.) are installed in the box, it is
often necessary to cut junpers both on the new device and on an
existing device ({such as the processor}. Pertinent jumpmer information
is included in the manual covering the device. However, information
on the KT11=D, KE11=-8, KE11-F, and KJ11=2 processor coptions is also

included in Chapter 2 of this manual.
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6.,2.1 Processor Module Allocations

Figure 6=3 shows the module allocation for the KD11-2 double system
unit for the basic KD11=-A processor and processor options. The modules
noted with an asterisk are the standard basic modules and must always
be present. Other modules are optional with the specific option
designation noted on the figure. The KT11-D Memory Management option
requires the M7237 module in addition to the M7236 module. The KMil=A
Maintenance Console option may be plugged into either slot F1 or E1l
depending on whether the user is monitoring the basic KDi11-A prncéssor
or one of three processor options (KT11=-D, Memory Managemeaent, KE11=-E,

Extended Instruction Set, or KE11=P, Floating Instruction Set).

N
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6.2,2 Memory Module Allocations

Figure 6-4 shows the module allocation for the MF11-1 double system
unit. This memory unit is provided with a single 8K memory segment
for the basic PDP=11/40; two additional 8K segments (MM11-Ls) can
also be mounted within the same system unit. Additional MFi1-L and
MM11+«L memories can be installed in the free system unit space within

the BA11~FC mounting box {(Figure 6=2),




6.2.3 Programmer*s Console Mounting

The KY¥YTi=D Programmer®s Console is mounted on the front of the BA11-FC
mounting box as shown in Figure 6-1. Mounting is integral with the bezel
and panel mounting. The console is cabled directly to the processor
modules and provides both switch and display signals. Power to the console

is applied through these same cables.
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6.3 CABINET AND SYSTEM MOUNTING

Because of the modularity of the PDP-11/40 System, a variety of
peripherals may be added to the basic system. Depending on the type
and number of peripherals selected, the remaining space in the basic
system cabinet may be sufficient, or additional cabinets may have to
be added to the system. The basic system cabinet is discussed in
paragraph 6.3.1 and multiple-cabinet systems ére discussed in

paragraph 6.3.2.




6.3.1 System Cabinet

The cabinet housing éhe bagsic PDP~11/40 is divided into six levels,
The bottom level (level six) is reserved for power supplies and cable
entry. Levels four and five contain the BA11-FC mounting box which
houses the basic system. Levels one through three provide space for
mounting up to three peripherals, each having a front panel height

of 10% inches. If a highespeed paper-tape reader is added to the basic
system, it always 1is installed directlv above the BA11-FC mounting
bhox, There are certain restrictions to mounting perivherals in
cahbinets. These are discussed in paragraph 6.3.2. As far as the hasic
system cabinet is concerned, it should be noted that any free-standing
peripheral (system I/0 device, card reader, etc.} can bhe no further
from the cabinet than the maximum length of the interconnecting

cahle between the interface in the cabinet and the device itself,
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6.3.2 System Configuration

In many cases, the number and types of peripherals added to a basic system
necessitate additional mounting cabinets. The standard cabinet

layout for PDP-11.$ystems starts at the right and evolves to the left,
Another standard practice is to define the equipment in the processor
cabinet first, then move to the next cabinet not defined for a specific
device., It is always necessary to keep in mind the overall Unibus

chain to keep Unibus length to a minimum. Cooling, cabling and logic

interaction are all system considerations which must be accomodated,

Configuring multiple cabinet systems therefore reguires, as a general
rule, no fulle-depth device, or combination of devices, should be placed
at the top position (level 1) or bottom positicon (level 6) of a cabinet.
This restriction is necessary to ensure unrestricted cable entry at the
bottom. Devices can be placed in the unused cabinet space of another
device provided the installation does not interfere with the operation
of that device. Disk cabinets are normally used only for mounting that

specific disk system and its options.

In any cabinet, the top position (level 1) should be used only for
rigidly fixed equipment. Levels 2 throuch 5 may be used for either
rigidly fixed eguipment or slide-mounted equipment. The level in any
cabinet may be used for a peripheral device or for mounting an extension
mounting box which is then used to house various device interfaces at
the discretion of the user., Figure 6-5 illustrates typical mounting

information for a multiple cabinet system,




The major logic interaction consideration in multiple cabinet systems )}
is latency. Latency is defined as the longest time a device can be

left unserviced hefore it loses data. Latency is usually a problem

only in extremely large systems but should still be censidered for

optimum system performance. A recommended priority has been established

to determine which peripherals should be mounted closer to the .
processor to compensate for timing characteristics of NPR devices and

latency requirements for BR devices. These priorities are listed in

Tables 6=1 and 6-2, respectively. The typical mounting information -

of Figure 6«5 accomodates these priorities., Additional information

on system configuration is contained in PDP=11 Configquration Worksheet

and the PDP=11/40 Site Preparation Worksheet,

i
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Table 6-1

Timing Characteristics of PDP-11 NPR Devices

NPR

Priority Device

1 RK11/RK03
2 RP11

3 RCT1

4 RF11

5 RK11/RKO2
6 TM11

7 TC11

8 DM

S CD11

10 DR11=-R

Worst Case

Latency {usec)

8.5
11
12
13
19
28
67
100

800

Dependent on

customer use

Time Between Data

Available {(usec)

11.1

*14,8

.16

16
22.2
32 (at 800 bpi)

200

119 {at 12090 baud}

*The RP11 transfers two words each 14.8 microseconds




Table 6=2

Priority of Devices Affected by BR Latency

Priority BR7 BR6 BR5 BR4

1 *AD0T KWi1i=L DP11 @ 9600 baud or higher KL11

2 DT11-B TC11 PC11 @ 1800 baud +uncti
3 CR11 DP11 8 4800 baud *% AFCT1
4 CM11 DCil @ 1200 baud

5 KWi1=P DPi1 @ 2400 baud

6 +UDC11 DC11 @ 600 baud

7 DP11 € 2000 baud

8 DC11 @ 3n0 bhaud

9 DM11%

10 **DR11=2

11 DR11=-B

*For ADO1 sampling at high rates, Can be assioned to a lower level for

slow input applications,
**Priority positions depend on customer application.

+ UDC immediate = BR&; UDC deferred = BR4,
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6.4 POWER CONTROlL. SYSTEM

Both the hasic and expanded versions of the PDP=11/40 include a
power control system that controls ac power to system components,
permits operation of the entire system from a single master switch,
and shuts down the entire system in the event of fire in any cabinet.
This power control system is functicnally the same for all PDP«11

computers and consists of the following:
a. cabinet=mounted power control unit

b. a master power switch (OFF/POWER/PANEL switch on programnmer®s

consocle of the PDP=11/40)
¢, cabinet=mounted thermal switch
A specific PDP=-11/40 system may use either an 860 or 8671 power control

system. The 860 power control unit is described in paragraph 6.4.1

and the 861 power control unit is referenced in paragraph 6.4.2.




6.4.1 860 Power Control Unit

The 860 power control unit is operated from the console panel switch
and is capable of switching up to 30A of 115 Vac (860A) or up to

15A of 230 Vac (860B)., The power control unit distributes ac

voltage to two output strips located within the cabinet. One strip
provides switched (or controlled) ac power; that is, any component
plugged into this strip is under contrel of the master switch. The
second strip provides unswitched ac for operating devices that require
continual application of power, such as magnetic disk drives. These
strips permit all system devices to be connected within the cabinet,
thereby necessitating only one power cord from the cabinet. In the
basic PDP11/40 cabinet the right strip (as you face the cabinet from

the front) is the switched or controlled ac power strip.

