PDP-11/04
system user’s manual

dlilgliltlall







EK-11004-OP-001

PDP-11/04 |
system user’s manual

digital equipmént corporation - maynard, massachusetts




Ist Edition, December 1976

Copyright © 1976 by Digital Equipment Corporation

The material in this manual is for informational
purposes and is subject to change without notice.

Digital Equipment Corporation assumes no respon-
sibility for any errors which may appear in this
manual.

Printed in U.S.A.

This document was set on DIGITAL’s DECset-8000
computerized typesetting system.

The following are trademarks of Digital Equipment
Corporation, Maynard, Massachusetts:

DEC DECtape  PDP
DECCOMM DECUS RSTS
DECsystem-10 ~ DIGITAL  TYPESET-8
DECSYSTEM-20 MASSBUS  TYPESET-11
UNIBUS

1/77-14



CHAPTER 1

1.1

1.2

1.2.1
1.2.2
1.2.3
1.2.4
1.2.5
1.2.6
1.2.7
1.2.8
1.3

CHAPTER 2

CHAPTER 3

3.1

3.1.1
3.1.2
3.1.3
3.1.4
3.2

3.2.1
3.2.2
3.2.3
324
3.3

3.3.1
3.3.2
3.3.3
3.34

CONTENTS

Page
INTRODUCTION
SCOPE . . . . e e e e e e 1-1
SYSTEM DESCRIPTION . . . . . . . . e e e e 1-2
Unibus . . . . . . o e e e e e e 1-3
KDI11-D Central Processor . . . . . . . . . . . . .. .. 1-3
Operator’sConsole . . . . . . . . . . . . 0 e 1-4
M9301 Bootstrap/Terminator . . . . . . . . ... ... ... ..... 1-5
M9302 Terminator . . . . . . . . . . .. 1-6
Memory . . . . . . . e e e e e e e 1-6
Mounting Box, Backplane, and Power Supply . . . . ... ... .. .. 1-7
Optional Equipment . . . . . . . . . .. . .. ... ... ... ... 1-10
RELATED LITERATURE . . . . . . . . . . oo 1-13
OPERATION
OPERATOR’S CONSOLE (KY11-LA) . . . . . . . . . . v v .. 2-1
Console Switches . . . . . . . . . . . . e 2-1
Console Indicators . . . . . . . . . . .. ... 2-3
Console Emulator . . . . ... .. ... ... .. ... ... ... 2-3
Entry Into the Console Emulator . . . . .. ... ... ..... 2-4
Register Printout . . . . . . . .. ... . 0oL 2-4
Console Emulator Functions . . . . . . ... ... ....... 2-5
Examples of Console Emulator Operation . . . . . . .. e 2-6
Booting from Peripheral Devices . . . . .. .. ... ... ... 2-7
Possible Operator Errors . . . . . . . .. ... ... ....... 2-8
PROGRAMMER’S CONSOLE (KY11-LB) . . .. .. ... ... ...... 2-10
KY11-LB Controls and Indicators . . . . .. .. ... ... ...... 2-10
Notes on Operation . . . . . . . . . v v v v v v i s e 2-12
Examples of Programmer’s Console Operation . . . .. ... ... .. 2-13
FUNCTIONAL SYSTEM DESCRIPTION
GENERAL . . . . . e e 3-1
Halt-Continue Function . . . . . . . . . ... ... ... ....... 3-1
Boot-Initialize Function . . . . . . ... .. ... ... ........ 34
Power-Up Reboot Enable Feature . . . . . . . ... .. ... ..... 3-4
Sack Turnaround Feature . . . .. .. ... ... ... ........ 3-4
KY11-LA DETAILED DESCRIPTION . . . . . . . ... ... ... .... 3-4
HALT/CONT Switch . . . . . . . . . . . i e 3-5
BOOT/INIT Switch . . . . . . . . . . o oo e e e 3-7
DCPower Switch . . . . . . . . . . . . ..o 3-8
Indicators . . . . . . .. e 3-8
M9301 BOOTSTRAP/ROM FIRMWARE . . . . . . ... .. ........ 39
Basic CPU Diagnostics . . . . . .« .« o v v v i i i e e e e e 39
Register Display Routine . . . . . . . . . .. ... ... ....... 3-11
Memory-Modifying Diagnostics . . . . . . . . . . ... ... .. 3-11
Bootstrap Programs . . . . . . . . . . . .. e 3-13

iii



CHAPTER 4

4.1
4.2
4.2.1
4.2.2
4.2.2.1

CHAPTER 5

N AR W R =

OO R WWWRNLND =
Y —

[

@]
s
>
3
ot
=
o

=g eN
pod ok ok ek

CONTENTS (Cont)

Page
CONFIGURATION
GENERAL . . . . . e 4-1
BACKPLANE . . . . . . . e 4-1
Physical Description . . . . . . . . ... ... ... 4-1
Electrical Connections . . . . . . . . . . . . . .. . . ... 4-1
Power . . . . . .. 4-1
Backplane Signal Connections . . . . . . . . .. . ... ..... 4-6
Module Placement . . . . . . . . . . . .. ... ... ... 4-10
SWITCHES AND JUMPERS . . . . . . . . . . . .. .. ... .. ..... 4-13
KDI1-D Processor . . . . . . . . . . . . . e 4-13
M9301 Bootstrap/Terminator . . . . . . . .. . ... ... ...... 4-13
DL11-W Serial Line Interface and Real-Time Clock . . . .. . .. . .. 4-17
Device Address . . . . . . .. .. 4-18
Vector Address . . . . . . . . .. 4-19
Baud Rate . . . . . . . .. . .. 4-19
20-mA Current LoopMode . . . . . . . .. . ... ... .... 4-20
Data Format . . . . .. .. .. .. . .. ... ... .. ... 4-20
DL11-W Compatibility Switches . . . . . . . . . ... ... .. 4-21
MS11-EP, MS11-FP, and MS11-JP MOS Memory . . . .. . .. .. .. 4-22
MMI11-CP Core MEMOIY . . . . . . v v v v v i e e e e e e e e e 4-23
MM11-DP Core Memory . . . . . . . . . . v v v i 4-24
M7850 Parity Controller . . . . . . . . . . . . . .. ... ... ... 4-24
INSTALLATION
GENERAL . . . . . . e 5-1
SITE CONSIDERATIONS . . . . . . . . . . e . 5-1
Humidity and Temperature . . . . . . . .. .. ... ... ...... 5-1
Air-Conditioning . . . . . . . . . ... 5-2
Acoustical Damping . . . . . . . ... ... 5-2
Lighting . . . . . . . . . . e 5-2
Special Mounting Conditions . . . . . . . . . . . . . . ... ... .. 5-2
Static Flectricity . . . . . . . . . . .. ..o 5-2
ELECTRICAL REQUIREMENTS . . . . . . . . . ... .. ... ...... 5-2
System Grounding . . . . . . . .. ... Lo 5-5
Specifications Summary . . . . . . .. . . ... 5-5
UNPACKING . . . . . e e e 5-6
MODULE UTILIZATION IN TYPICAL SYSTEMS . . . . . ... ... ... 5-9
INITIAL INSPECTION . . . . . . . . . . . e e 5-9
TYPICAL SWITCH SETTINGS OF MODULES . . . . .. ... ... .... 5-14
FIRST-TIME START-UP PROCEDURE . . . . ... ... ... ...... 5-21
Check of Standby Operation . . . . . .. .. ... ... .. ..... 5-22
TROUBLESHOOTING
PDP-11/04 CHARACTERISTICS SUMMARY . . . .. . ... ... .... 6-1
Operation (KY11-LA) . .. . . . . . . . . . ... . .. . ... .... 6-1
Operation (KY11-LB) . . . . . . . . . . . . . . e i .. 6-1
Installation . . . . . . . .. .. .. .. .. 6-2

iv




6.2
6.2.1
6.2.2

APPENDIX A

Al
A2
A3

APPENDIX B

Figure No.

