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Despite the numerous advances in micro-
processor technology, there still remain
many technological niches that have not yet
been filled. One example is a fast micro-
processor with both the powerful instruc-
tion set and extensive software support that
is provided with an MOS machine like the
8080.

In recognition of this need, Signetics has
developed an 8080 Emulator using its high
speed Series 3000 microprocessor chip set.
The Emulator significantly increases the
speed of the 8080A system without costly
redesign of system software. The Emulator
is capable of achieving system speeds from
two to nine times faster than the 8080A.

The Signetics 8080 Emulator bridges the
gap between high-performance “custom
built” bipolar CPUs and the slower, “off the
shelf” MOS microprocessors. While the
“custom built” bipolar machines are fast,
their unique nature requires in-house
development of an assembler and other
support software. The MOS machines, on
the other hand, offer assemblers, high-level
languages, development systems and many
other support features. They are, however,
inherently slow. The Signetics 8080 Emula-
tor offers the best of both worlds. It is an
8080 that runs at bipolar speeds.

FOREWORD

To your system software, the Signetics 8080
Emulator looks just like the microcomputer
it emulates. Except for timing loops, soft-
ware that has been developed and de-
bugged for an 8080 system will run directly
on the 8080 Emulator.

In addition to providing industry with a
Schottky-bipolar 8080 CPU system, the
8080 Emulator also gives Signetics an
opportunity to present its Series 3000
microprocessor chip set in the light of a
practical, accomplished design. Toward
this end, this manual is more than just a
reference guide for 8080 Emulator users. It
also contains a wealth of information on the
application, structure, and operation of bit-
slice processors. Basic microprogramming
concepts are first introduced and then
applied to the Emulator’'s design. This
approach is designed to give the reader a
basic understanding of bit-slice CPU design
and microprogramming techniques.

This manual assumes that the reader has
some experience with microprocessors,
particularly the 8080 system. For a detailed
description of the 8080, refer to the 8080
Microcomputer Systems User’s Manual
published by Intel Corporation.
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FEATURES OF THE SIGNETICS
8080 EMULATOR

e Complete emulation of 7-chip 8080A
CPU system

e Built with Signetics series 3000 Schottky
microprocessor chip set

e Processor cycle times from 150ns to
static

e Microprogrammed architecture

* |Implementation of entire 8080 instruction
set

e Available microprogram space for user
defined macro instructions

e Multiply and Divide macro instructions

e Automatic trap for undefined or illegal
op-codes (machine enters wait state)

e Instruction execution 2 to 9 times faster

than 8080A

Power on reset provided

Single phase clock provided

On board clock provided

Single 5-volt supply operation

Board dimensions and edge connector

compatible with Intel’'s SBC 80 series

¢ Complete 8080 software compatibility
(except for timing loops)
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GENERAL

The Signetics 8080 Emulator is a bipolar
Schottky microcomputer. Using the Signet-
ics Series 3000 microprocessor chip set, a
complete 8080A CPU system has been
implemented. The Emulator replaces a
system consisting of the 8080A microproc-
essor, the 8224 clock generator, the 8228
system controller, two 8226 bidirectional
ports, and two 8212 bus drivers. A block
diagram of the emulated system is shownin
Figure 1.

The Signetics 8080 Emulator is a kit. A PC
board, all of the necessary ICs and discrete
components, and support documentation
are provided. The Emulator kit can be
assembled by a skilled technician in four to
six hours using the assembly instructions
presented in Chapter 4. All PROMs are
preprogrammed.

BIT SLICE ARCHITECTURE

Advantages
The primary advantages in using bit slice
architecture are:

1. The availability of microprogrammable LSI
components.

2. The inherent speed advantage of these LSI
components.

3. Design flexibility.

With microprogrammable LSIs, the system

component count can be reduced to a

manageable level, resulting in lower manu-

facturing costs and design simplification.

With LSt components capable of running at
Schottky-bipolar speeds, it is possible to
develop machines that will run with micro
cycle times of less than 200 nanoseconds.
Many applications require this high speed
performance which cannot be achieved by
MOS microprocessors.

An example of design flexibility is the ability
to expand or contract the size of the
microprogram both vertically and horizon-
tally to fit the requirements of the particular
application. Horizontal expansion s
achieved by adding more control bits to the
microinstruction word. Vertical expansion
is achieved by adding microinstructions to
the microprogram. Additional flexibility is
provided by the cascadability of bit slice
microprocessors such as the N3002. This
feature makes expansion of the CPU word
size possible.

