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NOTICE

Many of the schematic diagrams and parts 1lists in this
document contain the generic number (manufacturer's
number) of the IC packs. These are for your convenience
when referring to pack diagrams and general operating
conditions in semiconductor manufacturer's catalogs.
The generic number, however, should not be used to order
replacement parts from Hewlett-Packard. Many parts used
in Hewlett-Packard equipment are purchased with special
specifications and tolerances, or may undergo special
testing and treatment (such as burn-in). Replacement
parts therefore must be ordered using the
Hewlett~Packard part number to insure that the

replacement part will restore the equipment to its
proper operating condition.
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PREFACE

Engineering and Reference information for the Hewlett-Packard HP 1000 A700
computer is contained in this document. The HP 1000 AT700 computer is
available as the HP 2137 rack-mountable computer, the Model 17 computer
system, and as the HP 210TAK board computer.

Information is provided in this manual for the processor cards, memory array
cards, memory controller card, error correcting array card, writable control
store card, PROM control store card, floating point processor card,
frontplane and backplane. Input/output (I/0) interfaces are not covered in
this document since the detailed information is provided in other manuals.
Refer to the HP 1000 AT00 Computer Reference Manual, part no. 02137-90001,
for a documentation map of all available HP A700 Computer manuals.

Microprogramming information and a base set listing for the HP A700 Computer
are provided in the HP 920L5A Microprogramming Package Reference Manual,
part no. 92045-90001.

NOTE
The power supplies used with the HP 1000
AT00 computer are covered in a separate
manual.

This manual contains the following sections:

Section 1 - HP 1000 A-700 Computer System
Section II - AT00 Processor System

Section III - Lower Processor Card

Section IV - Upper Processor Card

Section V - Memory Array System

Section VI - Memory Controller

Section VII - Memory Error Correcting Assembly

Section VIII - Control Store Cards

Section IX - Floating Point Processor
Section X - Backplane (Including I/0 Requirements and Signal Timing)
Section XI - Frontplane
Appendix A - VCP, Loaders, and Self-Test Programs
Appendix B - Power Supply
Index
Update 1
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HP 1000 A700 COMPUTER SYSTEM SECTION I
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1.1 INTRODUCTION

The HP 1000 A700 (here after referred to as the A700 computer) computer is a
user microprogrammable computer that offers the user exceptional operating
flexibility. The microinstruction word is 32-bits wide which provides a
larger instruction repertoire than available with lesser word widths. The
writing of microprograms for this computer by the user is facilitated by a
free-format language called the paraphraser. The efficiency of arithmetic

operations is increased for higher speed calculations by the Floating Point
Processor.

The microprogram memory control store of the A700 computer can be expanded
to address up to 16k words using the writable control store card, the PROM
control store card, and the floating point processor card.

1.2  PHYSICAL DESCRIPTION

The A700 computer is available in a rack-mounted HP 2137A packaged version,
the HP Model 17 system version, and the HP 2107AK Board Computer. The
HP 2137A and Model 17 include a 20-slot card cage where the numbered slots
run from right to left and the cards are mounted in the slots side-by-side
(i.e., the cards are vertical). HP Model 17 is available in two versions:
the HP 2197A in a 56-inch cabinet and the HP 2197B in a 23-inch cabinet.

Figure 1-1 illustrates the HP 2107AK, the HP 2137A, the HP 21974 and the
HP 2197B.

1.3  SYSTEM ENVIRONMENT

The system environment of the A700 processor is shown in Figure 1-2. The
computer cards plug into a backplane which carries the logic signals, clock
signals, and dc power. I/0 cards also plug into the backplane. The
frontplane provides internal bus signal interconnections between the

processor cards, the memory controller card, the control store cards, and
the optional floating point card.
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The memory controller card and memory array cards are located immediately
above the two processor cards and that all I/0 cards and control store cards
are placed below the processor in descending interrupt and DMA priority.
The processor cards may go in any continguous card slots as long as these
rules are preserved. Empty slots between cards are not permitted in order
to guarantee interrupt and DMA priority chains. Refer to Section X,
paragraph 10.2, for card slot priorities,

1.4  DESCRIPTION OF OPERATION

The basic A700 prccessor consists of two processor cards, memory controller
card, and memory array card.

The AT700 computer is designed for user microprogramming which is easier and
more versatile than most other computers. Microprograms are stored in the
processor's internal control store that can be expanded using any
combination of one or more HP 12153A Writeable Control Store (WCS) cards, HP
12155A PROM Control Store (PCS) cards, and one only 12156A Floating Point
Processor (FPP) card.

In operation, the ALU and sequence logic of the processor carries out the
commands of the microinstructions of microprograms stored in the control
store. These microprograms may be the standard base set of the processor or
user microprograms. Most of the HP 1000 Computer Series instruction set are
executed by microroutines of the base set. Microprogramming information and
the base set listing are provided in the HP 92045A Microprogramming Package
Reference Manual, part no. 92045-90001.

The memory controller, other than containing external registers usable by
the processor, provides memory mapping. Any main memory reference from the
processor or I/0 card (except a boot memory access) selects one of 32 maps.
Mapping expands the 32k words of logical address space to 16 megawords of
physical memory. The microcode has access to the individual map registers
over the frontplane., The available memory array cards contain 64k, 128k,
256k, and 512k words, and the physical address space is 16,384k words (the
product initially released 1limits the number of array cards to four). The
memory array cards automatically configure themselves in ascending address
order as they are installed on the backplane. Optional 256k-word Error
Correcting Assembly (ECA) cards are available which correct all single-bit
errors and detect all double-bit errors and most multiple-bit errors.

An I/0 read or write over the backplane can occur in any cycle. When the
backplane is free, an I/0 handshake is performed upon a request for a
handshake from an I/0 card., The I/0 instructions are executed by I/0 chips
on the I/0 cards; thus, each I/0 card is capable of operating independently
of the processor and provides efficient direct memory access (DMA) 1I/0
transfers.
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Figure 1-1. HP 1000 A700 Computers
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1.5  SYSTEM SUPPORT FEATURES

1.5.1 VIRTUAL CONTROL PANEL

The Virtual Control Panel (VCP) 1is an interactive program located in a
portion of the boot memory ROM located on the Memory Controller card. The
VCP takes the place of a conventional control panel. Using the VCP, an
operator can access internal and external registers, examine or change
memory contents, and control execution of a program or load and initiate
execution of the operating system or diagnosties.

The ROM code for the VCP is listed in Appendix A.
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1.5.2  SELF-TEST CAPABILITY

The A-700 computer contains firmware microcode for self testing. The

self-test is performed each time the power is turned on or the computer is
reset.

Sixteen miniature LEDs on the frontplane are used to report operating or
error status and 16 switches allow easy selection of boot loaders and
auto-restart options. Refer to the HP 1000 A700 Computer Installation and
Service Manual, part number 02137-90002 for a description of the LEDs and
switches,

Any error during the microcoded self-test processor stops program execution
with the status LEDs on the frontplane indicating the section at which the
self-test failed. Failures are identified to the card level. The processor
freeze 1is necessary since any failure of the data or address bus will
prevent the computer from operating correctly. The individual LEDs will
flash on consecutively in between 1loops of the self-test if looping is
selected by the switch register (SR).

In operation the lower processor is tested first and can be the only card in
the backplane, If this card passes, then the lower and the upper processors
can be tested together; and if they both pass then the two processor cards
followed by the memory controller card and floating point card (if
installed) can be tested. Refer to the following manuals for a description
of the self-test feature:

HP 1000 Models 16 and 17 Computer System Installation and Service
Manual, part no. 02196-90001.

HP 1000 A700 Computer Installation and Service Manual, part no.
02137-90002.

A listing of the self-test program contained in the ROMs on the memory
controller is given in Appendix A of this manual.

1.5.3 DC POWER REQUIREMENTS
DC power requirements for A700 computer cards are given in Table 1-1,

Backplane information covering items such as connector pinouts, the card

cage layout, and the card cage assembly drawing is included in Section X of
this document.
NOTE

Power requirements for I/0 interface cards are provided
in the individual manuals covering these cards.



1.6 REGULATION PROVIDED BY POWER SUPPLY

DC voltages, tolerances, and periodic and random deviation (no load to full
load) specifications for the power supplies used with the AT700 computer are
covered in a separate power supply manual.

1.7 COOLING REQUIREMENTS

There are no external cooling requirements for the computer. Internal fans
should be used to provide adequate ventilation to maintain operation within
the environmental limitations specified in Table 1-1.

1.8 ENVIRONMENTAL SPECIFICATIONS

Envirommental specifications are given in Table 1-2.
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Table 1-1. Power Specifications

CARD VOLTAGE CURRENT POWER
STANDBY OPERATE | STANDBY OPERATE
Lower Processor +5V - 6.2A - 31W nom.
Upper Processor +5V - 5.0A —-— 25W nom.
Memory Controller +5V 0.0 4,37A( 0.0 21.85W
+5M 0.36A 0.36A 1.8W 1.8W
TOTAL: 1.84W nom. 23W nom.
128k-Byte Array#* +5V 0.0 1.05A 0.0 5.25W
+5M 0.45 0.99A 2.25W 4.,95W
TOTAL: 2.25W nom. 10W nom.
256k-Byte Array*| +5V 0.0 1.05A —— 5.25W
+5M 0.504 1.04A 2.50W 5.20W
TOTAL: 2.50W 10W
512k-Byte Array#* +5V 0.0 1.05A 0.0W 5.25W
+5M 0.59A 1.13A 3.01W 5.65W
TOTAL: 3w 11W
1M-Byte Array* +5 0.0 1.30A 0.0 6.5W
+5M 0.87 1.41A 4,35W 7.05W
4W nom. 13W nom.
ECA, 12104A%* +5V 0.0 1.46A 0.0 T.30W
(512k=-byte) +5M 0.634 1.33A 3.15W 6.65W
TOTAL: 3W nom, 14W nom.,
121534 WCS +5V -— U4,07A - 20W nom,
12155A PCS +5V -- 6.30A - 32W nom.
12156A FPP +5V -— U4,0A - 20W nom,
* The operating power specification is not cumulative when adding additional
array cards since power consumption is proportional to access rate and
only one card is accessed at any one time (only one card at a time is

operating). Wh
standby power.

en a card

is being

accessed, all other cards dissipate




1.9 AC POWER REQUIRED

The AC power requirements given below apply to the power supply input.

Line Voltage 86~138 Vac (115 Vac -25%/+20% standard)
178-276 Vac (230 Vac -23%/+20% option 015)

Line Frequency 47.5 to 66 Hz.
Maximum Power

Required 700 Watts

Table 1-2. Environmental Specifications

Non-operating: 15.3 km (50,000 ft)
VIBRATION AND SHOCK:

HP 1000 A700-Series products are type tested for normal
shipping and handling shock and vibration. (Contact
factory for review of any application that requires
operation under continuous vibration.)

+
{ AMBIENT TEMPERATURE:

1

]

1 Operating: 0 degrees to 55 degrees C (32 degrees to
] 131 degrees F) up to 3048 metres (10,000 ft)
1

]

H 0 degrees to 45 degrees C (32 degrees to
' 113 degrees F) up to 4572 metres (15,000 ft)
]

1

H Non-operating: -40 degrees to 75 degrees C (-40 degrees
i to 167 degrees F)

1

[}

{ RELATIVE HUMIDITY:

]

1

i 5% to 95%, without condensation

(]

]

{ ALTITUDE:

]

]

i Operating: to 4.6 km (15,000 ft)

]

E

|

i

i

i

i

]

]

+

o e e e e e e e - - - ¢

1.10  CARD CAGE AND BACKPLANE ASSEMBLIES

Information on assembling the cards into the card cage is provided
in Section X of this document.
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A700 PROCESSOR CARDS SECTION II
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2.1 INTRODUCTION

This section describes the overall characteristics of the A700 processor
cards. It gives gives a user's description of the processor along with
descriptions on the Interrupt System, 1I/0 ARDS System, and the Virtual
Control Panel.

2.2 BLOCK DIAGRAM

The lower processor card functions with the upper processor card to form the
complete AT00 Processor when used with a memory controller and memory array.
Figure 2-1 shows a functional block diagram of the A700 Processor indicating
which portions are contained on each of the two cards.

The 1lower processor holds the micromachine which includes the clock
generation, the microprogram sequencer (mfg. type AM2911A chips) and
control store, the bit-slice ALU chips (mfg. type AM2903), the condition
register, and the counter. (These micromachine chips are referred to as the
2911 and 2903 in the remainder of this manual.) The upper processor, lower
processor, and memory controller communicate over the frontplane, The
frontplane is an extension of the processor's internal Y-bus and B-bus. The
frontplane also interconnects the processor with the memory controller,

The lower processor card relies on the upper processor card for the
interface to the backplane. The lower processor makes use of the upper
processor for additional register files used by the microcode. The lower
procesor also accesses the external ALU of the upper processor. (Details of
the backplane signals are covered in Section X and the frontplane signals in
Section XI.)

The circuitry of the processors cards is composed of Schottky and low-power
Schottky integrated circuits of the 7400 series TTL type which support the
TTL LSTI micromachine components., The ICs are referenced by U-numbers and
schematic locations, For example, U69 (13-C) means chip U69 on schematic
sheet no. 1is 1located by schematic grid 1locators 13 and C; where the
horizontal grid on sheet no. 1 is numbered 10, 11, etc. and on sheet no.
2 it is numbered 20, 21, etc.



2.3  ABBREVIATIONS AND SIGNALS

The following abbreviations are used in this manual.

FPP Floating Point Processor card

MC Memory Controller card
PCS PROM Control Store card

PL Lower Processor card

PU Upper Processor card

WCS Writable Control Store card

Some general conventions used in signal names are the following:

PU_[signalname]

PL [signalname]

FP_[signalname]
BP_[signalname]
LY[register]
Elregister]B
MIR[n]

[microorder]

Indicates that signal is only on PU; this is implied
in Section IV on the upper processor for any names
that have no other prefix,

Indicates that signal is only on PL; this is implied
In Section III on the lower processor for any names
that have no other prefix,

Indicates that signal passes over the frontplane.
Indicates that signal passes over the backplane.
Load Y-Bus into register.

Enable register onto the B-Bus,

MicroInstruction Register bit n.