AL~

CONTENTS (Cont)

Page
TROUBLESHOOTING PROCEDURES . . ... ... ... ......... 6-2
Quick Verification Routine . . . . .. ... ... ... ........ 6-2
Troubleshooting Flowcharts and Explanations . . . . .. ... .. .. 6-6
KY11-LB MAINTENANCE MODE OPERATION
INTRODUCTION . . . . . . . e e e e e A-1
MAINTENANCE MODE KEY OPERATIONS . . .. . .. ... .. .... A-1
NOTES ON OPERATION . . . . . . . . . . . .. A-4
SUMMARY OF EQUIPMENT SPECIFICATIONS
ILLUSTRATIONS
Title Page
PDP-11/04 Computer System . . . . . . . . . . v v vt 1-1
System Block Diagram . . . . . . . . . . ... 1-2
KD11-D Central Processor Unit . . . . . . . . . . . ... ... ....... 1-3
Operator’sConsole . . . . . . . . . . . . . . e e e e 1-4
M9301 Bootstrap/Terminator Module . . . . .. ... ... ... ...... 1-5
M9302 Terminator Module . . . . .. . . . ... . ... ... ....... 1-6
MS11-JP MOS Memory Module . . . . . . . .. . ... ... ........ 1-7
MM11-CP Core Memory Module . . . . . . ... ... ... .. ...... 1-8
MM11-DP Core Memory Module . . . . . .. .. ... ... . ....... 1-9
DL11-W Serial Line Interface and Real-Time Clock . . . . .. .. ... ... 1-10
KY11-LB Console and Interface Module . . . . . .. .. .. ........ 1-11
M7850 Parity Controller . . . . . . . . . . . . . e 1-12
PDP-11/04 Operator’sConsole . . . . . . . . . . v v v v v v v i 2-1
PDP-11/04 Programmer’s Console . . . . . . . . . . . . . . ... 2-10
PDP-11/04 System Interconnections (BA11-L Mounting Box) . ... .. .. 3-2
PDP-11/04 System Interconnections (BA11-K Mounting Box) . . ... ... 3-3
M9302 Sack Turnaround Logic . . . . . . . . . . . . . . . ... ...... 3-5
HALT/CONT Switch Logic . . . . . . . . . v o o i i i e s 3-6
BOOT/INIT Switch Logic . . . . . . . . . . . v i i it i i 3-7
DCPower Switch . . . . . . . . . . . 3-8
DCON Indicator . . . . . . . . . . . . e 3-8
BATT Indicator . . . . . . . . . . e 3-8
PDP-11/04 Backplanes . . . . . . . . . . . . i 4-2
Mate-N-Lok Connector Pin Locations (Viewed from Wire Side) . . . . . . .. 4-3
3M Connector Pin Locations (Viewed from Pin Side) . . . . . ... ... .. 4-6
Standard and Modified Unibus Pin Designations . . . . . . .. .. ... .. 4-8
SPC Pin Designations . . . . . . . . . . . . . e 4-9
NPG Signal Path . . . . . . . . . . . ... oo 4-10
BG Signal Path (BG4 Line) . . . . . . . . . . . . . . e 4-11
Module Placement . . . . . . . . . . .. . ... 4-12




Figure No.

49
4-10
4-11
5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
59
5-10
6-1
6-2
6-3
6-4
6-5
6-6
67
A-l

Table No.

2-1
2-2
23
3-1
4-1
4-2
4-3

4-5
4-6
4-7
4-8
4-9
4-10
5-1

ILLUSTRATIONS (Cont)
Title

DL11-W (M7856) Switch Locations . . . . . . . . . ... ... .. .....
DL11-W Device Address Selection . . . . . . .. . . ... .. ... .....
DL11-W Vector Address Selection . . .. . ... ... ...........
Connector Specifications for BA11-L and BA11-K Boxes . . .. .. ... ..
Connector Specifications for 861-B and 861-C Power Controllers . . . . . . .
Packaging of PDP-11/04 [26.3-cm (10-1/2-<inch Box)] . . ... ... .. ..
Packaging of PDP-11/04 [13.3-cm (5-1/4-inch Box)] . . . .. .. .. .. ..
Module Utilization in 4-Slot Backplane . . . . . . . .. . .. .. .. .. ..
Module Utilization in 9-Slot Backplane . . . . . . . .. .. ... ... ...
Computer Subassemblies of BA11-L Mounting Box . . . . .. ... ... ..
Computer Subassemblies of BA11-K MountingBox . . . . . ... . ... ..
Backplane Connectors . . . . . . . . . . . . . i e e e e e e e
Typical Jumper Placement and Switch Settings of Modules . . .. . ... ..
Actionl . . . . . L e e e
Action 2 . . . . L L e e e e
Action 3 . . . . L e e e e
Actiond . . . . . e e e
Action 5 . . . . L e e
Action 6 . . . . L e e
Action 7 . . . . o e e e e e e e e e e
KY11-LB Maintenance Cable Connection . . . . . .. ... ... ... ...

TABLES
Title

Bootstrap Routine Codes for M9301-YA and M9301-YB . . . .. . ... ..
Bootstrap Routine Codes for M9301-YF . . . . . . . . . . .. ... ....
Load, Examine, Deposit, and Start Errors . . . . . . ... . ... .. ....
Priority Service Order . . . . . . . . . . . . . . e e
Power Connector Signal Assignments for DD11-PK and DD11-DK . . . . . .
Power Connector Signal Assignments for DD11-CK . . . . .. ... ... ..
10-Pin 3M Connector Signal Designations . . . . . . .. . .. ... ... ..
M9301-YA ROM Starting Address Selection . . . . . .. .. ... .....
M9301-YB ROM Starting Address Selection . . . . . .. . ... ... ...
M9301-YF ROM Starting Address Selection . . . . . . . . ... ... ...
DL11-W Switch Functions . . . . . . . . . . . . ... ... .. ...,
Switch Settings for MS11 Address Assignments : . . . . . . .. ... .. ..
MM11-CP Memory Address Selection . . . . . . . . . v v v v v i
MM11-DP Memory Address Selectionr . . . . . . . . . .« . .. ...
PDP-11/04 Diagnostics . . . . . . . . . . . o o e

vi




CHAPTER 1
INTRODUCTION

1.1 SCOPE

This manual is intended to provide an introduction to the PDP-11/04 computer system and present the
information required by the user for configuration, installation, operation, familiarization with system
components, and limited troubleshooting procedures.

The basic PDP-11/04 (Figure 1-1) includes a simple operator’s console which no longer contains the
familiar Switch register and light display. Communication between the user and computer is imple-
mented via the system terminal. A special bootstrap/terminator module allows the terminal to simu-
late the function of a traditional programmer’s console.

7432-3

Figure 1-1 PDP-11/04 Computer System
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1.2 SYSTEM DESCRIPTION
The PDP-11/04 computer system is comprised of modular units that can be configured to suit the
customer’s application. The basic PDP-11/04 consists of the following equipment.

Central processor (KD 11-D)

Operator’s console (KY11-LA)

Bootstrap/terminator (M9301-YA, YB, YF)

Unibus

Unibus terminator (M9302)

Core (MM11-CP, DP) or MOS (MS11-EP, FP, JP) memory
Mounting box (BA11-L or BA11-K)

Backplane (DD11-CK, PK)

Optional equipment available for the system includes:

Programmer’s console (KY11-LB)

Serial line unit/real-time clock (DL11-W)
Battery backup unit for MOS memory (H775)
Parity controller (M7850)

Standard PDP-11 peripherals

Expander backplane (DD11-CK, DK).

Figure 1-2 illustrates a block diagram of the PDP-11/04.

CENTRAL
PROCESSOR UNIBUS. TERMINATOR
{KD11-D) (M9302)

] MEMORY

OPERATOR'S BOOTSTRAP/ CORE (MM11) INTERFACES
CONSOLE & TERMINATOR OR TO PERIPHERAL
(KY11-LA) (M9301) MOS (MS11) DEVICES

11-4643

Figure 1-2 System Block Diagram




1.2.1 Unibus
All components of the PDP-11/04 computer system, including peripheral devices, are connected to
and communicate with each other on a single high-speed bus known as the Unibus (Figure 1-1).

All devices on the Unibus communicate in the same manner. Addresses, data, and control information
are sent along the 56 lines of the bus. Each Unibus device, including Processor registers, Peripheral
Device registers, and memory locations, is assigned an address on the bus. Therefore, the central
processor can access and manipulate Peripheral Device registers as easily as memory. (A detailed
description of the Unibus can be found in the Unibus Interface Manual or the PDP-11/04 Processor
Handbook.)

The PDP-11/04 computer system contains both standard and modified Unibus connections. The mod-
ified Unibus is similar to the standard Unibus except that certain pins have been redesignated to allow
installation of memory modules in particular backplane slots (Paragraph 4.2.2.2).

1.2.2 KD11-D Central Processor
The KD11-D Central Processor Unit (CPU), designed for the PDP-11/04 computer series, is contain-
ed on a single M7263 multilayer, hex-height module (Figure 1-3).