Microprogrammed CPU

Construction of a bit-slice CPU requires the
development of a microprogram. A micro-
program is a series of microinstructions
stored in PROM (control store). For a bit-
slice, microprocessor-based design (such
as the 8080 Emulator), all major building
blocks are controlied directly or indirectly
by a microinstruction. A series of prede-
fined microinstructions is usually required
to perform a useful function, such as the
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adding of two operands and depositing the
sum in a specific register. This kind of useful
function is called a “macro instruction.” In
the case of the 8080 Emulator, all of the
original 8080 instructions are macro in-
structions. The execution of each macro
instruction is accomplished by one or more
microinstructions, depending on the macro
instruction’s complexity.

A simplified structure of a micropro-
grammed CPU is illustrated in Figure 2.
There are five major building blocks, name-
ly:

1. The Central Processing Section—This is the
section where the actual logic and arithmetic
operations are performed. Localized registers
are available for temporary storage. This
section can be implemented with the use of bit
slice microprocessors such as the N3002.
Cascading N3002s will yield the desired word
length.

2. Control Store—The Control Store consists of a
group of storage devices, such as ROMs or
PROMs (RAMs are used in the case of writable
control store). It is here where the micropro-
gram is stored.

The Control Store size can be varied in two
ways:

Horizontally: By increasing or decreasing the
number of bits in each microword, the number of
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parallel hardware control operations will increase
or decrease, respectively.

Vertically: By increasing or decreasing the
number of microinstructions, the capability of the
CPU will increase or decrease, accordingly.

It is possible to optimize the CPU design by
optimizing the size (horizontally and vertically)
of the Control Store. Total flexibility is achieved
through the process of optimization in the
Control Store.

. Microprogram Sequence Control—This func-

tion is implemented efficiently with the N3001.
The N3001 controls and provides the address
sequencing function for the Control Store. The
address thus formed is called the “micropro-
gram address.”

. Macro Instruction Decode Logic—This area

performs the function of decoding the macro
instruction that was fetched from main memo-
ry. As a result of the decode, an address is
formed to access the Control Store (via the
microprogram sequence control) at those
locations which are required steps in the
execution (macro decode is used throughout
the instruction cycle).

. Microinstruction Register—This register is

commonly calied a “Pipeline Register.” Its key
function is to hold a microinstruction so that
concurrent execution of the present microin-
struction and fetching of the next is possible.
This architectural arrangement enhances the
performance of a given technology.
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As indicated in Figure 2, the microinstruction
held in the Microinstruction Register provides
control fields to control all of the major building
blocks in this generalized CPU. All appropriate
operations in the hardware are performed with
the execution of a microinstruction.

A typical microinstruction is illustrated in
Figure 3. In this example, a 40-bit-wide micro-
word is assumed. If there is more logic to be
controlled, more bits can be added. Each
control field is defined in relation to a specific
hardware element which is controlled by the
bits emerging from the specific PROM location.

TYPICAL MICROINSTRUCTION FORMAT

39 34 33 29 28 26 25 18 17 7 6 o
MISCELLANEOUS| DATA PATH o MASK MICROPROGRAM CENTRAL
CONTROL CONTROL CONTROL ADDRESS PROCESSING
CONTROL SECTION
5 0] 4 0j2 0f7 010 0)6 0
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INTERNAL 8-BIT MASK 7-BIT FIELD
DATA BUS OR CONSTANT CONTROLLING
MULTIPLEXING USED IN THE FUNCTIONS
CONTROL BIT TEST OF THE N3002
OPERATIONS
Figure 3
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EMULATOR ARCHITECTURE

The basic architectural organization of the
8080 Emulator is shown in Figure 4. It
consists of the following three major sec-
tions:

1. The Micro-Control Section
2. The ALU and Register Section
3. The 1/O and Memory Interface

A detailed description of each of the above
sections is presented in this chapter.

Micro-Control Section

The overall control of the machine is
provided by the micro-control section
shown in Figure 4. This section is subdi-
vided into the following functional blocks:

Micro-Control Memory

The microprogram is stored in six 512X8
Schottky PROMs. Thus, the microinstructionis
48 bits wide, and the microprogram can include
512 microinstructions. (Only 345 microinstruc-
tions are used to implement the 8080 instruc-
tion set.)