In multiple cabinet configurations, operation of the entire system can
be controlled by the console OFF/POWER/PANEL switch provided there is
at least one power control uniit. However, any systems containing more
than one processor require a master switch that is separate from the

processor console switch,

The cabinet-mounted thermostat removes power from the switched ac

power strip in the event of fire in any cabinet,

A power contrcl bus cable is used to interconnect all devices in the
system, Devices may be added to the system by connecting them to the

bus in parallel at any convenient point. No terminaters are required on



the bus and *°*T** connections may be used without any restrictions. The
power control bus cable is a 3-wire cable Jjoining two 3=wire male

Mate=N-Lok connectors. Detailed instructions for interconnecting dewvices

are given in paragraph 6.4.1.1,




6.4.1.1 860 Physical Description

The 860 power control unit consists of an input circuit breaker, line
filter, pilot light, relay, output filter, control bhoard, and thermal
detector. These components are housed in an enclosure which is mounted

in the top of the system cabinet next to the cabinet air intake fan.

The bottoﬁ of the enclosure contains three 3«pin Mate-N-Lok connectors,

a REMOTE/OFF/LOCAL switch, and the detection element of the thermal switch. ™
The three connectors are wired in parallel to accept connection from the
standard 3e-wire control system. These connectors permit interconnection
cof power control units from one system cahinet to another. The
REMOTE/OFF/LOCAL switch permits all system power to be controlled by

one power control unit. When set to LOCAL, it allows the specific power
control unit to be removed from the overall power system so that it can
be run independently. In a system containing more than one power

control, interconnecting cables would be installed between the connectors
of adjacent power control units in a daisy chain manner to provide

system power control (Figure 6«6}, In this instance, the switch

would be set to REMOTE to allow routing of power contrxol fromone

~cabinet to another.
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6.4.1.2 860 Functional Description

The 860 power control unit has two main functions: to route ac power
from its line cord to an unswitched ac power strip and to switch

the incoming ac on another power strip when the console switch is
closed to turn on the system. The PDP~11/40 system may use either an
. 860A or 860B power control unit, The differences between these two

models are listed in Table 623,

The power control operates on a 3-wire parallel contrcl. The three

lines are:

a, Line 1 - power on
b. Line 2 = emergency off

¢. Line 3 = ground

If neither Line 1 or Line 2 is connected to Line 3, the system ig in

a power off state.

When lines 1 and 3 are connected through the conscle switch, operation
of the switch causes activation of the power relay within the 860
power control and provides input power to the switched or controlled
ac power strip., Connecting Lines 2 and 3 causes an override of any
other state of the power control and removes the switched ac power

by opening the 860 power control internal relay.

Line 2 is utilized by the thermal detector to provide protection in

case of fire or excessive heat,




ITtem

Input line voltage

Circuit breaker CB1

Transformer T1 primary

Input power line cord

Table 6=3

Model Differences

Model

860A

115 Vac

30A

115 Vac

115 Vac

30A

25 feet

P/N 1203485

6-18

Model

860R

230 vVac

15A

230 Vae

230 Vac

15A

25 feet

P/N 1204687



6.4.1.3 860 Circuit Description

The basic 860 power control circuit is shown in Figure 6=7, A pilot
light on the line side ©f the circuit breaker lights when the ac line
cord is plugged into the wall and power is applied to the unit. The
voltage from the secondary of transformer T1 is halfewave rectified

to provide +24V which is used to provide B+ to control transistors 01
and Q2, and to energize relay K1, The transformer s%condary is fused.
In the event the system is connected properlvy and ac power is applied
toc the power control but no output is present on the switched ac strip,
this fuse should be checked, Note that power is available on the

unswitched ac power strip in this case hecause it is tapped off the

line and does not pass through relay K1.

When the power control is used as a switched power contrel, the
REMOTE/CFF/LOCAL switch S1 is set to REMOTE. When the console
QFF/POWER/PANEL switch is set fo POWER, it completes a ground
circuit that causes Q1 to cut off. When 91 cuts off, Q2 conducts

and causes relay Kl to energize, which closes the switched ac output
circuit. Other connectors are provided to allow remote power control
switches to perform the same function as the console switch {(close
the circuit between pins 1 and 3). A remote power switch would be

used, for example, in systems containirg more than cone processocr.,

Thermal switch S2 provides protection against fire or excessive heat.
It is normally open but closes if the cabinet ambient termperature

exceeds 130°F (54GC). When it closes, Q2 cuts off, relay K1 deenergizes,




and the switch connects Line 2 (emercency off) to ground, thereby J}
switching off the ac output. Pin 2 on connecters J1, J2, and J3 permits
additional thermal switches (in the cabinet and extension mounting

box) to be connected in parallel with thermal switch 52 to perform

the same function. The switch opens to restore power once the temperature

falls below 85 F.

When the power control is used as an unswitched power control,
REMOTE/OFF/LOCAIL switch 51 is always set to LOCAL. Thus, 071 is

always cut off, Q2 always conducts, and K71 remains energized. Relay

K1 is deenergized, thereby removing power from the switched ac power
strip, only if there is an input power failure or if an overtemperature

condition occurs.

-



(ﬁ . 6.4,2 8§61 Power Control Unit

A specific PDP=11/40 system may use an 861 power control unit rather
than an 860. The 861 power control is a later version and is available

in three different models:

a. 861a -~ 115 Vac, 50/60 Hz, 2-<phase
b, 861B = 230 Vac, 50/60 Hz, single phase

c. 861C = 115 Vac, 50/60 Hz, single phase

A detailed description of the 861 power control unit is given in the

Type 861-A, B61-B, 861=-C Power Controller Maintenance Manual.




6.5 PDP11/40 Basic Power Supply

The basic PDP11/40 power system consists of the power control unit,
the ac power distribution strips, power distribution for the cabinet and

basic box fans, and a modular power supply for regulated dc voltages.

A block diagram of the basic power system is shown in Figure 6.8. The
power control unit (860 or 861) and the ac power strips have already
been discussed. The distribution for cabinet fan power is the unswitch
ac power strip with the basic box fans receiving power through the
H742 bulk power supply. The PDP11/40 Modular Power Supply (Figure 6.9}
consists of this H742 bulk power supply, two H744 {5V regulators and
two H745 =15V regulators. These elements of the modular power supply

are discussed in detail in paragraphs 6.5.1 through 6.5.3, respectively.

Please note that these details are for theory of operation and off=1ine

repair. Maintenance should consist of replacement per paragraph 6.5.5.

DC power distribution and cabling are covered in paragraph 6.5.4 with
information on expansion provided. Power supply maintenance is

covered in paragraph 6.5.5.
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(" 6.5.1 H742 Bulk Power Supply

‘The H742 power supply is functionally divided into two major parts:

a. Bulk Power Supply {drawing D=CS=H742-0-1) - used to provide
ﬁhe various ac input voltages required by the fans, regulators,

and power control board.

b. Power Control Board {drawing C=-CS=~5409730-0=1) — used to

provide +15 and +8 voltages, line clock, and AC LO and

DC LO sighals for system use,

The PDP=-11/40 power systeh operates with 115 Vac or 230 Vac primary
soﬁrce power inputs. Although different 860 (or 861) power control
units are provided for each input veoltage, the same H742 power
supply can bhe used with both versions. Jumpers are connected fo
terminal strip TB1, which is the primary of power supply transformer

T1, so that it can operate with the selected input voltage.