Decoded microorder,
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2.4  A700 INTERRUPT OPERATION

2.4.1 GENERAL DESCRIPTION

Interrupt requests can be classed as two types: system level and I/0. The
upper processor card receives all interrupt requests and determines which
interrupt will be serviced,

Three basic levels of importance define the relative priority of interrupt
requests (refer to paragraph 2.4.3.3). A level one interrupt request has no
restrictions in obtaining interrupt service. Level two and level three
requests are collectively enabled/disabled by an STC/CLC 4, the interrupt
inhibit flag. Level three interrupt requests may Dbe further
enabled/disabled by an STF/CLF 0, the interrupt system flag. In addition,
interrupt masks are available to mask off any or all of the 1level three
interrupt requests. A hardware signal from the processor called Temporarily
Disable Interrupt (PU TDI-) will prevent one of the level two and all level
three requests from interrupting following certain instructions and slave
mode transfers,

2.4,2 INTERRUPT FLAGS

The interrupt system flag is set/cleared with the STF/CLF 0 instruction, and
affects level three interrupt requests., When the flag is set, the Time Base
Generator (TBG) and any unmasked I/0 interrupt request will receive service.
The interrupt system flag allows the programmer to prevent TBG and 1I/0
interrupts from interfering with selected portions of a program. This flag
is cleared on power-up and in response to a CLC 0 instruction,

The PU_TDI- signal is utilized to resolve complications that would arise if
an interrupt occurred while executing an indirect jump instruction. For the
next instruction cycle following a jump, indirect (JMP,I); a jump to
subroutine, indirect (JSB,I); an I/0 group instruction; or enabling the
bootstrap ROMs in slave mode processing; the processor will hold off the
power fail interrupt request and all 1level three requests. Up to three
levels of indirect jumps will keep these requests disabled. The power fail
interrupt request is included in this group to simplify the power fail,
auto-restart routine because it is not necessary to save the status of an
incomplete indirect jump sequence, The TDI- signal is asserted at power-up
and de-asserted after the first instruction fetch unless that instruction
falls into one of the above classifications.



The interrupt inhibit flag can disable all but the three highest priority
interrupt requests: parity error, unimplemented instruction, and memory
protect. The flag can be set/cleared by STC/CLC 4 in software. This
feature can be used to prevent level two and three interrupt requests from
delaying the preservation of system status in the event of power-down or
from confusing system status restoration during power-up. The interrupt
inhibit flag is automatically cleared on power-up. Typically, the flag
should be set upon entering a power-up routine during auto-restart or at the
start of a power-down routine at power fail., In addition, the interrupt
inhibit flag should be set at the beginning of any interrupt service routine
and not cleared until the central interrupt register has been recovered,
Entry into the power-down routine via a power fail interrupt causes the
interrupt inhibit flag to be set.

2.4.3  SYSTEM LEVEL AND I/O INTERRUPT REQUESTS

2.4.3.1 System Level Interrupt Requests

There are five system level interrupt requests. In order of priority, they
are:

a. Parity error.

b. Unimplemented instruction,
c¢. Memory protect.

d. Power fail,

e, Time base generator,

A parity error interrupt request occurs when the memory card signals a
parity error during a processor memory access if the parity system had been
enabled., The parity system is enabled/disabled by a STC/CLC 5 command in
software. The current sense of parity is made even/odd by STF/CLF 5 and the
default at power-up is odd parity. Parity error takes precedence over other
system level problems because incorrect data reaching the micromachine may
be construed erroneously as an unimplemented instruction or a memory protect
violation, Therefore, any parity error occurring during a processor access
to memory is considered catastrophic and is serviced immediately.

An unimplemented instruction interrupt request is made when the micromachine
signals that the last instruction fetched was not recognized by it or by any
other system card. This interrupt provides a straightforward entry to
software routines for the execution of instruction codes not recognized by
the computer hardware. This request must receive immediate service in order
to recover the instruction code that caused it. The unimplemented
instruction interrupt is never inhibited and concedes priority only to a
parity error,



A memory protect interrupt occurs when a user programmed instruction
attempts to enter selected pages of memory that are protected, except those
involving the A- or B-register. Memory protect also prohibits execution of
all 1I/0 instructions except those referencing I/0 select code 01 (the
processor status register and overflow register). Execution of all HLTs is
prohibited. The I/0 instruction feature limits control of I/0 operations to
interrupt control only. Thus, an executive program residing in protected
memory can have exclusive control of the I/0 system.

The memory protect 1logic 1is enabled by an STC 07 instruction, It is
disabled automatically by any interrupt. Memory protect can also be enabled
with a XJMP instruction.

A power-fail interrupt request is made after the power supply has signalled
a power fail warning. This warning indicates that line power has been cut
off and that regulated power will soon be lost. The power fail interrupt
request may be denied by either the interrupt inhibit flag or a temporary
interrupt disable,

A time Dbase generator (TBG) interrupt request is initiated every ten
milliseconds to update any real time clocks in software. The TBG signal
generated on the upper processor card is accurate to within 2.16 seconds per
day. This 1level three interrupt is maskable and requires the interrupt
system to be enabled, that interrupts not be temporarily disabled, and that
level two and three interrupts are not inhibited.

2.4.3.2 I/0 Interrupt Requests

There can be as many I/0 interrupt requests as there are I/0 interface cards
in the system since each I/0 card has interrupt capability. The priority of
I/0 interrupt requests among the I/0 cards is a function of the card's
physical placement from the processor; the closest card has the highest
priority and cards below it have descending priority independent of the
select codes assigned. I/0 interrupt requests have lower priority than TBG
and both are maskable,

I/0 interrupt requests come from the I/0 interface cards. Collectively,
these requests may be inhibited by the same signals which inhibit TBG
interrupt requests, TBG commands higher priority than I/0 requests when
both request interrupt service. The interrupt mask is used to disable I/O
requests by select code groups.



2.4.3.3 Interrupt Priority

The following chart shows pictorially the relative priority and the
qualifiers required by each interrupt request. An interrupt service
priority line pointing downward encloses the lower priorities it supercedes.
The horizontal (**##) lines are program instructions and horizontal (--=)
lines are processor signals,

Level 1
parity error during a micromachine memory access
unimpl emented instruction
memory protect violation

RERRRRRRRRRRRRRRRRRRRRRRRNRRRRRRRER I nterrupt inhibit flag (STC/CLC 4)

*
* Level 2

* Temporarily Disable Interrupt (PU_TDI-)
® |  power fail

% 1

* ; BERRRRRNRRARERRRRANARERNENRRNUNRNR{ ntorrupt system flag (STF/CLF 0)
#* *

® | % [evel 3

Ll interrupt mask
® | * | time base generator

YYVYY I/0 interrupt requests

An interrupt is serviced when an interrupt is acknowledged by fetching an
instruction from the memory location whose address matches the select code
of the interrupt requestor, Service of simultaneous interrupt requests is
accomplished on a priority basis. The highest priority system 1level
interrupts are serviced first, before any I/0 interrupts, which are serviced
according to their location from the processor see Figure 1-2 in Section I
for an illustration of slot priority).

An interrupt caused by an I/0 interface card begins with an interrupt
request, The highest priority I/0 request waits wuntil it receives an
interrupt acknowledge signal (IAK-) simultaneously with a deasserted ICHOD-
on the backplane., ICHOD- is the interrupt chain disable output of the next
higher priority interrupting device. The authorized I/0 card will put its
select code on the address bus as the vector address and begin the memory
cycle with a MEMGO-.

2.5 1/0 PROCESSING

I/0 accessing to the appropriate I/0 channel is made by select code. Select
codes 20 to 77 octal are the valid codes for the interface cards. All lower
select codes, O through 17 octal, are reserved for system 1level 1I/0
processing, which includes the enable/disable interrupt system and output to
the status register instructions. These 1low select code I/0 instructions
are handled by microcode in the base set.



Interaction between I1/0 processors (CPU vs. I/0 master) and the CPU in the
HP 1000 A700 Computer is facilitated by I/0 handshakes, I/0 Handshake
timing is shown in Figure 2-2, This effectively places the micromachine
into the slave mode so that its internal registers may be read or altered by
the I/0 executor to accomplish the execution of the instruction. A single
handshake is required for the I/0 executor to inform the micromachine to
increment the program counter if the conditional skip is true. A double
handshake 1is necessary if any data is passed into or out of the
micromachine. The first handshake passes a control word to the micromachine
to tell it how to process the data transfer which takes place during the
second handshake. This allows the A- or-B registers to be loaded from or
merged with an I/0 buffer, or to be copied into an I/O buffer.

Suppose that an I/0 interface card with select code 27 receives an SFS 27
instruction and that its flag had been previously set. That I/0 card
asserts IORQ- as soon as it has recognized the instruction and determined
that the conditional skip is true. The micromachine will eventually respond
with an IOGO- assertion to affirm that it has received the I/0 handshake
request. The I/0 card will de-assert IORQ- to signal that the control word
will be available on the data bus on the second rising edge of SCLK-. That
control word will contain the command to cause the micromachine to increment
the program counter again. The program counter is always incremented at the
end of an instruction fetch to point to the next instruction; incrementing
it once more during a conditional skip will effectively cause execution to
pass over the next instruction.

If an LIA 27 instruction has appeared on the backplane, the affected I/0
interface card will assert IORQ- and wait for IOGO- also. Upon releasing
IORQ-, it informs the micromachine that the next I/0 handshake will require
information on the data bus to be 1loaded into the A-register. IORQ- is
asserted again one state after its previous de-assertion to begin the second
half of the double handshake. After the re-assertion of IOGO- to the second
IORQ-, the interface card puts the data word on the backplane data bus. The
micromachine loads the A-register with this data on the second rising edge
of SCLK- after the de-assertion of the second IORQ-. Operation of the LIB,
MIA/B, or OTA/B instructions is similar, except for the direction or
destination of the data flow.

Like processor accesses to memory, the completion of an I/0 handshake is
subject to DMA action on the backplane., DMA is automatically suspended for
an instruction fetch but may be resumed thereafter by I/0 cards unaffected
by the instructicn. The affected I/O card will issue an IORQ- but the
processor will be unable to respond with an IOGO- until all pending DMA is
completed., At that time, the assertion of IOGO- will suspend DMA until the
end of the current I/0 access,
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NOTES:

Processor asserts RNI- to inform all system cards that an instruction is
being fetched from memory.

Memory asserts VALID- to inform all system cards that data on backplane
will soon be valid. Each interface should now latch the instruction OFF
the data bus, and decode it to see if it is an I/0 instruction to its
select code,

An interface card pulls on IORQ- to signal that it recognized the I/0
instruction and needs the CPU in order to execute it,

The processor asserts I0GO- to indicate that it is ready to receive a
command from the interface card.

The interface card releases IORQ- to signal the processor that the
control word will be available on the data bus on the second rising edge
of SCLK-.

The processor releases IOGO- when it has clocked the command off the
backpl ane.

The interface card asserts IORQ- if another handshake is needed in order
to transfer a data word.

The processor reasserts I0GO- in order to indicate that it 1is ready to
receive an operand in the case of an input operation, or that data will
be valid on next falling edge in the case of an output operation.

The interface card releases IORQ- to indicate that it has latched the
operand off the backplane in the case of an output operation, or that an
operand will be valid on the backplane on the second rising edge in the
case of an input operation,

10. The processor releases I0OGO- to indicate that it has clocked data off

the backplane in the case of an input operation, or that the handshake
is complete in the case of an output operation.

Figure 2-2. I/0 Handshake Timing Diagram




2.6  VIRTUAL CONTROL PANEL (SLAVE MODE) PROCESSING

When the processor is in slave mode, its internal registers are accessible
to external devices through certain I/0 interface cards. The Asynchronous
Interface card, the HDLC (DS network) Interface card , and the Parallel
Interface card (PIC) are the interface cards which may request slave mode
processing. In order to use the PIC as VCP, the user must supply code since
HP VCP code does not support the PIC interface.

Because slave mode processing involves direct interaction between the
requesting device and the processor, the processor card merely provides
buffering, signal timing, and bus arbitration for the handshake signals and
data transfers,

Slave mode processing abides by the same protocols used for the execution of
I/0 instructions that require interaction between the I/0 processors and the
central processor, Whereas an instruction causes an I/0 processor to
initiate an I/0 handshake, slave mode processing is performed in response to
some external event not related to the program flow. The 1I/0 handshake of
an 1/0 instruction occurs during the execution of that instruction but the
I/0 handshake of slave mode processing occurs between instructions. Thus,
slave mode uses IORQ- and I0GO-, but operates independently of the program.

A slave mode request, BP_SLAVE-, is made over the backplane by the interface
card configured for slave mode processing. Only one I/0 interface card can
be selected as the slave mode interface at any given time, As soon as the
current instruction has been completed, the processor will acknowledge the
slave request and SCHOD- (slave chain output disable) will be deasserted to
inform the slave requesting interface card to start the I/0 handshake.

Any device with input/output capabilities and connected to an interface card
configured to allow slave mode processing becomes the virtual control panel
(VCP). This device will provide the means to access the processor registers
and memory locations in a manner similar to a hardware front panel. If a
terminal is the VCP device, the keyboard replaces the front panel switches
for register selection and data entry, while the display replaces the
hardware status and data output indicators. Unlike a hardware front panel,
the VCP may be located away from the computer at a remote location,

Operator interaction using a terminal is accomplished by a program located
in VCP ROMs on the memory controller card. The code for this program is
listed in Appendix A of this document.

See Figure 2-3 for a timing diagram of the backplane protocol for slave mode
processing,

2=10
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NOTES: Same handshake protocols as an I1/0 handshake. Some slave mode
transfers require only one set of IORQ-/I0GO- handshakes.

An interface card asserts SLAVE- to request the processor to enter slave
mode,

When the processor has completed executing the current instruction, it

acknowledges the assertion of SLAVE- by de-asserting SCHOD- for one
cycle.

Worse case, the SCHID/SCHOD priority chain has propogated down to the
lowest priority interface card by the end of that cycle, so that the
last SCHID- will go high for one cycle,

The interface card received the enabling signal when 1its SCHID- signal
went high and can now pull on IORQ- in order to initiate the 1I/0

handshake., The rest of the I/0 handshake can then procede exactly as
shown in Figure 2-2,.

The interface card de-asserts SLAVE- once it has asserted IORQ-.

Figure 2-3 . Slave Transfer Protocols
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LOWER PROCESSOR CARD SECTION III
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3.1 INTRODUCTION

This section describes the internal characteristics of the A700 Computer
lower processor card. The 92045A Microprogramming Manual, part no.
92045-90001, gives a user's description of the processor along with a
complete microcode description., The lower processor card is described here
in terms of how it implements the microorders; therefore, a good
understanding of the microcode is a prerequisite for reading this material.
The lower processor card is shown in Figure 3-1.

The lower processor card functions with the upper processor card to form the
complete AT00 Processor when used with a memory controller and memory array.
(Refer to Section II for an overall description.)

The 1lower processor holds the micromachine which includes the clock
generation, the microprogram sequencer (mfg. type AM2911A chips) and
control store, the bit-slice ALU chips (mfg. type AM2903), the condition
register, and the counter, The lower processor relies on the upper
processor card for most of the interface to the memory controller and
backplane. It also accesses the upper processor for additional registers
used by the microcode,and an external ALU,

3.2  ABBREVIATIONS AND SIGNALS

The following abbreviations are used in Sections 2 and 3 of this manual.