Figure 1-3 KD11-D Central Processor Unit
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The KD 11-D connects to the computer system via the Unibus. The processor controls the time alloca-
tion of the Unibus for peripherals, and performs arithmetic operations, logic operations, and instruc-
tion decoding. (Refer to the KD11-D Processor Manual for detailed information:)

1.2.3 Operator’s Console

The operator’s console provides a front panel communication link between the user and computer.
Unlike the traditional programmer’s console, a minimum number of switches and lights are contained
on the operator’s console (Figure 1-4).

8107-21

Figure 1-4 Operator’s Console

The three switches on the console are as follows.

Power 3-position rotary switch
DC OFF, DC ON, STNDBY

HALT/CONT 2-position toggle switch
HALT and CONTINUE

BOOT/INIT Spring-action momentary switch that is normally in the BOOT position
BOOT and INITIALIZE

The three indicators on the console are as follows.

BATT Monitors conditions of battery
DC ON Indicates presence of dc logic power
RUN Indicates, when lighted, that the processor is in the RUN state or, when light

is off, that the processor has halted.



1.2.4 M9301 Bootstrap/Terminator

The PDP-11/04 contains a special terminator module (M9301) that contains the required Unibus
terminator resistors and 512 words of read-only memory (ROM). The M9301 is a double-height,
extended module (Figure 1-5) that is available in three versions: M9301-Y A, suited to the OEM user,
or the M9301-YB and M9301-YF, suited to the end user.

8107-17

Figure 1-5 M9301 Bootstrap/Terminator Module

The ROM in the M9301 contains diagnostic routines for verifying computer operation, several boot-
strap loader programs for starting up the system, and the console emulator routine for issuing com-
mands from the console terminal. The M9301 provides the PDP-11/04 with the capability of using a
console terminal to replace the functions normally controlled through the programmer’s console.A
serial I/O terminal such as an LA36 DECwriter, VT50 Video Terminal, or an LT33 Teletype® and
asssociated controller, when used in conjunction with the M9301, can be added to the system to
provide most programmer’s console functions.

Refer to the M9301 Bootstrap/ Terminator Maintenance Manual for a complete description of the
M9301.

®Teletype is a registered trademark of Teletype Corporation.
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1.2.5 M9302 Terminator

The M9302 terminator is a double-height module (Figure 1-6) and must be installed at the end of the
Unibus (furthest from the processor) in all PDP-11/04 systems. This module contains terminating
resistors and additional logic which generate a BUS SACK signal if a processor GRANT signal ever
reaches the end of the Unibus.

Figure 1-6 M9302 Terminator Module

1.2.6 Memory
The PDP-11/04 computer system is designed to operate with both MOS memory and core memory.

The MOS memory is available in 4K, 8K, or 16K (MS11-EP, MS11-FP, or MS11-JP) increments and
each memory module consists of a single hex-height board (Figure 1-7). The MOS module contains an
interface to the Unibus, timing and control logic, refresh circuitry, and an MOS storage array. (Refer
to the MSI11-E-J MOS Memory Maintenance Manual for a detailed description.) MOS memory is
volatile and data is lost when power is removed. An optional battery backup unit (H775) is available
that can supply the power required to preserve data in memory when system power is lost. When the
system is operating in the battery backup mode, power is used for MOS memory refresh only.
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8107-12

Figure 1-7 MS11-JP MOS Memory Module

Core memory is available in 8K or 16K (MM11-CP or MM11-DP) increments. The MM11-CP (Fig-
ure 1-8) consists of a hex-height, multilayer motherboard (G651) and a quad-height, bilayer
daughterboard (H221). The MM11-DP (Figure 1-9) consists of a hex-height, multilayer motherboard
(G652) and a hex-height, bilayer daughterboard (H222). The motherboard is inserted into the Unibus
backplane and contains the Unibus interface logic, timing and control logic, X-Y drivers, and inhibit
and sense circuitry. The daughterboard is attached to the motherboard and contains the core plane,
stack diodes, and stack charge circuit. Core memory is not volatile and data will not be lost when
system power is removed. (Refer to the associated memory manual for detailed information.)

1.2.7 Mounting Box, Backplane, and Power Supply

The PDP-11/04 system utilizes either the BA11-L [13.3-cm (5-1/4-inch) chassis] or BA11-K [26.6-cm
(10-1/2-inch) chassis] mounting box. The BA11 houses the DD11 backplane and the power supply.
The mounting box is divided into two sections, one containing all logic modules and the other contain-
ing the power supply. The operator’s console assembly (KY11-LA) mounts on the front of the BA11
frame.

The DD11-PK or DD11-CK backplane, implemented in the PDP-11/04, provides the electrical con-
nections between the modules in the system. The DD11-PK consists of nine hex-height slots for mod-
ule placement and the DD11-CK consists of four hex-height slots.

The H777 power supply is used with the BA11-L mounting box and the H765 power supply is used
with the BA11-K mounting box. For cabinet-mounted PDP-11/04 systems, the 861 AC Power Con-
troller is implemented. The 861 is used to control and distribute ac voltage to the power supplies, fans,
and other electrical devices (within each cabinet) that require ac inputs within the system.
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Figure 1-8 MMI11-CP Core Memory Module
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Figure 1-9 MM11-DP Core Memory Module



1.2.8 Optional Equipment
The following options can be incorporated to expand system capabilities and meet specific require-
ments of the user.

DL11-W Serial Line Interface and Real-Time Clock (Figure 1-10) - The DL11-W provides an asyn-
chronous serial line interface to an ASCII terminal (e.g., LA36, VT50, or LT33) and a line frequency
clock. The serial line interface can handle data rates from 110 to 9600 baud and provides serial-to-
parallel (and vice versa) data conversion for information transfer to or from the Unibus. The line clock
senses the 50- or 60-Hz line frequency for internal timing and is program compatible with the standard
line clock option (KW11-L) used with other PDP-11 computers.

8107-26

Figure 1-10 DL11-W Serial Line Interface and Real-Time Clock

KY 11-LB Programmer’s Console (Figure 1-11) - The PDP-11/04 programmer’s console contains a 7-
segment LED display and a keypad for entering and verifying data as well as controlling basic com-
puter operations. The programmer’s console can also be used in a maintenance mode which provides
several hardware maintenance features (Appendix A). The console interfaces to the Unibus via a quad-
height module (M 7859).

1-10



DEP HLT/SS

EXAM

3
-
&
)
=
B

CNTRL  START

INIT

8141-15, 8107-9

LB Console and Interface Module

KY11-

1-11

igure

F

1-11



H775 Battery Backup Unit - If system power is interrupted, the battery backup unit provides auxiliary
power to preserve the contents of up to 32K words of MOS memory for about two hours. This
auxiliary power unit is a battery that is charged by the main ac power when the computer system is
operating normally. The battery backup unit is physically mounted outside the processor box to facil-
itate battery maintenance.

M7850 Parity Controller (Figure 1-12) — The M 7850 Parity Controller is a double-height module that
generates and checks parity on stored data in memory. This module also contains a 16-bit Control and
Status register for diagnostic purposes.

8107-20

Figure 1-12 M7850 Parity Controller

Expander Backplane - The DD11-CK (4-slot) and DD11-DK (9-slot) backplanes can be implemented
by the user to expand the basic system. These expander backplanes allow greater flexibility for system
configuration.

Standard PDP-11 Peripherals - The I/O capabilities of the PDP-11/04 system can be expanded
through the implementation of standard PDP-11 peripheral devices such as card readers, alphanumer-
ic display terminals, line printers, teletypewriterss, or high-speed paper tape reader. Available storage
devices include magnetic tapes and disk memories.
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1.3 RELATED LITERATURE
For detailed information concerning each of the system components, refer to the following documents.

Manual Manual Number
BA11-K Mounting Box Manual EK-BA11K-MM
BA11-L Mounting Box Manual EK-BA11L-MM
DL11-W Maintenance Manual EK-DL11W-MM
KD 11-D Processor Manual (PDP-11/04) EK-KD11D-TM
M9301 Bootstrap Terminator Maintenance Manual EK-M9301-MM
MM11-C/CP Core Memory Manual EK-MM11B-TM
MM11-D/DP Core Memory Manual EK-MM11D-TM
MS11-E-J MOS Memory Maintenance Manual EK-MS11E-MM
PDP-11 Peripherals Handbook EP-PDP11-HB
PDP-11/04/05/10/35/40/45 Processor Handbook EP-11004-HB
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CHAPTER 2
OPERATION

2.1 OPERATOR’S CONSOLE (KY11-LA)

In the PDP-11/04 system, communication between the user and computer is provided by the oper-
ator’s console. The M9301 bootstrap/terminator allows the operator’s console, in conjunction with an
ASCII terminal, to provide programmer’s console functions to the user.

e

RUN DCON BATT

8107-21

Figure 2-1 PDP-11/04 Operator’s Console

2.1.1 Console Switches
The operator’s console contains three switches: power, HALT/CONT, and BOOT/INIT. The func-
tion of each switch and its effect on system operation is explained as follows.