If 115 Vac operation is required, jumpers are placed bhetween pins
1 and 2, and between pins 3 and 4 of TB1. If 230 Vac operation is

required, a jumper is connected between pins 2 and 3,

Line power is applied through TB1 to the primary of transformer

T1. The transformer secondaries provide 20-30 Vac input power for

the reqgulators and power control board as well as 15«24 Vac power

for the power control board. Power to cooling fans is tapped directly

from TB1 and does not come from the transformer,




The power control board portion of the power supply (drawing
C=C5=5409730«0=1) provides 415 and 48 Vdc outputs, a clock

output used to drive the KW11-L Line Freguency Clock option, and
the AC LO and DC LO control signals used for power fail sequences,

These outputs are discussed in paragraphs 6.5.1.1 through 6.5.1.3.



-

6.5.1.1 +15V and 48V of the H742 Supply

The power control becard of the H742 supply contains a +15V/48V

dc supply and is described on print C-CS-5409730=-0-1, This dc

supply receives 15-24 Vac from the secondary of transformer Ti1.

This ac input is fullewave rectified by diode bridge D1. The resultant
dc is applied to Darlington power amplifier Q1, through fuse F1.

The bias on Q1 is controlled to provide +15 Vdc at output pins 2

and 3 with respect to output pins.4r 5, and 6 (ground). If the 01
collector voltage starts to increase, the bias at the base of Q2
increases, and 02 conducts slightly more current to maintain a
constant output voltage. Zener diode D7 provides aprroximately

+8 Vdc at output pin 1. When DC L0 is grounded at cutput pin 9,

Q02 conducts hard to cut off Q1 completely: thus removing both the

+15V and 48V outputs.




6.5.1.2 Clock Output of the H742 Supply

The CLOCK output is derived off one leg of full-wave rectifier

bridge D1 by vocltage divider R10 and Ri1, and Zener diode D2. The
CLOCK output is a 0 to 5V square wave at the line frequency of the
inpuf power source {47 to 63 Hz). The CLOCK output is used to drive
ihe KW11=«I, Line Frequency Clock option, which mounts in slot F3 of the
processor backplane or the KW1i=P option, which can be mounted in

the Small Peripheral Controller slot. Operation of the KWT1-L

option is described in the KD11=-A Processor Manual; cperation of

the KWii=P is described in its manual.

Sy

-
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6.5.1.3 AC 1.0 and DC IO Circuits

The AC LO and DC LO control signals are used to warn the processor
that a power failure is imminent so that the processor has time to
perform a power=fail seguence., If there is an ac power failure
(line power or bulk supply failure)}, AC LO is asserted on the bus
followed by DC LO. Sufficient time exists between these signals to

allow storage of volatile data and the conditiconing of peripherals.

The 20-30 Vac input from the secondéry of transformer T1 is avnlied to
the AC 1O and BC LO sensing circuits on the power control board. The
ac input'is rectified and filtered by diodes D8 through D11, and
capacitor C3. A common reference voltage is derived bv resistor

R18 and zener diode D12, Both sensing circuits operate in a similar
manner. Each c¢ontaing a differential amplifier, a transistor switch,
and associated circuits. The major difference 1is that the base of

06 in the AC L0 circuit differential amplifier is at a slightly

lower value than that of Q9 in the DC L0 differential amplifier,

The operation of both sensing circuits depends upon the voltage across

capacitor (3.

When AC L0 is being sensed, the 20=30 Vac input is rectified and
stored in capacitor C3 which charges and discharges at a known

rate whenever the ac power 1is switched on or off, Thus, the voltage
that is applied to the emitters of differential amplifier Q6/07
through R17 is a rising or falling waveform of known value. For

example, when power fails, or is shut down, the dc voltage decays




at a known rate as determined by the RC time constant. If the voltage
decreases to approximately 20V, the base of Q6 becomes negative with
respect to the base of Q7. The increased forward bias on 06 causes

it to conduct more and the resultant decrease in Q7 causes it to cut
off. This remowval of voltage across R16 causes Q5 and Q4 to conduct,
grounding the AC LO line at pin 8. The AC LO siqgnal is applied
through the cable harness and processor backplane tc the processor
power fail initialize logic so that the power fail sequence can be

started.

The DC LO sensing circuit operates in a similar manner to the AC 1O
sensing circuit. The prime difference between these two circuits is
the voltage level at which they ¢¢trip.*? For example, if the ac input
starté to decrease, as a result of a power failure or shutdown, the

AC LO lines are grounded before the DC LO lines. As power is restored,
the ground is removed from the DC LO lines before it is removed from
the AC 1O lines. The DC IO signal is also applied to the power fail

initialize logic,

A description of how the AC IO and DC LO control signals are used

in the KD11=A processor is provided in the KD11«A Processor Manual.

N



6.5.2 H744 45V Regulator

Two H744 +5V regulators are used in the basic PDP=11/40 Power System,
' The H744 circuit schematic is shown in drawing D=CS8-H744-0=1, The
following paragraphs describe the requlator circuit, overcurrent

sensing circuit, and overvoltage crowhbar circuit.




6.5.2.1 H744 Regulator Circuit

The 20=30 Vac input is a full wave which is rectified by bridge D1 to
provide a dc voltage (24 to 40V, depending on line voltage)} across

filter capacitor C1 and bleeder resistor R1. Operation centers on
precision voltage regulafor E1 which is configqured as a positive
switching regulator. A simplified schematic of E1 is shown in Figure €-10,
Regulator ET1 is a monolithic integrated circuit that is used as a
precision voltage regulatqr. It consists cof a temperature=compensated
reference amplifier, error amplifier, series-pass power transistor,

and the output circult required to drive the external transistors.

In addition to E1, the regulator circuit includes pass transistor

02, pre-drivers 03 and Q4, and level shifter 05. Zener diode D2 is

used with 05 and R2 to provide +15V for E1. Q5 is used as a *slevel
shifter®?; most of the input voltage is abhsorbed across the collector=emitter
of Q5. This is necessary since the raw input voltage is well above

that required for E1 operation. This 415V input is supplied while still
retaining the ability to switch pass transistor Q2 on or off by drawing

currént down through the emitter of Q5.

The output circuit is standard for most switching requlators and
consists of ¢¢free-wheeling’® diocde D5, choke coil L1, and output
capacitors C8 and C9. These components make up the requlator output
filter. Free wheeiing diode B5 is used to clamp the emitter of Q2 to

grouhd when Q2 shuts off, thus providing a discharge path for L1,

In operation, Q2 is turned on and off generating a square wave of

J
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voltage which is applied. across D5 at the input of.the LC filter

{11, C8 and C9). This type circuit is basically only an averaging
device, and the square wave of voltage appears as an average voltage
at the output terminal., By varying the period of conduction of 02, the
output (average) voltage may be varied or controlled, thus supplying
regulation, The ocutput voltage is sensed and fed back to E1 where

it is compared with a fixed reference voltage. E1 turns pass transistor
Q2 on and off according to whether the outnut voltage level decreases
or increases. Defined upper and lower limits for the output are
approximately +45.05V and +4.95V,

During one full cycle of operation the requlator operates as follows:
02 is turned on and a high voltage (approximately +430V) is applied
across L1. If the output is already at a +5V level, then a constant
+25V would be present acrdss L1. This constant dc voltage causes a
linear ramp of current to bukld up through L1. At the same time,
output capacitors C8 and C9 absorb this changing current and voltage,
causing the output level (45V at this point) to increase. When the
output, which is monitored by E1 reaches approximately +5.05V, Ei
shuts off turning Q2 off, and the emitter of Q2 is clamped to ground.
L1 discharges into capacitors C8, C2, and the load, Pre~drivers Q3
and 04 are used to increase the effective gain of 2 to ensure that

02 can be turned on and off in a relatively short period of time,

Conversely, once Q2 is turned off and the output veltage beqins to
decrease, a predetermined value of aprroximately +4.95V will be

reached causing E1 to turn on which in turn causes Q2 to conduct,




beginning another cycle of operation.

