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PREFACE

The KY11-LB Programmer’s Console/Interface Module Operation and Maintenance Manual provides
the information required to operate this option in console or maintenance mode. The manual also
presents a detailed theory of operation of the interface module hardware and software components,
data on the utilization of the programmer’s console as a maintenance tool for the PDP-11/04/34
processors, and information on the troubleshooting and maintenance of the interface module itself.
The information is presented in nine chapters:

Chapter 1

Chapter 2

Chapter 3

Chapter 4
Chapter 5
Chapter 6
Chapter 7

Chapter 8
Chapter 9

Provides an inroduction, general description, and overview of electrical and
mechanical specifications.

Presents a functional description of the console, operating modes, controls
and indicators, and a general discussion of interface module hardware organ-
ization and software facilities.

Describes, on a detailed block diagram level, interface module functions,
registers and controls, and the functions of the MOS/LSI microprocessor.

Describes the microprocessor instruction set.
Presents a description of the M7859 Interface module to the logic level.
Provides operating information on console utilization in console mode.

Contains procedures for using the console in maintenance mode (mainte-
nance of PDP-11/04/34 processor).

Covers some maintenance techniques for the KY11-LB interface module.
Describes installation procedures for various options.

NOTES
In the material presented in this manual, the term
“processor” refers to the KD11-D, KD11-E, and
KD11-EA PDP-11/04/34 processors.

If the operator is not familiar with console functions,
Chapter 6 should be consulted.



CHAPTER 1
OPERATING CHARACTERISTICS

1.1 INTRODUCTION

The PDP-11/04/34 Programmer’s Console and Interface module (KY11-LB) provides all the func-
tions now offered with the PDP-11/05. The Programmer’s console interfaces to the Unibus (Figure 1-
1) through a quad SPC module. To use this option, the normally provided KY11-LA Programmer’s
Console must be removed and the KY11-LB Console installed in its place. The KY11-LB Console
contains a 7-segment LED display and a 20-key keypad for generating the console commands. Several
indicators are also provided for additional convenience in monitoring system status.

< UNIBUS >
' F

4 ]
PROGRAMMER'S I ! KD11-D
CONSOLE/

ADDITIONAL OR
MEMORY

INTERFACE | OPTIONS I KD11-E, EA
MODULE PROCESSOR
KY11-LB ( ]

11-4855

Figure 1-1 Programmer’s Console/Interface - PDP-11/04/34 Configuration

The KY11-LB Programmer’s Console/Interface module comprises an INTEL 8008 single-chip, large
scale integration (LSI) microprocessor and associated registers, Unibus control logic, and auxiliary
memory. The unit is also provided with a 20-key keypad for operator/programmer interaction with
the KD11-D, -E, -EA via the interface module, six indicator LEDs, a 6-digit, 7-segment display for
address or data, and a dc power switch. The microprocessor communicates with a read-only memory
(ROM) which contains a number of fixed routines for use during normal console and maintenance
operation.

1.2 GENERAL DESCRIPTION

The M 7859 Interface module (Figure 1-2) functions as the interface between the programmer’s console
and the KD11-D, KD11-E, or KD11-EA processor, via the Unibus. The unit consists of solid state
integrated circuits with TTL-compatible input and output lines. The heart of the interface module is a
single-chip, large scale integration (LSI) microprocessor which executes designated keyboard functions
via programs stored in ROM memory. Auxiliary logic functions including clock, decoding and timing
circuitry, and addressing and Unibus drivers/receivers comprise the remaining logic of the board.

1-1
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Figure 1-2 Interface Module (M7859)
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The microprocessor chip is an 8-bit, parallel control element packaged as a single metal oxide silicon
circuit in an 18-pin, dual in-line package. With the addition of external clock driving circuitry and
decoding elements, plus memory and data bus control, the unit is capable of performing as a powerful,
general-purpose, central processing unit. Internal logic of the microprocessor chip is structured around
an 8-bit internal data bus and includes instruction decoding, memory control, accumulator and
scratchpad memory, arithmetic and logical capability, program stack, and condition code indicators.
Data transfer between the microprocessor chip and the remaining logic functions of the interface
module is accomplished through an 8-bit, bidirectional data port which is an integral part of the
microprocessor. An internal stack (scratchpad memory) contains a 14-bit program counter (PC) and
an additional complement of seven 14-bit registers for nesting up to seven levels of subroutines. The
14-bit addressing capacity allows the microprocessor to access up to 16K memory locations which may
comprise any mix of ROM or RAM.

1.3 FUNCTIONAL DESCRIPTION

The KY11-LB Programmer’s Console permits the implementation of a variety of functions through a
20-key keypad located on the front panel of the programmer’s console. Keypad functions are divided
into two distinct modes: console mode and maintenance mode. In console mode operation, a number
of facilities exist for displaying addresses and data, for depositing data in and examining the content of
Unibus addresses including processor registers for entering data into a temporary buffer for use as
address or data, and for single instruction stepping the processor. The latter feature is especially useful
during program debugging functions.

Normal console keyboard functions are not available during maintenance mode. This mode permits
sampling and display of the Unibus address lines and Unibus data lines, and may allow the console to
take control of the Unibus to examine and deposit Unibus addresses if a processor is not present in the
system or is malfunctioning. Additionally, the maintenance function permits assertion of the manual
clock enable and display of the current processor microprogram counter (MPC). Single-clock cycling
of the MPC is also possible to facilitate step by step checkout of processor op codes and control logic
during maintenance functions. In conjunction with this function, assertion of manual clock enable
permits the processor to be stepped through its power-up routine. The manual clock enable may be
dropped via the START key at any time with a resulting dislay of the current MPC. Exit from mainte-
nance mode to console mode may be accomplished at any time by depressing the CLR key on the
keypad.

1.4 SPECIFICATIONS
1.4.1 M?7859 Interface Module Performance Specifications

Operating Speed at 500 kHz

Two-Phase Clock Period 2 us
Time State (SYNC) 4 us
Instruction Time (Microprocessor) 12-44 ps
Word Size
Data 8-bit word
Instruction 1, 2, or 3 8-bit words
Address 14 bits
Memory Size
ROM 4 512 X 4 organized as 1024 8-bit words
RAM 16 words by 8 bits
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Input/Output Lines
| Memory Data
Address
Control (Address)
Unibus Control

Microprocessor Instruction Repertoire

48 Basic Instructions
Instruction Categories

1.4.2 Electrical Specifications

Power Supply

Input Logic Levels (all modules)
‘ TTL Logic Low
TTL Logic High

Output Logic Levels (all modules)
TTL Logic Low
TTL Logic High

Power Consumption
Interface Module
Monitor/Control Panel

].4.3 Mechanical Specifications

M?7859 Interface Module
’ Board Type
Dimensions
Height
Length

16 bits
18 bits
2 bits
5 bits

Register Operation
Accumulator

PC and Stack Control
I/0

Machine

+5Vat30A
-15 V at 60 mA

0.0 to 0.8 Vdc
2.0t0 3.6 Vdc

0.0 to 0.4 Vdc
2.4 to 3.6 Vdc

14 W
W

Quad SPC

21.44 cm (8.44 in)
26.08 cm (10.44 in)

Programmer’s Console (Overall Panel Dimensions)

Width
Height
Depth

1.4.4 Environmental Specifications

Ambient Operating Temperature

Humidity

47.63 cm (18.75 in)
13.02 cm (5.125 in)
6.76 cm (2.66 in)

5° to 50° C (41° to 122° F)

10% to 95% maximum,
wet bulb 32° C (90° F)
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Figure 2-1 KY11-LB Logical Organization
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DIS AD 7 EXAM DEP HLT/SS
/
LAD 4 5 6 CONT
\\
LSR 1 2 3 BOOT
CLR 1] INIT CNTRL START

11-4846

Figure 2-2 KYI11-LB Keypad

Table 2-1 KY11-LB Controls and Indicators

Control/Indicator

Function

Keyboard - Console Mode

LAD

LSR

DEP

CNTRL

Load Address — Moves the 18-bit number in the temporary reg-
ister into the Unibus address pointer. The temporary register is
then cleared and displayed.

Load Switch Register — Moves the 16 lower bits of the tempo-
rary register to a register which can be read via Unibus address
777570. The switch register contents will be displayed.

Deposit — Causes the console to do a DATO on the bus address
pointed to, using the data in the temporary register (two MSBs
are truncated). Sequential deposits cause the address pointer to
be incremented. This key is operative only if the processor is
halted.

Numerics - These keys are used to enter data into a temporary
data buffer prior to use as either address or data. Use of a
numeric key forces the console to display the data held in the
temporary buffer. A 6-digit number is generated as octal digits
are entered from the right and left shifted.

Control - This key is used only in conjunction with other keys
either to prevent accidental operation of certain functions or to
provide entry into maintenance mode or other features. When
used, the CNTRL key must be pressed first and held down
while the second key is pressed. Those keys which are inter-
locked with the CNTRL key are indicated by “CNTRL-second
key” (e.g., CNTRL-START).
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Table 2-1

KY11-LB Controls and Indicators (Cont)

Control /Indicator

Function

CNTRL-INIT

DIS AD

EXAM

CLR
CNTRL-BOOT

CNRL-HALT/SS

CNTRL-CONT

CNTRL-START

CNTRL-7

CNTRL-6

CNTRL-1

Initialize - Operative only if the processor is halted. Causes
BUS INIT L to be generated for 150 ms.

Display Address - This key causes the current Unibus address
pointer to be displayed. The next examine or deposit will occur
at the address displayed.

Examine - Causes the console to do a DATI on the bus address
pointed to and stores the data in the temporary register which is
then displayed. Sequential examines cause the address pointer
to be incremented by 2 or by 1 if the address is in the range
777700-777717. This key is operative only if the processor is
halted.

Clear Entry - Clears the current contents of the temporary reg-
ister which is then displayed.

Causes M9301 bootstrap terminator to be activated if present in
the system. Console will boot only if the processor is halted.

Halt/Single Step - Halts the processor if the processor is run-
ning. If the processor is already halted it will single-instruction
step the processor. It also retrieves and displays the contents of
R7 (program counter). The CNTRL key is not requlred to
Single-Instruction Step the machine.

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

Operative only if halted, this causes the program counter (R7)
to be loaded with the contents of the Unibus address pointer.
BUS INIT L is then generated and the processor is allowed to
run. Switch register contents are then displayed.

Causes the Unibus address pointer to be added to the tempo-
rary data buffer which is also incremented by 2. This allows the
console to calculate the correct offset address when mode 6 or 7,
register 7 PIC (Position Independent Code) instructions are
encountered.

This causes the switch register to be added to the temporary
data buffer. This is useful when mode 6 or 7 instructions are
encountered not using R7.

Maintenance Mode - This combination puts the console into
maintenance mode with certain maintenance features available.
When the console is in maintenance mode, the normal console
mode keypad functions are not available. The CLR key causes
the console to exit from maintenance mode into console mode
via a processor halt.
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Table 2-1 KY11-LB Controls and Indicators (Cont)

Control /Indicator

Function

Keyboard - Maintenance Mode

DIS AD
CLR
EXAM

HLT/SS

CONT

BOOT

START

NOTE
In maintenance mode the keypad functions are rede-
fined with the following definitions.
Causes the Unibus address lines to be sampled and displayed.

Returns the console to console mode via a console halt.

Causes the console to sample the Unibus data lines and display
the data.

Causes the console to take control of the Unibus. Should be
used only when a processor is not present in the system.

Asserts manual clock enable and displays the current micro-
program counter (MPC).

Asserts manual clock enable, generates a manual clock pulse,
and displays the current MPC.

Boots the M9301. If manual clock enable is asserted, this will
allow the processor to be stepped through the power-up routine.

Drops manual clock enable and displays the current MPC.

Indicator LEDs - Any Mode

DC ON
BATT

RUN

All dc power (+5 V) to logic is on.

Battery monitor indicator, operative only in machines having
the battery back-up option. This indicator has four states:

Off - Indicates either no battery present or battery fail-
ure if a battery is present.

On (continuous) - Indicates that a battery is present and
charged.

Flashing (slow) - Indicates ac power is ok and battery is
charging.

Flashing (fast) - Indicates loss of ac power and that bat-
tery is discharging while maintaining MOS memory
contents.

Indicates the state of the processor, either running or halted.
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Table 2-1 KY11-LB Controls and Indicators (Cont)

Control /Indicator Function

SR DISP Indicates that the content of the switch register is being
displayed.

MAINT Indicates that console is in maintenance mode.

BUS ERR Indicates that an examine or deposit resulted in a SSYN time-
out or that HALT REQUEST failed to receive a HALT
GRANT.

DC Power Switch

DC OFF All dc power to logic is off.
DC ON All dc power to logic is on.

STNBY DC power is provided to MOS memory only.*

*Available in all BA11-C machines. Available in BA11-K boxes which have
Battery Backup Option only.

Table 2-1 refers to certain registers which are located in the scratchpad RAM. These include the
following:

Display Data

Keypad Image

Temporary Data Buffer

Unibus Address Pointer

Switch Register Image

EXAM, DEP, ENB and C1 flags

b —

Detailed discussion of the scratchpad RAM and its registers is set forth in Chapter 5.

2.2.2 Maintenance Mode

Mantenance mode is entered by pressing the CNTRL key and the 1 key simultaneously. Note that the
functions performed by the appropriate keys are quite different from console mode. This mode offers
the ability to assert the manual clock enable and thus to single-clock cycle the processor while mon-
itoring the contents of the processor microprogram counter.

2.3 HARDWARE ORGANIZATION

A detailed block diagram of the interface module showing data flow and control is indicated in Figure
2-3. The control functions shown include those for the Unibus interface and the internal data bus with
thd microprocessor. The latter controls include those for reading from and writing into the RAM,
enabling ROMs | and 2, and reading the Unibus temporary buffer register or loading the bus address
and switch registers. All of these functions occur on appropriate control from the stored program and
keypad.
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Decoder for Timing States

The decoder element receives the state outputs SO, S1, and S2 from the microprocessor and generates
the time states for the operation of the interface module. A sync pulse corresponding to two phase
clock periods (1 time state) is also provided by the microprocessor.

Power-up Logic

This circuitry activates the microprocessor, clearing its various registers and generating a clear line to
all the registers of the interface module. There are separate clears for the address register and all other
registers.

Address Register

This 16-bit register is the principal buffer between the microprocessor and the remainder of the logic of
the interface module. Although designated as an address register, the element also handles control data
for the Unibus, data bus, and other control functions and outputs to the bus address and switch
registers. One of its major functions is to receive the microprocessor program counter contents for
fetching new instructions from the ROM or RAM.

RAM
The 16-word by 8-bit RAM gives the interface module a scratchpad memory which may be read or
whose contents may be modified under program control.

ROM
The ROM, consisting of four 512 X 4-bit ROMs, makes a total of 1024 8-bit bytes available for the
stored programs which execute the console functions.

Switch Register Address Decoding
This logic decodes 777570, an 18-bit address defining the switch register and a DATI on the Unibus to
cause the switch register to be enabled onto the Unibus.

Switch Register
This 16-bit buffer register handles the data word to the Unibus.

Bus Address Register

This 20-bit register buffers address information between the interface module and the Unibus. Eigh-
teen bits are allocated for the actual address, and two control bits indicate the direction of data flow.
Scan signals for the keypad and NUM lines for the display logic are specified by this register.