Micro Control Unit (N3001)
Micro control memory is addressed by the
N3001 MCU. The MCU generates micropro-
gram addresses based on the control informa-
tion provided by the microprogram and the
Instruction Decode PROM.

Instruction Decode PROM
The first microaddress of every microroutine is
decoded from the macroinstruction’s op code.

The conversion from op-code to N3001 address
data is made by the Instruction Decode PROM.

Jump Control Logic

Conditional microprogram jumps based on the
external control lines, Program Status Word
(PSW) status, or microprogram status are
impiemented by the Jump Control Logic.

Pipeline Register

The Pipeline Register is a latch that allows one
microinstruction to be executed while the next
one is being fetched from the Micro Control
Memory.

Register Control PROMs
The registers involved in any given microin-
struction may be chosen by the microprogram

or the macro instruction’s op code. The
Register Control PROMs convert a microin-
struction control field and the op code into a
Register Group control field for each CPE
array.

The ALU and Register Section

The ALU and Register Section, shown in

Figure 4, is the operational heart of the
microcomputer. All of the computational

work and data manipulation are performed

in this section.

The ALU and Register Section is functional-

ly divided into the following blocks:

CPE 3002 Array 1

Array 1 is an 8-bit ALU/Register file fabricated
with four 3002 CPE 2-bit slices. The control
inputs of each CPE slice are tied together so
that the array behaves like a single 8-bit data
processor. All arithmetic and logical functions
are performed by the CPEs. They also contain
the CPE’s working registers.

CONTROL SECTION

8080 EMULATOR ARCHITECTURE
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CPE 3002 Array 2

Functionally equivalent to Array 1, Array 2 may
operate independently, or be combined with
Array 1 for 16-bit operations (e.g., macro
address and stack pointer calculations).

ALU Input Multiplexer

Input data to both arrays is channeled through
the ALU Input Multiplexer. Under micropro-
gram control, the muitiplexer selects from
among data returned frem external memory,
data output from the arrays, and output from
the Instruction Register. The data complement
input controls the conditional compiement
circuit at the multiplexer output to effect either
inverting or non-inverting data flow. Further-
more, the multiplexer allows the user to force
the outputs to all ones (1) or all zeros (0), as
desired.

Program Status Word Latch

The Program Status Word (PSW) for the 8080
Emulator is stored in the PSW Latch. The PSW
Latch is connected to the M BUS input to Array
1. This provides the microprogram with access
to the PSW for pushing onto the external stack.

PSW Multiplexer

The PSW Latch is loaded with data input from
the PSW multiplexer. The PSW multiplexer
selects between either current machine status
orthe Data Output Bus from the two arrays. The
DO input facilitates a “pop” of the PSW off the
external stack.

Mask PROM

The Mask PROM, addressed by the micropro-
gram, contains 32 masks that are used for bit
masking during execution of various microin-
structions. The mask is presented to the CPE
arrays on the | Bus.

Input/Output and
Memory Interface

The last section of the 8080 Emulator to be
considered is the I/0 and Memory Interface
shown in Figure 4. This section consists of
the following blocks:

External Memory Address Register

The External Memory Address Register is a 16-
bit latch. It laches the A Bus outputs of the
combined CPE arrays, and presents this
address to the high-speed bus drivers which
drive the External Address Bus.

Tri-State Bus Transceiver

The Tri-State Bus Transceiver is an 8-bit
bidirectional I/0 device. This high-speed, high-
current device drives the External Data Bus.

Instruction Register

The Instruction Register is an 8-bit latch which
stores op codes that have entered the 8080
Emulator via the external Data Bus. The output
of the Instruction Register addresses the
Instruction Decode PROM, the Jump Control
PROM, the op code Register Control PROM,
and is available as an input to the ALU Input
Multiplexer.

Control Signal Latch

The Control Signal Latch synchronizes exter-
nal control signals input to the 8080 Emulator
with the microprogram.

Control Signal PROM

By addressing the Control Signal PROM, the
microprogram provides 8080 system interface
signals to the outside world.

DESIGN CONSIDERATIONS

ALU Structure

The schematic for the 8080 Emulator is
provided in Appendix A. The Arithmetic
Logic Unit (ALU) isshownin Figure A-1. The
ALU consists of two 8-bit arrays. Each array
is an independent 8-bit ALU with an on
board register file implemented with four
N3002 CPEs. For operations requiring 16-
bit processing, the two arrays are combined
to form a single 16-bit ALU.