Thus, a ripble voltage is superimposed on the output and is detected
as predetermined maximum (45.05V) and minimum (44.95V) values bv E1,
When +5.05V is reached, E1 turns Q2 off and when +4.95V is reached,
E1 turns Q2 on, This type of circuit action is also referred to as

a ®‘ripple regulator,®®



6.5.2.2 $5V Overcurrent Sensing Circuit of the H744

The overcurrent sensing circuit consists of: Q1, R3 through R6, R25,

R26, 07, and C4., Transistor Q1 ié normally not conducting; however,

if the output exceeds 30A, the forward ﬁoltage across R4 is sufficient

to turn Q1 on, causing C4 té hegin charging. When C4 reaches a value

equal to the voltage on the anode gate of @7, Q7 turns on and E1 is

biased off, turning the pass transistor off. Thus, the output voltage

is decreased as required to ensure that the butput current is maintained
below 35A (approximately) and the regulator is ¢*short circuit®*’® protected.

The regbulator continues to oscillate in this new mode until the overload

condition is removed.




6.5.2.3 45V Overvoltage Crowbar Circuit of the H744

The'OVervoltége crowbar circuit consists of the following components:
Zener dicde D1, silicon-controlled rectifier (SCR) D7, DB, R22, R23,

C7, and Q6.

Under normal conditions, the triqger input to the SCR (D7} is at

ground because the voltage across Zener diode D3 is tco small to cause
it to conduct. As the 45V line approaches 6V, Zener diode D3 conducts
and the voltage drop across resistor R23 draws gate current and triggers
the SCR. The SCR shorts the 45V line to ground through resistor R21,
which is a current-limiting resistor. The SCR remains on untiil the

capacitors discharge.



6.5.3 H745 -15V Regulator

Two H745 -15V regulators are included in the PDP-11/40 Power System.
Operation of the H745 is basically the same as that of the +5V
regqulator. The H745 schematic is shown in drawing C-C8-H745-0-1. Input
power (20 to 30‘Vac) is taken from the secondary of transformer T1

and applied to the full-wave bridge rectifier (d1). The output of

D1 is a variable 24 to 40 Vdc and is applied acreoss capacitor €1 and
resistor R1. The following paragraphs discuss the regulator circuit,

overcurrent sensing circuit, and the overvoltage crowbar circuit.




6.5.3.1 =15V Regulator Circuit of the H745

Regulator operation is almost identical to that of the 15V regulator;
however, the +15V input that is-required for operation of E1 is
derived externally and is applied across capacitor C2 to E1 and the
inverting and non-inverting inputs to E1 are reversed. In addition,
the polarities of the various components are reversed. For example,
05, which is used as a level shifter, is an NPN transistor on the +$5V
requlator but a PNP is required on the -15V regqulator to allow the

requlator tc operate below ground (at -15V).

Under normal operating conditions, regulator operation centers around
linear regulator El1 and pass transistor 2, which is controlled hy
Ej. Predetermined output voltage limits are =-14.85V (minimum) and
-15.15V {maximum} . When the output reaches =-15.15V, E1 shuts off,
turning Q2 off, and L1 discharges into C8 and C9. When the output
reaches -14.85V, E1 conducts, causing 02 to turn on, increasing the

output voltage.



6.5.3.2 -15V QOvercurrent Sensing Circuit of the H745

The =15V regulator overcurrent sensing circuit is basically made up of
the same components as the +5V regqulator except Q1 is an NPN transistor
in the =15V regulator. Transistor Q1 is normally not conducting;
however, once the output exéeeds 152, 1 turns on and C3 charges. When
C3 reaches the same value as the anode gate of 07, E1 is biased coff,
which turns Q2 off, thereby stOpping'current flow and turning the

~15V requlator off. Thus, the regulator is short-circuit protected.

6-37




6.5.3.3 =15V Overvoltage Crowbar Circuit of the H745

When SCR D5 is fired, the -15V output is pulled up to ground and latched
at ground until input power, or the +15V input is removed. A negative
slope on the +15V line can be used to trip the crowbar for power ~down

sequencing, if desired.



6.5.4 DC Power Distribution

Distribution of dec power from the basic PDP11/40 power supply is
shown on the cabling diagram (Sheet 3) of the BASIC ASS*Y (11/40)
print (D-VA-11/40-0-0). Distribution is effected by cabling from
the varicus H744 and H745 regulator to a power distribution panel
with further cabling to the individual svstem units. The cable
(E—IA-70008754-00)'from the requlators to the power distribution
panel is defined in the prints: POWER HARNESS (11/40), D-IC-IV40-0-2
and HARNESS, POWER (WIRE LIST), K-WL~7008784-0-1. The cahles from
the power distribution panel to the system units are diverse, and
relate to the power interconnection technique on the system units.
Detailed information is provided for the connections to the KD11-2
backpanel and for the MF11-L backpanel, both basic to the PDP11/40.
The cable types are noted on Sheet 3 of the BASIC ASS'Y (11/40),
print D-VA-11/40-0-0 with details on connection on Sheet 4 and in
the respective cable drawings. Connection to DD11 type system
units requiring the G772 module connection is provided by the

D-IA-7009177-0-0 cable.

The distribution of dc power from the regulatprs to the power
distribution panel results in certain requlators driving certain
connecteors. Limitations, therefore, exist on the amount of nower on

a connector and the number of connectors availahle. Fiqure 6-11

is a representation of the distribution panel with usa@e (KD11-A, MF11-L)
and source (H744's and H745°s per slot assignment in the H742 bulk

power supply).

(=3
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Power is supplied to three groups of connectors on J1, J2 and J3,
J4 and J5, J6, respectively. Each of these input connectors have
output connectors: J1, J2 ahve 1, 2 and 3: J3., J4 have 4, 5 and 6;

and J5, J6 have 7, 8 and 9.

Connectors J1, J2 receive power from the 45V regulator of SLOT A
and the =15V requlator of SLOT E. A1l of this power is committed

to the KD11-A processor and the MF11-6 memory. Note that this
happens with only two of the three distribution connectors being
used, T and 3. The cable from 3 is a joint cable, this portion from

3 suuplying the MF11-6 with -15V power.

Connectors J3, J4 receive power from the +5V regulator of SLOT B and
the =15V regulator of SLOT D. Note that only two distribution
connectors, 5 and 6, are available for expansion use; connector 4 is
already used to providel+5v power (A) to the basic MF11-6. The

+5V power left for connectors 5 and 6 is reduced by that amount;

the -15V power must be shared with any further expansion logic from

connector 7, & or 9.