Tristate Gates

These units are used to gate buffered Unibus data (16 bits) and Unibus address (18 bits) lines onto the
tristate data bus by asserting an appropriate read input line. Keypad outputs and those maintenance
lines provided for display of the processor microprogram counter are similarly buffered and gated. The
outputs are all wire ORed onto the internal data bus and applied as input to the tristate transceivers.

Keypad Scan and Display Logic

This circuitry develops read and drive signals for the keypad and LED display respectively. Five read
signals developed from the scan signals are used to scan the keypad switch closures in groups of four.
The drive signals are applied to the LED displays whose values are determined by the 3-bit NUM
~ input.

Data Bus Control

This circuitry performs all internal interface module control functions including RAM control, ROM
enable, and selection of input/output ports. The logic also determines system operation during instruc-
tion, data fetch, or data out (TS3) via a 32- X 8-bit ROM.



Unibus Control

The Unibus control register supervises data transfers between the interface module and the Unibus.
According to the input bit patterns to the register, data transfer from the interface module to the
Unibus, halt request, bus master sync, and other functions may be generated as required for proper
interfacing of the two elements. Two other signals generated in the Unibus control register permit
single stepping of the processor clock.

Indicator Logic

This 4-bit register drives appropriate console indicators to show certain console states or errors. An
indicator is turned on to show the existence of a bus error, when the switch register is being displayed
or when in maintenance mode.

Halt Logic

This circuitry halts the processor under various conditions and performs handshaking functions when
the console takes complete control of the bus. When a HALT from the console is detected by the
processor, the processor recognizes it as an interrupt request. The processor then inhibits its clock and
returns a recognition signal to the console causing the console to assert an acknowledge. The console
now has complete control of the Unibus and processor and may maintain this condition, with the
processor halted, as long as desired.

2.4 MICROPROCESSOR INSTRUCTION SET

The interface module microprocessor has a repertoire of 48 basic instructions. According to the
instruction type, these may range from 1 to 3 bytes (8 to 24 bits) in length. The successive bytes of a
given instruction must be located in sequential memory locations. Instructions fall into one of five
categories:

Index Register

Accumulator (Arithmetic/Logical)
Program Counter and Stack Control
Input/Output

Machine

A description of the microprocessor instructions and the number of time states required for their
execution is given in Chapter 4.
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CHAPTER 3
INTERFACE MODULE

3.1 MICROPROCESSOR

3.1.1 General Organization

The microprocessor sends and receives data over an 8-bit data and address bus (Do to D) and utilizes
four input and four output lines (Figure 3-1). The microprocessor contains six 8-bit data registers, an
8-bit accumulator, two 8-bit temporary registers, four flag bits, and an 8-bit parallel binary arithmetic
unit. The arithmetic element is capable of performing addition, subtraction, and logical operations.
Additionally, a memory stack containing a 14-bit program counter and seven 14-bit words is used to
store program and subroutine addresses. The microprocessor machine cycle usually requires five
sequential states: TS1, TS2, TS3, TS4, and TSS. During time states TS1 and TS2, the external memory
is addressed by a lower and an upper address byte respectively to form a 14-bit address. Also at TSI
time, the program counter (PC) is incremented for the next instruction fetch cycle. During time state
TS3, the instruction addressed during states TS1 and TS2 is fetched and during the final two cycles,
TS4 and TS5, it is executed. Figure 3-2 shows the possible number and sequence of the instruction
states. Note that for this application of the microprocessor, the interrupt function is utilized only
during the power-on sequence.

FROM:
ROM
RAM
DATA (Unibus)
ADDRESS (Unibus) ————
KEYPAD —
MAINT ﬁ
Do 3
>
FROM POWER-ON INTERRUPT D1
LOGIC — b2 ——
NOT USED READY D3 = OUTGOING
+5 V) " micro 3STATE | . o | DATA
PROCE.SS D4 TRANS- > TO
____..___(_’1., OR D5 CEIVERS . ADDRESS REG
FROM b8 - AND RAM
MASTER CLOCK 02 .
. D7
d l————
/
S0
>
S1
-_— TO
s2 TIMING PHASE
_— DECODER
SYNC

11-4856
Figure 3-1 Microprocessor Signal Interface
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$2 \ / \
™ TS1 T2 WAIT 1S3 STOPPED Ts4 TS5
cPU LOWER HIGHER EXTERNAL INSTRUCTION | HALT EXECUTION
INTERRUPTED 8-BITS 8BITS MEMORY OR DATA INSTRUCTION oF
ADDRESS ADDRESS NOT READY | FETCH,OR RECEIVED INSTRUCTION
out TWO BITS (OPTIONAL) | DATA OUT cpPU
CONTROL {8-BITS)
ourt
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Figure 3-2 Timing Diagram - Microprocessor Instruction

3.1.2 State Control

The microprocessor operates as a sequential state machine, controls the use of the data bus, and,
according to its stored program, determines whether it sends or receives data. Output state signals SO,
S1, and S2 are decoded externally and distributed to the peripheral control logic. Table 3-1 shows the
coding of the state bits to yield a given phase.

3.1.3 Microprocessor Timing

The microprocessor machine cycle is shown in Figure 3-2. Since machine operation is asynchronous,
the exact timing sequences depend on the instruction executed. A typical cycle may consist of five
states. During T1 and T2, an address is sent to memory; at T3 time, instruction or data fetch occurs; T4
and TS5 provide execution time.

A number of microprocessor instructions may require up to three cycles and do not require the two
execution states T4 and TS. As a result, cycle length is variable and the state counter determines
whether T4 and TS5 are to be executed or omitted. This is accomplished via the cycle control coding
(Table 3-2) in bits D6 and D7. Cycle 1 is always an instruction fetch cycle (PCI). The second and third
cycles are for data reading (PCR), data writing (PCW), or 1/O operations (PCC). The cycle type bits
D6 and D7 are present on the data bus during T2 time only.

Table 3-1 State Control Coding

SO S1 S2 State

Tl

T11

T2

WAIT

T3
STOPPED
T4

TS

——em e O O OO
O OO0 —

3-2



Table 3-2 Cycle Coding

D; D, Cycle Function

0 0 PCI Designates the address is for a memory read (first byte of
instruction).

0 1 PCR Designates the address is for a memory read data (additional
bytes of instruction or data).

1 0 PCC Designates the data is a command I/O operation.

1 1 PCW Designates the address is for a memory write data.

3.1.4 Transition State Diagram

Possible state transitions within the processor are shown in Figure 3-3. Note that a normal machine
cycle would begin at cycle 1, run from T1-T5, and revert back to cycle 1 again. The state counter

within the microprocessor operates as a 5-bit feedback shift register with the feedback path controlled
by the current instruction. The number of states normally required by each instruction is discussed in

(CYCLE 1) (HLT - INT + RETURN(CF}) + {CYCLE 2) (OUT + LMr)

(CYCLE 1) {HLT = INT) + RDY

-

T2 T3 T4 T5

Chapter 4.
+ (CYCLE 3) (LMI + JUMP (CF)) + CALL (CF}
l :
CYCLE1
v CYCLE 2 T1
CYCLE 3

T (CYCLE 2) (LMI + JUMP + CALL)

(CYCLE 1) (LrM) + ALUM + ALUI + IN + OUT + Lrl + JUMP + CALL

(CYCLE 1) LMr

NORMAL RETURN AT END OF MEM CYCLE

NOTE: CF = Failure Condition

11-4857

Figure 3-3 Transition State Diagram
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3.1.5 System Start-Up

The microprocessor of the interface module is running any time power is applied to the system. When
power (VDD) and clocks (01, 02) are first turned on, a flip-flop internal to the microprocessor is set by
sensing the rise of VDD. This internal signal forces a HALT (00000000) into the instruction register
and the microprocessor is then in the stopped state. The next 16 clock periods are required to clear
internal chip memories and other external logic and registers. Upon clearing the registers the system is
ready for operation. If for any reason during operation, the microprocessor decodes a HALT, the
system reverts to the beginning of the program after 16 clock periods.

3.2 INTERFACE MODULE REGISTERS AND CONTROLS (Figure 2-1)

3.2.1 Address Register

This is the principal buffer register between the microprocessor and the rest of the interface module
logic. It has a capacity of 16 bits (two 8-bit bytes). The low order byte is loaded by time state TS1 and
the high order byte by time state TS2 during each cycle.

3.2.2 Bus Address Register
The bus address register buffers address data between the interface module and the Unibus. Address
information may be loaded into this register at time state TS3.

3.2.3 Switch Register
Similar to the bus address register, the switch register buffers outgoing data. This element may also be
loaded at TS3.

3.2.4 Data Bus Control

The principal function of the data bus control is to determine interface module operation during TS3
time. It determines, through input bit coding, the type of function to be performed (i.e., RAM control,
ROM enable) or programs any of its other I/O in accordance with the stored program.

3.2.5 Unibus Control

This register is also loaded at TS3 and is selected by the data bus control for activation at that time.
According to its input coding, U.C.R. may issue a HALT request, BUS INIT, enable-data bus-to-bus,
or generate a bus master sync in addition to other functions.
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CHAPTER 4
MICROPROCESSOR INSTRUCTION DESCRIPTION

4.1 DATA AND INSTRUCTION FORMATS
Data in the CPU is stored in the form of 8-bit binary integers. All data transfers to the system data bus
will be in the same format.

| D; Ds Ds Ds D3 D, D; Dy |

DATA WORD
The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be
stored in successive words in program memory. The instruction formats then depend on the particular
operation executed.

One Byte Instructions

[D; Ds Ds Dy D; D, D, Do] OP CODE Register to register, memory reference
I/O arithmetic or logical, rotate or
return instructions.

Two Byte Instructions

(D7 Ds Ds Dy D3 D, D; Dy | OP CODE

Immediate mode instructions.

[D7 Dg Ds D4 D3 D, Dy Dy | OPERAND

Three Byte Instructions

D, D, D, D, D, D, D, Dy | OP CODE
D, D, D; D, D, D, D, Dy LOW ADDRESS JUMP or CALL instructions
[X X D;D,D, D, D, Dy HIGH ADDRESS*

*For the third byte of this instruction, D¢ and D+ are “don’t care” bits.
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4.2 MICROPROCESSOR INSTRUCTIONS

4.2.1 Index Register Instructions
The load instructions do not affect the flag flip-flops. The increment and decrement instructions affect
all flip-flops except the carry.

Minimum Instruction Code
Mnemonic States D,Ds DsD,D; D,D,;Dy Description of Operation
Required
(1) Lryr, (5) 11 DDD S S S Load index register r; with the content
of index register r, .
(2) LtM (8) 11 DDD 1 11 Load index register r with the content
of memory register M.
LMr (7) 1 1 111 S S S Load memory register M with the con-
tent of index register r.
(3) L1l (8) 00 DDD 110 Load index register r with data B . . . B.
BB BBB BBB
LMI 9) oo 111 110 Load memory register M with data
B B B B B B B...B.
INr (5) 00 DD 0 Increment the content of index register
: r(r# A).
DCr 5) 00 DDD 0 01 Decrement the content of index register
r(r# A).

4.2.2 Accumulator Group Instructions
The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only

the carry flip-flop.

Minimum Instruction Code
Mnemonic States D;Dsy DsD,D; D,D; D, Description of Operation
Required
ADr (5) 1 0O 000 S S S Add the content of index register r,
ADM (8) 10 000 111 memory register M, or data B.. . B to
the accumulator. An overflow (carry)
ADI (8) 00 000 T1TO0O0 ts the ¢ flin-fl
BB BBB BBB sets the carry flip-flop.
ACr (5) 10 001 SSS Add the content of index register r,
ACM (8) 10 001 111 memory register M, ordataB...B to
the accumulator with carry. An over-
AC ®) g ([); (1; (}; 113 ]13 g g flow (carry) sets the carry flip-flop.

&
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Minimum Instruction Code
Mnemonic States b, D, D,D,D, D,D, D, Description of Operation
Required
SUr (5) 10 010 S S S Subtract the content of index register
SUM (8) 10 o010 111 r, memory register M, ordataB...B
from the accumulator. An underflow
SUl ® (]; g g ]13 g 113 (]; g (borrow) sets the carry flip-flop.
SBr (5) 1 0 011 S8 S S ‘Subtract the content of index register
SBM (8) 10 011 111 ? mertr;lory registelr tM, Ol'.gfltba B...B
rom the accumulator wi OITOW.
SBI ®) 60 011 100 An underflow (borrow) sets the carry
BB BBB BBB flip-flop.
NDr 5 1 0 1 00 S S S Compute the logical AND of the con-
NDM (8) 10 100 1 11 tent of index register r, memory
3 1 register M, or data B. .. B with the
NDI (8) (]; (]; B (}; g }13 (}; g accumulator.
XRr (5) 1 0 101 S S S Compute the Exclusive OR of the con-
XRM (8) 1 0 1 0 1 111 tent of index register r, memory M, or
XRI ) 00 101 100 data B. .. B with the accumulator.
BB BBB B BB
ORr (5) 1 0 110 S S S Compute the Inclusive OR of the con-
ORM (8) 10 110 111 tent of index register r, memory
register M, or data B. . . B with the
ORI @) g g 113 113 g ]13 g ]‘3’ accumulator.
CPr (5) 10 111 S S S Compare the content of index register
CPM (8) 10 111 111 r, .memory register M,ordata B... B
with the accumulator. The content of
CPI (®) g (]'_?; 113 113 113 ]13 (}; g the accumulator is unchanged.
RLC (5 00 00O OT10O0 Rotate the content of the accumulator
left.
RRC (5) 00 001 010 Rotate the content of the accumulator
right.
RAL (5) 00 010 010 Rotate the content of the accumulator
left through the carry.
RAR (5) 00 011 010 Rotate the content of the accumulator
right through the carry.
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4.2.3 Program Counter and Stack Control Instructions

Minimum Instruction Code
Mnemonic States D,Dg¢ D;D,D; D,D;D, Description of Operation
Required
4) JMP (i 01 XXX 100 Unconditionally jump to memory ad-
B,B, B;B,B, B,B,B, dress By .. .B3B, ...B;.
X X B;3;B;B; B3B;B;
(5) JFc (Qoril) 01 0CC 000 Jump to memory address
B,B, B,B,B, B,B,B, B, ...B3yB, .. .B, if the condition
X X BsB;B; BB, B, flip-flop c is false. Otherwise,
execute the next instruction in
sequence.

(5) JTc (Qorll) 01 1CC 000 Jump to memory address

B,B, B,B,B, B,B,B, B; ...B3B, ...B, if the condition
X X B;BsB; B,B, B, flip-flop c is true. Otherwise, execute
the next instruction in sequence.

(4) CAL an 01 XXX 110 Unconditionally call the subroutine at

B,B, B,B,B, B,B,B, memory address B; .. .B3;B, .. .B,.
X X B;BsB; ByB, B, Save the current address (up one level
in the stack).

(5) CFc Qorll) 01 0CC 010 Call the subroutine at memory address

B,B, B,B,B, B,B,B, B; ...B3B, ...B, if the condition

X X ByB3B; B;B;B, flip-flop c is false, and save the current
address (up one level in the stack).
Otherwise, execute the next instruc-
tion in sequence.

(5) CTc Qorll) 01 1C¢C 010 Call the subroutine at memory address

B,B, B,B,B, B,B,B, B3 ...B3B, ...B, if the condition

X X B;BsB; BsB;B; flip-flop c is true, and save the current
address (up one level in the stack).
Otherwise, execute the next instruc-
tion in sequence.