FPP Floating Point Processor card
MC Memory Controller card

PCS PROM Control Store card

PL Lower Processor card

PU Upper Processor card

WCS Writable Control Store card

3-1
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Following are some general conventions used in signal names:

PL [netname] : Indicates that net is only on PL; this is implied
on any netnames that have no other prefix

FP_[netname] ¢+ Indicates that net passes over the frontplane

BP_[netname] Indicates that net passes over the backplane

LY[register] : Load Y-bus into register
Elregister]B : Enable register to B-bus

MIR[n] : MicroInstruction Register bit n
[microorder] : Decoded microorder

[signal name]' : Signal negated

ICs are referenced by U-numbers and schematic locations. For example: (U69,
13-C) means chip U69 on schematic sheet no. 1 is located by schematic grid
locators 13 and C; where the horizontal grid on sheet no. 1 is numbered 10,
11, ete. and on sheet no. 2 it is numbered 20, 21, etc.

3.3 BLOCK DIAGRAM DESCRIPTION

3.3.1 GENERAL ORGANIZATION

A Micromachine Block Diagram of the AT00 processor which is mainly contained
on the lower processor card is shown in Figure 3-2, The 1lower card
circuitry can be divided into six functional blocks which are shown in
Figure 3-3. These blocks are the following:

Clock Generation Circuit
Microinstruction Register and Decoder
Sequencer and Control Store
Arithmetic Unit and Control Logic
Condition Register

Counter

The functional blocks are described first in a general manner and their
logical operations (theory of operation) are then described in the
paragraphs under 3.4,

The major controlling element of the lower processor card (hereafter
referred to as PL) is the microinstruction. The PL function is to determine
the Word Type and then implement the microorders., Refer to Table 3-1 for a
sunmary of microinstruction word-type binary formats (a summary of
microorders is provided in Table 3-3).

The 32 bits of microinstruction are latched in the microinstruction register
(MIR) each cycle. The information in the MIR is used to control the rest of
the processor during the cycle. Many of the fields are directly decoded to
generate signals corresponding to the microorders (for example, the SPECIAL,
B and STOR-Fields).
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Table 3-1. Microinstruction Word-Type Binary Format Summary

BIT

WORD
TYPE

31|30|29|28I27

26[25]24]23

22|21|20]19]18

17|16]}5]14

13 12[11'10

9 IB l7 |6 I5

T

OP1

ABUS

SPO

SP2

ALU

BBUS

STOR

WORD
TYPE

oP2

ABUS

SPO

CNDX

ALU

BBUS

STOR

WORD
TYPE

OP3

ADRS

SP1

CNDX

ALU

BBUS

STOR

WORD
TYPE

OP4

ADRS

SP1

SpP2

ALU

BBUS

STOR

WORD
TYPE

OPs

ADRL (LONG BRANCH ADDRESS)

ALU

BBUS

STOR

WORD
TYPE

OP6

DAT (IMMEDIATE DATA)

ALU

BBUS

STOR

WORD
TYPE
18

OP1

ABUS

ALUS”

SP2

SPEC

BBUS

STOR

WORD
TYPE

opP2

ABUS

ALUS*

CNDX

SPEC

BBUS

STOR

WORD
TYPE
3s

OP3

ADRS

ALUS*

CNDX

SPEC

BBUS

STOR

WORD
TYPE
48

OP4

ADRS

ALUS”

sP2

SPEC

BBUS

STOR

WORD
TYPE
58

OP5

ADRL (LONG JUMP TABLE ADDRESS)

SPEC

BBUS

STOR

*Special microorder in ALUS field when ALU field is coded SPEC.

8200-4
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The OP and TARGET fields of the MIR are used by the sequencer and control
logic block to generate the next Control Store Address (CSA). A lookup
table (refer to JTAB microorder) translates a macroinstruction in the
counter into a CSA. The CSA is wused to address the 2k-words of on-card
control store and is received by any WCS, PCS, or FPP cards over the
frontplane, The data received from either on- or off-card control store is
latched into the MIR at the end of the microcycle,

The usage of the 2903 Bit-Slice Processor does not provide a direct relation
between the control inputs of the 2903s and the A700 microorders. Thus, a
block of hardware is neccessary to translate these microorders and other
processor information into the 2903 control signals. Some of the control
signals generated by this block are: ten instruction bits, register file
source and destination addresses, carry-in, shift linkage bits and output
enables. Some of the MIR information is used directly by the 2903s.

Status information, generated in the ALU and other places on the processor
card, is saved in the condition register. The condition register serves two
purposes: 1) It saves status information to be used during the next cycle
for conditional microorders and 2) It holds status information which may be
used during the next or subsequent cycles for other purposes (for example,
the double-word bit).

The operation of the counter, which also serves as a macroinstruction
register, is controlled mainly by decoded signals from the MIR. The counter
is 1loaded from the Y-bus and also from the backplane data bus during
macroinstruction fetches, The counter also serves as a lookup table for the
sequencer control logic.

3.3.2 CLOCK GENERATION

The clock generation block diagram and signals are shown in Figure 3-4. The
clock generation logic generates the system clocks which are driven onto the
backplane. It then receives and qualifies these signals to generate the
clocks used on both processor cards, PL generates and drives CCLK-
(communications clock), FCLK- (fast clock), and SCLK- (system clock). FCLK-
and SCLK- are used to generate the clocks used by both processor cards.

The processor cards use three main internal clocks. SC is a card version of
the backplane SCLK (system clock). It has a cycle of 250 nanoseconds and a
duty cycle of 40 percent., Processor clock (PC) is equivalent to SC except
that it may be frozen under certain conditions. A freeze will be seen only
by the processor cards and will not affect the backplane SCLK or any other
cards. A freeze will cause the short half-cycle of PC to be stretched for
an integral number of cycles until the freezing condition goes away.

A freeze is generated from the PU if a microorder cannot be executed or if
certain required interface logic 1is busy. LC (Latch Clock) is generated
from the PC but will be asserted typically for only 75 nanoscends (one and
one half FCLK cycles) at the end of the cycle. Since LC is generated from
the PC, LC will not be asserted if a freeze condition exists.
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Figure 3-l4, Clock Generation Block Diagram and Clock Signals

MICROINSTRUCTION REGISTER AND DECODERS

The MIR latches the microinstruction at the beginning of the microcycle and

drives the 32 bits of information during the cycle.
the MIR and decoders
PL comes directly from the MIR.

format of the MIR:

FIELD

op

ADDRESS (lower 6 bits)

BLOCK ADDRESS (upper 8 bits)

CNDX
Sp2
SPO
SP1

IMMEDIATE

A BUS
ALU

B BUS
STOR

LSB ---> MSB

(The block diagram for
is shown in Figure 3-5.) Thus, most of the control of
The following table shows

the physical

MIR2T7 -
MIR22 -
MIR1Y4 -
MIR1Y4 -
MIR1Y4 -
MIR18 -
MIR18 -
MIR1Y4 -
MIR23 -
MIR10 -
MIRS -
MIRO -

MIR31
MIR27
MIR21
MIR17
MIR17
MIR22
MIR21
MIR29
MIR26
MIR13
MIR9

MIRY4



The Word Type and OP Decode block serves mainly to identify sets of word
types used by other MIR decoders. For example, this block of combinational
logic will identify: Word Type 5 or 6 (WI56), or Word Type 2 or 3 (WT23) or
OPs SPOT or SPOF, or the JTAB OP.

The condition encoder multiplexer (MUX) receives a total of 16 signals
either from the condition register or from the upper processor card. These
signals correspond to the conditions available in the CNDX-Field. The
condition MUX 1looks at the 16 condition signals and the four bits of the
CNDX-Field to produce CNDSPEC- which is the (negative) sense of the
condition specified, In the OP-Field, MIR bit 28 differentiates between the
OP microorders conditional on the true or false sense, MIR bit 28 is
combined with CNDSPEC- to generate the TEST+ signal to indicate that the
condition sense specified in the OP field has been met,

The SP2-Field 1is decoded in a straightforward manner, generating a signal
corresponding to each special microorder. OP-Field information is used to
determine if the SP2-Field is present for the currently executing Word Type
and to enable the decoders as needed.

The SP0/SP1-Field of the MIR is used by other blocks of the processor, both
before and after decoding. The SP1-Field is actually the lower half of the
SP0-Field; i.e, in terms of coding (refer to Table 3-3). The upper two bits
of this field are qualified by the Word Type and other information for two
purposes: 1) If the Word Type contains an SP1, the upper bit is zeroed so
that it can be treated as the SPO field; and 2) If the Word Type does not
allow an SPO or SP1, the SP0/SP1 decoders will be disabled. The SPO
decoders use these qualified signals and the MIR bus to generate a signal
corresponding to most of the special microorders in the SP0O/SPi1-Field. The
decoders may be disabled if the OP is a conditional special operation (SPOC)
and the condition sense is not met (TEST+). The 1lower three bits of the
SP0/SP1-Field are driven (after buffering) to the upper processor card for
external ALU execution.

The B-field (not including RO through R15) is decoded 1in a straightforward
manner directly from the MIR, generating a signal corresponding to each
B-field microorder. These signals are then used to enable the contents of
the appropriate register onto the B-bus.

The STOR-Field (not including RO through R15) is also decoded in a
straightforward manner directly from the MIR, generating a signal
corresponding to each STOR microorder. These signals are used to indicate
at what destination to store the Y-bus at the end of the cycle. A
STOR-Field enable signal (STEN), generated from the SPO decoders, will
detect a conditional special operation (SPOT or SPOF) with STOR in the
SPO-Field and will disable the STOR decoders if the condition is not met.
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3.3.4 SEQUENCER AND CONTROL STORE

Many of the sequencer functions occur internal to the 2911 bit slice
sequencer, The sequencer and control-store block diagram is shown in Figure
3-6. The 2911 allows a control store address to be selected from one of
three sources: direct address inputs to the sequencer, the top address on
the microprogram stack, or the contents of the microprogram counter. Every
cycle, the control store address is incremented; (the carry-in is tied to
"1") and stored in the microprogram counter. On a jump to subroutine, the
stack pointer is incremented and then the microprogram counter is pushed
onto a (4 deep) stack. On a return from subroutine, the top of the stack is
selected by the 2911 multiplexer and the stack pointer is decremented.

Four bits determine the selection of the MUX and the control of the stack.
These bits are provided by the sequencer control Programmable Array Llogic
chip (a Programmable Logic Array) which generates them directly from the
OP-Field and TEST+ (from the Condition Encoder). TEST+ indicates whether
the condition, specified in the CNDX-Field, and the condition sense,
specified in the OP-Field, have been met., Certain processor conditions may
force the CSA to =zero: power on, addressing non-existent micromemory, or
microcode timeout.

The direct address bus (DAB), which is the direct input to the 2911s, is
generated from a number of sources external to the 2911. The lookup table
uses the counter data to generate a direct vector address which is selected
when the JTAB microorder is executed., When the SP2-Field contains CT30 or
CT74, counter bits 3-0 or 7-4, respectively, will be selected for the lower
four bits of the DAB. Counter bits 3-0 are also selected if a Word Type 5
(JMPL or JSBL) has SPEC in the ALU-field. For any other jump or jump to
subroutine microorders, the TARGET field of the MIR will be enabled onto the
DAB.

The CSA from the output of the sequencers is driven directly to the
frontplane, The CSA bus is buffered and driven to the on card control-store
PRMs, On card control-store will be enabled only if the CSA is in the
lower 2k address space (or the address space configured by jumpers).

Any other control-store card may disable the processor control-store by
pulling on a control-store priority chain 1line. The processor receives two
control-store input disable signals: FP_CSIDWC- coming from the bottom of
the WCS/PCS priority chain, and FP CSIDFP- coming from the optional floating
point card. -

If the control-store address is greater than the on-card address space and
no control-store card responds by pulling the priority line, then the
control store data (CSD) bus will be driven by the unimplemented
microinstruction (UMI) buffer. The microinstruction driven by the UMI
buffer is effectively a NOP, i.e., it assures that no system status register
or other important information will be overwritten. The FP_UMI- signal will
force the sequencer address to zero during the next cycle.

3-11



MIR ADDRESS FIELD

COUNTER DATA

LOOKUP
TABLE
\ 4 A A
JTAB (OP) R
CT30 (SP2) |
CT74 (SP2) .| birecT ADDRESS
W5 > MUX
SPEC (ALU) >
., PUSH/POP STACK
MIR OP e
FIELD FILE
e »
ENABLE
SEQUENCE ¥ + A
CNDSPEC- | CONTROL
=" >
SELECT, MICROADDRESS | g STACK - STACK
7a1 MUX < (4 - DEEP) < PTR
A
BPON- » InC »| wrCc |e PC-
ZEROAD-- p ZERO
MTO- ON
2911

CONTROL STORE ADDRESS

v

A4

BUFFER

BUFFERED CONTROL
STORE ADDRESS

FP_CSID- CONTROL STORE
0-2K

CONTROL STORE DATA

TO MIR

_FORCED "NOP" UMl
> BUFFER d
FP_UMI— ?
= \
§200-85

Figure 3-6. Sequencer and Control-Store Block Diagram



3.3.5 2903 AND 2903 CONTROL LOGIC

The heart of the A700 processor is four 2903 4-bit slice processors. A
block diagram of the 2903 processor is shown in Figure 3-7, and the control
logic of the 2903 processor is shown in Figure 3-8. Each 2903 contains a
16-word register file, an ALU with a post shifter and an additional separate
register, Q, with a preshifter, For a functional description of the 2903,
the reader should refer to the AM2900 Family Data Book (1979), American
MicroDevices Inc, Sunnyvale, Calif,

There is not always a direct relation between the microorders and the 2903
control signals, The 2903 inputs for DA, EA- and 1I1-I4 are received
directly from the MIR bits in the IMM Field, OP-Field, and ALU-field
respectively. The other 2903 control inputs require a moderate degree of
qualification and decoding. Not all the functions provided by the 2903 are
used.

The A-address comes from the MIR A-field, but certain bits of the address
may be forced to a zero or one depending on other conditions. If the
OP-Field does not contain a Word Type 1 or 2, the A address will always be
forced to address "4" to access the accumulator (RO4). If the OP-Field
contains JTAB and counter bit 11 is zero, then the 1lower bit of the A
address will be forced to zero. (The JTAB 1line should always have B in the
A-field). This will serve the function of conditionally (on bit 11 of the
instruction) enabling the A or B macroregisters onto the A-Bus for MRG
execution,

The B-field and STOR-Field, along with some corresponding control signals
(for A/B memory addressing), are multiplexed such that the B-field (source)
is selected for the first half cycle and the STOR-Field (destination) is
selected for the second half cycle. Combinational logic, which functions as
a multiplexer, selects either this result (BA), the A register, the B
register, the X register, or the Y register. The selection is based on the
contents of the B- or STOR-Fields (for example CAB, CXY), Counter bits 11
and 3, and the control signals which indicate a main memory read or write
accessing A or B, The 2903 B-bus will be enabled by the signal OEB if the
B-field contains: RO-R15, CAB, CXY, or if the B-field contains T and the
last memory read was from A or B (FP_LRAB).