Connectors J5, Jb6 receive power from the optional 45V reqgulator of
SLOT C and the already mentioned =15V regulator of SLOT D, Three
distribution connectors 7, 8 and 9 are available hut care must be
used to aveoid overloading the -15V regulator also used for the J3, J4
connectors. Note that expmansion bevond two additional single system
units require the option +5V regulator of SLOT C due to distribution

connection limitation. The first two svstem units use up connectors



L

3 and 6, additional units require connector (and therefore power) from
the J5, J6 connector group. The opticnal 45 regulator of SLOT C
is provided with logics origianally'ordered with the PDP11/40; it

must be separately ordered for add on situations.
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6.5.5 Maintenance of Power System

For the most part, maintenance of the power system at the field level
consists of replacing defective modules, such as the regulators. The
details on regulator operation presented in paragraphs 6.5.1 through
6.5.3 are for theory of operation and off-line repair of failed

units (see paragraph 7.5). With Maintenance consisting of module
replacement, the major maintenance effort consists of failure isolation.
Table 6-4 lists a procedure that can be followed as a guideline to

assist in leocating defective components.

CAUTION

Because there are two +5V and two -15V
requlators in the PDP-11/40 System, a
common troubleshooting technique would
be to swap an operéting regulator with
a faulty regulator., If this is done,
first check regulator input voltages to
prevent damage to the secend regqulator

in the event the fault lies in the power

supply.
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Table 6-4

Power System Trouhleshooting Guide

Step Test

1 Verify that proper ac voltaqge
input to power supply is

present.

2 Verify that H742 bulk
power supply is providing

the proper ac outputs.

Procedure

115V system - measure
hetween pin 1 or 2 and
pin 3 or 4 of TB1 on

H742 power sunplv.

230V system - measure

between pin 2 and 3 of TB1.

20=-30 volts should be

present on the following

nins:

J1 - pinsg

J2 - pins
pins

pins

1,2

3,9

11,12

Results
Correct -~ proceed to Step 2.

Incorrect - indicates
failure may he in 860
power control or input

line. Proceed to Step 5,

Correct - proceed to step 3.

Incorrect - indicate
failure of H742 transformer.
If all voltages are correct
except one, problem could
be either transformer
secondary or a wiring

malfunction.




7%-9

Takhle 6-4 (Cont)

Power System Troubleshooting Guide

Step Test Procedure Results

J3 - pins 1,2
pins 3,4
pins 5,6

pins 7,8

15-24 volts should be
present hetween pins

3 and 4 of J1.

3 Verifv that the proper +5V Requlator =~ check for Correct - proceed to step 4.
input veoltage is present 20-30 Vac at pins 6 and 7
at the requlator. of J1. Incorrect =- indicates

failure is probably in
-15V Regulator - check for the wiring between the
20-30 Vac at pins 6 and 8 H742 and the requlator.
of J1. Check for +415v at If the 415V for the =15V
pins 4,5 of J1. regulator is not present,

the trouble may be in the

H742 power control bocard.
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Step

Table 6-4 (Cont)

Power System Troubleshooing Guide

Test

Verify that the proper
output voltage is being
produced by the requla-

tor.

Procedure

+5V Requlator - measure
between pin 2,5 (45) and
3,4 (GND) of J1. Outpu£
must be between +5.05V

and +4.95v.

=15V Requlator - measure
between pin 1 (-15V) and
pin 2,3 {(GND) of J1.
Output must be between

=15.15V and -14.85v,

Results

Correct - check remaining
requlators., If all
regulators are within
tolerance, the power

system is’not_malfunctiohing
and the problem exists

elsewhere,

Incorrect - If the 45V
regulator is not functioning
replace. If the -~15v
requlator is not functioning
check fuse F1 in the
regulator. If this does not
correct the problem, replace

the regulator,
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Step

Table 6-4 (Cont)

Power System Troubleshooting Guide

Test

If previcus tests indicate
that proper input voltage

1s not being supplied to bulk
supply, perform the tests

listed in this step.

Procedure

Verify that proper ac
voltage is supplied to

input terminals of 860

(or B61) power control.

Verify that circuit

hreaker CB1 is 0N,

Verify that REMOTE/
OFF/TLOCAL switch 81
is set to either LOCATL

or REMGTE.

Verify that thermal

switch 82 is closed.

Results
If not, check input
line cord and line

power receptacle.

If none of these tests
correct the problem,

proceed to step 6.
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Tahle -4 (Cont}

Power System Troubleshooting Guide

Step Test Procedure

6 Verify that the power Verify that the power
control bhoard is control board is pro-
functioning properly. ducing the proper

outputs. Refer to
drawings
C-C5~8A/0N=-0=-1 and

C~C5-5409770-0-1,

Results

If the board is
producing the proper

outputs, the problem

could he a malfunction

of power control

relavy K1.

If the board is not
producing correct
outputs, replace the

board.







7 GENERAL MAINTEMANCE

7.1 SCOPE

This chapter provides general maintenance information for the PDP-11/40
System and includes: preventive maintenance of mechanical assemblies,

systen power checks, and power supply maintenance.

Maintenance information related to the processor and memory
components of the hasic PDP=11/40 Systém is presented in the
associated maintenance manuals. Maintenance of Unibus peripherals
reguires not only the associated maintenance manual, but also an

" understanding of Unibus operation.

In addition to the maintenance information contained in the
processor, memory, and peripherals manuals of the PNDP-11/40,
significant maintenance information is available in the diaanostic
programs documentation. The diagnostic programs are a major tool for
detecting and isolating machine faults and Preventive maintenance

should include their regular use.




7.2 OVERALL MAINTENANCE TECHNIQUES

Maintenance of the PDP-11/40 System requires:

knowledge of proper hardware operation,
ability to detect and isolate an error condition, and

means to repair the error ceondition.

This is true for all but the preventive maintenance procedures for
mechanical assembhlies and for the relatively simple power check-out
procedures. This section outlines techninques for performing
maintenance on the PDP~-11/40. Note, however, that the essential

starting point is to have knowledgeab le and able service personnel.



S 7.2.1 Knowledge of Proper Hardware Operation

Training courses and machine documentation provide information on
hardware operation and is available at the preogramming, svstems,

and individual device levels.

The training courses available for the PDP-11/40 System include:

PDP-11/40 Hardware Familiarization (10 davs)
PDP-11/40 Options Maintenance (5 davs)

Interfacing the PDP-11 (5 davys)

Other courses are available on Paper Tape Software, Disk Operating
System Software, and Resource Timesharing System Software. Information
on these and other PDP-11 courses is available from either the

bigital Account Representative or from the Digital Education Centers.

Documentation pertinent to the PDP~11/40 System includes documents
produced specifically for the PDP-11/40, and common PDP-11 documents
cn programming and Unibus interfacing. All of the relevent documents

are listed in Table 1-2 of this manual.

2 special effort has been expended in production of documents
ralating to the PDP-11/40 processor {KD11-A) and processor options
(KEtt1-E, KE11-F, and KT11-D}. Innovations include: print set
formats, tables and nctes on the prints, and wire list print

notations. These are provided to facilitate initial learning but,




more importantly, to provide instant reminders of specific details
during maintenance. Information describing the print sets appears

in the processor and options maintenance manuals.