(4) RET ) 00 XXX 111 Unconditionally return (down one level
in the stack).

(5) RFc (3 or5) 00 0CC 011 Return (down one level in the stack) if
the condition flip-flop c is false. Other-
wise, execute the next instruction in
sequence.

(5) RTc (3 or5) 00 1CC; 01 1 Return (down one level in the stack) if
the condition flip-flop c is true. Other-
wise, execute the next instruction in
sequence.

RST (5) 00 AAA 1 01 Call the subroutine at memory address

AAAOQQO (up one level in the stack).
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4.2.4 Input/Output Instructions

Minimum Instruction Code
Mnemonic States D,D, D,D,D; D,D,D, Description of Operation
Required
INP (8) 01 0O0O0OMMMI Read the content of the selected input
port (MMM) into the accumulator.
OouT (6) 01 RRM MMI Write the content of the accumulator

into the selected output port
(RRMMM) (RR # 00).

4.2.5 Machine Instruction

Minimum Instruction Code .
Mnemonic States D,D¢, D;D,D; D,D,D, Description of Operation
Required
(4) HLT 4) 00 00O0 OCO0OX Enter the STOPPED state and remain
there until interrupted.
HLT (G)) 11 111 111 Enter the STOPPED state and remain
there until interrupted.
NOTES:

(1) SSS = Source Index Register
DDD = Destination Index Register

These registers, 1, , are designated A (accumulator—000).
B(001), C(010), D(011), E(100), H(101), L(110).

(2) Memory registers are addressed by the contents of registers H& L.

(3) Additional bytes of instruction are designated by BBBBBBBB.

4) X=“Don’t Care”.

(5) Flag flip-flops are defined by C4Cj:

carry (00 overflow or underflow), zero (01-result is zero),

sign (10 MSB of result is “1”), parity (11-parity is even).
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CHAPTER 5
INTERFACE MODULE DETAILED LOGIC DESCRIPTION

5.1 INTRODUCTION )

Keypad operation initiates appropriate microprocessor routines which perform certain data transfers
within the interface module, between the interface module and the Unibus, and between the interface
module and the programmer’s console display. Prior to discussing the interface module logic, the
sequences (i.e., register transfer, I/O operations, etc.) which occur after pressing a given key are briefly
described.

Figure 5-1 shows the 16-word by 8-bit scratchpad RAM and its address allocations. This data is also
summarized in Table 5-1. The keypad image within the RAM is shown in Figure 5-2.

RAM
7 1 6 | 5 ] &4 ] 3] 2] 1 | o

ADDRESS

0 DISPLAY DATA

3

a UNUSED

KEYPAD IMAGE

5

6 /

7

10 TEMPORARY

n L,

12 IIIVIIPP7

13 UNIBUS ADDRESS POINTER

1 Exam | DEP f6 7 c1

o |Lae] PR s 7] e | o |

16 SWITCH REGISTER IMAGE

17

11-4853

Figure 5-1 RAM Address Allocations



KEYPAD IMAGE

2

1

3 CLR LSR LAD DIS AD
4 0 1 4 7

5 INIT 2 5 EXAM
6 CNTRL 3 6 DEP
7 START BOOT CONT HLT/SS

Figure 5-2 Keypad Image

11-4854

Table 5-1 RAM Function Address Assignments

Function Address (Octal) Address Bits
Display Data Word 0 Bits 0-7
(18 bits) Word 1 Bits 0-7
Word 2 Bits 0, 1
Keypad Image Word 3 Bits 0-3
(20 bits) Word 4 Bits 0-3
Word 5 Bits 0-3
Word 6 Bits 0-3
Word 7 Bits 0-3
Temporary Data Buffer Word 10 Bits 0-7
(18 bits) ] Word 11 Bits 0-7
Word 12 Bits 0, 1
Unibus Address Pointer Word 13 Bits 0-7
(18 bits) Word 14 Bits 0-7
Word 15 Bits 0, 1
EXAM FLAG Word 15 Bit7
DEP FLAG Word 15 Bit 6
ENB FLAG Word 15 Bit 3
C1FLAG Word 15 Bit 2
Switch Register Image Word 16 Bits 0-7
(16 bits) Word 17 Bits 0-7
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5.2 PROGRAMMER’S CONSOLE KEYPAD FUNCTION SEQUENCES
5.2.1 Console Mode Key Functions

NUMERICS (0-7) _
1. Value of Key _(eft shifted) | Temporary Data Buffer
2.  Temporary — Display
3. Clear indicators.

LAD

Temporary - Unibus Address Pointer
Zero - Temporary

Temporary - Display
Clear/Indicators.

PR

LSR

Temporary —» Switch Register Image
Switch Register Image — Switch Register
SR DISP indicator is set.

W N =

CLR

Zero —» Temporary
Temporary — Display
Clear indicators.

W N —

EXAM

. Pre-increment Unibus address pointer if the EXAM flag is set.
Unibus Address Pointer — Bus Address Register

Bus Address Register - Unibus Address

Assert MSYN.

P

NOTE
Console waits for BUS SSYN to be returned. If
SSYN does not occur within 20 us, the transfer is
aborted and the BUS ERR indicator is set.

Unibus Data — Temporary
Temporary — Display
Set EXAM flag.

oW

DEP

Pre-increment Unibus address pointer if the DEP flag is set.
Unibus Address Pointer - Bus Address Register with C1 = 1.
Bus Address Register - Unibus Address

Temporary — Switch Register

Switch Register - Unibus Data

Assert MSYN,

kLN~

NOTE
Console waits for BUS SSYN to be returned. If
SSYN does not occur within 20 us, the transfer is
aborted and the BUS ERR indicator is set.

Set DEP flag.
Switch Register Image — Switch Register

>~
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DIS AD
1.  Unibus Address Pointer —» Display
2. Clear EXAM or DEP flag if set.

CNTRL-INIT
1. Set BUS INIT and HALT REQUEST for 150 ms.

CNTRL-HLT/SS
1. Clears BUS SACK./BUS BUSY if set and sets HALT REQUEST
2. When HALT BUSY is active, sets 777707 - Bus Address Register
3. Bus Address Register - Unibus Address
4. Assert MSYN

" NOTE
Console waits for BUS SSYN to be returned. If
SSYN does not occur within 20 us, the transfer is
aborted and the BUS ERR indicator is set.

5. Unibus Data - Temporary
6. Temporary - Display

CNTRL-CONT :
1. Clears BUS SACK and BUS BUSY.
2. Switch Register Image — Display
3.  Set SR DISP indicator.

CNTRL-BOOT
1. Sets and clears BOOT signal
2. Switch Register Image — Display
3. Set SR DISP indicator.

CNTRL-START

1. 777707 - Bus Address Register with C1 = 1

2.  Bus Address Register - Unibus Address

3. Unibus Address Pointer — Switch Register

4. Switch Register - Unibus Data

5.  Assert MSYN,

NOTE

Console waits for BUS SSYN to be returned. If
SSYN does not occur within 20 us, the transfer is
aborted and the BUS ERR indicator is set.

6. Switch Register Image —» Switch Register

7.  Assert BUS INIT for 150 ms.

8.  Switch Register Image —» Display

9. Set SR DISP indicator.

CNTRL-7

1. Unibus Address Pointer + Temporary +2 —» Temporary

CNTRL-6 :
1.  Temporary + Switch Register Image — Temporary
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CNTRL-1
1. Set maintenance indicator.
2.  MPC Lines (sampled) - Display

5.2.2 Maintenance Mode Key Functions

CLR
1. Clears indicators.
2. Clears manual clock enable, if set.
3.  Goes to halt condition.

DIS AD
1.  Unibus Address (sampled) — Display

EXAM
1.  Unibus Data (sampled) —» Display

HLT/ISS
1.  Sets manual clock enable.
2. Clears BUS SACK and BUS BUSY.
3. MPC (sampled) - Display

1. Sets and clears manual clock
2. MPC (sampled) - Display

1. Sets and clears BOOT signal.

1. Clears manual clock enable, if set.
2.  MPC (sampled) —» Display

1. Sets TAKE BUS signal, forcing console to assert BUS BUSY.
5.3 DETAILED LOGIC DESCRIPTION

5.3.1 Clock Circuitry

The M7859 Interface board is driven by an MC 4024 (E42) 1-MHz clock (drawing CS M7859-0-1,
sheet 2). The 1-MHz output at E42-8 is toggled down to two nonoverlapping 500-kHz pulses at E12-5,
6, and E30, and these pulses are applied to the microprocessor (E18) input as 01 and 02. The 02 clock,
designated as KY1 CK2 H and KY1 CK2 L, is also used as a control pulse to clear system registers
and together with the sync pulse to define the end of a timing cycle.

Figure 5-1 shows the relation between the two clock pulses.
5.3.2 Power-Up Logic/Interrupt (Drawing CS M7859, Sheet 2)
The power-up logic/interrupt circuitry is comprised of E1-6, E40-10, E1-4, E36, E12, E29-1, E6, and

E26. These elements sense when the system turns on, generate the interrupt to the microprocessor
needed to start it, and clear registers to force program startup at location 0.
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BUS DC LO at El1-3 initiates the function by clearing E36 which is configured as an 8-bit counter and
generates KY1 PUP 1 L. This signal is routed to the Unibus control, indicator control, switch register,
and bus address register as a master clear line. The address register is provided with its own clear line,
KY1 ADR CLR L.

BUS DC LO L puts the microprocessor in the STOP state. The counter starts counting in the STOP
state (E6, E36). KY1 STOP L and KY1 C2 L at E29-1 clock E6. E6 is a divide by two on the clock,
while E36 counts from 0-7. Sixteen clock periods are thus counted. At the transition of E36 from 7 to
0, the interrupt is generated at E12-8 and the microprocessor goes into the T1I state (Interrupt). KY1
TII L and KY1 CK2 L then reset E12 and clear the address register via E6-6 and the system is
initialized.

5.3.3 Microprocessor (Drawing CS M7859, Sheet 2)

The 8008 Microprocessor Chip (E18) was discussed in detail in Chapter 3. According to drawing CS
M7859, sheet 2, the unit communicates over an 8-bit bidirectional data bus via 8833 tristate trans-
ceivers E16 and E17, with the satellite logic of the interface module. A single interrupt line is received
from the power-up logic to initiate microprocessor operations. Driven by a 2-phase, 500-kHz clock
(Figure 5-1), the element yields a 3-bit state output code, SO, S1, and S2, plus a sync pulse, to drive a
7442 Timing Phase Decoder. The latter element provides eight separate timing cycles for the sequenc-
ing of interface module data transfers and other discrete operations.

5.3.4 Timing State Decoder

The timing state decoder (E23) receives the state outputs SO, S1, and S2 from the microprocessor and
generates the timing states for the interface modules (drawing CS M7859, sheet 2). This unit is a 7442
4-line to 10-line decoder, with two unused outputs, that yields an 8-output sequence according to its 3-
input state code. State control coding is presented in Chapter 3. State control inputs are determined in
the microprocessor and depend on an internal 5-bit feedback shift register with the feedback path
controlled by the instruction being executed.

5.3.5 Address Register (Drawing CS M7859, Sheet 2)

The: address register, the principal buffer between the microprocessor and the remainder of the inter-
face module logic, consists of four 74175 quad, D-type, double rail output latches. The low order bits
are handled by ES and E4 which generate KY1 ADRD 0 L through KY1 ADRD 3 L (ES) and their
complements (for RAM addressing), and KY1 ADRD 4 H through KY1 ADRD 7 H (E4), respective-
ly. This 8-bit byte is the low order unit of the address or data with E10 and E28 containing the high
order information ADRD 08-13 and PC FUN 1 and 0.

The data contained in the address register is routed to the following locations according to direction by
the stored program:

1. ROM (address of next instruction)(KY1 ADRDOL - KY1 ADRD8 L plus ROM1ENL
or ROM 2 EN L)

2. RAM (address of data to be read or written) (KY1 ADRD 0 L - KY1 ADRD 3 L)
3. Unibus Control (KY! ADRD 0 H - KY1 ADRD 3 H)
4. Indicator Control (KY ADRD 4 H - KY1 ADRD 7 H)

5. Data Bus Control (KY] ADRD 9 H - KY1 ADRD 13 H, KY1 PC FUN 0 H, KY1 PC
FUN | H)

6. Switch Register (KY1 ADRD 0 H - KY1 ADRD 7 H)
7. Bus Address Register (KY ADRD 0 H- KY1 ADRD 7 H)
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The address register is loaded with a low order byte (E4 and ES) by signal KY1 LD AD 1 H, generated
by AND E22-12 at time state TS1. The high order byte is gated in E28 and E10 by KY1 LD AD 2 H
generated at E22-6 at timing state TS2.

53.6 ROM : :

The interface module ROM consists of E3, E21, E33, and E39 (drawing CS M7859, sheet 3). The four
512-word by 4-bit elements are addressed so that the ensemble looks like two 512- X 8-bit RMs. E3
and E21 are activated by KY4 ROM 1 EN L and E33 and E39 by KY4 ROM 2 EN L. Address bits
KY!1 ADRD 0 H through KY1 ADRD 8 H are routed to all four ROM elements with the enable 1 or 2
determining the address activated and thus yielding 1024 8-bit locations. Outputs are wire ORed with
various inputs to give the KY2 DIN 0 H through KY2 DIN 7 H inputs to the tristate transceivers, E16
and E17.

The ROM 1 or RM 2 enables are generated by the data bus control logic.

5.3.7 RAM

The scratchpad RAM consists of E11 and E27 (drawing CS M7859, sheet 3). These units effectively
comprise a 16-word by 8-bit read/write memory, and serve as working storage for the microprocessor
programs in storing addresses and data. Data is routed to the RAM (KY1 DOUT 0 H through KY1
DOUT 7 H) directly from the tristate transceivers of the microprocessor bidirectional data bus during
RAM write operations. The 4-bit address lines KY1 ADRD 0 L through KY1 ADRD 3 L specify the
address to be read from or written into during read/write.

Selection of the RAM for read or write is determined by the stored program via the data bus control.
Either KY4 RAM - DIN BUS L or KY4 RAM WRITE H must be true to select the RAM. Output
lines are wire ORed with various other microprocessor input ports to be routed to the 8833 tristate
transceivers.

5.3.8 Switch Register (Drawing CS M7859, Sheet 6)

The switch register contains the 16-bit data used and consists of four 74175 quad, D-type, double rail
output latches. The four elements comprising the register are E9, E19, E2, and E15. These units feed
the 8641 bus transceivers E7, E25, E8, and E13 (respectively). Incoming 16-bit data (KYS BB D00 H
through KY5 BB D15 H) is applied to the 8093 tristate buffers and gated by an appropriate read line
from the data bus control. Outgoing data (BUS D00 L through BUS D15 L) is gated by KY4 EN DB
L, a signal generated in the switch register address decoding logic (sheet 5). '

The switch register is addressable from the Unibus as address 777570 as described in Paragraph 5.3.9.