In addition to providing the correct B address, the Write FEnable signal
(WE-) must be asserted in order to write to the 2903 internal register file.
A write will occur if the STOR-Field contains: RO-R15, CAB, CXY, or a main
memory write and the memory address is either A or B (FP_ABWR-). The write
is further qualified by STEN, so that it is disabled if the OP is SPOT or
SPOF and the condition is not met, It is also qualified by the clock
signal, LC+, so that WE- is only asserted for about one-third of the cycle
near the end of the cycle.
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Control signals I5 through I8 provide 2903 destination control (ALU post
shifter, Q, and Q pre-shifter) and define the special ALU functions. The
microorders controlling these functions are in the SP0/SPi-Field. Thus, the
I5-8 generation block requires these inputs: the SPO-Field, the OP-Field
(for SP0 qualification), SPEC (indicating SPEC in the ALU-field) and the
double-word bit (DW). The outputs generated go directly to the 2903 I5-I8
control 1lines. A shift enable signal (SHEN), which indicates to other
blocks of logic that a shift function is being executed in the current
cycle, is generated from I5-8.

Instruction bit I0 serves two purposes., It is used when Q is in the B-field
to select Q as an ALU operand (refer to Table 1: ALU Operand Sources in the
AM2900 Family Data Book under the 2903 description). If SPEC (all zeros) is
in the ALU Field and there will be no 2903 ALU operation (for example,
External Special ALU operation), then I0 is forced high causing the ALU
output to be all ones, This insures that the Carry Flag (CF) and ALU
Overflow (ALOV) will both be cleared at the end of the cycle, and that the Z
output of the 2903s represents the Y-bus being all zeros.

The shift linkage logic provides the link between the shift inputs and
outputs of the least significant and the most significant slices of the 2903
(QI00, QIO15, SIOC, SI015). These bits are bidirectional on both the 2903s
and the shift Linkage Logic. I8 determines the direction of the shift ("1"
for left, "0" for right) and enables the driving of the appropriate pair.

In operation, the shift linkage looks at a variety of information, including
the 2903 shift outputs, to determine what to drive onto the shift inputs.
SPEC is used to differentiate between standard and special shift functions.
The MIR bus (SP0/SP1-Field) determines what type of shift or which special
ALU function is to be executed. Shift 1link specials, shift link bits (E or
F) and the double-word bit (DW) are also used. The shift linkage logic also
determines the bit shifted out (SHOUT) which is loaded into the shift flag
(SF) and may be loaded into E or F.

The 2903 provides look-ahead carry-generation signals, G (generate) and P
(propagate) . These signals are used by the 745182 lookahead carry generator
to provide carry inputs to the upper three slices of the 2903s. The least
significant carry input to the 2903 is generated from a number of different
signals. In the absence of any forcing specials, the carry in (borrow-)
must be zero for add operations and one for subtract operations. Thus the
CIN logic looks at the ALU-field directly and also the FCIN (force carry-in)
special to determine the sense of the carry-in, The ACF (ALU with carry
flag) special signal, when asserted, will determine the sense of CIN with
the Carry Flag (CF). 1In the event of an ALU special, CIN is determined from
the contents of the SP0O or SP1 field. In this case CIN may be either "O",
"iv or Z (2903 Z output).

The 29033 may be enabled or disabled from driving the Y-bus with the output
enable signal, OEY-. The 2903 Y-bus is disabled only when an external ALU
Special is executed (distinguished by bit 3 of the SP0- or SP1-Field). Then
the 2903s will receive the Y-bus for storing into the register file, and Z
will be generated from the Y-bus which is driven from the external source.
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3.3.6 CONDITION REGISTER

The condition register block diagram is shown in Figure 3-9. The condition
register provides 14 of the 16 processor conditions which are testable in
the CNDX-Field. Some of these conditions are used elsewhere in the
processor. The other two processor conditions are =supplied by the upper
processor card, Of the 14 conditions, eight are received directly from
other parts of the processor or the backplane and are only latched by the
register. The signals for conditions Y15 and B15 are taken directly from
the Y- and

buses, respectively. The signals for YZ, ALOV and CF are obtained
directly from the 2903 Z, OVR, and COUT outputs, respectivly. CTZ and CTZi4
are latched from counter signals PCTZ and PCTZ4, MP is latched directly
from the backplane.

The backplane PON (power on) signal is received from the backplane and
clocked twice to obtain BPON, the card power on signal. BPON is clocked
once more to obtain the CNDX-Field power on (CPON). The backplane IORQ (I/O
request) is latched from the backplane in the middle of the microcyecle and
then latched again at the end of the microcycle (CIORQ) to synchronize it.

To generate the O condition, which is also the macro-overflow (0) register,
the condition register must look at STO and CLO and ENOE from the SPO-Field
and the 2903 OVR output, The E condition, which is the macro-extend
register, may be generated from CLE and STE in the SP0/SP1~Fields and also
from ENOE in the SPO-Field and the 2903 COUT output. In the case of a shift
function, E may be generated from IWE in the SP2-Field, SHOUT (the bit
shifted out) and SHEN (shift enable). The F condition or general-purpose
flag generated from STF and CLF in the SP2-Field and JTAB in the OP-Field.
For a shift function, F may be generated from LWF in the SP2-Field, SHOUT
(the bit shifted out) and SHEN (shift enable). The condition SF or shift
flag is generated from SHOUT (the bit shifted out) and SHEN (shift enable).

The condition register contains two signals relating to processor status
which are not in the CNDX-Field. The double-word bit (DW) is used to
indicate that shift functions will perform double word shifts. DW is
generated from CMDW in the SP2-Field and JTAB in the OP-Field. The
Unimplemented MicroInstruction signal (FP_UMI) is latched in the condition
register to become ZEROAD, which forces the microaddress to zero.

3.3.7 COUNTER

The counter is a relatively simple block of logic which is shown in Figure
3-10. The counter's main component is a 16-bit counter., The counter
primarily functions as an instruction register in that it selects
instructions on the backplane to pass on to the B-bus. In operation the
counter MUX passes either the Y-bus or the backplane data bus to the counter
data inputs, This MUX 1is selected by the signal FP _TCNT- driven by PU.
When asserted, FP_TCNT- indicates that, during the current cycle, the data
available on the backplane is an instruction, and the data bus will be
selected. The counter contents are enabled to the B-bus when the microorder
CT appears in the B-Field.
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Figure 3-10. Counter Block Diagram

The DECCT logic looks at various decoded microorders in order to generate a
signal to decrement the counter. This involves the following conditions:
DCT microorder, CTZ or CTZ4 used in the CNDX-Field with Worxrd Type 2 or 3,
and the processor clock FREEZE; i.e., no decrement if the clock is frozen.

Another logic block looks ahead to determine if the lower four bits or all
16 bits of the counter will be all zeros (CTZ4 or CTZ) next cycle.

When a JTAB OP is executed, the counter is used for MRG Execution. This
involves the initiation of one of three memory access microorders (RDB,
FCHB, or CWRB) according to the instruction contained in the counter. No
memory access is initiated if the instruction is not an MRG.
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3.4 THEORY of OPERATION

For the following logical operation descriptions, refer to the micromachine
block diagram of Figure 3-2, the lower processor functional block diagram of
Figure 3-3 and the lower processor schematics located at the end of this
section. These descriptions are for the six functional circuit areas of the
lower processor card as described in general terms under the block diagram
description, paragraph 3.3.

3.4.1 CLOCK GENERATION

Clock generation {1s based on two oscillators: 14.7456 MHz for the
communications clock U99 (31-A) and 20.0 MHz for the fast clock U126 (31-B).
The oscillators are hybrid crystal oscillator packages. For diagnostic
purposes, the output of the fast clock oscillator (ICLK) may be disabled and
an external clock signal (ECLK) used. The signal CLOCK from OR gate Ul27
(32-C) is passed by buffer U109 (33-A) to become the backplane FCLK- signal.

U119 and U128 (located at 33-B,34~B, and 36-B) provide three J-K flip flops
which comprise a divide-by-five circuit which reduces CLOCK to the
pre-buffered system clock signal (PRESCLK) of 250 nanoseconds PRESCLK is
then driven through buffer Ul09 to become the backplane SCLK- with a 40%
duty cycle. The output of the communications crystal oscillator (PRECCLK)
is driven through the same buffer to become the backplane CCLK.

The clock state machine is shown in Figure 3-11. It has seven valid states
and comprises the error correction signal from the memory array cards (EC-).
EC~- is asserted when error correction is required during a memory read.
When EC- is not asserted, the state machine will loop through a sequence of
five states, generating the normal 40/60 SCLK. When EC- is asserted, the
short half-cycle of SCLK will be extended by three additional FCLK cycles.
That is, following the cycle where memory data was corrected, the short
half-cycle of SCLK will be 250 nanoseconds followed by a normal length long
half-cycle.

The clock-generaticn state sequence with error correction is shown in Figure
3-12. A state table is shown in Table 3-2. The state variables correspond
to the Q outputs of the flip-flops. Thus:

Q0 = U119-5
Ql = U119-9
Q2 = U128-9
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STATES ARE WRITTEN AS: Q,Q,Q,

( )
EC- = X EC- = X
f v
011 100
EC- = X EC- =X J/
A
‘ 111 ’
"l EC- = X
110
Y EC- =X

X = DON'T CARE
* = STATES IN WHICH EC- MAY BE ASSERTED

8200-89

Figure 3~11. Clock-Generator State Machine

A state 1is referenced as "QO0 Ql Q2". The J-K inputs shown in the state
table refer to the corresponding flip-flop inputs. Although EC- is actually
a don’t care for all states except state 000, it would only be asserted (if
an error correction is required) during states 111, 110, or 000. The state
machine is mnot initialized at power-up, but will self correct to a valid

state sequence. There is one invalid state (010) which will go to a valid
sequence in three FCLK cycles.
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Table 3-2. Clock Generation State Machine

PRESENT STATE FLIP FLOP INPUTS NEXT STATE
Q Ql Q2 | Ec- | JO KO J1 Kl J2 K2| Q0 Ql Q2
0 0 0 o {11 01 10 1 0 1
0 0 0 1 /o1 01 10 0 0 1
0 0 1 o l00 10 10 0 1 1
0 0 1 1 /o0 1 0 1 0 01 1
01 0 0 1 01 10 1 0 1
01 0 11 01 10 1 0 1
01 1 0o|l1 0 10 10 1 1 1
01 1 1 {10 1 0 10 1 1 1
1 0 0 o l1 1 01 01 0 0 0
1 00 o1 01 01 0 0 0
1 0 1 oo o0 00 01 1 0 0
1 01 1 /o0 00 01 1 0 0
1 1 0 o /11 01 01 0 0 0
1 1 0 1 /11 o1 01 0 0 0
1 1 1 0 0 0 0 0 1 1 0
1 1 1 1 {10 00 01 1 1 0

Two data clocks are generated to be used for clocking read data from the
frontplane. PL DC- 1is used by the counter circuitry, and FP_DC- 1is sent
over the frontplane to be used by PU. Both these clocks are equivalent to
the state variable QO0-. DC-, effectively, provides a rising edge at every
transition to state 000.

This gives a rising-edge data clock pulse at every rising edge of SCLK-. If
the short half cycle is extended by an error correction, there will be an
additional rising edge of DC- three FCLK cycles into the short half-cycle.
Thus, following the rising edge of DC- there is a full 250 nanoseconds left
in the cycle. The counter, for example, will clock data in twice if an
error correction cccurs, the first one being extraneous.
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Figure 3-12. Clock-Generation With Error Correction
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To minimize clock skew with other cards, PL receives SCLK- and FCLK- from
the backplane, through Ul09 before wusing it on the card. The outputs of
this buffer are FC+ and SC+ which are the on card fast clock and system
clock signals, respectively. These signals, however, are used only by the
clock generation logic and need further qualifying or buffering before they
are sent to the rest of the processor cards.

U138 (33-D) drives PC- (Processor Clock) and SC- (System Clock) which are
used elsewhere. SC+ is an input to each of the NAND gates of Ul38. The
other input of the SC- driver is tied high. The other gates drive three
copies of PC-, referred to as PL PC~, BP_PC-, and FP_PC-. The other input
of these drivers is FP_FREEZE-, so that when low, PC- will never go low.
Multiple copies of PC- are used to reduce loading on Ul38 and reduces skew
between the clock signals.

The lower processor card uses PL PC-, while the upper card wuses FP_PC- and
BP_PC-. Both cards use the same copy of SC-. PL PC- is inverted to obtain
PL _PC+ which is used only on PL.

A timing diagram for the LC Generation circuit is shown in Figure 3-13. The
PRELC- signal is gated with PL_PC- so that it will be de-asserted soon after
the rising edge of PL PC-. This also assures that it is not asserted in a
frozen cycle. -

SC- -
PC-
LCGEN+ JES— —
PRELC+ ———— S
LC+

8200-91

Figure 3-13. Timing Diagram of LC Generation
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3.4.,2 MICROINSTRUCTION REGISTER AND DECODERS

This portion of the PL is covered in schematic sheets 2 and 4. Also refer
to Table 3-3 which shows the binary codes assigned to the A700 microorders.

The microinstruction register (MIR) is comprised of four $S374 latches U92,
U102, U112, U122 (located at 21-A, B, C, and D). These latches receive the
control store data bus (CSD) and drive the MIR bus. The latches are clocked

on the rising edge of PL PC- which is thus designated the beginning or end
of the microcycle.

3.4.3 OP-Field

MIR bits 27-31 of Ul22 are decoded by a block of combinational 1logic to
provide information on Word Types and OP field to the MIR decoders and other
places on PL. Following is a summary of the logic equations used:

WT12 = MIR31 AND MIR30 (Word Type 1 or 2)
WI56 = (MIR29’ OR MIR30’) AND MIR31’ (Word Type 5 or 6)
WT23 = (MIR29 OR MIR30’) AND MIR31 (Woxrd Type 2 or 3)
JTAB = WT12+ AND (MIR28’ AND MIR29’) (JTAB 0OP)

SPOC = WT12+ AND MIR29 AND MIR27 (SPOT or SPOF OP).

3.4.3.1 CNDX Field

The condition encoder consists of two 8-to-l1 tristate multiplexers. Each
MUX receives eight condition signals as data inputs and the lower three bits
of the CNDX field to select one of the conditions. If the upper bit of the
CNDX-Field is "1" then U62 (25-A) is enabled; if the upper bit is "0" then
U103 (25-D) is enabled. The inverting outputs are tied together to create
the signal, CNDSPEC-, which 1s the negative sense of the condition
specified. MIR28, which indicates true or false on conditional OPs (l=true,
O=false), further qualifies CNDSPEC- to get TEST+. TEST+ is a "1" when the
sense of the condition specified is met:

TEST = CNDSPEC XOR MIR28.