7.2.2 Detection and Isolation of Error Condition

Malfunctioning hardware is normally indicated by either software failure
or by peripheral malfuncticons. This can occur with customer’s svstem
software or with the periodic operation of various MainDEC diagnostic
programs. If the failure occurs with syvstem software, verification

by MainDEC programs is suggested,

Isclation of the specific failure is the most difficult aspect of
maintenance repair and the reason for trained service personnel.
Operatioh of MainDEC diagnostic programs can isolate the failure to

a specific device or operation but knowledge of program operation

and documentatioh is necessary. The modular nature of the Unibus, with
its separate peripherals, may also help isolate failures, but
knowledge of Unibus specifications and perivheral oberation is
essential, OfLten, however, error detection is reduced to knowledae

of proper machine operation with detection of discrepancies, Detailed
manuals on device operation with clear, annotated prints, provide
information on operation. Detection of discrepancies requires

experience and expertise.

The level of fault isolation is important. In the power suvply,

regulator units such as the H744 or H745 are renlaced if their




output voltages are in error; the circuit board of the H742 unit
is replaced if the AC LO or DC 1.0 control signals are in error.
Repair procedures for the replaéed units are given in paragraph
7.5.2. Replacement of KD11«A processor modules is suggested for
sitrations reguiring minimum down time. Experienced service
personnel, however, may find integrated circuit (IC} replacement a

practical alternative to the cost or transportation of modules.

o



7.2.3 Means of Repairing the Error Condition

The method of repairing an error condition is directly related to

the level of fault isolation mentioned in the previous paragravh.

1f, for example, fault isolation aﬁd repair is to be at the IC

level, then the parts identified in the machine documentation must

be available. Suitable repair and rework techniques must he

followed to avoid equioment damage. If modulé or sub assembly level

of fault isclation and repair is to be used, these units must

be available. Spare part kits are availahle for the PDP-11/40 (SP11-KP
for processor and SP11-PD for the power supply} and the various

Unibus devices. Repair is normally at this level when down time is

critical or when a large number of machines is involved.

Verification of repair at any level is made by running the aporopriate

MainDEC diagnostic programé.




7.2.4 Digital Field Service

The present state-of-the-art in complex computer svstems requires
qualified service personnel. Installation and 90-day warranty

service are provided by such personnel from Digital Field Service.
These people are trained both in basib PDP-11/40 components (processor,
console, and memory)! and in the peripherals that may be placed on

the Unibué, Material support exists both at the IC level {(directly

equivalent parts) and at the module and subassembly level.

Digital Field Service support may be continued beyond the warranty
period with a Digital Service Agreement. Total egquipment maintenance
programs are available. Details of this service may be obtained

from the Digital Account Representative at the local Field Service

Office.



7.3 MAINTENANCE EQUIPMENT REQUIRED

Maintenance procedures for the PDP-11/40 require the standard eguipment
{(or eqguivalent} listed in Table 7-1. Especially important in analyzing
operation of the processor, or processor options, is the XKM11 option
consisting of Wi130 and W131 modules and associated overlays. Use of

the KMi1 maintenance displays and switches is covered in the processor
and processor options maintenance manuals. The module extender board

(W900) is also an important diagnostic tocl and is discussed in

paragraph 7.4.




Equipment

or Tool

Oscilloscope

Volt/Ohmmeter {(VOM)

Unwrapping Tool

Hand Wrap Tool

Diagonal Cutters

Diagonal Cutters

Miniature Needle

Nose Pliers

Wire Strippers

Solder Extractor

Table 7-

Maintenance Egquipment Required

Manufacturer

Tektronix

Triplett

Gardner-Denver

(Cat. H812A)

Gardner -Denver

{Cat. H811A)

Utica

Utica

Utica

Millers

- Solder Pullit

1

Model, Type,

or Part No.

*453

505 244-475

R-20557-29

47 -4

466-4 (modified)

23-4-1/2

1018

Standard

DEC Part No.

29-13510

29-18387

29-18301

29-13460

29-79551

29-134¢62

29-134867

29-13467

N



Equipment

or Tool

Soldering Iron

(30 watts)

Soldering Iron Tip

16-pin IC Clip

24-pin IC Clip

KM11 Option

Maintenance Modules

Maintenance Card

Overlay {(KD11-RA)

Maintenance Card
Overlay (XE11-E,F,

KT11-D)

Module Extender

Board

Maintenance Equipment Required

Table 7-1 (Cont)

Model, Type,

Manufacturer or Part No.

Paragon

Paragon

AP TInc.

AP Inc.

DEC

DEC

DEC

DEC

615

605

AP923700

AP923714

KM11=-A

DEC Part Ho.

20-13452

{IC type head)

29-19333

29-10246

29-19556

**%W130,W131

559081-0~12

5508081-0-13

WaG0




Table 7-1 (Cont)

Maintenance Equipment Required

Eguipment Model, Tvpe,

or Tool Manufacturer or Part HNo. DEC Part No.
Regulator Extender DEC 70-08850-0-1

Cable

Tektronix Type 453 Oscilloscope is adeguate for most test
procedures; Type 454 {(or eqguivalent) may be reqguired for

some measurements.

W133 is a dual version of W130. It provides the drivers for
two Wi131 maintenance cards. The 130 may still be used;
however, two units would be reguired for sirmultaneous
monitoring of the basic'processor and options. Two Wi3is

are required for simultaneous monitoring in any case.

5
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7.4 PREVENTIVE MAINTENANCE

Preventive maintenance consists of specific tasks to be performed
periodically; its major purpose is to prevent future failures caused
by minor damage or progressive deterioration due to aging. A
preventive maintenance log book should he established and necessary
entries made according to a regular schedule. This data, compiled
over an extended period of time, can be very useful in anticipating
possible component failures resulting in module replacement on a

projected module or component reliability basis,

Preventive maintenance tasks consist of mechanical and electrical
checks. All maintenance schedules shbuld be established according

tc conditions at the particular installation site that are dependent
on environmental conditions, usage, etc. Mechanical checks should be
performed as often as reéuired to allow the fans and air filters to
function efficiently. All other pfeventive maintenance tasks should
be performed on a regular schedule determined bv reliability
requirements. A recommended schedule is everv 1000 operation hours

or every three months, whichever comes first.

~!
¥
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7.4.1 Physical Checks

The following procedure contains the necessary steps required for

mechanical checks and physical care of the PDP-11/40:
Step : Procedure

1 Clean the exterior and interior of the cabinet with a.
vacuum cleaner or clean cloth moistened with non-

flammable, non-corrosive solvent.

2 Check all fans to ensure that they are not obstructed
in any way. Vacuum clean the air vents of the upper and
lower logic fan housings, and upper and lower regulater
fan housings. Remove and wash the filters in the cabinet

fan, located in the top of the cabinet.

3 Inspect all wiring and cables for cuts, breaks, fraying,
deterioration, kinks, strain, and mechanical security.

Repair or replace any defective wiring or cable covering,

- 4 Inspect the following for mechanical security: LED or
lamp assemblies, jacks., connectors, switches, power supply
regulators, fans, capacitors, etc. Tighten or replace as

required.



Inspect all module mounting panels to ensure that each
module is securely seated in its connector and the

locking-releasing mechanism is functioning properly.

Inspect power supply capacitors for leaks, hulges, or

discoloration and replace as required.

Inspect module guides for wear, damage, and secure fastening.




7.4.2 Electrical Checks and Adjustments

The following checks should be made when the system is first
installed and whenever a new component is installed in the
system {such as an additional requlator, precessor option

module, interface module, ete.).

7-16



7.4.2.1 Voltage Regulator Checks =~ Perform the power system

checks listed in Table 7-2. Use a VOM to check the output voltages
under nermal load conditions. Use an oscilloscope to measure the
peak-to-peak ripple content on all dc outputs. Each voltage regulator
has an adjustment potentiometer located just below the output
indicator lamp. If the regulator ocutout is not within the specified
tolerance, adjust as required to cbtain an acceptable output (use-

a non-cenducting adjustment toel). If a voltage reculator cannot be

adjusted to meet specifications, remove and revlace the reculator.