5.3.9 Switch Register Address Decode Logic (Drawing CS M7859, Sheet 5)
The switch register address decoding logic allows the Unibus to address the switch register via a
decoding of address 777570. The logic has two outputs:

1. BUSSSYNL
2. KY4ENDB-BUSL

K44 EN DB - BUS L at E43-10 gates the data lines onto the Unibus (CS M7859, sheet 6) while the
assertion of BUS SSYN L designates that the slave device has completed its part of the data transfer.
The second stage of the address decode at E32 is gated by assertion of BUS MSYN L at E32-10.
Assertion of MSYN requests that the slave defined by the A (address) lines perform the function
required by the C lines. In this case, KY7 BB C1 H at invertor E40-9 specifies that the data is to be
transferred to the Unibus data lines.
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5.3.10 Bus Address Register (Drawing CS M7859, Sheets 7 and 8)

The bus address register consists of five 74175 quad, D-type, double rail output latches. The five
elements comprising the register are E67, E57, E73, ES8, and E51. Input to the bus address register is
from the address register (KY1 ADRD 0 H through KY1 ADRD 7 H). Outputs are routed to the
display and keypad logic and to the 8641 Unibus transceivers E61, E56, E65, E55, and E50.

A Unibus address is enabled to the Unibus via the bus address transceivers from the bus address
register by KY7 EN AR L generated at E51-11. The switch register is available to the Unibus as
address 777570 via the bus address transceivers and the switch register decode logic. The latter func-
tion is discussed in Paragraph 5.3.9.

E67 and E57 contain the keypad scan signals (KY6 SCAN 1 L through KY6 SCAN 6 L) while E73
drives the display (KY6 NUM 1 H through KY6 NUM 3 H).

Incoming 18-bit address information (KY6 BB A00 H through KY7 BB A17 H) is applied to the 8093
tristate buffers and gated by an appropriate read line from the data bus control.

5.3.11 Data Bus Control Logic (Drawing CS M7859, Sheet 5)

The data bus control directs the reading and loading of the various interface module registers, the
reading of the ROMs, and the reading/writing of the RAM. It also determines the direction of data
flow in the interface module and between the interface module and the Unibus, i.e., whether data will
be read from or be routed to the Unibus. A list of I/O functions and associated select signals follows:

Select Signal Function
READ INPUTOL UNIBUS DATA
READ INPUT 1 L

READ INPUT 2L UNIBUS ADDRESS
READ INPUT 3 L
READ INPUT 4 L

READ INPUTS5L KEYPAD REG
READ INPUT 6L MAINTENANCE
READ INPUT 7L

LDREGOH BUS ADDR REG
LDREG1H

LD REG 2 H

LDREG3H SWITCH REG

LD REG 4 H

LDREGS5SH UNIBUS CONT LOGIC
ENROMIL ROM SELECT
ENROM2L

RAM WRITE H RAM WRITE

RAM DINBUSL ENABLE RAM DATA
DIN DRIVERS DIS H DISABLE DATA IN
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Specifically, the data bus control logic decodes memory references into three areas (ROM 1, ROM 2,
and RAM) and determines whether the access is a read or write. The logic also decodes 1/O instruc-
tions and generates loading or gating signals depending on the direction of data transfer and the port
selected.

In order to facilitate understanding of the logic, the following explanation of memory address alloca-
tion and I/O instruction operation is included.

ROM 2 (E33 and E39)
Memory addressing space spans locations 0 through 777.

ROM 1 (E3 and E21)
Memory addressing space spans locations 4000 through 4777,

RAM (E11 and E27)
Memory addressing space spans locations 20000 through 20017.

The two bus control signals provided by the microprocessor and latched with the upper byte of the
address register, KY1 PC FUN 0 H and KY1 PC FUN 1 H, determine data transfer direction and /0
operations. The following table explains the decoding of these signals.

PC FUN 0 PC FUN 1
L L Memory read of first byte of instruction only (fetch)
L H Memory read of additional bytes of instruction or data.
H H Memory write (used only to write into RAM).
H L I/0 operation

Memory reads and writes signify that the address register (KY1 ADRD 0 H through KY1 ADRD 13
H) contains the address of the location in memory to be accessed. :

The code for I/O operations, however, signifies a very different situation. This is due to the following
occurring after the initial instruction fetch cycle:

1. During TS1 the content of the A register (accumulator) in the microprocessor is available on
the data lines and is latched into the low byte of the address register.

2. During TS2 the content of the instruction register (containing the I/O instruction) is avail-
able on the data lines and is latched into the high byte of the address register.

3. During TS3 of an INP (input) instruction, data on the data lines is loaded into the A regis-
ter. On OUT (output) instructions, the data is strobed out of the low byte of the address
register.

I/0 Instruction Code:

INP 01 OOMMMI
OUT 01 RRMMMI1



Note that the two most significant bits of the instruction will correspond to PC FUN 0 = 1 and PC
FUN 1 = 0 when loaded into the high byte of the address register, thus denoting an I/O operation.
Therefore, the data bus control logic determines whether to gate data into the microprocessor during
TS3 (INP) or to load the data from the low byte of the address register into an output port during TS3
(OUT).

The 32 X 8 PROM (E34) does the initial decoding of the type of transfer (read, write, or I/O) from the
signals KY1 PC FUN 0 H and KY1 PC FUN 1 H. If the transfer is a memory read or write, it is
decoded into one of the following four signals. KY4 RAM - DIN BUS L (RAM read), KY4 ROM 1
EN L (memory read in address range 4000-4777), KY4 ROM 2 EN L (memory read in address range
000-777), and an enable which is ANDed with KY1 SYNC H, KY1 TS3 L, and KY1 CK2 L to
provide a write pulse, KY4 RAM WRITE H, to the RAM.

Another enable from the PROM is ANDed with KY1 TS3 L to provide the signal KY4 DIN DRIVER
DIS H. This signal is normally high, disabling the driver portions of the 8833 transceivers (E16 and
E17). It will be low only during TS3 and when data transfer is into the microprocessor.

Two other outputs of the PROM are used for I/O operations. One output of the PROM (E34-7), when
low, enables the 74154 4-to-16 decoder on all I/O instructions. The second output (E34-9) determines
whether the 1/0 instruction is INP or QUT. If the instruction is OUT, then the signal will be high.

Note that address register bits KY1 ADRD 11, KY1 ADRD 10 H, and KY1 ADRD 9 H, are applied
to the low order inputs of the 74154. This selects which of the possible ports will be used. The fourth
input, the highest order input, determines if it is an INP or OUT instruction. This input is the ANDed
condition of the PROM output (E34-9), KY1 SYNC H,KY1 TS3, and KY1 CK2. Thus, if the instruc-
tion is an INP, then the input gating signal will be one of the lower order eight outputs of the 74154
(KY4 READ IN 0 L through KY4 READ IN 7 L).

If the PROM signal (E34-9) is high, signifying an OUT instruction, then initially a low order output is
selected (does not substantially affect anything) and then a high order output will be pulsed as the
gated clock pulse is applied to the high order input of the 74154. Thus, the high order outputs are
pulsed and buffered to provide loading pulses to the selected registers (KY4 LD REG 0 H, etc.).

5.3.12 Unibus Control (Drawing CS M7859, Sheet 5)

Unibus control is accomplished via two 74175 quad, D-type, double rail output latches, E52 and E64.
The stored program input bit configurations are read in under control of an appropriate data bus
control signal, LD REG 5 H. E64 D2 and D3 latches are utilized for the manual clock enable and
manual clock lines while the other six lines are Unibus control signals.

5.3.13 Keypad Scan Logic (Drawing CS 5411800-0-1)
The logic and driving circuitry for the keypad and display elements is located on a circuit board in the
rear of the programmer’s console panel.

Scan signals for the keypad are generated at the interface module (bus address register). These six lines
(KY6 SCAN 1 L through KY6 SCAN 6 L) are then routed through hex 7417 buffer drivers to the
console circuit board where they are designated as READ and DRIVE signals. As indicated by CS
5411800-0-1, sheet 2, READ 1 through READ 5 signals continuously scan the keypad in groups of 4.
As each READ signal is applied to check for a pressed key, a corresponding DRIVE signal is simulta-
neously generated and applied to the appropriate transistor in the LED display circuitry (CS 11800-0-
1, sheet 3).

A pressed key thus results in activation of 1 to 4 lines. This information is routed out through J1 to the
interface module and applied to the data bus for eventual read-in to the miroprocessor.



5.3.14 Indicator Logic (Drawing CS M7859, Sheet 5)

The indicator control consists of a single quad, D-type, latch configuration, 74175 (E68) and four 7417
open collector inverters (E69) for driving the panel indicators. Input bit coding KY1 ADRD 4 H
through KY1 ADRD 7 H via the stored program determines which of the following panel indicators
are turned on:

1.  BUS ERR
2. SR DISP
3. MAINT
4. BOOT

5.3.15 Halt Logic (Drawing CS M7859-0-1, Sheet 9)

The halt logic allows the console to obtain control of the Unibus in order to perform Unibus transac-
tions. Control of the Unibus is passed to the KY11-LB from the PDP-11 processor via a HALT
REQUEST and HALT GRANT sequence. Use of the HALT/SS key initiates a program sequence
within the KY11-LB to issue a HALT REQUEST to the PDP-11 processor. The procesor will arbi-
trate the request and at the appropriate time will respond with HALT GRANT. The reception of
HALT GRANT H by the halt logic direct sets the HALT SACK flip-flop on E63-4, causing BUS
SACK L to be generated at E62-13. The set output of the HALT SACK flip-flop (E63-5) sets up the
data input of the HALT BUSY flip-flop (E63-12).

The reception of BUS SACK L by the PDP-11 processor will cause it to drop HALT GRANT H.
When the Unibus becomes free (unasserted BUS BUSY L and BUS SSYN L), the E63-11 will be
clocked, setting the HALT BUSY flip-flop. This, in turn, asserts BUS BUSY L through E62-10 and
causes the RUN indicator to be turned off via the 7417 buffer (E66-12). This logic operates in the same
manner if the HALT GRANT is generated not by a HALT REQUEST from the KY11-LB but by a
HALT instruction in the PDP-11 processor. The output of the HALT BUSY flip-flop (KYB HALT
BUSY H) can be tested by the microprocessor program to check if the console has control of the
Unibus before performing Unibus transactions.

The HALT SACK and HALT BUSY flip-flops are direct cleared by either BUS INIT L from the
Unibus or by the signal KY4 CLR BUS L which can be generated by the microprocessor program.
Clearing these flip-flops relinquishes control of the Unibus to the PDP-11 processor.

The signal KY4 TAKE BUS L, which can direct set the HALT BUS flip-flop, allows the micro-
processor program to perform Unibus operations without first obtaining the Unibus through a legal
request. This signal is only used during maintenance mode operation of the KY11-LB to bypass a
failing or hung processor.

5.3.16 Buffers (Drawing CS M7859, Sheet 4)

5.3.16.1 Tristate Buffers (8093) - The following units, which are gated by read input signals from the
data bus control, buffer input data from several sources.

1. Unibus Data

2. Unibus Address

3.  Keypad Register

4. Maintenance Inputs (from processor microprogram counter).

Outputs from the 8093s are wire ORed and sent to the tristate transceivers with the ROM and RAM
data as KY2 DIN 0 H through KY2 DIN 7 H.

5.3.16.2 Tristate Transceivers (8833) - These units buffer data between the microprocessor bidirec-
tional data bus and the satellite logic of the interface module.

5-11






CHAPTER 6
CONSOLE MODE OPERATION

6.1 INTRODUCTION

This chapter is a recapitulation of all console key and indicator functions. Operation, use, and exam-
ples of the utilization of each key are presented. Key operations are divided into console mode and
maintenance mode. Examples of console sequences to demonstrate the proper use of the KY11-LB are
presented together with further notes and hints on operation.

6.2 CONSOLE KEY OPERATIONS
This section describes the operation of each key in a step-by-step procedure. The reader is assumed to
have read earlier chapters as some descriptions include the use of keys previously described.

A notation for each key will be introduced in each description and is enclosed in angle brackets < >.
These notations are used extensively in Paragraph 6.4 to describe various sequences of key operations.

<CLR> - Used to clear an incorrect entry or existing data.

1. Press and release the CLR key.
2. The display (six digits) will be all zeros.
3. Clears the SR DISP, BUS ERR, or MAINT indicators if on.

Numerics 0-7 - Used to key in an octal numeric digit (0 through 7).

1. Press a numeric key (0 through 7).

2. The corresponding digit will be left shifted into the 6-digit octal display with the previously
displayed digits also being left shifted.

3. Release the numeric key.

To enter the number <xxxxxx>, e.g., 123456:

Press and release the CLR key (000000 will be displayed).
Press and release the 1 key (000001 will be displayed).
Press and release the 2 key (000012 will be displayed).
Press and release the 3 key (000123 will be displayed).
Press and release the 4 key (001234 will be displayed).
Press and release the 5 key (012345 will be displayed).
Press and release the 6 key (123456 will be displayed).

Nk W —
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The number has now been entered. Leading zeros do not have to be entered.
<LSR> - Used to load the switch register (accessible as Unibus address 777570). ‘

1. Press and release the LSR key.
2. The display will show the data loaded and the SR DISP indicator will be on.

To load the number 777 i.e., <LSR 777>, into the switch register:
1. Press and release the CLR key.
2. Key in the number 777.
3. Press and release the LSR key.
4. 777 will be displayed and the SR DISP indicator will be on.

<LAD> - Used to load the Unibus address pointer prior to performing an EXAMINE, DEPOSIT, or
START.

1. Press and release the LAD key.
2. Display will be all zeros.

To load address 200, i.e., <LAD 200>:

Press and release the CLR key.
Key in 200.

Press and release the LAD key.
Display is all zeros.

Rl e

<DIS AD> - Displays the current contents of the Unibus address pointer.

1. Press and release the DIS AD key.
2. Display will show the current Unibus address pointer.

To perform the sequence:
LAD 400
DIS AD

Press and release the CLR key.

Key in 400.

Press and release the LAD key (display is all zeros).
Press and release the DIS AD key.

Display shows the 400 from the Unibus address pointer.

ke =

<DEP> - Used to deposit a number into the location pointed to by the Unibus address pointer.
1. Processor must be halted (RUN indicator off); otherwise key is ignored.

2.  Press and release the DEP key.
3. Display shows the data deposited.
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To deposit <DEP xxxx> (e.g., 5252) into location 1000, the sequence is as follows:

Lk wh—

LAD 1000
DEP 5252

Press and release the CLR key.
Key in 1000.
Press and release the LAD key.
Key in 5252.
Press and release the DEP key.

<EXAM?> - Used to examine the contents of a location pointed to by the Unibus address pointer.

1.
2.
3.

Machine must be halted.
Press and release the EXAM key.
Display shows the contents of the location examined.

To examine general-purpose register R7 (program counter) at Unibus address 777707, the following
sequence is used:

b

LAD 777707
EXAM

Press and release the CLR key.

Key in 777707.

Press and release the LAD key.
Press and release the EXAM key.
The contents of R7 will be displayed.

<CNTRL> - The CNTRL key is always used in conjunction with some other key. When it is used it
must be pressed and held down while the second key is pressed and released.

<CNTRL-HLT/SS> - Used to halt the processor.

1.
2.
3

4.

Press and hold down the CNTRL key.

Press and release the HLT/SS key.

Display will show the current contents of R7 (program counter) and the RUN indicator will
be off. ,

Release the CNTRL key.

If the processor is already halted, the use of the HLT/SS key will single-instruction step the processor.
(The CNTRL key is not required to single-instruction step the processor once halted.)

1.
2.
3.

Press and release the HLT/SS key.
Processor will perform one instruction and halt.
Display will show the new current contents of R7 (program counter).

6-3



<CNTRL-CONT> - Used to allow the processor to begin running from a halt.