Power (3-position rotary switch)

DC OFF DC power is removed from the system; contents of MOS memory are lost
and fans are off.

DC ON Power is applied to the computer system.
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STNDBY Standby; dc power to the computer is off, but dc power is applied to MOS
memory (to avoid data loss).

NOTE
STNDBY position is not functional in the BA11-K
box.
WARNING

The DC OFF position does not remove ac power
from the system. AC power is removed only by dis-
connecting the line cord.

HALT/CONT (2-position toggle switch)

HALT The program is stopped. The system (including console emulator functions)
cannot be run in this position.

CONT The program is allowed to continue.

NOTE
If the program causes the system to halt, the switch
must first be placed in the HALT position and then
moved to the CONT position to resume operation.

BOOT/INIT (Spring-action momentary switch that is normally in the BOOT position)

INIT When this switch is pressed to INITialize and then released (returned to
BOOT position), an operation will be performed depending on the setting of
the HALT/CONT switch.

If the HALT/CONT switch is in the HALT position when BOOT/INIT is
pressed and released, only the processor will be initialized and Peripheral
Device registers will not be cleared.

If the HALT/CONT switch is in the CONT position when BOOT/INIT is
pressed and released; the processor will be initialized, Peripheral Device reg-
isters will be cleared, and the M9301 program will be executed.

NOTE
The BOOT operation is only initiated if the
BOOT/INIT switch is pressed and released. Hold-
ing the switch in the INIT position will cause a con-
tinuous initialize.

CAUTION
Pressing the BOOT/INIT switch to the INIT posi-
tion while running a program will abort the program
in progress and may destroy general register and
memory contents.
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2.1.2 Console Indicators

The three indicators (BATT, DC ON, and RUN) on the operator’s console provide the following

information to the user.

BATT Off

Slow flash
(1 flash/2 seconds)

Fast flash
(10 flashes/second)

Continuous on

DC ON On
Off
RUN On
Off

2.1.3 Console Emulator

Battery voltage is below the minimum
level required to maintain the contents
of MOS memory, or the battery is not
present in the system.

Battery is charging and the voltage is
above the minimum level required to
maintain contents of MOS memory if
power is removed. The amount of
time that memory will be retained will
depend on the degree of discharge of
the battery. The flash rate is fixed and
does not vary with the charge rate of
the battery.

Indicates that primary power has been
lost and the battery is discharging
while maintaining MOS memory con-
tents. The flash rate is fixed and does
not indicate the charge level remain-
ing on the battery.

Battery is present and fully charged.
Indicates that dc power is applied to
the logic but does not imply that the
power is within the required levels.
DC power is off.

Indicates either:

1. Processor is executing, or

2. Processor is attempting to run but
is disabled due to a system failure.

Processor has halted.

The M9301 module contains a console emulator routine in ROM memory. This routine allows the
operator to use a console terminal to generate functions similar to those provided on the traditional
programmer’s console. The console emulator allows the user to perform LOAD, EXAMINE,
DEPOSIT, START, and BOOT functions by typing in the appropriate code on the keyboard.
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The following is a summary of the console emulator functions.

LOAD Loads the address to be manipulated into the system.

EXAMINE Allows the operator to examine the contents of the address that was loaded.

DEPOSIT Allows the operator to write into the address that was loaded and/or
examined.

START Initializes the system and starts execution of the program at the address
loaded.

BOOT Allows the booting of a specified device by typing in a 2-character code and

unit number (if required).

2.1.3.1 Entry Into the Console Emulator — In order to enter the console emulator, the M9301 boot-
strap /terminator switches must be properly set. (Refer to Paragraph 4.3.2 to determine the correct
switch settings.)

The console emulator can be entered in the following ways depending on the setting of the M9301
switches.

Move the power switch to the DC ON position.
Press and release the BOOT/INIT switch.
Automatic entry on return from a power failure.
Load address and start (via programmer’s console).

hanl i N

2.1.3.2 Register Printout - Once the console emulator routine has started, a series of numbers repre-
senting the contents of R0, R4, SP, and “OLD PC” respectively, will be printed by the terminal. This
sequence will be followed by a $ on the next line. The following is an example of the printout. (X
signifies an octal number, 0-7.)

XXXXXX XXXXXX XXXXXX XXXXXX
$
RO R4 R6 “OLD PC”
STACK POINTER  PROGRAM
(SP) COUNTER
PROMPT CHARACTER

on next line

NOTE
Whenever there is a power-up microroutine, or the
BOOT/INIT switch is released from the INIT posi-
tion, the current PC will be stored in R5. The con-

tents of RS are printed out as shown above (noted as
“OLD PC”).
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When the BOOT/INIT switch is pressed and released, the system will print out RO, R4, SP, and “OLD
PC” followed by a prompt character, as previously described. This feature is especially valuable when
the system has halted unexpectedly. The operator can determine where the system has halted by exam-
ining the “OLD PC” and subtracting two.

CAUTION
Pressing the BOOT /INIT switch may alter the con-
tents of the General Purpose registers and make it
impossible to continue the program.

2.1.3.3 Console Emulator Functions - As previously mentioned, the console emulator can be used to
perform LOAD, EXAMINE, DEPOSIT, START, and BOOT functions. Once the system has been
powered up or initialized via the BOOT/INIT switch and RO, R4, SP, “OLD PC” and $ have been
printed, the console emulator is entered.

The following symbols are used in the discussion of the keyboard input format:

Space bar: (SB)
Carriage return key: (CR)
Any number 0-7 (octal number) key: (X)

The capital letters L, E, D, and S on the keyboard are used to perform the functions LOAD, EXAM-
INE, DEPOSIT, and START respectively. The keyboard input format required to perform each of the
functions is as follows.

Function Format

Load Address L (SB)(X)(X)(X)(X)(X)(X)(CR)
Examine address loaded E (SB)

Deposit contents into address loaded D (SB)(X)(X)(X)(X)(X) (X)(CR)

and/or examined
Start program S (CR)

The first octal number that is typed (X) will be the most significant digit and conversely the last
number typed will be the least significant digit. The console emulator routine can accept up to six octal
numbers in the range of 0-32K (word locations). The lower 28K of memory and the 4K 1/0 page can
be directly manipulated by the console emulator. If all six octal numbers are input, the most significant
number must be a zero or a one. When an address or data word contains leading zeros, the leading
zeros can be omitted when loading the address or depositing the data.

NOTE

1. The console emulator will accept octal numbers
only (i.e., typing 8 or 9 within the address will
cause the entire address to be ignored).

2. The console emulator will accept even addresses
only (i.e., the least significant digit must be a 0,
2, 4, or 6).

3. The General Purpose registers (GPR) cannot
be addressed from the console emulator.
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2.1.3.4 Examples of Console Emulator Operation — The following example implements the LOAD,
EXAMINE, DEPOSIT, and START functions.

If the operator wishes to:

Turn on power

Load address 700

Examine location 700
Deposit 777 into location 700
Examine location 700

Start at location 700

Sk L~

The operator performs the following:

Operator Terminal Display
1. Turns on power XXXXXX XXXXXX XXXXXX XXXXXX
2. L(SB)700(CR) § L 700
3. E(SB) $ E 000700 XXXXXX
4. D(SB)777(CR) $D 777
5. E(SB) $ E 000700 000777
6. S(CR) $S

Successive examine operations are permitted using the console emulator. Successive examine com-
mands issued by the operator will cause the address to increment by two and will display consecutive
addresses and the contents of each.

The following example examines addresses 500 through 506.

Operator Terminal Display

L (SB) 500 (CR) $ L 500

E (SB) §$ E 000500 XXXXXX
E (SB) $ E 000502 XXXXXX
E (SB) $ E 000504 XXXXXX
E (SB) $ E 000506 XXXXXX

Successive deposit operations are also permitted using the console emulator and the address will also
increment by two with each deposit command.

The following example deposits 60 into location 500, 2 into location 502, and 4 into location 504.