Note that none of these signals indicate whether or not there is a
conditional OP.
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Table 3-3. Summary of Microorders by Field

FIELD
CODE oP CNDX SPO SP1 SP2 ALUS ALU ABUS BBUS STOR
00000 IMM SF NOP* NOP* NOP* UMPY SPEC A A A
00001 IMM F LDQ LDQ CMDW TMPY SBAC B B B
00010 IMM ALOV RR1 RR1 DCT SM2C SBBC X X X
00011 IMM CF RL1 RL1 CLF RMLC ADDC Y Y Y
00100 IMM YZ LR1 LR1 STF DNRM ADBC ACC* ACC* ACC
00101 IMM Y15 LLA LLA P SNRM CMBC HP1** HP1** HP1**
00110 IMM B15 AR1 AR1 LWF DIv ADAC HP2** HP2** HP2**
00111 IMM INTF AL1 ALt LWE DIV1 CMAC USR™* USR** USR**
01000 JMPL IORQ RDP RDP CMID SWAP ZERO* SO SO SO
01001 JMPL PON IN IN RDP Swzu CAND S S S
01010 JSBL MPEN RDB RDB WRIO SWzy XNOR S2 S2 S2
01011 JSBL (0] STE STE DN ZUY XOR S3 S3 S3
01100 JMP E CLE CLE FCHP ZLyY AND S4 S4 S4
01101 JMP INTP FCIN FCIN RDIO SRG INOR S5 S5 S5
01110 JSB CTz4 ACF ACF CT30 RL4 NAND S6 S6 S6
01111 JSB CTZ IP 1P CT74 ASG I0R S7 S7 S7
10000 JMPF STOR GRIN GRIN
10001 JMPF — FA WRP
10010 JMPT — SRIN SRIN
10011 JMPT — P P
10100 JSBF — Q NOP*
10101 JSBF — T WRB
10110 JSBT — IST IST
10111 JSBT — N N
11000 JTAB IFCH PRIN PRIN
11001 — BFB MA CWRB
11010 RTN CK2 MEMR MEMR
11011 NOP* ENOE CT CT
11100 RTNF STO SR LR
11101 SPOF CLO MAP MAP
11110 RTNT FCHB CAB CAB
11111 SPOT LDBR CXY CXY
OP Field Divisions:
OP1=JTAB OP2=SPOT OP3=JMPF OP4=JMP OP5=JMPL OP6=IMM
NOP SPOF JMPT JSB JSBL
RTN RTNT JSBF
RTNF JSBT

* Default Microorder.

**Reserved register for Hewlett-Packard (HP1 and HP2) and user (USR).
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3.4.3.2 SPO, SPl And SP2 Fields

The SP2-Field is decoded by two 3-to-8 decoders. Each decoder receives the
lower three bits of the SP2-Field as data and generates eight decoded
signals each of which corresponds to an SP2 microorder. U6l (27-C) 1is
enabled if the upper bit of the SP2-Field is a "0"; U60 (27-D) is enabled if
it is a "1". The decoders are further enabled by signals from the OP field
such that the SP2 signals are asserted only if the SP2-Field is present in
the current Word Type:

SP2 DECODER ENABLE = MIRQ1 AND MIR30
‘where MIRQL = MIR29 XOR MIR31l.
This enables the SP2 decoders only for Word Types 1 or 4.

Each SPO/SP1l decoder receives the lower three bits of the SPO/SPl-Field as
data and generates eight decoded signals, each of which corresponds to an
SPO or SP1 microordexr. The upper bit of the SPQ/SPl1-Field must be forced to
zero for Woxrd Types 3 and 4, since only the SPl-Field is available for
these. (Remember that the SPl-Field is a subset of the SP0-Field with the
upper bit always zero). Thus, the upper bit (4) of the SP0O/SP1-Field is
forced to zero except during Word Types 1 or 2:

SPOF4- = (MIR22 AND WT12+).

U77 (42-A) is the SPO decoder; i.e., it decodes the lower part of the
SPO-Field which is not shared by the SP1-Field. U87 (42-B) is the SPO/SP1
decoder; i.e., it decodes the portion shared by the SPO- and SPl-Fields:

SPO DECODER ENABLED = SPOF3Q AND DISSPO- AND SPOF4+
where SPOF3Q = MIR21 AND SPEC- ,and DISSPO- = TEST+ OR SPOC-;

SPO/SP1 DECODER ENABLED = SPOF4~ and DISSPO- AND SPOF3+
where SPOF3+ = SPOF3Q AND WT56- ,and DISSPO- = TEST+ OR SPOC- .

also where SPEC indicates SPEC in the ALU-field, and DISSPO- indicates a
conditional SPO OP where the condition was not met.

A Store Enable Signal (STEN) is always asserted except when the SPO-Field
contains STOR with a conditional SPO OP-code and the condition 1is not met.
The equation for STEN takes into account certain don’t care conditions, such
as the unused SP0 OP-codes. Taking this into account:

STEM+ = (SPOF4 AND MIR21‘ AND (TEST+)’ AND SPOC)’
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The B-field is decoded by two 3-to—8 decoders. Each decoder receives the
lower three bits of the B~field as data and generates eight decoded signals
each of which corresponds to a B-field microorder. A signal of the form
E[register]B~ is generated for each B-field microorder excluding RO through
R15.

U64 (42-D) is enabled if the fourth bit (MIR8) of the B-field is a "0"; U65
(42-E) is enabled if it is a "1". Both decoders are enabled only if the
fifth bit (MIR9) is a "1".

The STOR-Field is decoded by two 3-to-8 decoders. Each decoder receives the
lower three bits of the STOR-Field as data and generates eight decoded
signals each of which corresponds to a STOR-Field microorder (one of these
is a no-connect corresponding to a NOP microorder). A signal of the form
LY[register]- is generated for each STOR-Field microorder excluding RO
through R15.

U72 (27-B) is enabled if the fourth bit (MIR3) of the STOR-Field is a "0";
U82 (27-A) is enabled if it is a "1". Both decoders are enabled only if the
fifth bit (MIR4) is a "1" and STEN~ is true (low).

3.4.4 SEQUENCER AND CONTROL STORE

For the following description, refer to the schematic diagram, sheets 1 and
9 at the end of this section. The reader should refer to the AM2900 Family
Data Book for a detailed desciption of the 2911 microprogram sequencer
slice.

3.4.4.1 Sequencer

The 2911s are configured to provide a l4-bit microaddress which allows the
microprogrammer to specify a l4-bit or six-bit jump address. To accomplish
this the sequencer slices are logically divided into the two least
significant slices (six bits) and the two most significant slices (eight
bits). Each pair of slices receives different control signals. The least
significant slice (U80, 17-B) acts as two-bit slice. This is done by using
only the two lower input and output bits. The effective carry-out from this
slice is determined using an AND-gate on the two address outputs:

SQCN+2 = BCSAO AND BCSAl

where BCSAO and BCSAl are the buffered Control Store Address bus and the
carry-in to this slice always equals one.
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The sequencer-control PAL (generically a PLA) with the U83 OR gates generate
the six control signals used by the 291ls:

CONTROL SIGNAL 2911 INPUT SLICE PAIR

SQO FE~ LSS, MSS
sQl PUP LSS, MSS
SO LSS
SQ2 S0 MSS
sSQ3 qualifies other control signals
S1LSS S1 LSS
SIMSS Sl MSS

To generate these signals, the sequencer Control PAL looks at the entire
OP-Field (MIR27- MIR31) and TEST+ from the Condition encoder. Refer to
Table 3-4 for the Sequencer PAL coding.

The direct inputs for sequencer bits 0 through 9 are provided by the Direct
Address Bus (DAB). The direct inputs for bits 10 through 13 come directly
from the Address Field (MIR18 - MIR21) since the only functions that specify
these bits are the long jumps. DAB bits 0 through 9 may come from the
Counter, the Address Field or the Lookup Table under the control of signals
WT12 and SP2CT. WT12 indicates that the OP-Field might contain JTAB. SP2CT
indicates a jump modify (using CT) in the SP2-Field or a Word Type 5 jump
modify (JMPCT30); i.e., Word Type 5 with SPEC in the ALU-field.

If a jump will not occur in the current cycle, the contents of the DAB are a
don’t card. The CT/DAB MUX (U59, 11-B), when enabled, will drive DAB bits 0
through 3. 1If CTI74- (CT74 in the SP2-Field) is asserted, CT4 through CT7 is
selected; otherwise CTO through CT3 is selected. The following table shows
how WIl2 and SP2CT determine the contents of the DAB:

FUNCTION WIl2+ SP2CT+ DAB3-0 DAB7-4 DAB9-8
Jump or don’t care 0 0 MIR MIR MIR
Jump w/ modify 0 1 CT MIR MIR
JTAB 1 0 LUT LUT "o1"
JTAB 1 1 LUT LUT "oL"

Note that the only jump available in Word Types 1 or 2 is JTAB. A jump
modify special cannot be used with JTAB.

The ZEROSQ- signal will force the sequencer address to all zeros if any of
these conditions occur: power up (BPON), the previous state had an
unimplemented microinstruction (ZEROAD-), or a microcode timeout has
occurred (FP_MTO-). A JTAB microorder also forces address bits 10 through
13 (the most significant slice) to all zeros, so that a jump through the
LookUp Table always lands in the address space between 0X0100 and OXOlFF
(hex) .
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Table 3-4. Sequencer Control PAL Coding

INPUTS OUTPUTS RESULTING SEQUENCER
INPUTS

MIEK MSS LSS
oP 31<=>27 | TEST+ | FE+ SQl SQ2 SQ3 | FE- PUP S1 SO SI SO
IMM 00 - 0O 0 o0 o0 1 (0) 0O 0 0 O
JSBT/F 101 0 0 0 0 0 1 (0) 0 O 0 O

101 1 1 1 0 0 0 1 0 0 1 1
JMPT/F 100 0 0O 0 0 O 1 (0) 0 0 0 O

100 1 0 1 0 0 1 (1) 0 O 1 1
RTNT/F 111-0 0 0O 0 0 o 1 (0) 0 0 0 O

111-0 1 1 0 0 1 0 0 1 O 1 0
JMPL 0100~ - 0 1 1 () 1 (1) 1 1 1 1
JSBL 0101~ - 1 1 1 () 0 1 1 1 1 1
RTN 11010 - 1 0 O 1 0 O 1 0 1 0
SPOT/F| 111-1 - 0O 0 0 O 1 (0) 0 0 0 O
NOP 11011 - 0 0 0 0 1 (0) 0 O 0 O
JTAB 11000 - 1 1 1 () 0 1 1 1 1 1
JMP 0110~ - 0 1 0 0 1 (1) 0 O 1 1
JSB 0111~ - 1 1 0 ©O 0 1 0 0 1 1

- = don’t care inputs
( )= don’t care outputs

3.4.4.2 Control Store

The sequencers drive the Control Store Address (CSA) directly over the
frontplane to Writable or PROM Control Store cards and to the (optional)
floating point card. Before being used on-card, the CSA-Bus is buffered
(U131 and U130, 91-A,B). The Buffered CSA-Bus (BCSA) is then driven to
the four 2k by eight-bit PROMs which comprise on-card control store.
These PROMs directly drive the Control Store Data Bus (CSD) which is also
received from the frontplane. FP _CSIDWC- is the bottom of the Control
Store Priority chain driven by the lowest priority WCS or PCS card, or
tied high in the absence of any of these cards.

FP_CSIDWC- is passed to the floating point card which drives an
additional disable signal to be received by PL, FP_CSIDFP-. Either of
these signals, when asserted, will disable on card control store PROMS
and the UMI Buffer from driving the CSD Bus.

The control store PROMs may be either 2k, 4k or 8k by eight-bit PROMs.
Currently, 2k PROMs are wused with no immediate plans to expand the
control store space., PL is configured for the correct PROM size with
jumpers Wl and W2. When neither jumper is inserted (2k), PROM chip
selects CS2 (All) and CS3 (Al2) are always high. When W1 (4k or 8k) is
inserted, BCSAll is passed to CS2 (All). When W2 (8k) is inserted,
BCSAl2 is passed to CS3 (Al2).
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An Unimplemented Microlnstruction (UMI) occurs when the CSA does not

address on-card control store and control store is not disabled by a
higher priority card.

UMI = CSONBD- AND CSID-

where CSID- = FP_CSIDWC- AND FP_CSIDFP-
CSONBD- = (BCSAll AND ONBD2K+) OR (BCSAl2 AND ONBD8K-) OR BCSAl3;

and where
ONBD2K is configured for 2k PROMs, and
ONBD8K is configured for 8k PROMs.
Note: A 4k PROM configuration is indicated by (ONBD2K+)’ AND ONBD8K-

In the event of a UMI, Control Store PROM 3 (bits O through 3 and 28
through 31) is disabled. These bits are then driven by the UMI buffer:

CSD bits UMI Buffer
31-28 0000
3-0 0100

Bits 4 through 27 will still be driven by the Control Store PROMs. Thus,
on a UMI the following microinstruction is executed:

OP/IMM DATA/? B/? ALU/? STOR/NOP or ACC
where ?= unknown microorder driven by Control Store PROMs (bits 4-27).

In this way we assure that a UMI will not affect system status. The only
affect of a UMI is that the accumulator may be overwritten and the
processor conditions may change.

3.4.5 2903 AND 2903 CONTROL LOGIC

Refer to the schematic diagram sheets 4, 5, and 8 for the Control Logic.
For a description of the operation of the 2903, refer to the AM2900
Family Data Book. The generation of all the 2903 control signals is
described in the following paragraphs.

3.4-5-1 A-BuS

The 2903 A-Address will come from the A-field of the MIR for Word Types 1
or 2, excluding JTAB. For JTAB the A-Address is the A-field with the
lowest bit forced to zero if Counter bit 11 is a zero (a CAB microorder).
For Word Types 3, 4 and 5 the A-Address will be the accumulator (RO4).
For Word Type 6 the A-Address is a don’t card, but will default to the
accumulator. The A-field is MIR26 (msb) through MIR23 (1sb).
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Thus, the logic equations for the A-field are:

A3 = MIRZ6 AND WT12+

A2 = MIR25 OR WTl2-

Al = MIR24 AND WT12+

A0 = MIR23 AND WT12+ AND (PJTAB AND CT11-)’

where PJTAB is a pre~JTAB signal which, when ANDed with WIl12+ indicates a
JTAB microorder.

Actually a buffered version of WIl2+ (BWIl2+) is used here.