1. Press and hold down the CNTRL key.

2. Press and release the CONT key.

3. Processor will run unless a program halt instruction is encountered. The RUN and SR DISP
indicators should be on and the contents of the switch register should be displayed. If a halt
instruction was encountered, the indicators will be off and the program counter will be
displayed.

4. Release the CNTRL key.

NOTE
If the processor is already running, use of
<CNTRL-CONT> will result in the switch register
being displayed; there will be no other effect on the
processor.

<CNTRL-BOOT> - Used to initiate running of M9301 Bootstrap program.

1.  Processor must be halted.

2. Press and hold down the CNTRL key.

3. Press and release the BOOT key.

4. Processor should start running (RUN indicator on) the bootstrap program selected on the
M9301.

NOTE
For more information concerning the M9301 Boot-
strap program, consult the system users guide.

5. Release the CNTRL key.
<CNTRL-START> - Used to start the processor running a program from a given starting address.

Processor must be halted; otherwise key is ignored.

Press and hold down CNTRL key.

Press and release the START key.

RUN indicator will be on unless a halt instruction is encountered. The SR DISP indicator
should also be on and the contents of the switch register should be displayed.

5. Release the CNTRL key.

P

To start running a program at location 1000, the following sequence is used:

Press and release the CLR key.

Key in 1000.

Press and release the LAD key.

Press and hold down the CNTRL key.
Press and release the START key. ‘
Release the CNTRL key.

kL~

<CNTRL-INIT> - Generates a Bus Initialize without the processor starting.

Processor must be halted.

Press and hold down the CNTRL key.
Press and release the INIT key.

Bus Initialize will be generated for 150 ms.
Release the CNTRL key.

ol
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<CNTRL-7> - Used to calculate the correct address when a mode 6 or 7 register R7 instruction is
encountered.

1. Press and hold down the CNTRL key.

2. Press and release the 7 key.

3. Display will show the new temporary register which contains the old temporary register plus
the Unibus address point or plus 2.

See Paragraph 6.4 for an example.

<CNTRL-6> - Used to calculate the offset address when mode 6 or 7 instructions other than register
R7 are encountered.

1. Press and hold down the CNTRL key.
. Press and release the 6 key.
3. Display shows the new temporary register, which contains the old temporary plus the switch

register.
4. Release the CNTRL key.

See Paragraph 6.4 for an example.

<CNTRL-1> - Used to enter the console into maintenance mode. Maintenance mode should only be
used as an aid to troubleshooting hardware problems. Maintenance mode provides no help in debugg-
ing software problems.

1. Press and hold down the CNTRL key.

2. Press and release the 1 key.

3. MAINT indicator will be on and the MPC (microprogram counter) will be sampled and
displayed.

4. Release the CNTRL key.

6.3 NOTES ON OPERATION

An erroneous display will result if, while the processor is running and the switch register is being
displayed, a numeric key is pressed. Although the SR DISP indicator will remain on, the display no
longer reflects the actual contents of the switch register. If at any time while the processor is running, it
is desired that the switch register contents be displayed, the CNTRL-CONT keys should be used.

As a general practice, prior to entering a new 6-digit number and if the display is nonzero, the CLR key
should be used to initially zero the display.

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

LAD 777707
DEP 1000

CNTRL-INIT (if desired)
HLT/SS

HLT/SS

etc.



The console requires an 18-bit address. This is especially important to remember when accessing device
registers (i.e., 777560 instead of 177560). Otherwise an erroneous access to memory or to a nonexistent
address will occur.

The Unibus addresses for the general-purpose registers can only be used by the console. A PDP-11
program using the Unibus addresses for the general-purpose registers will trap as a nonexistent
address. Also, internal registers R10 through R17, which are used for various purposes (depending
upon processor), may be accessed by the console through Unibus addresses 777710 through 777717.

The BUS ERR indicator on the console reflects a bus error by the console only. The indicator will not
reflect bus errors due to other devices succh as the processor.

6.4 EXAMPLES OF CONSOLE SEQUENCES
This section combines key operations with example sequences to demonstrate the proper use of the
KY11-LB Programmer’s Console.

The following sequences use the notations for key operations as described in Paragraph 6.2.

The angle brackets < > will be used in the sequences to identify the display contents after the
operation is performed, i.e., LAD 200 <0>

1. Press and release the CLR key.

2. Press and release 2 key.

3. Press and release 0 key.

4. Press and release 0 key.

5. Press and release the LAD key.

6. 000000 will be displayed in the 6-digit readout.
Example 1

This sequence uses the examine function and the switch register Unibus address 777570 to read the
contents of the switch register.

LSR 123456 <123456>

LAD 777570 <0>

EXAM <123456>

DIS AD <777570>

LSR 777 <777>

EXAM <777>
Example 2

This sequence demonstrates the use of the following keys: LAD, DIS AD, LSR, EXAM, DEP,
CNTRL-START, CNTRL-CONT, and CNTRL-HLT/SS.

This example loads the following program into memory, which is then run to demonstrate various
operations.

Program Memory Location/Contents
1000/13737 ;Move the contents of
1002/177570 the switch register to
1004/1014 memory location 1014
1006,/0000 ;Halt

1010/137 ;Jump to location 1000
1012/1000

1014,/0000
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Sequence

LAD 1000
DEP 13737
DEP 177570
DEP 1014
DEPO

DEP 137
DEP 1000
DEPO
LAD 1000
EXAM
EXAM
EXAM
EXAM
EXAM
EXAM
EXAM
DIS AD
LSR 123456
LAD 1000

CNTRL-START

LAD 1014
EXAM
DEPO
EXAM
DIS AD
LSR 125252

CNTRL-CONT

LAD 1014
EXAM
DEPO
LAD 1006
DEP 240
EXAM
LAD 1000

CNTRL-START

LSR 70707

CNTRL-HLT/SS

LAD 1014
EXAM
HLT/SS
HLT/SS
HLT/SS

LSR 05252
HLT/SS
LAD 1014
EXAM

<0>
<13737>
<177570>
<1014>
<0>
<137>
<1000>
<0>

<0>
<13737>
<177570>
<1014>
<0>
<137>
<1000>
<0>
<1014>
<123456>
<0>
<1010>
<0>
<123456>
<0>

<0>
<1014>
<125252>
<1010>
<0>
<125252>
<0>

<0>
<240>
<240>
<0>
<125252>
<10707>

<0>
<10707>

<052525>

<0>
<052525>



Example 3
This sequence demonstrates the use of CNTRL-7 and CNTRL-6. The following data are loaded into
memory:

1000/177
1002/100
1004 /000
1006/5060
1010/1020

1104/1006

RO = 777760

The sequence to load the data is as follows:

LAD 1000 <0>
DEP 177 <177>
DEP 100 <100>
DEPO <0>
DEP 5060 <5060>
DEP 1020 <1020>
LAD 1104 <0>
DEP 1006 <1006>
LAD 777700 <0>
DEP 777760 <777760>
Sequence
LAD 1000 <0>
EXAM <177>
EXAM <100>
CNTRL-7 <1104>
LAD <0>
EXAM <1006>
LAD <0>
EXAM <5060>
EXAM <1020>
LSR <1020>
LAD 777700 <0>
EXAM <777760>
CNTRL-6 <100006>
LAD <0>
EXAM <177>



CHAPTER 7
MAINTENANCE MODE OPERATION

7.1 INTRODUCTION
This chapter covers the keypad facilities of the programmer’s console available for hardware mainte-
nance of the processor.

7.2 MAINTENANCE MODE KEY OPERATIONS

The following definitions apply to a subset of the same keys used in console mode; however the
functions and operations differ from those in console mode. In general, console mode functions are
not available while in maintenance mode, and many keys have no function in maintenance mode.

NOTE
Maintenance mode operation is indicated by the
MAINT indicator being on.

In order to use the hardware maintenance features available in maintenance mode, the maintenance
cable (11/04) or cables (11/34) must be connected between the KY 11-LB interface board (M7859) and
the corresponding processor board (M7263-11/04, M7266-11/34, M8266-11/34A, or
M8267-FP11A). An exception to this is the 5 (maintenance mode) operation which allows the console
to examine or deposit into memory or device registers without the processor being either present or
functional.

DIS AD (Maintenance Mode) - Used to display Unibus address lines.

1. Press and release the DIS AD key.
2. Unibus address lines will be sampled (read once) and displayed, i.e., display will not be
updated as address lines change.

EXAM (Maintenance Mode) - Used to display Unibus data lines.

1. Press and release the EXAM key.
2. Unibus data lines will be sampled and displayed.

HLT/SS (Maintenance Mode) - Asserts manual clock enable and displays MPC (microprogram
counter).

1. Press and release the HLT/SS key.
2. Manual clock enable will be asserted.
3. MPC will be sampled and displayed.



CONT (Maintenance Mode) - Single microsteps the processor through one microstate and displays
the MPC. :

1. Press and release the CONT key.
2. Manual clock will be pulsed.
3.  New MPC will be sampled and displayed.

BOOT (Maintenance Mode) - Boots the M9301. If manual clock enable is asserted, the M9301 routine
will not be entered but because the M9301 simulates a power fail the processor will power up through
location 24.

1.  Press and release the BOOT key.
2. The display is not affected. If manual clock enable is asserted, the MPC is now at the
beginning of the power-up sequence. To see the new MPC, use the HLT/SS key.

START (Maintenance Mode) - Drops manual clock enable.

1. Press and release the START key.
2. Manual clock enable is released.
3.  MPC will be sampled and displayed.

CLR (Maintenance Mode) - Returns console to console mode operation.

Press and release the CLR key.
MAINT indicator is off.

Processor should halt.

Program counter should be displayed.

eSS

S (Maintenance Mode) - Allows the console to take control of the Unibus if a processor is not in the
system.

1.  Press and release the 5 key.

2. The MAINT indicator will be off (console mode operation now).

3. Console attempts to read the program counter which is not present and therefore the BUS
ERR indicator will be on.

7.3 NOTES ON OPERATION

If the single-microstep feature in maintenance mode is to be used, it is preferable that the processor be
halted prior to entering maintenance mode, if it is possible. This is because the assertion of manual
clock enable, which turns off the processor clock if it is running, cannot be synchronized with the
processor clock. Therefore, if the processor is not halted, the clock may be running and the assertion of
manual clock enable may cause an erroneous condition to occur.

In order to single-microstep the processor from the beginning of the power-up sequence, the following
steps may be used:

1. Halt the processor if possible.

2. Use CNTRL 1 to enter maintenance mode.

3. Use HLT/SS to assert manual clock enable (RUN indicator should come on).

4. Use BOOT to generate a simulated power-fail (will not work if M9301 is not present in the

system).
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Use HLT/SS to display the MPC (microprogram counter) for the first microstep in the
power-up routine,

Use CONT to single-microstep the processor through the power-up routine. (The new MPC
will be displayed at each step.)

Unibus address lines and Unibus data (see NOTE below) lines may be examined at any
microstep by using DIS AD and EXAM, respectively. Use of these keys does not advance
the microprogram. To redisplay the current MPC without advancing the microprogram, use
the HLT/SS key.

To return from maintenance mode, use the CLR key.

To single-microstep through a program, the program counter (R7) must first be loaded with
the starting address of the program as in single-instruction stepping the processor prior to
entering maintenance mode.

NOTE
Because the data transfer occurs asynchronously
with the processor clock, Unibus data will not be dis-
played on DATI in maintenance mode when using
the console with an 11/04 processor. Unibus data on
DATO on the 11/04 and both DATI and DATO on
the 11/34 will be displayed.

Due to hardware changes, the M8266 module will
gate the AMUX lines onto the Unibus when manual
clock enable is asserted and a Unibus transaction is
not occurring.
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CHAPTER 8
KY11-LB MAINTENANCE

8.1 PRELIMINARY CONSIDERATIONS
The following is a guide to locating possible problems on the KY11-LB.

1.

Power Switch Failure - If the power switch fails to control the power supply, check cable
7011414-2-2 (BA11-L) at J2 or cable 7011992-0-0 (BA 11-K) at Faston tabs TB4 and TBS on
the bezel-mounted board to ensure that cable(s) are securely and correctly installed.

If the power switch does turn on the power supply (fans turn) but the DC ON indicator does
not come on, check cable 7011992-0-0 (BA11-K) at tabs TB6 and TB7 on the bezel-mounted
board.

If the four indicators on the left side of the keypad are all on, then the cable 7012214-0-0
connecting the bezel-mounted board to the interface board (M 7859) is probably plugged in
backward on one end. '

If no display and none of the four indicators are on, then check cable 7012214-0-0 at J1 on
the bezel-mounted board and M7859 board to ensure that it is correctly and securely
installed.

Note that there should be no cables from either the bezel-mounted board or the M7859
board attached to the backplane. The connection at the backplane is for use by the KY11-
LA Operator Console only.

If the RUN indicator is on but there is no display and no response from the keypad, the
problem is probably at the M7859 Interface module. Check the module to ensure that the
microprocessor chip (E18) is securely installed in its socket.

If the display works and the console responds to the keypad except for the BOOT key, check
that cable 7011413-0-0 is properly connected to the M9301 and to the bezel-mounted board
at tabs TB1 and TB2.

If the display MPC, single microstep, etc. functions in maintenance mode do not work
correctly, check that the cable(s) from J2 and J3 of the M7859 are properly installed.

NOTE
These cables should be installed only for mainte-
nance of the processor. By disconnecting these cables
for normal operation, the effect is that the mainte-
nance functions are nonoperative except for the
TAKE BUS function.
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8.2 M7859 FAILURES

In general, there are two levels of possible failures on the M7859 module. The first level and most
difficult to fix is the microprocessor and its support logic which constitutes about 1/3 of the logic. The
second level is failures which occur in the peripheral logic constituting the Unibus interface and the
display/keypad interface. These are generally easier to troubleshoot.

Generally, a first level failure is readily apparent and will usually be indicated when no display is on
and the only indicators on are DC ON and RUN.

A second level failure, although easier to troubleshoot, is not always readily apparent as it may only
occur on certain key functions or may be data dependent. A failure on the display/keypad interface
would be indicated by odd displays, row, or column failures on the keypad. The Unibus interface can
be tested with a good confidence level by loading the switch register with a 123456 data pattern and
then reading it back over the Unibus by examining location 777570.

The following is a guide to troubleshooting a failing M7859 module. Generally, the minimum equip-
ment needed is a dual-trace oscilloscope with delayed sweep.

1. Check that 9 V is available at pin 1 of the microprocessor, E18.

2. Check that the clock frequency is 1.0 MHz + 2% at the test point, TP1. The frequency can
be corrected if needed by adjusting the variable resistor at the top of the module.

3. Check that the two clock signals are at E18-15 and E18-16. These clocks should be 500 kHz
frequency with nonoverlapping positive pulses of 0.5 ms duration (Figure 8-1).

——

- I N

E18-16 o

e 3

| .5 usec I
E18-15 02 l |

FIG X

11-4858

Figure 8-1 Clock Waveforms



Check the signal at E18-18 which should be at logic low. If the signal is high the micro-
processor may not have responded to the interrupt request on power-up. If the signal is
toggling, this may be indicative of a different class of problems discussed in the following
paragraphs.

The M7859 logic is such that if the microprocessor encounters a HALT instruction and goes
to the STOP state, peripheral logic will automatically try to restart the microprocessor from
location 0. Hence, if there are problems in the microprocessor support logic, such as address
or data failures, time state decoding failures, etc., the microprocessor will not follow the
program and generally encounters a HALT instruction.