Operator Terminal Display
L (SB) 500 (CR) $ L 500

D (SB) 60 (CR) $ D60

D (SB)2 (CR) $D2

D (SB) 4 (CR) $D4

Alternate deposit-examine operations are permitted but the address will not increment after each
command is typed. The address will contain the last data that was deposited.



The following example loads address 500, deposits 1000, 2000, and 5420 in that address, and then
examines location 500 after each deposit:

Operator

L (SB) 500 (CR)
D (SB) 1000 (CR)
E (SB)
D (SB) 2000 (CR)
E (SB)
D (SB) 5420 (CR)
E (SB)

Terminal Display

$ L 500

$ D 1000

$ E 000500 001000
$ D 2000

$ E 000500 002000
$ D 5420

$ E 000500 005420

2.1.3.5 Booting from Peripheral Devices - The console emulator can be used to input bootstrap rou-
tines from peripheral devices. Once the prompt character ($) has been displayed on the terminal (as a
result of power-up or activating BOOT /INIT switch), the system is ready to load a bootstrap routine
from the selected device. The following procedure is implemented to boot from the keyboard:

1. Locate the 2-character code that corresponds to the peripheral to be booted (Tables 2-1 and

2:2).

Table 2-1 Bootstrap Routine Codes for M9301-YA and M9301-YB

Device Description Boot Command
RKI11 Disk cartridge DK
RPI11 RP02/03 disk pack DP
TCl11 DECtape DT
™11 800 bits/inch magtape MT
TAIll Magnetic cassette CT
RX11 Diskette DX
DL11 Terminal reader TT
PCl11 Paper tape reader PR
RJS03/04* Massbus fixed-head disk DS
RJP0O4* Massbus disk pack DB
TIJU16* Massbus tape drive MM
RJS03/04, Mixed combination of MC

RJP04, or TJU16*

Massbus devices

*Devices supported by M9301-YB (end-user version) only.
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Table 2-2 Bootstrap Routine Codes for M9301-YF

Device Description Boot Command
RK11 RKO03/05 disk cartridge control DK
RP11 RP02/03 disk pack control DP
TCl11 TUS56 DECtape control DT
T™11 TU10 magtape control MT
RXI11 RXO1 diskette control DX
DL11 Terminal reader control TT
PCl11 Paper tape reader control PR
RJS03/04 Massbus fixed-head disk DS
RJP04/05/06 Massbus disk pack DB
TIU16 Massbus tape drive MM
RK611 RKO06 disk drive control DM
NOTE

The user can boot from a peripheral directly upon
power up (M9301-YA or M9301-YF versions only)
provided the switches on the M9301 module are set
properly (Paragraph 4.3.2).

2. Load medium (paper tape, magtape, disk, etc.) into the peripheral, if required.
3. Verify that the peripheral indicators signify that the peripheral is ready (if applicable).
4. Type the 2-character code obtained from Table 2-1.

5. If more than one unit of a given peripheral exists, type the unit number to be booted (0-7). If
a number is not typed, the default number will be 0.

6. Type (CR); this initiates the boot.
The following points should be remembered before attempting to boot from a peripheral device.

1. The medium (paper tape, disk, magtape, etc.) must be placed in the peripheral prior to
booting.

2. The machine will not be under control of the console emulator after booting.
3. The program that is booted must be:

a. Self-starting, or
b. Restartable after the console emulator is recalled.

4. Actuating the BOOT/INIT switch will always abort the program being run. The contents of
the General Purpose registers (R0-R7) may be altered.

2.1.3.6 Possible Operator Errors — This paragraph discusses the effect of erroneously pressing the
BOOT/INIT switch and solutions to incorrect entries of information to the console emulator routine.
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As previously mentioned, pressing the BOOT /INIT switch while a program is running will cause that
program to be aborted. All devices that respond to system INIT will be cleared and the contents of all
General Purpose registers may be modified. The console emulator will be activated (possible on
M9301-YA, YB, or YF versions) or a peripheral routine will be booted (possible on M9301-YA or YF
versions only). Critical data in the user’s system will probably be lost and the possibility of retrieving
that data will depend on the user’s program.

Table 2-3 lists possible operator errors that may be encountered when implementing the LOAD,
EXAMINE, DEPOSIT, or START functions.

NOTE
If an entry has not been completed and the user real-
izes that an incorrect character has been entered, the
user can press the rubout or delete key and delete the

entire entry.

Table 2-3 Load, Examine, Deposit, and Start Errors

Error

Result

L, E, S, or D was followed by a key other than
space bar (SB).

An illegal number (8 or 9) or incorrect alpha
key (Y) is typed after the correct load
sequence.

The most significant octal number in a 6-bit
address is greater than 1.

An extra (seventh) octal number is typed.

A memory location is loaded whose address is
nonexistent.

Examine, start, or deposit is attempted at an
odd memory location or at a nonexistent
memory location.

Examine is performed without loading an
address prior to the first examine.

Terminal display will return a prompt character ()
to signify an unknown code.

Upon receipt of the illegal number or alpha key,
the entire address will be ignored and $ will be
returned.

The address will be loaded but the most significant
digit will be interpreted as follows:

Number typed (number accepted)

(1), 6(0), 5(1), 4(0), 3(1), 2(0).

Any size word will be accepted but only the last six
digits typed will be remembered.

No errors will result unless a deposit, examine, or
start is attempted.

The system will hang up when (SB) is executed.

Examination of an unknown address will be per-
formed and possibly the system could try to access
a nonexistent address.

NOTE
If a legal address is examined, the address
and data will be typed out. If address is
illegal, the system will hang up.




Table 2-3 Load, Examine, Deposit, and Start Errors (Cont)

Error Result

Start is performed without loading an address Start at an unkown location will occur.
prior to starting.

Deposit is performed without previously 1. Data will be written over and lost or,
loading an address or without knowing what 2. Machine will hang up.
address had been previously loaded.

2.2 PROGRAMMER’S CONSOLE (KY11-LB)

The optional PDP-11/04 programmer’s console (KY11-LB) provides all the standard functions
required for entering and verifying data as well as controlling basic computer operations. The pro-
grammer’s console can also be used in a maintenance mode that provides several hardware mainte-
nance features. (Refer to Appendix A for a discussion of the KY11-LB operation in the maintenance
mode.) The KY11-LB contains a 20-pushbutton keypad for operator /programmer control, 6 indicator
LEDs for monitoring system status, a 6-digit display for address or data, and a dc power switch. The
programmer’s console interfaces to the Unibus via a quad-height module (M7859) which must be
installed in the processor backplane. Refer to the Programmer’s Console (KY11-LB) Maintenance
Manual for a detailed discussion.

]

SRDISP CONT

BUS ERR S BOOT
3

MAINT ct INIT  CNTRL START

8107-9

Figure 2-2 PDP-11/04 Prog.ammer’s Console

2.2.1 KY11-LB Controls and Indicators.

The following provides a brief functional description of the 6-digit display, indicators, and the push-
button keyboard provided on the programmer’s console. The dc power switch and the BATT, DC ON,
and RUN indicators function in the same manner as described for the operator’s console (Paragraphs
2.1.1 and 2.1.2).

Display The 7-segment display represents the current address or the con-
tents of the current address. Each segment of the display will
contain an octal digit (0-7). Six-digit numbers are generated as
octal digits and are entered from the right and left-shifted.
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Indicators

SR DISP Switch Register Display - Indicates, when on, that the contents
of the Switch register are being displayed.

MAINT Maintenance - Indicates, when on, that the console is operating
in maintenance mode.

BUS ERR Bus Error - Indicates, when on, that an examine or deposit
resulted in a SSYN timeout, or that HALT GRANT was not
received after a HALT REQUEST was issued.

NOTE
This indicator reflects a bus error by the console
only. The indicator does not reflect bus errors due
to other devices such as the processor.

Pushbutton Keys
0,1,2,3,4,56,7 Allow the operator to enter data (octal digits) into the display.

LSR Load Switch Register — A copy of the contents of the display are
» placed in Unibus address 777570.

LAD Load Address — The contents of the display become the current
address. The display is cleared when LAD is pressed.

DIS AD Display Address — The current address is displayed. The next
examine or deposit will occur at the address displayed.

CLR Clear - The display is cleared in preparation for entry of new
data via the number keys.

EXAM Examine — A copy of the data contained in the location speci-
fied by the current address is placed in the display. This key is
operative only if the processor is halted.