The DA inputs of the 2903 are driven directly by the MIR Immediate Data
Field (MIRl14 - MIR29). The 2903 EA- input selects the MUX for the "R"
input of the ALU. For Word Types 1 through 5, register data is selected;
for Word Type 6, DA is selected:

EA- = IMM = MIR30’ AND MIR31’

304.5.2 B—-Bus

Two levels of multiplexing generate the 2903 B-Address. The first level
(U55 and U56 , 46-C,D) selects the MIR B-field during the first half of
the cycle (PC+ =0) and the MIR STOR-Field during the second half of the
cycle. This multiplexer also selects FP_LRMABO (last read memory address
bus bit 0) during the first half-cycle and FP_MABO (current memory
address bus bit 0) during the last half-cycle. The outputs of US55 and
U56 are used as control signals to obtain the B Address:

BA4+ BAl+ BAO+ B FIELD STOR FIELD B3 B2 Bl BO

o - - RO-R15 RO-R15 B/S B/S B/S B/S
1 0 1 T or dc WRP,WRB,CWRB or dc O O 0  BAB
1 1 0 CAB CAB 0O 0 0 CTll
1 1 1 CXY CXY 0 0 1 CT3

where: dc = don’t care microorder
B/S= the appropriate B- or STOR-Field bit
BAB= FP_LRMABO or FP_MABO depending on which half cycle it is in.

The second level of multiplexing is done with combinational logic (U67 ,
et al, 47-C) according to the following equations:
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BO = {(CT3- AND BA4+ AND BAl+ AND BAO+)
OR (BAB- AND BA4+ AND BAl-)

OR (BA4- AND BAO-)

OR (CT1l- AND BAQO)}’

Bl = (BAl- OR BAQO)’

B2 = BA4— AND BA2+

B3 = BA4- AND BA3+

]

where BAQO = BAO- AND BA4+.

Note that, in order to get the correct B-destination address for the JTAB
MRG Execution (if a CWRB should be decoded), it is neccessary to code
CWRB in the STOR-Field. This will insure that the B-destination address
generated is either A or B based on FP_MABO.

The B-bus (2903 DB) will be driven by the 2903 if the B-bus source is one
of the 2903 RAM registers or if the B-bus source is T and the last read
was from A or B (FP_LRAB). Otherwise, DB will be an input and the B-bus
will be driven from some other source:

OEB- = MIR9’ OR ECABB OR ECXYB OR (ETABB AND LRAB)

The Y-bus will be stored into the 2903 Register File if the STOR-Field
destination is one of the 2903 registers, or 1if the STOR-Field
destination is a memory write and the memory address is either A or B
(FP_ABWR). The expressions are:

STRF+ = MIR4’ OR FP_ABWR OR LYCAB OR LYCXY
WE- = STRF+ AND STEMN+ AND LC+

where: STRF+
STEN+

store to register file
store enable (from SPO decode).

Gating with LC+ insures that WE~ 1is not asserted until the B-destination
address and the other qualifying signals have settled.

3.4.5.3 Instruction Bits I0 - 18

The 2903 instruction bits Il - I4 come directly from the MIR ALU-field.
SPEC is decoded from this field to indicate Special ALU functioms to
other blocks of control logic:

SPEC+ = MIRL0’ AND MIR11“ AND MIR12" AND MIRL3’

The generation of instruction bits I5 - I8 1is handled entirely by a
programmable aray logic chip U32 (53-A), a PAL (generically a PLA). 15 -
18 perform the execution of LDQ, all standard shift functions and 2903
Special ALU functions. The microcode does mnot allow conditional
operation of any of these microorders, so the hardware does not check for
conditions being met. Information on the PALs can be found in the
Monolithic Memories Inc. Bipolar LSI Data Book.
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Because of timing considerations, it was necessary that there be no more
than two gate delays between PC- and the PAL inputs or one gate delay
between the MIR output and the PAL inputs. Thus the PAL must look
directly at some OP-Field information in order to determine the Word
Type. WIl2 1is used to distinquish between the SPO- and SPl-Fields (
i.e., it indicates if MIR22 is a don’t-care). Expressions MIR31INOR30 and
MIR31NOR29, when ANDed together in the PAL, indicate whether the Word
Type is 5 or 6:

WT56— = (MIR31 NOR MIR30)‘ AND (MIR31 NOR MIR29)°’

SPEC (Special ALU function) and DW (Double Word bit) are also used in the
generation of I5 - I8. This is summarized in Table 3-5.

A shift enable signal, SHEN, is generated whenever a single-bit shift
function is executed. The single bit shift functions are standard shifts
and 2903 Special ALU operations, excluding SM2C. SHEN is used by the
condition register to indicate when to update the shift flag and (in the
case of a shift 1link) other conditions. An examination of Table 3-5
shows the following relation between I5-8 and shift functions:
SHEN+ = (I5)‘ OR (I7)°.

Instruction bit I0 must be high when Q is in the B-field (ENQB) or when
SPEC is in the ALU-field and no 2903 ALU operation will be performed.
The 1latter occurs when an External Special (MIR21=1) is in the
SPO/SP1-Field or when the OP-Field contains a Word Type 5 oxr 6 (WI56).
The latter also prevents the overwriting of Q on a unimplemented
microinstruction. The expressions for this are:

I0 = ENQB OR JMPCT30 OR EXSPEC
EXSPEC = MIR21 AND SPEC+ AND WI56-

This assures, when the ALU-field contains SPEC and no 2903 Special ALU
function occurs, that CF and ALOV will be cleared at the end of the
microcycle and that Q will not be overwritten.

3.4.5.4 Shift Linkage

All the linkage is contained in the Shift Linkage PAL which executes the
shift functions as defined in the microcode description. (See 92045A
Microprogramming Manual, part no. 92045-90001.)

The PAL16L8 (U22, 52-C) has bidirectional input/outputs which are used to
receive and drive the 2903 shift linkage bits: SI0O0, SIOl5, QIOO, and
QIOol5. Examination of the I5-I8 generation table and Tables 3 (ALU
Destination Control) and 4 (Special Functions) 1in the AM2900 Family Data
Book will show that I8 always indicates the direction of the shift
(including don’t card conditions):
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18 SHIFT PAL DRIVES (ENABLES) PAL RECEIVES (DISABLES)

1 LEFT SI00, QIOO SIOl15, QIOL5
0 RIGHT sI015, QIO15 SI00, QIOO

With the appropriate pairs being driven, the PAL uses its other inputs to
determine what to drive onto the shift 1lines. For no shift, it makes no
difference what is driven onto the shift lines. SPEC, DW and the lower
three bits of the SPO/SP1-Field are used to distinguish what special or
standard shift is to be performed. Only the lower three bits of the
SPO/SP1-Field are needed since there are separate groups for the standard
shifts and the 2903 ALU Specials.

The Shift Linkage PAL uses LWE (link with E), E, LWF (link with F) and
FLAGN-1 if a shift 1link is specified in the SP2-field. The N output of
the most significant 2903 bit (equivalent to the sign bit) is wused for
arithmetic right shifts. Table 3-6 shows the desired shift 1linkage
functions.
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Table 3-5. I5 - 18 Generation Logic Table
INPUTS OUTPUTS
MIR

FUNCTION WT12+ WI56- 22<=>18 DW+ SPEC+ I8 17 16 15
NOP 1 - 00000 - 0 1 1 1 1
0 1 -0000 - 0 1 1 1 1
1L.DQ 1 - 00001 - 0 0 1 1 1
0 1 -0001 - 0 0 1 1 1
single: RR1 1 - 00010 O 0 0 0 0 1
0 1 -0010 O 0 0 0 0 1
RL1 1 - 00011 O 0 1 0 0 1
0 1 -0011 O 0 1 0 0 1
LRI 1 - 00100 O 0 0 0 0 1
0 1 -0100 O 0 0 0 0 1
LL1 1 - 00101 O 0 1 0 0 1
0 1 -0101 O 0 1 0 0 1
ARl 1 - 00110 O 0 0 0 0 O
0 1 -0110 O 0 0 0 0 O
ALl 1 - 00111 O 0 1 0 0 O
0 1 -0111 0 0 1 0 0 O
double: RR1 1 - 00010 1 0 0 0 1 1
0 1 -0010 1 0 0 0 1 1
RL1 1 - 00011 1 0 1 0 1 1
0 1 -0011 1 0 1 0 1 1
LRl 1 - 00100 1 0 0 0 1 1
0 1 -0100 1 0 0 0 1 1
LL1 1 - 00101 1 0 1 0 1 1
0 1 -0101 1 0 1 01 1
ARl 1 - 00110 1 0 0 01 O
0 1 -0110 1 0 0 01 O
ALl 1 - 00111 1 0 1 01 0
0 1 -0111 1 0 1 01 0
other 1 - -1 - 0 1 1 1 1
0 1 -1 - 0 1 1 1 1
(SPEC): UMPY - 1 -0000 - 1 c 0 0 O
TMPY - 1 -0001 - 1 0 01 O
SM2C - 1 -0010 - 1 0 1 0 1
TMLC - 1 -0011 - 1 0 1 1 0O
DNRM - 1 -0100 - 1 1 0 1 O
SNRM - 1 -0101 - 1 1 0 0 O
DIV - 1 -0110 - 1 1 1 0 O
DIV1 - 1 -0111 - 1 1 01 O
other - 1 -1 - 1 1 1 1 1




Table 3-6. Shift Linkage Functions

INPUTS OUTPUTS
FUNCTION LWE- LWF- SPEC DW SI0 SHIFT QIO SHIFT SHOUT
Single RR1 1 1 0 0 | SIO0 =>SIOl5 X S100
RL1 1 1 0 0 | SIO15=>SI00 X SIO015
LR1 1 1 0 0 0 =>SIOl5 X SI00
LL1 1 1 0 O 0 =>SI00 X SI015
ARl 1 1 0 O N =>SIOl5 X SI00
ALl 1 1 0 0 0 =>SI00 X SI015
single,link RR1 0 1 0 0 E =>SIO0l5 X SI00
1 0 0 0 F =>SI015 X SI00
RL1 0 1 0 0 E =>SI00 X SIOl5
1 0 0 0 F =>SI00 X SI0l15
LRl 0 1 0 0 E =>S1015 X SI00
1 0 0 o F =>S8I015 X S100
LL1 0 1 0 O E =>SI00 X S1015
1 0 0 O F =>SI00 X SI015
ARl 0 1 0o o0 E =>SIO0l5 X SI00
1 0 0 O F =>SIOl5 X SI00
ALl 0 1 0 O E =>SI00 X SIOl5
1 0 0 O F =>SI00 X SI015
double RR1 1 1 0 1 | QIO0 =>SI0l5 | SIO0 =>QIO0l5 | QIOO
RL1 1 1 0 1 | QIO15=>S100 SI015=>QI00 SIO0lS5
LRl 1 1 0 1 0 =>SI015 | SIO0 =>QIO0l5 | QIOO
LL1 1 1 0 1 0 =>5100 0 =>QIO0 SIOl5
ARl 1 1 0 1 N =>SI0l5 | SIO0 =>QIO0l5 | QIOO
ALl 1 1 0 1 0 =>SI00 0 =>QI00 SI0l5
double,link RRl 0 1 0 1 E =>5I015 | SI00 =>QIOl5| QIOO
1 0 0 1 F =>SI015 | SIO0 =>QIOl5| QIOO
RL1 0 1 0 1 | QIO15=>SI00 E =>QI00 SIO15
1 0 0 1 | QIO15=>S100 F =>QI00 SI015
LR1 0 1 0 1 E =>SIOl5 | SIO0 =>QI0l15| QIOO
1 0 0 1 F =>SIOl5 | SIO0 =>QIO0l15| QIO0
LL1 0 1 0 1 | QIO15=>SI00 E =>QI00 SIO0L5
1 0 0 1| QIO15=>SI00 F =>QI00 SIOl15
ARl 0 1 0 1 E =>SIOl5 SI00 =>QI0l5 | QIo0
1 0 0 1 F =>SIOL15 [ SIO0 =>QIO015| QIOO
ALl 0 1 0 1 | QIO15=>SI00 E =>QI00 SI015
1 0 0 1 | QIO15=>S100 F =>QI00 SIO0l5
UMPY| - - 1 - internal SI00 =>QIOol5 QIO00
TMPY| - - 1 - internal SI00 =>QI0l5 | QIO0
sSM2C| - - 1 - b4 X X
TMLC| - - 1 - internal SI00 =>QIO0l>5 QIO0
DNRM| - - 1 -] QIO015=>SI00 0 =>QIOo0 SI0l5
SNRM| - - 1 - X 0 =>QI00 QIOl5
DIV | - - 1 = QIO15=>S1I00 SI1015=>QI00 SIO0l15
DIVl| - - 1 - | QIO15=>SI00 SI015=>QI00 SIO0l5

x = don’t care, no shift occurs. Internal = shift linkage is internal
to the Am2903 (see Advanced Micro Devices Inc. Data Book, AM-PUB0O03.

3-37




3.4 0505 Carl'y-In

The microcode description allows carry-in to be generated as a function of
several different fields. The 1logical implementation of carry-in wuses a
74864 (U66 , 55-D) and looks at two different cases: Special ALU operations
and non-Special ALU operations. If no 2903 ALU operation is performed, then
carry-in is a don’t care.

Carry-in for 2903 Special ALU functions when SPEC is in the ALU field can be
used for multiply, divide, and floating point algorithms. Each function may
include an arithmetic operation and a shift. The conditions CF, ALOV, YZ,
and SF may be used represent different conditions for these specials.
(External ALU Specials are logical operations performed outside the 2903 and
CF and ALOV are cleared.

SPECIAL ALU CARRY-IN
UMPY
TMPY
SM2C
TMLC
DNRM
SNRM
DIV
DIVl

ON—~ONNOCO

where Z is the Z output of the 2903 during the current cycle.

Thus,

CIN = Z if SPEC+ AND MIR19 AND (MIR20 NAND MIR18)
CIN = 1 if SPEC+ AND (MIR20 NAND MIRI8) NOR MIR19.

For non-Special ALU operations, carry-in defaults to "0" for addition
operations and "1" for subtraction operations. The microorder FCIN (force
carry-in) causes the carry-in to be the opposite of the default state. An
ACF (ALU with carry flag) will force carry-in to the state of CF regardless
of the type of ALU operation. Note that FCIN and ACF cannot be asserted if
SPEC is asserted. The carry-ins for non-Special ALU operations are the
following:
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CARRY-IN
ALU FIELD NO FCIN FCIN

SPEC see above

SBAC 1 0
SBBC 1 0
ADDC 0 1
ADBC 0 1
CMBC 0 1
ADAC 0 1
CMAC 0 1
ZERO don’t care
CAND don’t care
XNOR don’t care
XOR don’t care
AND don’t care
NOR don’t care
NAND don’t care
IO0R don’t care

Thus,
CIN =1 4if (FCIN- XOR SUBOP-) AND ACF- AND SPEC-
CIN = CF if ACF+
otherwi se CIN = 0

where SUBOP- is generated in the Sequencer Control PAL:

SUBOP- = MIRL2 OR (MIRl11l AND MIRLO).