The general technique to solve this class of problems is to sync off of the signal STOP L and
to use delayed sweep to track addresses backward to find the specific failing address. A
quick check of the number of times TS1 L is true between the times that STOP L is true will
give an idea of how far into the program the failure occurs. In general the easiest technique is
to use the TS3 L signal as a visual key on one channel while using the other channel to probe
addresses, data, timing signals, etc.






CHAPTER 9
KY11-LB INSTALLATION

9.1 KY11-LB DESCRIPTION

The KY11-LB is a programer’s console option for both the 11/04 and 11/34 CPUs. It replaces the
KY11-LA (operator’s console) which is the standard console on 11/04s and 11 /34s. The hardware in
the KY11-LB option is exactly the same for both the 11/04 and 11/34. The KY11-LB contains a bezel
assembly (consisting of a keypad, 7-segment display, indicator lamps, and ON/OFF switch) and a
separate SPC quad interface module (M7859). Also, three loose piece cables: two 10-conductor, 45.7
cm (18 inch) long cables and one 20-conductor cable. The two 10-connector cables are not required for
normal console functions and should only be installed when using the console in maintenance mode.

9.2 CPU BOX TYPE

PDP-11/04s and 11/34s are available in both the BA11-L 13.4 cm (5-1/4 inch) box and BA11-K 26.7
cm (10-1/2 inch) box. The difference between these two boxes creates the only difference in installing
the KY11-LB. In all cases, the 10-conductor cable, running from the operator’s console to the CPU
backplane, is not used and must be removed when the KY11-LB is installed. It is extremely important
not to connect this cable to the KY11-LB as a short circuit may result.

9.3 CPU DIFFERENCES

The 11/04 is a single-module CPU (M7263). The 11/34 is a 2-module CPU (M7265 and M7266).
Maintenance mode connections between KY11-LB and 11/04 are made on the M7263. Maintenance
mode connections between KY11-LB and 11/34 are made on the M7266 (Figures 9-1 and 9-2). Note
that all figures in this procedure show the M7266 module (11/34). This is done because the hook-up
for normal KY11-LB operation is the same for both CPUs.

To identify cables and part numbers for cables, refer to Figure 9-3.
9.4 BAI11-L 13.3 CM (5-1/4 INCH BOX) INSTALLATION

1. Remove the operator’s console (KY11-LA), noting to which Faston tabs the M9301 is con-
nected. The connections will be to the same tabs on the KY11-LB. The cable from H777
Power Supply plugged into J2 on the KY11-LA will plug into J2 on the KY11-LB. The cable
from the CPU backplane to J1 on the KY11-LA must be removed. No connection is made
from the backplane to the KY11-LB.
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CONNECTOR FOR KY11-LB
CONNECTS TO J2 ON M7859
PIN 1 DURING MAINT MODE OPERATIONS

0 ~——— /{ “r

® / ® ®

e s o s am
e e o v e

M7263
(11/04)

||

\/——\

11-4849

Figure 9-1 M?7263

CONNECTORS FOR KY11-LB
CONNECTED TO M7859 ONLY
DURING MAINT MODE OPERATION

E111 DR Y DRRIRERY E9a

M7266
(11/34)

/_\___,—"/\/\

11-4850

Figure 9-2 M7266
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INDICATES PIN 1

L

20 CONNECTOR

10 CONNECTOR

PART #70-11411-1D-0

(18 in. LONG) PART #70-12214-0-0

PART #70-11411-0J-0 LENGTH 2" 4" + 1"

(8 in. LONG)

11-4851

Figure 9-3 Cables

2. Install M7859 (KY11-LB interface) in any SPC slot (within CPU backplane) and connect it
to the KY11-LB bezel as shown in Figure 9-4.

CONFIGURATION NOTE
The M7859 consumes 2A at +5 V and can only be
plugged into the CPU backplane.

' WARNING
When doing any reconfigurating of the CPU back-
plane that might be necessary to make room for the
M7859, be sure that the M9302 is never installed in a
modified Unibus slot (which results in short circuits).

9.5 BAI11-K 26.7 CM (10-1/2 INCH BOX) INSTALLATION

1. Remove the operator’s console (KY11-LA), noting to which Faston tabs the M9301 is con-
nected. The connection will be the same tabs on the KY11-LB (Figure 9-5). You will notice
that J2 on the operator’s console is not used on the BA11-K box. The signals and voltages
that come in on this jack in the BA11-L box come in on Faston tabs in the BA11-K box. The
cable connecting the CPU backplane to J1 on the operator’s console must be removed and
no connection from the backplane to the KY11-LB is made.

2. Install M7859 (KY11-LB interface) in any SPC slot (with CPU backplane) and connect to
KY11-LB bezel as shown in Figure 9-5.

WARNING
When doing any reconfigurating of the CPU back-
plane that might be necessary to make room for the
M7859, be sure that the M9302 is never installed in a
modified Unibus slot (which results in short circuits).
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Figure 9-5 BAI11-K
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9.6 MAINTENANCE MODE HOOK-UP

To utilize the KY11-LB as a maintenance tool for troubleshooting the CPU or system, additional
cable(s) must be installed. The 11/04 requires one additional cable and the 11 /34 requires two addi-
tional cables.

PDP-11/04 (Maintenance Mode Cabling)

The 11/04 requires only one additional cable for maintenance mode operation. This 10-conductor
cable (Part No. 70-11411-1D-0) connects J2 of the M7859 to the unmarked male connector on the
M7263 (11/04 CPU). The cable (70-11411-1D-0) has a pointer on each end to indicate pin 1 as shown
in Figure 9-3. Install the cable with the pointer on the end of the cable lired up with pin 1 on the CPU
module (M7263). Pin 1 on M7263 is called out on Figure 9-1. Points on J2 (M7859) and the cable
should also be lined up.

PDP-11/34 (Maintenance Mode Cabling)
The 11/34 requires two additional cables for maintenance mode operation. Both cables are the same
and are the same part as is used on the 11/04. See Figure 9-3 for part number.

NOTE
Maintenance cables for both 11/04 and 11/34 are all
45.7 cm (18 inch) long, 10-conductor cables.

When installing maintenance cables connect J2 (M7859) to J1 (M7266) and J3 (M7859) to J2 (M 7266).
The pointers on the cable and board must be matched at both ends of the cables.
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032

3 140
FROGRAOM

032

RY-13 MACRO UMO2+-10 v

RAR

JTE . NUMA

JTC NUML

RAR

JTC NUMO

JTC EXAML

RAK -

ST NUME

AR

JTE NUER

RAR

JTCOINITL

IN L
LA M
RAR
JTC DEFL

QOI13L2% FAGE

&+



1

1&1

162

163

164

L&S

L&b

167

1468

169

170

KYLILE

QB0E
Q307
QX307

271
001

032

140

D&
B0
032
140
023
010

032

044
000

104
023
Q00

FROGRAM

FeaFie

NAEM

Rtk

AT

JTE

RAk

JTC

RAR

ST

JHE

NUM&

NUME

HL.T1

CONTIL

BOOTL

STRT

JENRTEN)

MACROD UMOEZ-10

FNOTE THAT THE CNTRIL. KEY I8 NOT OF 1 M

TTIs USED TN CONJUNGCTION WITH KEYS YET T0

FRE DECODED.

PIT LS ASSUMED THAT THE CNTRIL

FHEINCE ALL OTHER KEYS HAVE ¥

QUET,  KEYSERVICE

CLEARED S0 THAT @& ONDE K
TN CONJUNCTION WETH THE ONT

Y MAY RE
- KEY.

SHTFT T
&
F i

TIONG
THROUGH

FOSITIONS

BIT



180
181

182

183
184
188
186
187
188

189

190

191
192
193
194
193

196

197

198
199
200
201
202
203
204
208

206

0340
0341
0341
0342
0342
Q343
0343
0344
0344
OX4%
OX4%
OF4b
0346
0347
0347

0357
0360
Q360
Q341
0361
0342
0363
OZ6H4
0X64

0365
0365
03664
0347
0367
0370
Q370

Ohé
003

Q06
Q00

OF2
Q6.
307
Q32
370
Q61
120
343
000

V&b
Q02

307
oRQ
(03 9¢4
370

QL1

32
000

007

0HE
Q06

307

044

KY1LLLE FROGRAM

SGHFTLE  LLT 3

GHETRS LA M SOECREMENT THE

MOTST

R

11

LAt 0 FHET U MEMORY FOINTER YO THE MOST SLGNIFICANT WORD

RAR FELUS ONE.  ZEROD REGISTER A AN ROTATE TO CLEAR THE

R SOARRY BIT.

MEMORY FOINTER AN GE

COTHE FIRST

RAR SWORD TO BE SHIFTE.

LM A SROTATE TO T REGHT SAVING THE LSE IN THE © BIT.
el PRESTORE T MEMORY THE SHIFTED VALUE.

JES S GHETR

MENT MEMORY FOINTER TO NEXT WORD AND

[ FUFONOT DONE  JUMP BACK,

L. M STHE LGSR OF THE ST GIONIFICANT WORD IS NOW IN THE

RAL. FOCORITORUT SHOULD X

IN MSR OF MOST SLGN]

CANT WORIN,

RIRE FPMEMORY FOINTER 18 R TO MOST STGNIFICANT WORD
LM & SANIN ¢ BIT SHIFTED INTO LSR.  THE WORD

ne B SIS THEN ROTATED TO FUT LER INTO MSEB FOSITION.

JEZBHETL FEHIFT COUNTEF

LE NE

NTED AND I DONE RETURN

RET FEROM SURBROUTINE

LLT &

LA M FOEET WORD CONTATINING THE VALUE OF THE ONTRL KEY.

NIVE 10 STEST FOR CTHE ONTRLKEY ANl TF NOT

MALRE UMOR2-10 QOT1LFE2G FOGE

A-9



205

SRV
G401
Q401
@ 0402

0402

A0
0404
0404
0405
GAGE
0406
224 0407
0407
0410

27 041
0411,

0416

23F 0417
0417
2340420
0420
G042

237

238

OLO

QLo

QL0

Lo

010

010

010

e

003

[oX:2.3
010

307
Q22
370
Q&0
307

022

Q&60
307
022

370

KYLILE FROGRAM

NLIMZ X2
NLIM& X2
NLUIMEX §
NLIM A2
MUMEX 3
NUMEX S
ML 2

NLIFOX 2

NUMX

R0

STZ T

RET

TN
IR
TN B

TN

LM A

IN L

LA M

00113125 FAGE

L ORETURN TO 8

TINE .  OTHERW]

TURM T 0T IR

SROUTINE WHICH Dl

AN

DENG UFON THE NUM Qs

POF TIMES TEFE

OWAS LM TR

FNOTE THE B R

FOFTHE KEY

COWITH-a X3 A% & SHIFT COUNTER.

FOET THE MEMORY FOINTER TO THE IN THE RAM,

SROTATE THE THR WORNS OF THE TEMPFORARY AREA ONE

FRIT AT A TIMEY THR

ETIMES AROUND

THAT ALL. THE

¢ HAVE

NOSHIFTED THRI

TIMES .




021
239 JEZNUMX
110
007

0427 001

LLET 10 FRESET MEMORY FOINTER TO LEAST STGNIFICANT WORD.

240
0bé
010

241 LA M FHET THE WORD AND ZERQ THE LEAST THREE SIGNIFICANT

) 307
242 0433 NIE 370 PRITS.
0433 044
0434 370

Al B FAND IN THE THR ITSTER B AND

RET DIGET FROM RE

0435 201

244 0434 LM A PRESTORE IN MEMORY .
0436 370

245 0437 LAl O PULEAR DIGFLAY INUICATORS.
0437 006
0440 000

246 0441 ouT
0441 L35G

FMOVE RO
FTHIG |

3 . ! Af QF RAM .
C U MR DEINTER TO TEMFORARY aREA OF KAM.

0442 MOV LLYT 10

0442 Obé

0443 010

254 0444 MOv2e LE M FLOATE THE NEXT T
0444 XL

2EG 0448 IN L. PRy Gy AND It
Q445 G460

256 0446 LG M

Q446 327

0447 N L

V&0

O WORDS FROM RAM INTO REGTSTERS

357

COMEMORY POINTER TO THE DISFLAY AREA OF THE
(o2
Q00

LM B [STERS By Cy AND I BAGK INTO MEMORY .

371

ENC L
[eF:1¢]

LM G

2oL

372
263 IN L
Q60O

264 LMD

373

265 0460 JMEC TS FE0 BRACK TO DLSPLAY ROUTINE .
0460 104
0461 023

KYLLLE FROGRAM  RT-1L MACRD UMOZ-10 OOLLEI2E FAGE 8+



04&2 Q00

FRO0OT
STHIS
§JUMFS
0463 BOOTLY  CAL. MDTST JCAlLL
0463 106
G484 365
Q465
72 0466
0466
DA&7
0470

Cak. MLTST FCALL SUBRROUTY OR TS HALTET .

LHI 240 FOET RBIT IN M REGISTER (200) TO LOOK FOR PROGRAOM

L ROOT BIT,

Lal 200

Q0&

JCLEAR THE ROQT RBIT.

13EG

Cal. TIMER SWAIT .

JMEGRDT S FJUME TO SWITCH R LAY ROUTINE .

PEXAM ROUTINE
§ T S OROUTINE T8 USED TO SERVICE THE EXAM
PREY .

.

0507 EXAMLE  CAL HLTST
0507 106
0510 362
o1l 010
0512

LLE FCHECK THAT PROCESSOR I8 HALTED,

LA M FEET LOCATION 1% FROM THE RAM AND CHECK IF

289

NI 200 FTHE EXAM FLAG 16 T TEOLT OIS SET O THEN

S

290 STZEXAM2 FTHE UNIBUSG ADDRESS WILL BE INOREMENTED BEFQRE

OH21
KYLLLE PROGRAM  RT-11 MACRD UMOR-10 00213825 PAGE 8+
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291

292

293

294

296

2946

298

299

300

301
302
303
304
305
306

307

308

309

310

307

Q44
003

064
200

106
230
[e103 )
104
042
00l

9247
013

307

GO4
Q01

370

Q&0

Q06
Q00

217

CAL. GFRTI PREING USED, CHECK TO 8$6 TFIT SHOULY BE INCREMENTED

CAL INCAD PRY CONE (GE Al R STER) OR BY TWO.

EXAMZT  Cak BADLD FLAADG FOTN (RAMY INTO THE UNIRUS

LLT 4% ¥ ATDRE

LA M FMAGK OFF THE TWO DATA BITS AND SET THE EXAM FLAG

NIvE 3 FC200 IN LOCATION 18) .

QRI 200

LM A

CAL. DT FOALL THE DATE ROUTINE AND JUMF TO THE MOVE ROUTINE

JME MOV STO DESFLAY THE NEW DATA,

INCADE  LLY 13 PTG A ’ . T 816G GANT WORD

LA M FOF THE UNIRUS aXinf (LOCATION 13)

ARL L SAND THEN ANDS THE CARRY BIT INTO THE NEXT TWO

LM A VUWORIEG . THE TWO LSES IN THE LAST WORD &RE MASKED

IN L. PAS STOGNTFIGANT (18 BIT Aol

RT-10 MACRD VMOR2-10 QO 132G

A-13



060

006
000

AL M
217

NUTF
044
003

LM A
370

RET
007

GFRTL: LA M

¥ AORE 17 AND L6 ONEST

QG777 074
Q600 003
333 0601
Q601
Q602
Q603

CENO

ne: oL FYES .