DEP Deposit - A copy of the data being displayed is transferred to
the location specified by the current address. This key is oper-
ative only if the processor is halted.

CNTRL Control - The control key is used in conjunction with other keys
to provide certain functions. The requirement of having both
CNTRL and the second key pressed at the same time prevents
accidental use of these functions.

The following pushbutton keys must be used in conjunction with the CNTRL key to provide the
function described. In each case, the CNTRL key must be pressed first and held down while the second
key is pressed.

INIT (with CNTRL) Initialize - Causes BUS INIT L to be generated for 150 ms. Key
is operative only if processor is halted.




HALT/SS (with CNTRL)

CONT (with CNTRL)

START (with CNTRL)

BOOT (with CNTRL)

No. 7 (with CNTRL)

No. 6 (with CNTRL)

No. 1 (with CNTRL)

2.2.2 Notes on Operation

Halt/Single Step - Halts the processor if the processor is run-
ning. To single instruction step the processor, halt the process-
or, then press the HALT/SS key without pressing the CNTRL
key. After a halt, the display will contain the contents of R7
(program counter).

Continue - Allows the processor to continue from a halted state
using its current program counter. The contents of the Switch
register are displayed.

This key is operative only if the processor is halted. The func-
tion causes the program counter (R7) to be loaded with the cur-
rent address. BUS INIT L is then generated and the processor is
allowed to run. Switch register contents are then displayed.

Causes the M9301 bootstrap/terminator to be activated if pre-
sent in the system. Console will boot only if processor is halted.

When the No. 7 key and CNTRL key are both pressed, the
current address plus the value presently being displayed plus 2
are added together. The result is then displayed. This function
allows the console to calculate the correct offset address when
mode 6 or 7, register 7 instructions are encountered. The
required index must be in the display so that when the keys are
pressed, the index will be added to the PC+2. The offset address
is then displayed.

When the No. 6 key and CNTRL key are both pressed, the
contents of the Switch register are added to the value presently
being displayed. The result is then displayed. This function
allows the console to calculate the correct offset address when
mode 6 or 7 instructions that do not use register 7 are encoun-
tered. To implement this function, it is easiest to put the index in
the Switch register, then examine the general register that con-
tains the base address, thereby placing the base address in the
display. Then, when the No. 6 key and CNTRL key are both
pressed, the index and base address will be added and the cor-
rect offset address will be displayed.

Maintenance Mode - This key combination puts the console in
maintenance mode. When the console is in maintenance mode,
normal console mode keypad functions are not available (Refer
to Appendix A for a description of the maintenance mode key-
pad functions.) The CLR key causes the console to exit from
maintenance mode and enter console mode via a processor halt.

The input format required to perform each of the functions previously described is shown as follows.

(X denotes an octal number, 0-7.)

XXXXXX LSR
XXXXXX LAD
XXXXXX DEP
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Note that, unlike the operator’s console, the data must be entered before the function key is pressed.

Prior to entering a new 6-digit number, if the display is non-zero, the clear key (CLR) should be
pressed to initially zero the display. If the display is not cleared, the new data will be left-shifted into
the existing data and may result in an erroneous number in the display.

An erroneous display will also result if, while the processor is running and the Switch register is being
displayed, a numeric key (0-7) is pressed. Although the SR DISP indicator will be on, the display will
no longer reflect the actual contents of the Switch register. If any time while the processor is running
the operator wishes to examine the contents of the Switch register, the CNTRL and CONT keys
should be pressed simultaneously. This action will not affect processor operation.

The console requires an 18-bit address. This is especially important to remember when accessing
Device registers (i.e., 777560 must be input rather than 177560 to address a Device register). If the 18-
bit address is not used, access to memory or to a nonexistent address will occur.

In order to single instruction step the processor from a given starting address, the program counter
(R7, Unibus address 777707) must be loaded with the starting address. For example, to single instruc-
tion step the processor from the beginning of a program starting at location 1000, the following
sequence is required:

777707 LAD
1000 DEP
INIT (With CNTRL pressed)
HALT/SS
HALT/SS
etc.

The above procedure is required only if the program counter does not already contain the desired
address.

2.2.3 Examples of Programmer’s Console Operation

The following example implements the load address, load switch register, deposit, examine, display
address, start, halt, continue, and single instruction step functions. To demonstrate these functions, the
following program is loaded into memory.

PROGRAM

1000 12737 177777 1016 START: MOV #177777,@#1016 ;LOAD LOCATION 1016
1006 00240 NOP ;DO NOTHING

1010 00240 NOP ;DO NOTHING

1021 00137 01000 JMP START ;LOOP
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The program is loaded into memory by depositing the following data into each associated memory
address.

Address Data (instruction)
1000 012737
1002 177777
1004 001016
1006 000240
1010 000240
1012 000137
1014 001000
1016 000000

The data is loaded by first loading address 1000, and then making successive deposits. Note that the
processor must first be halted if the RUN indicator is on (EXAM and DEP keys are operative only if
the processor is halted).

Operator Input Display

HALT/SS (with CNTRL pressed)
(if processor is running)

CLR 000000

1000 LAD 000000
12737 DEP and then CLR 012737 and then 000000
177777 DEP and then CLR 177777 and then 000000
1016 DEP and then CLR 001016 and then 000000
240 DEP and then CLR 000240 and then 000000
240 DEP and then CLR 000240 and then 000000
137 DEP and then CLR 000137 and then 000000
1000 DEP and then CLR 001000 and then 000000

DEP 000000

DIS AD 001016

Successive deposit operations cause the address to be incremented by 2. Note that the display must be
cleared (if it is non-zero) before entering new data. Successive examine operations can also be per-
formed. Again, the address is incremented by two after each successive examine.

NOTE
If the address is in the range 777700-777717, each
successive examine will increment the address by
one.
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To verify that the above data has been deposited correctly, load address 1000 and perform successive
examines as follows:

Operator Input Display
CLR 000000
1000 LAD 000000
EXAM 012737
EXAM 177777

EXAM 001016

Once the program has been loaded and verified, the program can be started, continued, halted and
single instruction stepped. To demonstrate these functions, first load the Switch register with 125252
and then load the program starting address (1000).

Operator Input Display

125252 LSR 125252

CLR 000000

1000 LAD 000000

START (with CNTRL pressed) 125252 Display shows contents of Switch register.

CLR 000000

CONT (with CNTRL pressed) 125252 Display shows contents of Switch register.

HALT/SS (with CNTRL pressed) 001006 *See NOTE

HALT/SS 001010

HALT/SS 001012

HALT/SS 001000

HALT/SS 001006

HALT/SS 001010

HALT/SS 001012

CLR 000000

001016 LAD 000000

EXAM 177777 Result of instruction at address 1000.
NOTE

When the processor is halted via the HALT/SS
(with CNTRL) key, the display will shown the cur-
rent program counter (PC). The display contents will
therefore depend on which instruction is currently
being executed.

When the single instruction step function
(HALT/SS key) is used, the display will show the
current program counter and the program will be
single instruction stepped from that location.

Refer to the KY11-LB Maintenance Manual for a more detailed discussion of the programmer’s con-
sole operation.
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CHAPTER 3
FUNCTIONAL SYSTEM DESCRIPTION

3.1 GENERAL

This paragraph provides a description of the interaction between PDP-11/04 system components.
Figures 3-1 and 3-2 are block diagrams of the system showing interconnecting signals for the BA11-L
and BA11-K mounting boxes respectively.

3.1.1 Halt-Continue Function

The operator’s console can be used to halt the processor via the HALT/CONT switch. When the
HALT/CONT switch is moved to the HALT position, the console asserts the signal HALT RQST L
which is recognized by the processor like a BUS request. The HALT request is therefore serviced
according to its priority. The order of priority for all BUS requests and other traps is listed in Table 3-
1. The processor responds to HALT RQST L by inhibiting the processor clock and returning the signal
HALT GRANT H to the console. HALT GRANT H causes the console to assert BUS SACK L,
thereby gaining control of the Unibus. BUS SACK L, in turn, causes the processor to drop HALT
GRANT H. The user can keep the processor in the halted state indefinitely. In the halt state, BUS
SACK L and HALT RQST L are asserted. When the HALT/CONT switch is returned to the CONT
position, the console releases BUS SACK L and HALT RQST L and the processor continues
operation.