The 2903 ALU generates carry Generate (G) and Propagate (P) outputs for all
but the most significant slice. These are standard functions and are used
with a 748182 chip look ahead carry generator to create carry-in signals for
the three most significant 2903 slices. The ALU of the most significant
2903 slice generates N, the sign bit, CM+4, the carry-out (COUT), and OVR (a
true two’s complement overflow indication). These signals may represent
different functions for 2903 ALU Specials.

3.4.5.6 Other Control Signals

The 2903s drive the Y-bus for both Standard ALU functions and 2903 Special
ALU functions., For External ALU Specials, the 2903 Y-bus outputs are
disabled and the Y-bus is driven by the wupper processor card. The

expression for external ALU Specials is:

OEY- = (EXSPEC-)’
EXSPEC- = (SPEC+ AND MIR21 AND WI56-)°

where EXSPEC- is used on PU to enable the External ALU PROMs.
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The Z output is generated directly from the Y-bus regardless of the source,
except for 2903 Special ALU operations where Z may represent a different
function. For External ALU Specials, I0 will be high, so that Z will
indicate all zeros on the Y-bus.

Although IEN- (Instruction Enable) is not used for any control purpose, it
is necessary to strobe this signal to allow for the I5-1I8 setup time
required. (Refer to timing Table IIIB for the AM 2903 in the Advanced Micro
Devices 2900 Family Data Book, AM-PUB003.) The IEN expression is:

IEN- = (LC+)’

The WRITE- output of the 2903 is not used.

3.4.6 CONDITION REGISTER

For the condition register theory of operation, refer to schematic sheets 3
and 6).

3.4.6.1 Conditions

Latches U93 and U52 (68-A,C) latch the following signals directly from other
parts of PL as follows:

SIGNAL LATCHED LATCH OUTPUT CNDX MICROORDER
YB15 (Y-bus bit 15) CY1l5 Y15
BB15 (B-bus bit 15) CB15 Bl5
Z (2903 Z output) CYZ YZ
OVR (2903 OVR output) ALOV ALOV
COUT (2903 CN+4 output) CF CF
PCTZ (look ahead for CT CTZ CTZ
all zeros)

PCTZ4 (look ahead for lower 4 CTZ4 CTZ4
bits of CT all zeros)

MP+ CMP+ MPEN

The backplane PON (power on) signal is clocked twice by U139 (123-E) in
order to reduce the likelihood of an unstable output problem. This creates
BPON, a card power-on signal, which is wused for initialization on both
processor cards. Since power-on is one of three conditions which may force
a jump to microlocation zero, it is necessary for the microcode to be able
to determine when such a force was caused by powering—up. Thus, BPON is
latched one more time to become CPON (condition PON) which will be '"O"
(false) only during the first executed cycle after power-up (i.e., during
the execution of location zero).

The timing of IORQ is such that it must be clocked on the failing edge of

SC~. It is clocked once here and then clocked again at the rising edge of
PC- in order to keep it synchronized with the rest of the micromachine.
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The integer overflow register, O, may be generated by a variety of
conditions. STO and CLO will unconditionally set and clear 0O, respectively.
ENOCE will set O according to OVR. In the absence of these specials, the
state of O will not be changed. STO, CLO and ENOE are mutually exclusive.
The expressions for overflow conditions are the following:

SETOFF = STO OR (ENOE AND OVR)
CLROFF = CLO.

The macro—extend register, E, is also generated from a number of conditions.
STE and CLE will set and clear E, respectively. ENOE will set E according
to COUT. LWE, when used with a shift function (SHEN) will set or clear E
according to SHOUT. In the absence of these specials, the state of E will
not be changed. STE, CLE and ENOE are mutually exclusive since they are in
the same field. These specials can not occur with a shift function since
shift functions are always in the SPO/SP1l field. The expressions for the
extend condition are the following:

SETEFF = STE OR (ENOE AND CORBOR) OR (LWE AND SHEN AND SHOUT)
CLREFF = CLE OR (LWE AND SHEN AND SHOUT-)

where CORBOR is COUT for add operations, and COUT- for subtract operationms,
CORBOR = SUBOP XOR COUT.

The general-purpose flag, F, may be set or cleared, respectively, by STF or
CLF. LIWF, when used with a shift function (SHEN), will set or clear F
according to SHOUT. JTAB will always clear F. If none of these micoorders
occurs, the state of F will not change. STF, CLF and LWF are mutually
exclusive. JTAB may occur with any of these, although under normal
conditions it will not, No priority is defined here, but in hardware, if
there are microorders for both setting and clearing, F will be set. The
expressions for the general-purpose flag are the following:

FLAGN+ = (FLAGO)  OR (FLAGl)’ OR STF
(FLAGO) "= FLAGN-1 AND JTAB- AND CLF- AND (LWF AND SHEN)
(FLAG1) ‘= LWF AND SHEN AND SHOUT

where FLAGN-1 = F set at end of previous cycle
FLAGN+ F which will be latched at end of current cycle.

The shift flag, SF, is set and cleared according to SHOUT when a shift
function is executed (SHEN); otherwise, the state of SF is not changed. The

shift flag expression is:
PSF = (SHEM+ AND SHOUT+) OR (SHEN- AND SF)

where PSF
SF

pre-shift flag to be latched at end of current cycle
shift flag latched at end of previous cycle.

won
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The updating of certain conditions (Y15, Bl5, YZ, OVR, CF, and SF) is held
off when the ALU-field contains ZERO. This 1is done by qualifying the clock
input to U93 with ZERO as follows:

(CNDCK)’ = (PC-)" AND ZERO-

where ZERO+ is generated by the Sequencer Control PAL; and
ZERO+ = MIRL3 AND MIR12’ AND MIRI11’ AND MIR10’.

3.4.6.2 Status

The condition register encompasses two status bits which affect processor
operation, but are not accessible in the CNDX-Field. FP_UMI- (Unimplemented
MicroInstruction) is latched directly from the control store logic. The
result is ZEROAD- which, when asserted, forces the microaddress to zero.

The double woxrd bit, DW, is complemented by CMDW and cleared by JTAB. If
both microoxrders occur together, then DW will be cleared. The expression
is:

PDW+ = (DW+ XOR CMDW-) NOR JTAB+

where PDW+
DW+

pre-double word bit to be latched at end of current cycle; and
double word bit latched at end of previous cycle.

The state of DW 1is not directly available to the microcode. (Note: the
power-up state of DW is undefined.)

3.4.7 COUNTER

Refer to schematic sheets 4 and 7 for the counter. The counter multiplexers
will pass either the backplane data bus or the Y-bus to the counter data
inputs. When FP_TCNT- is low, indicating that the data available on the
backplane is an instruction, then the data bus will be selected. Otherwise,
the Y-bus is selected.

The counter is implemented with four type 74S169 up/down counters which are
always in count down mode. The counters are clocked by:

Counter Clock = SCLK- AND (DC~ OR TCNT-).

That is, they are clocked every SCLK cycle so that they may be clocked while
the processor is frozen. This is done to eliminate clock skew with the
counter. If the counters are clocked on a frozen cycle, the control signals
will be held off so that the state of the counter will not be altered until
the end of a non-frozen cycle.
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Thus, the counter is loaded during a non~frozen cycle by LYCT- or during any
cycle by FP_TCNT-. The counter is decremented only during a non-frozen
cycle by DCT- or by a conditional Woxrd Type (WT23) with CTZ or CTZ4 in the
CNDX-Field. The expression for CTZ and CTZ4 is:

CTZ or CTZ4 in CNDX-Field = MIR15 AND MIR16 AND MIR17.

If the short half cycle of SCLK is extended due to an error correction on an
instruction fetch (FCHB or FHCP), then the counter will be clocked again
three FCLK cycles into the short half cycle. This allows the counter to
pick up the corrected data. Note that there is still a full 250 nanoseconds
left in the cycle after the counter clocks the data. (See Figure 3-13 and
the paragraph of Clock Generation for more detail.)

The enable inputs and ripple carry outputs are configured in a non-standard
manner so that the CTZ/CTZ4 look-ahead can be done with a minimum of logic.
The look-ahead works only on what is currently in the counter, so that when
the counter is loaded, CTZ and CTZ4 will not be valid the next cycle. DECCT
indicates that the counter is to be decremented at the end of the current SC
cycle. Holding the ENT- input of U28 (74-C) low allows the RC~ output of
the most significant counter (U48) to be interpreted as: counter bits 4
through 15 are all zeros. The RC- output of the least significant counter
(U18) is externally gated with DECCT to generate the enable for the other
three counters.,

CT0 is exclusive ORed with DECCT to determine CTO for the next cycle
(NEXTCT0). Thus, by looking at the RC- output of U48, NEXTCTO, and CTl
through CT3, it can be determined if the lower four bits of the counter or
the whole counter will be all zeros next cycle. The expressions for this
are:

PCTZ4 = NEXTCTO AND CT1 3Z
PCTZ PCTZ4 AND CT4_15Z+

where CTl1_3Z = (CT1 OR CT2 OR CT3)’
CT4_15Z+ = counter bits 4 through 15 are all zeros.

When CT is in the B-field (ECTB), the counter will be enabled onto the
B-buS Y

3.4.7.1 MRG Execution

MRG Execution involves counter bits 11 through 15. The decoding of the MRG
instruction is done in PAL12L6 (U58, 44-B) according to the definition of
the JTAB microorder. The PAL generates a signal of the form DBAS[memory
access] for each memory access which might be initiated by JTAB: RDB, FCHB,
CWRB. In the case of RDB, two signals are generated (DBASRDBO and DBASRDB2)
because this access requires more terms than can be handled by one PAL
output. The PAL outputs are multiplexed (U57, 46-C) with the corresponding
special or store signals in order to generate just one signal for each
memoYy access, except for the RDB, which requires two. (RDB2 has no
corresponding special). When JTAB is asserted, the MRG signals are
selected; otherwise the specials are selected.
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3.5 INTERFACE

3.5.1 BACKPLANE

Most of the interface between the processor and the backplane is handled on
the upper processor card. The lower processor card, however, drives the
backplane clocks and receives the Data Bus plus a few control signals. A
summary of the backplane signals driven and received by PL along with the
specifications for these signals are provided in Section X.

3.5.2 FRONTPLANE

The lower processor card interfaces to the upper processor card, the memory
controller and writable control store over a high density connector called
the frontplane, The frontplane is described in Section X of this manual.

3.6  DIAGNOSTICS

The major diagnostic feature which is provided by the hardware is the
ability to diagnose the lower processor card without any other cards in the
system, then just the two processor cards, and then both processor cards
with the memory controller. This is necessary to be able to isolate faults
down to a single card. The microcoded self-test diagnostics will stored be
in firmware located 1in the processor on-card control store. The self-test
is described in Section I of this document,

Because of the sequential nature of the self-test, the lower processor (PL)
must be able to execute a subset of microcode by itself. This was
accomplished by the functional division of the two processor cards; no one
specific feature makes this possible. It does require that PL receives a
minimum of signals from the upper processor (PU), all of which can be tied
high, such that PL can operate with sufficient capability without PU. Most
of the signals that PU drives to PL are active low so that they become
inactive in the absence of PU. Two signals, however, are driven active
high: FP_INT+ and FP_INTP+. These are also tied high on PL, such that in
the absence of PU, the microcode always sees these interrrupt conditions
asserted.

For debugging and diagnosing, the FCLK oscillator output can be disabled by

tying FP_CKDIS~ low and the CLOCK signal can be driven by an external source
on FP_ECLK.
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The contrxol store address bus drivers can be disabled by typing FP CSADIS-
low. This allows a test device to read a location in on-card control store
(for example, to perform a checksum). A buffered version of the internal
clock (FP_TESTSC-) is also provided on a test output so that the test device
can read control store while the processor is operating. This is done by
tying FP_FFRZ- input to the PU card low to freeze the clock while the test
device is reading control store.

3.7 PARTS LOCATIONS

The parts locations for the lower processor are shown in Figure 3-14.

3.8 REPLACEABLE PARTS LIST

The replaceable parts list for the upper processor are listed in Table 3-7.
Refer to Table 3-8 for the names and addresses of the manufacturers of the
parts in the Manufacturer’s Code List.
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Table 3-7. Lower Processor Replaceable Parts List

Reference HP Part |c . Mfr
: A ription Mfr Part Number
Designation Number |D Qty Descriptio Code
Al 1215260002 | 2 1 PCA-LOWER PROCESSOR 20480 121%2-60002
PART OF 1215260002