Q61

] 307
3X& 0606
Q604 074
DEOT7 X777
3X7 0610 JFEZGRRTR VNUO

CHL 377 PARE AUDRESS BITS 18 THRU 8 ONEST

338 A PR,

061

339 L&y M
Q614 J07

340 061G NIE 3460
Q61Y 044
0416 Z&HQ

341 0617 CFL 300 SRITS 5 AND 4 ZERDES®?
0617 074
0620 300

KYLLLE FROGRAM RT-11 MACRO UMO2-10 Q013328 PAGE 8+

7OANI & DNES AND

A-14



342 0621

0623
343 0624
0624

2 0630
04630
0631

353 06

3654 04634
0634
355 0635

063
366 0636
06364
V637
0HA0
0640
0641
0642
358 0443

0643
JE59 0644

0644
3460 0&HAG

0448
361 0646

0646
FoH2 0647

0647
363 0650

364

363

366 0654
0654
367 0655

348 06
b

KY1L1LE

150
287
001
106
151

001

007

Q&b
010

Q046
010

133

113

044
020

0460
103
370
2

006
Q00

370
133
105

aand

007

FROGRAM

GFRT2:

GFRT3

naTIL:

NATI2:

RT-10

JTZ GFRT3

CAL. INCAD

10

Lal 10

OUT REGS
INE REGE

NOT 20

JTZ

INF DRLRE
LM A
IN L
INF DRMR
LM A
IN L

LAL O

LM A

QUT REGEH
OUT REG2
RET

MACRO UMO2-10

PYES

INO.

POATY
G 6

$THILS

FOET

FPOET

Ny

FYES

.

INCREMENT ADDRESS BY ONE.

TEMI

UE

Bu

R

SUBROUTINE .

G MBYN EILT

FORT EBUS

y PROCEEX.

PIATA AND STORE 1

FGET

HIGH RYTE GF

$STORE

IN MEMORY.

MG A DATT ON THE

TO RY THE UNIBUS ADDRESS
X DATA T8 LOADED INTO
IN RaM.

TO TE

FORARY o

.

PHAG RBUS SEYN BEEN RETURNED?

GET LOW BYTE OF UNTRUS

N MEMORY .

UNIRUS LATA AND

SZERD LASTY WORD OF TEMFORARY .

PCLEAR BUS MBYN EBIT.

§ DIROF

0013

25

FAGE 8+

A-15
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371 FUNTERUS ERROR SUBROUTINE .,
3 FTHIS SUBRODUTINE SETS THE RBUS ERROR
FINODTCATOR ANI T

37: INATES THE UNIBUS TRANSGACTION,.
374 0657 RUSERR? LAT 20
067 006
0660 020
378 06461 OQUT REGE FOET RUS ERROR INDICTOR,
0661 135
I74 0662 LAL O
0662 006
06463 000
377 06464 ouT
0664 133 .
378 06465 OuT REG2 STROF UNTRUS ADNRESS LINES.
0665 126
379 04666 JMECERE
0666 104
0667 332
Q670 010

FOROF BUS MBYN.

THE DISFLAY .

PROEFDSIT &
FTHIS
FOHECK

L NEFQSTT KEY.

0671 LEFL Y CAl. HLTST :
0671 104
0672 342
0673 010
385 0674 LAL O
7 006
06 000
386 0676 QUT REGS FULEAR THE INDICATORS .,
0676 L3
387 0677 LLL LS PHET UF MEMORY FOINT
0677 066
0700 018
388 0701 L. M
Q701 307
389 0702 NDOT 100 FEITRST DEFOSLIT?
0702 044
0703 10O
390 0704 JTZ N
0704 150
0705 304
0706 Q0
391 0707 cal.
10&
174
001

AN CHECK GEFOSITY FLAG,

PYES.

NG, CH

Al REGISTER.

392 Cal. INCAD FENCREMENT UNIEBUS ANIRESS FOINTER.
106
LS
Q0L

THE
: 307
324 0716 ORI Lo
KYELLE FROGRAM  RT-11 MACRD UMOR-10

393

LA M

RIT CIN RaM) TO0 0 A DATO,

A-16



Qb4

010
396 .M A
370
394 Cal. BaDLD FLOAD THE UNIRUS
106
344
001
397 LLI 1%
0724 066
0725 015
398 0726 LA M
0726 307
399 0727 NOT 3

0727 044
0730 003
400 0731 ORI 100 FSET THE DEFOSIT FLAG.
0731 064
0732 100
401 0733 LM A
0733 370
402 0734 LLI 10 FRESET MEMORY FOINTER TO TEMFORARY AREA OF RAM.
0734 066
0735 010

403 0734 CalL DATOL FCALL THE DATO SURBROUTINE USING THE TEMORARY AREA
0736 106
0737 361
0740 001

404 0741 JME MOV $A8 DATA. DISFLAY TEMPORARY AREA.
0741 104
0742 042
0743 001

408

406

407 FUNIRLS

LOALD BUBRDUTINE .
UNIBUSG ADDR 3

408 PTHIS 8l = LOAD

ROM RAM INTO THE

409 UNLERUS ANDRESS
410 AND ENARLES THE REGLISTER ONTO
411 UNTERUS
412 0744 BADLD:  LLT 13 FHET UP MEMORY FOINTER TO UNIRUS ANDRESS FOINTER,
0744 0273
O74% 013
413 0746 LA M
0746 307
414 0747 OUT REGO FMOVE FLIRST WORD TO UNIRUS ADNRESS REGISTER.
12
418 IN L
Q60
416 LA M
307
417 QUT RE FMOVE NEXT WORD TO REGISTER.
L
418 IN L
0460
419 LA M
307
420 ORI 4 FOET THE
KYLLLE FROGRAM  RT-14 MACRD UMOL-10 QO 13228 F

A-17



; OuUT REGR FLOAD LAST FART OF
0757 125

42270760 RET
0760 007

ORMS T
OBLT AN §T¢
ROM MEMORY (FROM

FUNCTIONS
TEMFORARY ON DEFOSITS

naTni: LA M ST WORD F
307
GuUT SRR FANI UNTERUS ADDR

G FOINTER ON STARTS) AND LOAL
127

IN L BYTE OF SWITCH RE

B

040

L M COSECOND WORD OF DATA AND LOAIE INTO

307

432 OQUT SRMHE SHIGH BYTE OF SWITCH REGISTER.

131
433 0766 Lal 4 PHEET RIT TO ENARLE SWITCH R
0766 004
0767 004

[STER ONTO

our

434 $THE UNTRUS .
133

435 LAl 14

004

014

FASSERT BUS MEYN.

ERT auT

TN

437 FRUEG SHYN RETURNED®

113

438 JMEC MEM2 §JUMP OVER ROM MEMORY BOUNDARY .
104
001
0777 010
439 1000 NOF
L1000 300
440 1001 MEM2 NIT 20
1001 044
1002 0RO
441 1003 JTZ
1003 1350
LOV4 2G7
100% 001
442 1006 LAT 4 PYES.
1004 Q04
1007 004
443 1010
1010 133

FNO

FOROF BUS MSTN.
444
006
000

445

FOROF THE SWITCOH R [BTER ENARLE .

LOLE L33

4446 1014 G ANl 5 REGISTER AMD REMOVE

O



460

462

463

464

465

466

467

448

469

1023
1023
1024
1024
1025
1026
1026
1027
1030
1031
1031
1032
1033
1034
1034
LO3S
1036
1036
LO37
1037
1040
1041
1041
1042
1042
1043
1044
1044
1045
1044
1046
1047

i(J4
KY1L1LE FROGRAM

113

044
040

i10
034
010
106
3465
000

006
041

133

006
001

133

026
000

016
012

113

044
040
110
067
QL0

021

HLTLS

6813

HLT1LS

HL.T23

HLT25 8

RT=11

QUT REGL

OUT REGO

Gal. 8

[RL.IY

TNF

NI 40

JFZ G881

CAl. MOTST

LAL 41

OUT REGS

LAl 1

OUT REGS

LCT O

LRI 12

TNF

NOT 40

JEZOHLTS

ne o

MACKD UMO2-10

FFROM THE

$CALL ROUTINE

FHALT ROUTENE .

PTHIS ROW
§REY FUNU
FHALT RY THE

18 FROCESSOR

UNTEUS .

O REFLATE

SER

ALREADY HALTED?

THE

CONTENTS OF

FYES. DO SINGLE STEF FUNCTION.

FNO. I8 ONTRL KEY DEFRESSED?

SYESGSET HALT

18 HALTED IT

5 OROF THE

FOET UF

FGRANTS

A TIMING LOOF

SWITCH REGLISTER.

REQUEST AND CLEAR RUS RITS.IF FROCESSOR

WILL FROCEELDR ONE

CLEAR BUS BIT.

IN CASE FROCESSOR

FHALT GRANT R

FYES .

§NO W DEC

0013820

MENT

FAGE

A-19

CE]

COUNTY

it

TO WALT

Is

FOR

DOING

HAL.T

A RE

INSTRUGCTION.



471
1057
472 1060
1060
473 1061
1061
1062
1063
474 1064
1064
1065
1064
475 1067
1067
1070
476 1071
1071
477 1072
1072
1073
478 1074
1074
479 1079
1078
1076
480 1077
1077
481 1100
1100
1101
482 1102
1102
483 1103
1103
1104
1105
484 1106
1106
11067
1110
485
484
487
488
489
490 1111

117

110
046
QL0

Q11

110
0446
010

104
257

00l

1046
365
000
106
362
010

106

HLT3¢

INITLS

KYllLB'PNOGRAN RT-11

JFZ

ne

JFZ

JMF

AT

our

LAT

auT

L.AT

ouT

our

caAlL.

JME

CAl.

CaAl.

CAl.

MACRO

HL.T2E

HLT25

BUSERR

RET6

307

REGO

377

REGL

v

REG2

OATLL

MOVL

MITST

HLTST

INITX

UMOR-10

002138c

FOONE COUNT?NO .

§OECREMENT COUNTER.

FTIMED QUT? NO.

FYES. GO TO BUS ERROR ROUTINE.

FRECETVED GRANT NOW CLEAR INDICATORS.

FLOADN UNTRUG ADDRESS OF PC (R7)Y (777707)

FINTO THE UNIRUS ADDRESS REGISTER AND

FENARLE ONTO THE UNIRUS,

FUALL THE DATI SURROUTINE.

SNLSELAY THE FOC.

FINIT KE SERVICE ROUTI

FTHIS ROUTINE SERVICES THE INIT KEY
FFUNCTION.

SCHECK THAT CNTRL KEY HAS RBEEN DEPRE

Y

GEED

$THAT THE FROCESSOR 18 HALTED,

SCALL THE INITIALIZE SUBROUTINE.,

FaGE 8+

A-20

AN



130

] 010
463 | LAl 1 FOROF THE BUS INIT BRIT LEAVING THE HALT REQUEST
! 006
00l
494 11% QUT REGYS FRIT SET.
133
495 1 JMEC TS
] 104
023

Q00

FINETLAL
PTHIS SUBROUTINE
SRIT FOR 150 MILLISECONDS, THI
FRY THE START AND INIT KEY FUNCG

T8 USED
LONS .
INLTX: LAl 3

DUT RE

VHET ROTH BUS INIT AND MHALT REQUEST BRITG.

TIMERS LB 12 FPRESET COUNTERS FOR & 150 MILLISECOND DELAY.

LECT O

INTTX2: 0e FLHECREMENT COUNTERS AND RETURN WHEN DONE .

JEZOINITX2

nec m

JEZ OINITX2
Lo
137
010

RET

007

FSTART ROUTINE,
FTHIS ROUTINE SER 3 THE 8TART KEY FUNCTION
FRY LOALING THE > WITH THE UNIERUS
FANIIRESS FOINTERyGENERATING BUS INITs AND
FALLOWING THE FROCESSOR TO CONTINUE,

1150 BTRT1: CAL MDTST FCHECK THAT CNTRL KEY I8 DEFRESSED AND

1180 104

365

000

519 1 Cal HLTST FTHAT FROCESSOR T8 HALTEX.
106
362
010

KYL1LE FROGRAM RT-11 MACRD UMO2-10 00313125 FAGE 8+
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LHL 240

L OPROGRAMMED HALT FLAG (2000,
Q%6
240

L.AL 307 SLOAL AN

CBC (777707) INTO THE
004
307
OUT REGO JUNTBUS ADNRESS FOINTER.
121
LAL 377
006
377

123
LAl 17 SHET THE ENARLE BRIT (4) ANI THIE
006
017
PRUS CL RBIT CLO) .

1

ol

LLLT 13 ¥ OE"

COTHE MEMORY FOINTER 70 UNTRUS ADDRESS FOINTER
0721
013
CAlL. BAaToL SANIN CALL THE XATO SURROUTINE .,
106
361
001
Cal. INITX soAaLl T

INETLALLZE

SUBROUTINE TO G

106
130
010
LAl 2 SRUS INITUALIZE .,
Q06
Q02
ouT

SOROF RUS INIT AND HALT REML

CORITS AND SET BUSK
133

LAL © SCLEAR RIT, THEN DROF BUS O RORIT.
006
000

ouT

133
JME GROESGE FUUMP TO SWEITCH REGISTER DISFLAY ROUTINE.

104
261
010

FTHIS
CONTLS  CAL. MOTET s CHECK

SEG THE CONT I

] Y FUNCTION.
Rl KEY I8 X

L

LHT 240

L FROGRAMMED HALT FLaG

O%é
240

L.AL 40 FEET THE BUS CLEAR BIT TO alLLOW FROC

006
QO 040

RYLILE FROGRAM  RT-11 MACRD UMO2-10 QOILII2G FAG

84
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auT FTO CONTINUE . TF THE PROCESSOR IS ALREADY

133

LAl O FRUNNING THIS WILL HAVE NQ
Q06
000

aur

133
JME SRITGE FJUUME TO SWITCH RE

NIGFLAY ROUTINE.

104
261
010

GWETCH
R,
LARL LT 10
V&b
QLo

AND

307

060

TO SWITCH R

I
0lé

558

.M A FIMAGE AREA AND LOAD MEMORY FROM RE

5H9

IN L SO AND R
560 LM R
G6l CAL. GRLIT sCALL THE SR OLOAT SUBROUTENE AND

G462

JME GRITSE FAUME TO SWITCH RE

FlLAY ROUTINE .,

FORL.OAD SUBROUTINE.
FTHIS SURROUTI JANG T
FWITH THE CONTEN T
§ IMAGE IN RAM.TH
PRY D SWITCH
FAFTE y TO K
GRLIDG LLYE Lé FSET MEMORY FOINI
066
0lé

ROUTINE AND
SWITCH REGISTER.