Table 7-2

DC Output Voltage Checks

Ripple
REgulator Voltage Peak~to-Peak
H744 +5V Regulator +5.0 volts 0.15 volts
{(slot A)
H744 45V Requlator +5.0 volts 0.15 volts
(slot B)
H744 45V Regulator, +5.0 veolts 0.15 volts
optionsl {sloct C)
H745 -15V Regulator =15.0 volts 0.45 volts

{slot D)




Regulator

H745 - 15V Regulator

{slot E}

H742 Power Supply

Table 7-2 (Cont})

DBC Qutput Voltage Checks

Voltage

=15.0 volts

8.0

(6.8 to 9.2)

Ripple

Peak-to-Peak

0.45 wvolts

0.24 volts



7.4.2.2 860 Power Control — Operate the REMOTE/OFF/LOCAL switch 51
on the 860 Power Control to make sure power is turned on in the
LOCAL position and disconnected in the OFF position. Return S1 to
the LOCAL position after performing this test if only a basic
{single box) PDPi11/40 is present. See section 6.4 of this manual for

cother connections.




7.3.2.3 Ac Power Connector REceptacles - Test the output voltage

at each plug to be sure 115+ or 230-volt ac power is available,



-

7.4.3 ASR33 Teletype

7.4.3.1 Preventive Maintenance Checks — Check the followinag ASR33

items during system preventive maintenance:
a. Check distributor plates for deposits.
b, Check platen and tvpewheel for deposits.

C. Check wires around distributor area for secure

mechanical and electrical connections.,

d. Check the print hammer and replace if worn.

e. Rotate the mainshaft manually and check that movement
is free, If movement is restricted, check clutch

assemblies.

f. Check typewheel pinion racks, and gears for dirt.




7.4.3.2 Lubrication - Use a 50-50 mi#ture of 20 weight, non-detergent
0il and STP oil additive for viscosity improvement to perform the
following lubrication, except where otherwise noted: |

a. 0il all clutch assemblies,

b. 0il all felts until saturated.

c. Lightly oil all pivot points.

d. 0il drive moter at both lubrication points provided.

e. 0il print carriage bearings.

£. 0il main shaft_bearings.

g 0il bearing on function shaft.

h. 0il the eye ends of all springs.

i, 0il the typewheel pinion and gear.

3. 0il repeat mechanism in keyboard assembly.

k. Clean the dashpot assembly and lubricate it with

graphite dust.

\w,



NOTE

Do not put oil in the dashpot.

1. Grease the teeth on spacing ratchet.

¥




T7.4.4 LA30 DECwriter

7.4.4.1 Preventive Malintenance Schedule — When the LA30N DECWriter

is included in the sytem, it is supplied with a maintenance manual

that contains detailed preventive maintenance procedures. The items

to be cleaned, inspected, and replaced on a reqular schedule are

listed in the following chart:

Printing Interval Clean Inspect Replace
(Hours)
3006-500 1. Ribbon Idlers 1. Ribbon Tension 1. Print
(Para. 5.2) Head Assy
{Para.5.4.2}
2000 1. Ribbon Motors 1. Ribbon Tension
(Para. 5.2} {(Para. 5.4.86)

2. Carriage BAssy
Round Shaft
{(Para. 5.2)

3. Ventilating Fan
Blades, if nec~
essary

(Para. 5.2)



Printing Interval Clean Inspect

(Hours)

4, Linkage Pins,
Ratchet and
Pawl Mechanism

(Para. 5.2)

NOTE
Paragraphs referenced in this chart refer
to applicable paragraphs in Chapter 5 of

the LA30 DECwriter Maintenance Manual.

Replace




7.4.4.2 Cleaning Procedures - Aiways use a clean, lint-free cloth
to wipe off outside surfaces and a lightly-oiled cloth to remove any
dust or ink from inside the unit. {The ink is oil-base). Use
commercial furniture or automotive wax to protect the outside of

the cover. Dust the cover and wipe the kevboard clean whenever

paper is replenished.

Do not attempt to clean the print head assembly; rather, replace
it after 300-500 hours of operation. The replacement procedure ig
described in Paragraph 5.4.2 of the LA30 DECwriter maintenance

Manual., At the time it is replaced, wipe the ribbon idlers clean

with an oiled cloth.

After 2000 hours of operation, remove each ribbon motor, as
'described in Paragraph 5.4.5 of the LA30 manual. Apply a light

0il to the lower bearing felt. At this time, lubricate the carriage
assembly round shaft, DEC ?art number 74-8656-1/2, Sprav a light
coating of Molykote 557 along the entire shaft and sipe lightly

with a dry cloth to leave a thin coating of lubricant on the shaft.

NOTE
S
Do not attempt to clean o&f vacuum-clean
the control box assembly. It will function

better if left alone.

If necessary, after 2000 hours of operation remove the fan and

wipe the blades clean with an ociled cloth. The fan motor does



not require scheduled lubricaticn.

At the 2000-hour interval of preventive maintenance, check the
paper advance mechanism linkage pin and pivot pins for grease
and freedom of movement. Normally, no maintenance is required.
However, if the terminal is in an extreme ambient temperature
environment, these pins will reguire lubrication. If so, disassemble

the linkages and apply Molykote B2KR grease to all bearing surfaces,

NOTE
The two dark green nylon rollers must
remain free of ©0il or grease to allow

the mechanism to function nroperly.




FT.4.5 PCO5 High-Speed Paper-Tape Reader/Punch (optioq)

The PC0O5 High-Speed Paper-Tape Reader/Punch includes a ROYTRON

500 Series Reader /Punch mechanism, Complete lubrication and

preventive maintenance instructions for this mechanism are contained
in the Preventive Maintenance Section of the Roytron Maintenance
Manual, which is supplied with the PC05. In addition to the preventive
maintenance procedures listed in that manual, perform the following
mechanical and electrical checks as part of the system preventive

maintenance procedure.



7.4.5.1

Step

Mechanical Checks -= Inspect the PC0S5 as follows:

Procedure

Visually inspect the general condition of the tape

reader.

Clean the PCO05, inside and out, using a vacuum cleaner
or a clean cloth that has been nmoistened with a

non-~flammable solvent.

Lubricate the chassis slide mechanism with a light

machine oil. Wipe off excess oil.

Inspect all wiring and replace any defective wiring

or defective cables.

Check that the READER FEED switch, READER ON/OFF

LINE switch light condensor, phototransistor assembly,
depressor arm, hold~down bracket, all connectors and
circuit modules, tape feed motor, front cover, and

resistor assembly are mechanically secure.




7.4.5,.2 Electrical Checks - Perform power supply output

tests listed in the following chart:

Output Pin Number Tolerance Ripple

{peak~to-peak V)

+5 volts AtAZ2 f 0.25 volts 0.1 volts
=15 volts RAIB2 71.0 volts 0.1 volts
-18 volts  B8V2 7 2.0 volts 1.0 volts
-36 volts ABV2 +4.0 volts 1.0 volts

Use a VOM to measure output voltage and an oscilloscope to check
ripple voltage. The +5- and -15-volt outputs are adjustable:

the -18- and -36-volt outputs are not adjustable.