12152-64002 | 0 1 ASSEMBIY-AUTO INSERT 28480 1215264002
c1 D140--4832 4 19 CAPACITOR-FXD .01UF +-10% 100VDC CER 28480 0140-4832
ce 01604832 4 CAPACITOR FXD ,G1UF +-10% 100VDL CER 208480 0140-4832
c3 01604832 4 CAPACITOR-FXD .01UF +-10% 100VDC CER 28480 0160-4832
ca 01606-4832 4 CAPACITOR-FXD ,01UF +-10X% 100VDL CER 28480 0160-4832
cS 01604832 4 CAPACITOR-FXD ,01UF +-10% 100VDC CER 28480 01460--4832
Ceé 01604832 4 CAPACITOR -FXD ,01UF +-10% 100VDC CER 28480 0160-4832
€7 01684832 4 CAPACITOR-FXD ,01UF +-10% 100VUDC CER 28480 01604832
ce 0160--4832 4 CAPACITOR-FXD .01UF +-10% 100VDC CER 28480 0160-4832
c9 01604832 4 CAPACITOR-FXD ,01UF +-10% 100VUDC CER 284840 0160-4832
cio 0160--4832 4 CAPACTTOR-FXD .01UF +-10% 100VDC CER 28430 01460-4832
c11 0160--4832 4 CAPACITOR~FXD .01UF +-10% 100VDC CFR 28480 0160-4832
ci12 01604832 4 CAPACITOR--FXD .01UF +-10X%X 100VDC CER 27480 0160-4832
C14 01604832 4 CAPACITOR-FXD .01UF +-10% 100VDC CER 28400 0160-4832
c19 0160-4832 4 CAPACITOR -FXD . 01UF +-10% 100VDC CER 28480 0160-4832
c1é 01604832 4 CAPACTTOR~FXD .01UF +-10% 100VDC CER 268480 01604832
17 01604832 4 CAPACITOR-FXD ,B1UF +-10% 100VDC CFR 28480 0160-4832
c18 01604832 4 CAPACITOR-FXD .01UF +-10% 100VUDC CER 28480 0160--4832
c19 01604832 4 CAPACITOR-FXD .D1UF +-10% 100VUDC CER 28480 0160-4832
c20 916040832 4 CAPACITOR-FXD . 01UF +-10% 100VDC CER 28400 0160-4832
R1 0698--0082 7 1 RESISTOR 444 1% .12%W F TC=0+-100 24546 C4-1/8-T0-4640F
R2 06983444 1 1 RESISTOR 316 1% .125W F TC=0+-100 24546 CA-1/8-T0-316R-F
U1 1B20-2377 9 4 I1C-2903 28480 1820-2377
ul2 18201305 1 1 IC GEN TTL § LOOK-AHD-CRY 0129% GN745182N
114 1820-2377 9 16-2903 nB480 1820-2377
w17 1£320--2024 3 4 IC DRVR TTL LS LINE DRVR OCTL 01295 SN7ALS244N
ule 18201455 2 4 IC CNTR TTL S BIN UP/DOWN SYNCHRD 01295 SN74S169N
ule 1820-1077 4 b IC MUXR/DATA-SEL TTL S 2-TO-1-LINE QUAD 01299 SN7AS157N
uaz 12152--80016 | © 1 IC~ROM, SHIFT PAL 28480 12152-80016
ua2s 16201367 S S IC GATE TTL. S AND QUAD 2-INP 01295 SN7AG08N
ur7 1820--144% 4 7 IC GATE TTL S NR QUAD 2-INFP 01295 SN74S32N
u28 163201449 4 IC GATE TTL. S OR QUAD 2--INP 01293 SN74G32N
u28 1870-145%5 2 TC CNTR TTL S BIN UP/DOWN GYNCHRO 01295 SN7451 69N
uz2¢9 1820-1077 4 IC MUXR/DATA-SEL TTL 8 2-TO--1-LINE QUAD 01295 SN745157N
u3o 18202377 9 1C--2903 28480 1820-2377
[Tk £33 12152-80017 | 1 1 IC-ROM, 15-8 PAL 284840 12152-80017
u34 1820--2377 9? IC--2703 2614390 1820-2377
u37 183202024 3 IC DRVR TTL LS LTINE DRVR OCTL 01295 SN74L.5244N
1138 1820-1455 2 TC CNTR TTL S BIN UP/DOWN SYNCHRO 01295 SN7 451 69N
u3e 1820-1077 4 IC MUXR/DATA-SEL TTL S 2-TO-1-LINE QUAD 01295 SN748157N
[IL1.) 18200683 6 [ IC INV TTL S HEX 1-INP 01295 GN74504N
1147 18200681 4 3 IC GATE TTL S NAND QUAD 2-INP 01295 SN74S00N
uaB 1020-1455 2 IC CNTR TTL S ®IN UP/DOWN SYNCHRO 01275 SN748169N
uae 18201077 4 IC MUXR/DATA-SEL TTL § 2-TO-1-LINE QUAD 01295 SN74S157N
uso 1820-0683 6 IC INV TTL S HEX 1-INP 01295 SN74S04N
us1 168200686 9 1 IC GATE TTL S AND TPL 3J-INP 01293 SN74S11N
us2 1820-1677 0 b IC FF TTL S D-TYPE 0OCTL 01295 SN74S374N
us3 18201367 5 IC GATE TTL § AND QUAD 2-INP 01295 SN74S08N
us4 1820-0629% 0 4 IC FF TTL S J-K NEG-EDGE-TRIG 01295 SN74S5112N
uss 18201015 0 1 IC MUXR/DATA-SEL TTL. § 2-TO-1-L.INE QUAD 01295 SN745158N
use 1820-1077 4 IC MUXR/DATA-SEL TTL S 2-TO-1-LINE QUAD 01295 SN7485157N
us? 183201077 4 IC MUXR/DATA-SEL TTL § 2-TO-1-L.INE QUAD 01295 SN745157N
uss 12152-8001% | 9 1 IC-ROM, MRG PAL 28480 12152-8001%
use 18201438 1 1 IC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01295 SN7ALS257AN
6o 1820-1240 3 g IC DCDPR TTL S 3-TO-B8-LINE 3-INP 0129% SN745138N
u61 1820--1240 3 IC DCDR TTL § 3-TO-8-LINE 3-INP 01295 SN74S136N
62 1B820-1302 8 2 IC MUXR/DATA-SEL TTL S 8-TO-1-LINE 8-INP 01293 SN745251N
us3 1820--1367 S IC GATE TTL S AND QUAD 2-INP 01295 SN74508N
64 1820-1240 3 1C DCDR TTL S 3-TO-8-LINE 3-INP 0129% SN748138N
UeS 18201240 3 IC DCDR TTL S 3-TO-B-LINE 3-INP 01295 SN745138N
uss 1820-06%1 & 2 IC GATE TTL S AND-OR-INV 01295 HN74S64AN
ue?7 18200691 & IC GATE TTL § AND-OR-INV 01295 SN74S 64N
us8 1810-02%56 8 1 RESISTIVE NETWORK-DIP 01121 316A102
ues 12152-80022 | 8 1 1C-ROM, LUT 28480 12152--80022
uzo 1820-2260 9 4 IC-2911 27014 IMD2711ANC
u7t 1620-2260 9 1C-2911 27014 IKD2911ANC
uz2 1820-1240 3 IC DCDR TTL S 3-TO-8-LINE 3-INP 01295 SN745138N
uz3 1810-0424 2 1 RESISTIVE NETWORK-DIP 11236 761-1-R4. 7K
V74 12152-80018 | 2 1 IC--ROM, SEQ PAL 28480 12152-80018
u7s 18200683 -] 3 IC GATE TTL S NAND TPL 3-INP 01295 SN74S10N
uz7 1820-1240 3 IC DCDR TTL S 3-TO-B-LINE 3-INP 01295 SN748138N
uso 18290-2260 9 1C-2911 27014 IMD2911ANC
ust 18202240 L4 1Cc-2911 27014 IMD2911ANC
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Table 3-7. Lower Processor

Replaceable Parts Lists (continued)

Reference HP Part ¢ Qty Description Mfr Mfr Part Number
Designation Number |{D Code

ua2 1820-1240 3 IC DCDR TTL S 3-TO-B-LINE 3-INP 01295 SN748138N
uad 16120- 1449 4 IC GATE TTL § OR QUAD 2-INP 01295 SN74S32N
uB4 1820- 0688 1 1 IC GATE TTL S NAND DUAL 4-INP 01295 BN74S520N
uss 1820- 0694 Q 2 IC GATE TTL § EXCL-OR QUAD 2-INP 01295 SN74S86N
up7 1820-1240 3 IC DCDR TTL S 3-TO-B8-1.TINE 3 -INP 01295 GN745138N
uss 18201491 & 2 IC BIR TTL LS NON-INV HEX 1-INP 01295 SN741.8367AN
use 1820-1641 a 1 IC DRVUR TTL LS BUS DRVR HEX 1-INP 01295 HGN74LS365AN
uet 9 1 IC-ROM, CSRMO 284810 12152-80031
ue2 L1} TIC FF TTL § D TYPE OCTL 01295 SN745374N
ue3 1820-1677 0 IC FF TTL S D-TYPE OCTL 01295 SN745374N
[102) 1820-127% 4 1 IC GATE TTLL S NOR DUAL S-TNP 01295 SN74S260N
ues 1820-0683 6 IC INV TTL S HEX 1-INP 01295 SN74S04AN
ue7 1820-0681 4 IC GATE TTL S5 NAND RUAD 2--INP 01295 SN74500N
ues 16820-1209 4 1 IC BFR TTL LS NAND QUAD 2-INP 01295 SN741.536N
u99 131301726 1 1 TRYSTAL OSCILLATOR 14.7456 MHZ 28480 1813-0196
uiot 12150-80032 [ 0 1 IC-ROM, CSRM1 28480 12152-80032
moa 1820- 1477 0 IC FF TTL S D-TYPE OCTL 01295 SN745374aN
utnd 18201302 a8 IC MUXR/DATA-SEL TTL & 8 TO 1-LINE 8-INP 01295 SN74G251N
Ui0a 18200683 b IC INV TTL S HEX 1-1INP 01295 SN74S04AN
U0y 1820-0694 9 IC GATE TTL S EXCL-OR QUAD 2-INP 01299 SN74586N
Uo7 1820 - 0685 8 IC GATE TTL S NAND TPL 3 INP 0129% HGN74510N
U108 13201367 5 IC GATE TTL S AND QuUAD 2-INP 01295 SN74508N
H109 18201633 8 1 IC BFR TTL 53 INV OCTL 1-INP 0129% HSN745240N
utl11 12152-8000%3 | 1 1 IC-ROM, CSRM2 28400

2 13720 1677 0 IC FF ITL S D-TYPE DCTL 01299

U1l 1820- 0683 & IC INV TTL § HEX 1-INP 01295 SN74504N
114 13200685 a IC GATE TTL & NAND TPL 3 -TNF 01295 SN74S10N
u11s 16201449 4 IC GATE TTL § OR QUAD 2-INP 01293 GN74S32N
Hit1e 1B820- 1158 2 bd IC GATE TTL. S AND-OR TNV DUAL 2 INP 01295 SN74S51N
w17 168200683 ) IC INV TTL S HEX 1-INP 01295 SN7AG04N
ule 1820 1322 2 3 1C GATE TTL § NIMR QUAD 2-INP 0129% GN74S02N
ulie 18200629 0 IC FF TTL S J-K NEG-EDPGE-TRIG 01295 SN745112N
121 121%2-80034 | 2 1 IC-ROM, CSRM3 268480 12152--80034
u122 16 1677 0 1€ FF TTL § D-TYPE OCTL 01295 745374N
10123 1820- 0601 4 IC GATE TTL § NAND QUAD 2-TNP 01295 IN7ASOON
ui24 1820- 1367 S IC GATE TTL S AND QUAD 2 -INP 01295 SN74S508N
u1as 1B20- 1449 4 IC GATE TTL S OR QUAD 2-INP 01295 GN74S3I2N
11126 1813-028% 9 1 OSCILLATOR 20 MHZ 284890 1813-028%5
u1a27 1820-1158 2 1C GATE TTL S AND-OR- INV DUAL 2:-INP 061295 SN74SS1IN
u12e 1820-0629 0 IC FF TTL S J-K NEG-EDGE~TRIG 0129% GN745112N
u1z29 1820- 0629 0 IC FF TTL 5 J-K NEG FEDGE-TRIG 0129% SN7451 12N
U130 & IC BFR TTL LS NON-INV HEX 1-INP 012959 SN74L.S367AN
Ut 1820-2024 3 IC DRVR TTL LS LINE DRVR 0OCTL 01275 SN74L.5244N
U132 1820-2024 3 IC DRVR TTL LS LINF DRVR OCTL 01295 SN741.8244N
U133 18201449 4 IC GATE TTL 5 OR QUAD 2 -INP 01295 SN74S32N
U134 1820--1322 2 IC GATE TTL & NOR QUAD 2-INP 01295 SN74502N
013% 1820-1322 2 IC GATE TTL S NDR GUAD 2 -INP 01295 SN74S02N
u13e 16201449 4 C GATE TTL. S OR QUAD 2-INP 01295 SN74S32N
w137 18310-0182 9? 1 RESIGTIVE NETWORK--DIP 78480 16810-0182
u13e 1820-1450 7 1 IC BFR TTi. S NAND QUAD 2-INP 01295 SN74537N
U139 820-1112 8 1 IC FF TTL t.8 D-TYPE POS-EDGE -TRIG 01295 SN74L.S74AN
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Table 3-8. Manufacturer’s Code List

MER Z1p

N MAHUFACTURIR  NAFE ADDRESS CODE
00600 ANY SATISFACTORY SUPPLIER

o112t ALLEN-KERADLEY 0 MILWAUKEE Wl 53204
01z TEXAS INSTR T SEMICOND CMPNT DIV DALLAS TX 75222
0% K D T PYROFTLM IRP WHIPPANY NT 07981
MOTOROLA SEMICONDULTOR PRODUCTS PHOENTX AZ 8tons
FAIRCHILD SEMICONDUCTOR DIV MOUNTAIN VIEW CA 94042
TELEDYNE SEMTCONDUCTOR HAWTHORNE CA 90250
HERNE INC BERNE IN 46711
11961 INC RURLINGTON MA 01803
14936 HENERAL INGTR CORP SEMICON PRUD GP HICKSVILIE NY 11802
19704 MEPCN/ELECTRA CORP MINERAL WELLS ™ 76067
24546 CORNING GLASS WORKS (BRADFORD BRADF (ORD Pa 16701
MICONDUCTOR CORP SANTA CLARA CA 95051
PACKARD CO CORPORATE HRQ PALO ALTO ca ?4304
INTERSIL INC CUPERT INO CA ?5014
ALBVANCED MICRO DEVICES INC SUNNYVALE ca 74086
34n44 THTEL CORP MOUNTAIN VTEW CA 95051
H0088 MOSTEK CORP CARROLL.TON AR 75006
364 MEMORIES INC SUNNYVALLE CA 4086
289 CTRIC €D NORTH ADAMS MA 01247
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80A MIA10-29 2 |7 o1 o N MIR11 (89) 1 FE- Blg owe 121 N_FP_LSAB__ (76)
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N_CT8 458) 28 s Fsl32 (484) DABS PC- ALL IC'S ARE 1820-XXXX.
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U T (2 [3 1715 [8 |7 | B HTT‘FE 3 [pd 15 SYM REVISIONS APPROVED DATE
817 16 [0 0BT | RW\"F A4S TSSUED % L L
lﬁ 1 | _
FP_CSD0-31
FP_CSD BUS P MICRO INSTRUCTION REGISTER BUS MIRO-31 WIR BUS
s /
B> = ) - R N Y 7. B
32 10A MIR10-31
40A MIRO-5, 18-21
50A MIR, 8-13, 18-26, 26-31
167 700 MIR15-17
. 745374 . 745138 -1240 B0A MIR10-20
FPLSD0 (178) 3 ug2 2 174 MIRO A ) 7 (144 LYCXY-
N FPosor 0 4" S5 wm MR 74 8 A 1904 LYCAB- x
N__FP.eso2 (81) 7 8 (148)  MIR2 A —0883 1 ﬁm CONDITION ENCODE N MIRY  (177) 2 : ::cw (145)  FP_LYMAP- T
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FPCSDS5 (80) 14 {15 usy wuRs j Ti1s 2 1z 18 12 . e N__MIR2  (148) 6 :: ME (147) FPLYMEMR- o
Ny 6 (e WO o a1 5 N WA 10 5] P s Avoees P
\__FP.CS07_(58) 18 10 (180 WIR7 FR_INPr Gaa) 14| Do ¥ ser 4] 20 s {176)_FP_LYPAIN- “
® E = [T m D5 ———q 62A Y0 jo- Ji-13A
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