Table 3-1 Priority Service Order

Priority Service Order

Highest Halt (Instruction)

Bus Errors

Instruction Traps
Trace Traps

Stack Overflow

Power Fail

Halt Switch (on console)
BR7

BR6

BR5

BR4

Lowest Next Instruction Fetch
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3.1.2 Boot-Initialize Function

The operator’s console activates the M9301 bootstrap/terminator via the BOOT/INIT switch.
BOOT/INIT is a spring-action momentary switch that is normally in the BOOT position. When the
BOOT/INIT switch is pressed to the INIT position, the two signals BUS AC LO L and BOOT SW L
are generated. BOOT SW L is the enabling signal for the M9301. When the switch is released from the
INIT position to the BOOT position, the two signals BUS AC LO L and BOOT SW L are dropped,
thereby allowing the processor to start a power-up sequence. The processor then attempts to read a
new program counter (PC) address from memory location 24s. Address bits 245 are logically ORed
with address bits asserted by the M9301 (address lines enabled by BOOT SW L) to generate 773024s.
This location is in the M9301 ROM address space and contains the starting address of an optionally
selected routine. Once a new PC is obtained from location 773024;, the processor attempts to read a
new processor status word (PSW) from memory location 26;. Address bits 265 are also logically ORed
with address bits asserted by the M9301 to generate 773026s, also located in the ROM address space.
The specific routine initiated by the above sequence depends on the setting of switches located on the
M9301.

3.1.3 Power-Up Reboot Enable Feature

The Power-Up Reboot Enable switch (S1-2) located on the M9301 provides the user with the option of
automatically rebooting (activating the M9301) whenever the processor is powered up. If the switch is
closed (ON position) and the processor begins a power-up routine, circuitry on the M9301 will be
activated. The power-up sequence that follows will then be the same as that described for the BOOT-
INIT function (i.e., the PC and PSW will be obtained from the M9301 ROM address space).

If the Power-Up Reboot Enable switch is open, (OFF position) the M9301 will be activated (during a
power-up) only if the signal BOOT ENB is asserted low. BOOT ENB L is generated by the power
supply and is transferred to the M9301 via the operator’s console. Here, the operator’s console func-
tions only as a connector. BOOT ENB L is asserted if the +15 and -15 voltages are lost during battery
backup operation. The voltage loss means that the contents of MOS memory are lost. BOOT ENB L
will remain asserted until the signal BUS AC LO goes high. When BUS AC LO and BOOT ENB are
both asserted low, the circuitry on the M9301 is enabled. When BUS AC LO goes high, the processor
will begin a power-up routine. With the M9301 enabled, the processor will read the program counter
and processor status word from the M9301 ROM address space (Paragraph 3.1.2). This feature allows
the operator to automatically reboot on power up only if MOS memory contents are lost. If MOS
memory has been retained during a power fail (by the battery backup unit) the processor will perform
its normal power-up routine.

NOTE
In systems containing core memory, the black wire
that connects to TP1 on the M9301 must be dis-
connected and taped. This will disable the power-up
reboot enable feature.

3.1.4 Sack Turnaround Feature

The M9302 terminator provides circuitry that generates a BUS SACK signal if a GRANT signal ever
reaches the end of the Unibus. The bus grant lines (BG4:BG7, and NPG) are ORed on the M9302 to
produce BUS SACK L which is returned to the processor (Figure 3-3). BUS SACK L will cause the
processor to drop the asserted grant line which will in turn cause BUS SACK L to be dropped.

3.2 KY11-LA DETAILED DESCRIPTION

The KY11-LA operator’s console provides the means for controlling dc power (dc power switch),
indicating systems status (BATT, DC ON, and RUN indicators), halting the processor
(HALT/CONT switch) and activating the M9301 (BOOT/INIT switch).
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Figure 3-3 M9302 Sack Turnaround Logic

3.2.1 HALT/CONT Switch
This paragraph describes the logic associated with the HALT/CONT switch located on the operator’s
console (Figure 3-4).

The HALT/CONT switch allows the operator to halt the processor and keep it in the halted state as
described in Paragraph 3.1.1. As shown in Figure 3-4, when the HALT/CONT switch is placed in the
HALT position, the HALT RQST flip-flop is direct cleared. This position enables one input of the
open-collector NAND gate that drives the HALT REQUEST L line.

The other input of the NAND gate is enabled if both BUS DC LO L and BUS INIT L are unasserted.
HALT RQST L is transmitted to the processor and causes the processor to return HALT GRANT H
to the console (Paragraph 3.1.1). HALT GRANT H direct sets the SACK flip-flop, thereby causing
the operator’s console to assert BUS SACK L. The processor is now halted and the operator’s console
has control of the Unibus. The processor will remain halted as long as BUS SACK L is asserted by the
console. The SACK flip-flop can be cleared (and BUS SACK L dropped) by any of the following
actions:

1. Bus INITialize
2. Pressing and releasing the BOOT /INIT switch
3. Moving the HALT/CONT switch to the CONT position.

When the HALT/CONT switch is moved to the CONT position, the HALT RQST flip-flop is direct
set and HALT RQST L is dropped. The transition of the HALT RQST flip-flop output from clear to
set causes the SACK flip-flop to be clocked. Since the data input is low, the SACK flip-flop clears on
the low-to-high clock transition. When the SACK flip-flop is cleared, the RUN indicator turns on. The
RUN indicator reflects the state of the SACK flip-flop. When the SACK flip-flop is set, the RUN
indicator is off.
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3.2.2 BOOT/INIT Switch
This paragraph provides a description of the logic associated with the BOOT/INIT switch located on

the operator’s console (Figure 3-5).
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Figure 3-5 BOOT/INIT Switch Logic

The BOOT/INIT switch allows the operator to activate the M9301 bootstrap/terminator and the
processor (via a simulated power fail) as described in Paragraph 3.1.2. The M9301 is activated by the
signal BOOT SW L, generated by the operator’s console. A power fail is simulated when the operator’s
console asserts BUS AC LO L on the Unibus. This boot sequence also requires that the SACK flip-
flop be cleared. BOOT/INIT is a spring-action momentary switch that is normally in the BOOT
position. Pressing the switch to the INIT position causes the two NAND gates to assert the signals
BUS AC LO L and BOOT SW L (Figure 3-5). The INIT position also causes the capacitor (C7) to be
discharged. When the switch is released to the BOOT position, BUS AC LO L and BOOT SW L are
dropped, thereby allowing the processor to start a power-up sequence. Since the capacitor (C7) charges
through a resistor (R1), a momentary low is maintained across the capacitor. This momentary low
enables the signal that will direct clear the SACK flip-flop.



3.2.3 DC Power Switch

The dc power switch is a 3-position (DC OFF, DC ON, STNDBY) rotary switch that is always driving
one of three signals to ground. These signals, when not grounded by the switch, are normally pulled
high by the H777 power supply (Figure 3-6). When this switch is used with the H765 power supply,
only the DC ON position is operational. The function of each position is described in Paragraph 2.1.1.

> To H765 Power Supply

DCON L
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o > To H777 Power Supply

DC OFF L

=

v
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Figure 3-6 DC Power Switch

3.2.4 Indicators

The operator’s console provides three indicators that monitor system status. The RUN indicator is
discussed in Paragraph 3.2.1. The function of each of the console indicators is described in Paragraph
2.1.2.

The DC ON indicator is a light-emitting diode (LED) with a series current-limiting resistor connected
between +5 Vdc and ground (Figure 3-7).

DC ON

+5V —%—@ﬁ
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Figure 3-7 DC ON Indicator

The BATT (battery monitor) indicator is an LED driven by the +5 Vdc regulator board in the battery
backup portion of the power supply (Figure 3-8).
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Figure 3-8 BATT Indicator
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3.3 M9301 BOOTSTRAP/ROM FIRMWARE

The M9301 bootstrap/terminator contains a 512-word ROM (Read Only Memory). The memory is
composed of four 512 X 4 bit tri-state ROMs organized in a 512 X 16 bit configuration. All four units
share the same address lines and produce 16-bit PDP-11 instructions to be executed by the processor.
The three versions of the M9301 (M9301-YA, M9301-YB, and M9301-YF) that are used in the PDP-
11/04 system contain basic CPU and memory Go/No-Go diagnostics along with specific sets of boot-
strap programs. The following list gives the function and order of each diagnostic test in the ROMs.