7.5 USE OF MODULE EXTENDERS

The W900 module extender is a double-height, multi-layer etch

board that provides one-to-cne connections between module
connectors and corresponding processor backplane connector slots,
Thus, three W900 module extenders can be used to extend a PDP~11/40
hex«size module from the processcr backplane to provide access

to ICs and discrete components for test purposes under active

operating conditions.

CAUTION
Do not attempt to extend more than one
module at a time while performing tests.
Note that the processor clock may have
to be adjusted to allow cperation with

the modules extended.




7.6 PDP-11/40 POWER SYSTEM MAINTENANCE

System maintenaﬁce of the PDP11/40 power system consists of
replacement of the modular elements. Offline repair is then
necessary for the replaced element, and is presented in this
section. Detailed circuit operation is presented in paragraph 6.5
and is necessary for background to the troubleshooting procedures

of this section.

e
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7.6.1 Circuit Tracing

The user should first read the description of the power system
contained in Chapter 6 of this manual. By next referring to the
schematic and interconnecting diagrams in the print set, the
user should be able to trace through the ac power contreol and do
power distribution circuits from the prirary ac inout connectors

to the dc¢ inputs of each logic module,




7.6.2 Voltage Requlator Tests (Off-Line Repair)

Figure 7-1 shows a recommended bench test source that can be
fabricated from standard parts. It also shows the bench test

loads used to test the voltage regulator outputs under various

load conditions. No additional test equipment or tools are required

other than those listed in Table 7-1,

The voltage regulator extender cable allows a voltage regqulator

to be removed from its assigned slot on the H742 power supply to
provide access for test purposes. This cable only supplies-ac
input power to the voltage regulator. An additional voltage
regulator bench test source and load fixture can be fabricated
from standard DEC parts to perform troubleshooting and performance
tests under the various load conditions required. The circuit
schematic and part numbers reguired to build this optional test

fixture are shown in Figure 7-1.

Whenever a power system fault has been isolated to a voltage
regulator, examine the internal fuse F1. A blown fuse usually
means that the main pass transistor Q2, and/or one of its
drivers {3, Q4) is short circuited. This can be checked by

using the following procedure:
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Step

Procedure

Check for damage to base-emitter bleeder resistors
and scorching of the etched board in the area or

03 and Q4.

If the pass transistor and drivers are not faulty,
the fault mav be caused by continucus base drive to
the first driver (Q4). Check level shifter Q5 for

a short circuit.

Check the resistance to ground at the input to the
precision voltage regulator integrated circuit E1

(pins 4 and 5) to determine if an external short

circuit is holding the IC in conducticon. The anproximate
resistance to ground is listed for each voltage

regulator in Table 7-3.

Use a VOM to check for short circuit between fuse
terminals and ground. Possible short circuits involving
mounting TO-3 components to the heat sink may be

located by connecting the VOM leads between T0-# cases and

a regulator mounting screw on the end of the heat sink.
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Figure 7-1 Voltage Regulator Test Bench Source and Loads
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Regulator

Type

H744

H745

Table 7-

3

Regulator Resistance to Ground

Inverting (=)

Input at Pin 4

Non-Tnverting {(+)

Input at Pin 5

A voltage regulator that provides no output, or a low output,

without causing fuse F1 to blow,

probably has a

short circuit

in the output. This can be checked by the following procedure:

Step

NOTE

An activated crowbard,

or a short-circuited

output, in an otherwise properly operating

voltage regulator does not cause F1 to blow.

Procedure

1 If fuse F1 is not bhlown,

and the area of etched

circuit around the ac input to the bridge circuit

is not damaged,

it is safe to apply an ac input to

the voltage regulator to determine if the regulator

is overloaded by a short circuit across the outpunt.
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Step

Procedure

Connect the veltage regulator to the bhench test
source and advance the variac to ahout 90 volts.

An audible tone indicates overload conditions.

If the output is near 0 veolts, turn the voltage

adjustment fully CCW and repeat the test.

If the regulator appears overloaded, check for
short circuits across the output and for a

component failure in the crowhar circuit.

NOTE
H744 revision G modules contain an additicnal
SCR in the crowbar circuit to pull down the
+15V control voltage and hold the IC drivers
off until ac power is removed. Therefore, the
s‘overload whistle’*® may not be heard under

failure conditions of some of these modules.

If a faulty voltage regulator does not exhibit any of the

previous symptoms, then perform the following steps:

Step

Procedure

Apply 115 Vac to the bench test socurce (25 Vac at
voltage regulator input)} with no load on the

requlator cutput.

the




Step Procedure
2 Check for 30 Vdc across filter capacitor C1.

3 Check for +15 Vdc at pin 12 of precision voltage
regulator E1. No voltage at this point could mean

that Zener dicde D2 {in the H744) has failed.

i Check for 6.8 to 7.5 Vdc at pin 7 of E1 with respect

to ground (pin 6).

5 If all output measurements in the above steps are
correct, and if there is no output voltage, then

pin 5 of E1 should be positive with respect to pin 4.

Pin 2 of E1 should ke +0.6V with respect to pin 3.
If it is not, connect emitter and base of Q5
together. If a 0.6V indication is then chtained,
precision voltage regulator Ei is not faultv and

the fault is probably caused by 05 or Q4.



7.6.3 Voltage Regulator Test (After Repair)

After a voltage regulator has been repaired, it should be
tested with the bench test source before installing it into
the system. Use the recommended bench test loads when performing

the following steps:
Step . Procedure

1 Connect the repaired voltage regulator to the appropriate

source connector.
2 Set voltage adjustment full CCW and set load to zero.

3 Close input circuit breaker and advance variac until
output veoltage is indicated (at approximately 60-80 Vac
input). No audible noise should be heard under no-load

conditions.
4 Advance variac to 130 Vac and return to 115 Vac.

5 Make certain Q2 is connected and soldered before lecading

the regulator.

6 Apply a 30% to 50% load. The output voltage should
remain nearly constant. A clean whistle may be heard.
A buzz or a harsh hissing sound indicates npossible

instability. Check waveforms as shown in Figure 7-2.




Step Procedure

7 Apply 100% load and set voltage adjustment for

nominal output as follows:

H744 +5.10 Vdc
H745 -15.10 vdc
8 Apply 200% load and check for a decrease in the

frequency and the output voltage.

. CAUTION
If the output voltage does not decrease
noticeably (1 volt on H744; 1 to 5 volts
on H745%), do not attempt the following

short-circuit test.

g Short circuit the output. The regulater should continue
to operate at a low frequency, with a clean, smooth

whistle and stable waveforms,

10 Increase the voltage adjustment and observe the output
voltage when the crowbar circuit fires. A sudden decrease
in frequency and output veltage should be observed.

The output voltage should be within the following ranges:

H744 6.00 - 6.65V

H745 16.8 - 20.5V
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MOTE 4: 30 volt level shifts with AC input voltage, This valua
doubles in HT46 Lie GOV). Small 120Hz jitter 15

normal

NOTE 2: Output ripple ond noise as follows:

H744 HT45 HT486
RIPPLE (P to P) | 3% max.| 3% max. [ 3% max ALL

2%iyp. | 2%tyn | 2%typ, | OUTPUTS
NOISE {PEAK} 1% 1% 1%

Measure noise with @ short 1000 terminated piece of foil
coax. Mormal 10:1 scope probe will not give on occurate

noise measurement.

Vout —=

/—NOTE i

___ 50-200as
@ FULL LOAD

NOTE 2

__.|

Figure 7-2 fTypical Voltage Regulator Dutput Waveforms
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