5TER IMAGE AREA

LE M FAND LOAD THE LOW BYTE OF THE SWITCH REGISTER

317
LB FROGRAM  RT-11 MACRD UMO2~-10 002133128 PAGE 8+
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LA R FWITH THE FIRST WORD.
301
QuT SRLE
127
IN L.
060
LA M FLOAL THE HIGH BYTE OF THE SWITCH K

307

QUT SRHE FWITH THE NEXT WORD FROM MEMORY .
131

RET
007

FHWITCH R DLSFLAY ROUTINE,

$THIS ROUTINE MOVES THE CONTENTS OF THE
FOEWITOH R 3TE A OF RAM 10O THE
il T SWITCH
R

© RAM AND
AYELD (SR DEGE)

5

GRS LLT L6

Qb
QL&

LCL O
026
000

Ly M
307

060

317

LLEL O
066
000

LM A
370

IN L
060

LM B

IN L
060

LM
372

L.AL 40
Q06
040

OuUT REGS
135

SMEC DESE L
104
023
Q00

400
601
602
603 FTHIS ROUTIN
KYLLLE FROGRAM RT-11 MACRO UMOR-10 [SIVR I AC R BCIV NS

THE LAD KEY FUNCTION
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404
GO
H0&
407
508

THE CONTENTS OF THE T
AM T THE UNTEUS aXk
R ANX RY

LALEL: L.AL 0 ANY INDICATORS,
006

000

OuT REGE
138

LLE 20 FMOVE TEMFORARY TO UNIRUS ANDRESS FOINTER.
Qbb
010

060

317
414
[¢7:14]
619
307
41 &
044
003
&H17
060
618

3732
4519

Q&0
620 LM R
371
421 I L
040

422

LM A

370

CLRLE LAl O
006
Q00

4H2%

OUT REGS

134
ClR2 LT 10 FOLEAR THE TEMFORARY AREA.

[92:7)

(1.0

370

Q40
LM A

370
424 IN L.
Q40
H30 LM A
1 370
4631 1341 JMF MOV

1341 104
KYLILE FROGRAM RT-11 MACRO YMOR-10 QGOTLEL2YS FAGE 8+
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1342
1343

441

542

643

644

547

1361
644
647
648
$49
650

451

652 11

L37
k3

042
001

006
000

135

06b4
015

307

044
Q0%

370

[oF-Y)
0L3
104

044
001

113

044
040

150
023
000
007

QhH4b
006

307

044
010

150
004

KYL1LE FROGRAM

LISFAIS

HLTST?

NUML ¢

RT-11 MACRO UMO2~10

LAl O

OuT REGS

LLE 1%

LA M

NOT 3

LM A

LI.T 13

JME MOV2

INF REGES

NIT 40

JTZ NIsFl

RET
LLT &
LA M
NIE 10

JTZ NUMLX

$TO THE DISFLAY AREA O

SCLEAR INDICATORS,

FCLEAR EXAMINE AND DEFOSIT FLAGS.

FEET MEMORY FOINTER TO UNIRUS

FJUMP TG MOVE ROUTINE TO MOVE

FHALT TEST SURROUTINE .

FTHIS ROUTINE TESTS TO SEE IF
FFROCESSOR 18 HALTED,

$16 HALT BUSY SET?

NG GO TO DISFLAY.

FYES. RETURN.,

FONTRL. KEY DEFRESSEDT?

PNOS GO TO DIGIT 1 ROUTINE,

0011E325 FAGE 8+

A-26

ANITRE

THE

THE

RESS FOINTER

DATA INTO DI

§ FOINTER AND

“l.AY .



1400 001
459 1401 MAINTIL: LHT 40 FYES . MAINTENANACE MORDE! !
1401 0%ié
1402 040 ‘
460 1403 LAL 100 S0 NOT LOOK FOR FROGRAMMED HALTS AND
1403 006
1404 100
461 140G OuUT REGS SHET THE MAINTENANCE MODE INDICATOR.
1408 13% .
462 1406 LLL O SREAD IN 12 RITS OF MPC AND DISFLAY.
1404 Obé
1407 000
463 1410 INF REGS
1410 118
464 1411 .M A
1411 370
66% 1412 IN L
1412 060
66

117

LX-¥4
044
OL7
370

060

LML O

076
Q00
MATINT2S
106
031
000

FOALL THE DISFLAY SURROUTINE .

LED O FTHE FOLLOWING 18 THE KEYSERVICE ROUTINE
01L&
Q00

LET 200 SFOR THOSE KEY FUNCTIONS AVATLARLE IN
046
200

PMATNTENANGE MODE .
0&6
003

&7%

LA M

07
&76 RAR
032
477 JTC MO SAn
140
107
Ol

KAR
032

Rk

032
Rl

RT-1LL MACRD VMOZ- 10 00313
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481 1443 JTE MOLR
1443% 140
Laa4 L34
1445 oLl

482 1444 IN L
1444 Q&0

683 1447 IN L
1447 060

484 1450 LA M
1450 307

685 RAR
Q32

686 STC MOSnaT
140

126

o1t

487 RAR
032

488 | JTC TAKBUS

¢ 140
1447 201
1460 011

489 1461 IN L
1441 0460

490 1462 IN I
1462 060

691 1463 LA M
1463 307

492 1464 AR
1464 032

693 1465 JTC MHLT
146% 140
1466 1432
1467 oLl

&4 1470 Rak
1470 032

495 Y ST MCONT L

140

143

oLt

498 R

032

L97 JTCMBOOT
140
207
0l

498 Rk

032

499 JTC MEBTRY L

700 JWF MATNT 2

O AL IN UNITRUS AUDRESS LINES QNIII‘ LEGFLAY .

701 1807 i RE
UMO2-10 0013128 FAGE 8+
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066
000
INF R

10%

LM A
370

IN L
Q60

INF REG3
107

LM A
370

IN L
Q60

INF REGA
1L

NOL3
044
003

LM A

370

JMEC MAENTR

MOsoaT: LLL 0O FREAD TN UNTEUS DATA LINES AND DISFLAY.
[OF3RS

000

TiNE TR R
101

LM A
370

N
060

INE DRHE
103

LM oA
370

TN
Q60

Ll O

07 &
Q00

SME M TNT

MOONTLY LAl 300 FONGERT MANUAL CLOGK ENAEK

ANLL MANUAL

DT REGS FOLOGK RITEH,

Lal 100 JULEAR MANUAL CLOCK BIT.

ouT

MACKRD UMO2-~10 Q0313 2% PAGE 8+
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736

737

738

~N
o
o

740 1
741
742 16
743

744 1615
1615

[$10F:)
Qoo

135
104
037
QL0

008
140

0064
100

133
104
001
011l

0064
000

133
104
001
011

006
020

133
104
154
011

0046
200

104

KYL11LE FROGRAM

MOLRE

MHLT S

MSTRTL?

TARKBUS $

MROOT

SME

L.y

our

AME

MAINTL

L4G

L.AT

ouT

JME

LAT

aur

JME

LAl

auT

LAY

our

S

RT-11 MACRO

100

REGS

MAINTL

REGES

MAINTL

20

3%

RE

MCL.R

200

REG6&
QO

REG&

MAINTL

UMO2-10

i

THE MAINTENANCE MOUE INDICATOR

FUUMP OUT OF

¥ OROF

§ IROF

FOET

§ JUMF

FOET

003132

CLEAR

MANUAL.

TAKE RUS

ouT 0OF

AND C

2

FAGE

MATNTENANCE MODE

T MANUAL,

L.

BUS RIT,

CLOGCK ENARLE .

ELIT AND

MALINTENANCE MOXE .

8+
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1616
1617
74% 1620
1620
1641
746 1622

747

748

749 1630
1630
1631

750 1632
1632
1633

791 1634
1634

752 1635
1635

753 1636

1637
1640
7% 1641
Lé&4al
756 1642
1642
757 1643
1643
758 1444
1444
749 14640
164%
760 1646
14646
761 1647
1647
762 1650
1650
1651
1652

763 1653

764 16
765 1656

7646 1660
1660

307

064
010

202
207
370
060
301
217
370
104
042
001

066
006

307

044
010

150

KYL1LE FROGRAM

NUM7 ¢ LLT 6

LA M

NDOL 10 FUNTRL. KEY DEFRESSED?

JTZ NUM7X $NO. GO TO DIGIT 7 ROUTINE,

LCT 2 FOFFSET ADDRESS CALCULATELDR BY ADDING THE

LLI 14 FUNIERUS ANDRESS FOINTER TO TEMFORARY FLUS
ALDS LB M FTWO .

ne .

LA M

LLE 10

[2) L

All M

LM A

IN L

LA R

AC M

LM @&

JHE MOV FRISELAY ANSWER IN TEMFORARY.
NUMé ¢ LLT &

LA M

NI 10 FONTRL, KEY DEFRESSED?

JTZ NUMEX 3NO. GO TO DIGIT & ROUTINE.,
RT=-41 MACRD UMO2-10 0011325 FAGE 8+
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1&6L X727
1662 Q00O
767 1663 LCT O FYES. SET UF MEMORY FOIN TO AGR
1663 ORé
Lé664 000
768 1665 LLT 17 STHE SWITCH REGISTER IMAGE TO TEMPORARY
1665 O&é
1666, 0Lz
749 1667 JME AT PPLUS ZERD.
1&67 104
1670 234
L&721 QLL
770 FTHATS TT FOLKSEI Y
J71 QOO0 « NI
KYLLLE AM - RT-11 MACRED UMO2~10 00313 I2E FAGE 84+
SYMROL TARLE
= Q00000 AL 00]654 B = Q00001
Q00744 BEGL Q00016
000465 [ = Q000002
i lUN]l 001212
= 000003 000650 1A 0004643
000761 a 00000] = 000000
19 QOL344
0000{[ 000062
X Q00134 Q00137
QO0L&3 = Q00004 QO0BO7
OOOJKO Q00574 QQ0&624
= QOO0 Q01362
001023 001037 001042
HLT2S 001044 00106/ QOOBEL
INTTX 001130 INITL 001111
KEYS = 00000% = 000006
LAINL QOL30E = 000007
MAINTL 001401 001607
MCER QoL M(UNT[ QOLEO7
! 00l MITST 00001
001 MOV 000443 MUUM 000444
MS'R'] 001G7: NUMX 000407 NUMO = 000405
NUMOX Q00040 NUM1 QGOL371 NUMILX 000404
NUM2 = 000403 NUM2X Q00403 NUM3Z = 000402
NUM3IX Q00402 NUM4 000401 NUM4X
NUMS = 000400 NUMEX 000400 NUM6
NUM&X 000377 QOLE20 NUM/X
NXT 0000%2 000015 2 000000
3 1= 000001 iz £ GO0003
: Q00004 = Q00004
4 00000/ Q00343
b 4 = 000004 5 Q00003
1 001034 Q00000
STRYL 00L150 'thUH QOL60N TIMER Q01133
+ ARS. 00[6/” 000
14 QoL
[0}
co WORDS

TEXTy TEXT=MBOOBE y TEXT

X
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7493 BINARY COUNTER

RO (1} R1(1) R2(1) R3(1)
12 [03:] 08 "
J 1 J 1 J 1 J 1
—QaT r——-o T T T
K o K (o] K (0] K (o]
CLR
14 o1
CLKBC CLKO LOGIC DIAGRAM
02 |03
"
R3(1) |—
7493
08
R2(1) p—
03 09
R1(1) —
12
RO(1) pb—
CLKBC CLKO
TO! T14
Ve PIN 05
GND=PIN 10
7493 TRUTH TABLE
(SEE NOTES)
CLKBC QUTPUT
INPUT  PULSE | ,.| R' R2 R3
(M [ ]
(o] (o] (o] 0| o0
1 1 (0] 0 (o]
2 [o] 1 (o] (o]
3 1 1 (o] (o]
4 (o] (o] 1 (0]
5 1 (o] 1 o]
6 o] 1 1 (o]
7 1 1 1 o]
8 o] o] [o] 1
° ! ° 0 ! Notes:
10 o] 1 o] 1
1" 1 ; ° 1 1. Truth table applies when 7493 is used as 4-bit ripple — through counter.
12 o] o] 1 1 2. Qutput RO(1) connected to input CLKO.
13 1 0 1 1 3. To reset all outputs to logical 0 both pins 02 and
14 0 1 1 1 03 inputs must be high.
15 1 1 1 1 4. Either {or both) reset inputs Rg(1) (pins 02 and 03)
0:LOW 1z HIGH must be low to count.

IC-7493



8641 QUAD BUS TRANSCEIVER

The 8641 consists of four identical receiver/drivers and a single enabling gate in one package for
interfacing with the PDP-11 Unibus. The transceiver drivers are enabled when ENABLE A and
ENABLE B are both low. The other input of each driver is connected to the data to be sent to the
Unibus. For example, when enabled, DATA IN 1 (pin 2) is read to the Unibus via BUS 1 (pin 1).
During a write operation, data comes from the Unibus as BUS 1 (pin 1) and is passed through the
receiver to the device as DATA OUT 1 (pin 3).

16

1
BUS | — Ve
2 15 ¢
DATA IN1T — BUS 4
3 14
DATA OUT 1 — DATA IN 4
BUS 2 2 L 15 pata ouT 4
5 12
DATA IN 2 —— 8641 BUS 3
DATAQUT 2 — 1 pATAINS
1
ENABLE A —— O pataouT3
8
GROUND — ENABLE B
=
[ BUS 1

—_— — — 1

2 N\ !
7 DATAIN1— ~_~ 3
ENABLE A:D"* DATA OUT
ENABLE B —>

IC - 8641
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74154 4-LINE TO 16-LINE DECODER

The 74154 4-Line to 16-Line Decoder decodes four binary-coded inputs into one of 16 mutually-
exclusive outputs when both strobe inputs (G1 and G2) are low. The decoding function is performed
by using the four input lines to address the output line, passing data from one of the strobe inputs with
the other strobe input low. When either strobe input is high, all outputs are high.

17
f15J0— )
fiajol&
f13 0—15
f 14
120
f” QE_
f10 o
10
fok 16 OUTPUTS
9 1 OF 16 MUTUALLY
fg o—— | EXCLUSIVE OUTPUTS
74154 8 DECODED FROM BCD INPUT
fz 0—7 WHEN BOTH STB1 AND
f6 P STBO ARE LOW
6
fgo—
f4 oi
20 q
D3 f30—
1
BCoO | 2 1p2 fo h3
INPUT §{ 22 2
FOR DECODING D1 fyp—
23 {0 fo 1 J
STB1 STBO
Tra 18
Notes For Demultiplexing:
+5Vv = PIN 24 Inputs used to address output line.
GND=PIN 12

Data passed from one strobe input
with other strobe held low. Either
strobe high gives all high outputs.
IC-74154
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74175 QUAD STORAGE REGISTER

TRUTH TABLE

INPUT |OUTPUTS
th thtd

D R(1)R(O)

H H L
L L H
tn =Bit time before
clock pulse.
th+1=8it time after
clock pulse.
-
Bps  Rra '—5—W
14
R3(0) |—
1 1 4 2
2oz R b0 Ino ?10,——(—)0
INPUTS R2(o) (- 3
5 74175 , ( OuTPUTS ——QICLK &g(—o
—— D1 R1(1) p— CLEAR
R1(0) |-~
4 2
L—‘DO RO(1) |— D1c(5) ri| (M
RO(O)"E—J D1 (1)
R
CLR  CLK deik ek
T I CLEAR
1 9
4
12 (10)
p2 o2 b2 {3
R2
ok o)
CLEAR
13 15
D3¢ ) D3 Ff’, 19},
CLOCK (9) ™ R3| (14
QCLK (0)“—)0
__/ CLEAR
i
CLEAR © *
Pin (16)=Vgg, Pin (8)=GND
IC-74175






Reader’'s Comments

KY11-LB Programmer’s Console/Interface
Module Operation and Maintenance Manual
EK-KY1LB-MM-001

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of
our publications.

What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well
written, etc.? Is it easy to use?

What features are most useful?

What faults do you find with the manual?

Does this manual satisfy the need you think it was intended to satisfy?

Does it satisfy your needs? Why?

Would you please indicate any factual errors you have found.

Please describe your position.

Name Organization

Street Department

City State Zip or Country
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