Test 1 All single operand instructions

Test 2 All double operand instructions

Test 3 Jump tests (modes 1, 2, and 3)

Test 4 Single operand, non-modifying, byte test

Test 5 Double operand, non-modifying test (source modes 1 and 4, destination

modes 2 and 4)

Register Display Routine

Test 6 Double operand, modifying, byte test
Test 7 JSR test
Test 8 Memory test

Bootstrap programs

3.3.1 Basic CPU Diagnostics
The following is a description of Tests 1-5.

Test 1 — Single Operand Test

This test executes all single operand instructions using destination mode 0. The basic objective is to
verify that all single operand instructions function properly. It also provides a cursory check on the
operation of each instruction, while ensuring that the CPU decodes each instruction in the correct
manner.

Test 1 brings the Test Destination register through its three possible states: zero, negative, and positive.
Each instruction operates on the register contents in one of four ways:

1. Data will be changed via a direct operation (i.e., increment, clear, decrement, etc.).

2. Data will be changed via an indirect operation (i.e., arithmetic shifts, add carry, and subtract
carry).

3. Data will be unchanged, but will be operated upon via a direct operation (i.e., clear a register
already containing zeroes).

4. Data will be unchanged via a non-modifying instruction (TST).
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Note that when operating upon data in an indirect manner, the data is modified by the state of the
appropriate condition code. Arithmetic shift will move the C bit into or out of the destination. This
operation, when performed correctly, implies that the C bit was set correctly by the previous
instruction.

There are no checks on the data integrity prior to the end of the test. However, a check is made on the
result. A correct result implies that all instructions manipulated (or did not manipulate) the data in the
correct way. If the data is incorrect, the program will fall into a branch-self.

Test 2 — Double Operand, All Source Modes, Destination Mode 0

This test verifies all double operand general and logical instructions - each in one of the seven modes
(excludes mode 0). Thus, two operations are checked; the correct decoding of each double operand
instruction, and the correct operation of each addressing mode for the source operand.

Each instruction in the test must operate correctly in order for the next instruction to operate. This
interdependence is carried through to the last instruction (bit test) where, only through correct execu-
tion of all previous instructions, a data field is examined for a specific bit configuration. Thus, each
instruction prior to the last serves to set up the pointer to test data.

Two checks on instruction operation are made in Test 2. One check, a branch-on condition, is made
following the compare instruction, while the second is made as the last instruction in the test sequence.

Since the Go/No-Go test resides in a ROM memory, all data manipulation (modification) must be
performed in destination mode O (register contains data). The data addressing constants used by Test 2
are contained in a literal pool within the ROM.

It is important to note that two different types of operations must execute correctly in order for this
test to operate:

1. Those instructions that participate in computing the final address of the data mask for the
final bit test instruction.

2. Those instructions that manipulate the test data within the register to generate the expected
bit pattern.

Detection of an error within this test results in a branch-self.

Test 3 — Jump Test Modes 1, 2, and 3

The purpose of this test is to ensure correct operation of the Jump instruction. This test is constructed
such that only a Jump to the expected instruction will provide the correct pointer for the next
instruction.

There are two possible failure modes that can occur in this test:

1. The Jump addressing circuitry will malfunction causing a transfer of execution to an illogic-
al instruction sequence or nonexistent memory.

2. The Jump addressing circuitry will malfunction in such a way as to cause the CPU to loop.

The latter case is a logical error indicator. The former, however, may manifest itself as an after-the-fact
error. For example, if the Jump causes control to be given to other routines within the M9301, the
interdependent instruction sequences would probably eventually cause a failure. In any case, the fail-
ing of the Jump instruction will eventually cause an out-of-sequence or illogical event to occur. This is
a meaningful indicator of a malfunctioning CPU.
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Test 4 — Single Operand, Non-Modifying, Byte Test

This test focuses on the one unique single operand instruction, the TST.TST, which is a special case in
the CPU execution flow since it is a non-modifying operation. Test 4 also tests the byte operation of
this instruction. The TSTB instruction will be executed in mode 1 (register deferred) and mode 2
(register deferred, auto-increment).

The TSTB is programmed to operate on data that has a negative value most significant byte and a zero
(not negative) least significant byte.

In order for this test to operate properly, the TSTB on the LSB must first be able to access the even-
addressed LSB, then set the proper condition codes. The TSTB is then reexecuted with the auto-
increment facility. After the auto-increment, the addressing register should be pointing to the MSB of
the test data. Another TSTB is executed on what should be the MSB. The N bit of the condition codes
should be set by this operation.

Correct execution of the last TSTB implies that the auto-increment recognized that a byte operation
was requested, thereby only incrementing the addressing by one, rather than two. If the correct condi-
tion code was not set by the associated TSTB instruction, the program will fall into a branch-self.

Test 5 — Double-Operand, Non-Modifying Test
There are two non-modifying double operand instructions - the compare (CMP) and bit test (BIT).
These two instructions operate on test data in source modes 1 and 4, and destination modes 2 and 4.

The BIT and CMP instructions will operate on data consisting of all ones (177777). Two separate fields
of ones are used in order to utilize the compare instructions, and to provide a field large enough to
handle the auto-incrementing of the addressing register. Since the compare instruction (CMP) is exe-
cuted on two fields containing the same data, the expected result is a true Z bit, indicating equality.

The BIT instruction will use a mask argument of all ones against another field of all ones. The expected
result is a non-zero condition (Z bit cleared). Failures will result in-a branch-self.

3.3.2 Register Display Routine

The register display routine prints the octal contents of Processor registers RO, R4, SP, and “OLD PC”
on the console terminal. This sequence of numbers is followed by a prompt character (§) on the next
line (Paragraph 2.1.3.2).

The console emulator is entered before any memory-modifying diagnostics have been executed.

3.3.3 Memory-Modifying Diagnostics
Prior to execution of device boots, the following memory-modifying diagnostics will be executed (if the
diagnostics have been enabled on the M9301). The following is a description of Tests 6-8.

Test 6 - Double Operand, Modifying, Byte Test
The objective of this test is to verify that the double operand, modifying instructions will operate in the
byte mode. Test 6 contains three subtests:

1. Test source mode 2, destination mode 1, odd and even bytes
2. Test source mode 3, destination mode 2
3. Test source mode 0, destination mode 3, even byte.

The move byte (MOVB), bit clear byte (BICB), and bit set byte (BISB) are used within Test 6 to verify
the operation of the modifying, double operand functions.
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Since modifying instructions are under test, memory must be used as a destination for the test data.
Test 6 uses location 500; as a destination address. Later, in Tests 7 and 8, location 500 is used as the
first available storage for the stack.

Note that, since Test 6 is a byte test, location 5005 implies that both 5005 and 5015 are used for the byte
test (even and odd, respectively). Thus, in the word of data 5005, both odd and even bytes are caused to
be all zeroes and all ones throughout the test. Each byte is modified independently of the other. Errors
detected in this test will result in a halt.

Test 7 — JSR Test

The JSR is the first test in the Go/No-Go sequence that utilized the stack. The Jump subroutine
command (JSR) is executed in modes 1 and 6. After the JSR is executed, the subroutine that was given
control, will examine the stack to ensure that the correct data was deposited in the correct stack

location (500s).

The routine will also ensure that the Link Back register points to the correct address. Errors detected in
this test will result in a halt.

Test 8 - Memory Test

Although this test is intended to test both core and MOS memories, the data patterns used are
designed to exhibit the most taxing operations for MOS. Before the details of the test are described, it
would be appropriate to discuss the assumptions placed upon the failure modes of the MOS

technology.
The test is intended to check for two types of problems that may arise in the memory:

1. Solid element or sense amplifier failures
2. Addressing malfunctions external to the chip.

The simplest failure to detect is a solid read or write problem. If a cell fails to hold the appropriate
data, it is expected that the Memory Test will easily detect this problem. In addition, the program
attempts to saturate a chip in such a way as to cause marginal sense amplifier operation to manifest
itself as a loss or pick-up of unexpected data. The 4K X 1 bit chip used in the memory consists of a 64
X 64 matrix of MOS elements. Each 64-bit section is tied to a common sense amplifier. The objective
of the program is to saturate the section with, at first, all zeroes and one 1 bit. This 1-bit is then floated
down through the section. At the end, the data is complemented, and the test repeated.
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For external addressing failures it is assumed that if two or more locations are selected at the same
time, and a write occurs, it is likely that both locations will assume the correct state. Thus, prior to
writing any test data, the background data is checked to ensure that there was no crosstalk between
any two locations. Failures will result in a program halt as do failures in Tests 6 and 7. After the halt, it is
expected that the operator will press the BOOT switch causing RO (expected data), R4 (received data),
SP (failing address), and “OLD PC” (PC indicating memory failure) to be displayed. Refer to Para-
graph 6.2.2 (Action 3).

3.3.4 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>