Each of the 8-bit ALUs has a carry look-
ahead generator which can generateacarry
out of that ALU. For 16-bit operation, the
outputs of the separate carry look-ahead
generators are fed into a third carry look-
ahead generator to produce a carry out of
the 16-bit ALU. To facilitate 16-bit opera-
tion, the Carry Out of the low-order array
must become the Carry In bit to the high-
order array. This is accomplished by the
same multiplexing scheme that controls the
carry look-ahead generators. The entire
operation is controlled by the microinstruc-
tion with signals CS2, CS1, CS0, and DBY.

N3002 Bus Assignment

Data Out (DO) Bus

Each N3002 array has an 8-bit Data Out
(DO) bus that is driven by the CPE’s
accumulator. The two tri-state buses are
wire-OR’ed together and are controlled
directly by the microcode with the ED1
signal. The selected Data Out Bus drives the
ALU input multiplexer and the 8-bit output
transceiver. All data presented to the Exter-
nal Data Bus is routed via the DO Bus.

A-BUS (Address Bus)

The Memory Address Bus Outputs from
both CPE arrays are combined to form a 16-
bit address for an external main memory
(A15-Ag). This combined 16-bit bus is
latched into the external Memory Address
Register. The external Memory Address
Registér drives three 8T97 Bus Drivers
which, in turn, drive the Edge Connector
and hence external memory.

K-BUS (Data Input Bus)

The K-Bus is the main data input path to the
N3002 CPE arrays. This isan unconvention-
al but effective way to use the K-Bus.
Normally the K-Bus is used to mask values
input to the ALU.

The 8080 Emulator’s use of the K-Bus as a
data input path allows datato be moved into
an internal register without passing through
the AC or T register. This feature is essential
when the contents of both registers must be
saved, as is often required by certain
operations.

The K-Bus is driven by a complementing 3-
to-1 multiplexer. Controlled by the microin-
struction, the K-Bus multiplexer can select

Sifnotics

any of the following:

e The Instruction Register contents (or comple-
ment).

® The external memory driven Data Bus (or
complement).

e The ALU accumulator driven Data Out (DO)
Bus (or complement).

® A field of all ones (or zeros).

1-BUS (Mask Bus)

Normally, the |-Bus is used as the major
data input path to the CPE array. For the
8080 Emulator design, however, the flexible
nature of the I-Bus makes it suitable for
inputting a mask to the CPE array. The
masking (ANDing) operation occurs be-
tween the K-Bus and the |-Bus in the B
multiplexer of the N3002 ALU.

Masking operations are required by four
macro instructions: RST (Restart), DAA
(Decimal Adjust Accumulator), MUL (Multi-
ply) and DIV (Divide). The mask patterns for
these operations are provided by a 32X8
PROM. The PROM is addressed by the
microinstruction word. When one of the
above instructions is not being executed,
the mask PROM forces the I-Bus to all ones.
Thus, when the I-Bus and the K-Bus are
ANDed, the value on the K-Bus remains
unchanged.

M-BUS (PSW Bus)

Normally, the M-Bus brings in data from an
external main memory. Recall that for the
8080 Emulator, data from external main
memory has been multiplexed onto the K-
Bus. Thus relieved of its intended function,
the M-Bus has been used to bring in the
Program Status Word (PSW) to the low-
order CPE array. The M-Bus inputs to the
high-orderarray are not used and have been
tied to the I-Bus inputs.

The PSW bus is made available to the CPE
array for the PUSH PSW operation. Via the
M-Bus, the CPE array accesses the PSW
and pushes its current value onto the
external stack, pre-allocated in main memo-
ry.

The Program Status Word bits are defined in
Table 1.

FUNCTION BUS*

The N3002 CPE is controlled by a 7-bit field
called the Function Bus. Each of the 8080
Emulator’s 8-bit arrays is provided with a
Function Bus.

The Function Bus is divided into two

groups.
1. The F-Group: Determines the ALU function to
be performed.

2. The R-Group: Determines the registers in-
volved.

*NOTE

For a detailed description of the Function Bus, refer to the
N3002 description in Appendix D.

1"



The technique of pipelining is to overlap
these two serial operations (i.e., the fetch
and subsequent execution) into one simul-
taneous event, as illustrated in Table 4.

CYCLEY | CYCLE Y+1| CYCLE Y+2
Fetch Fetch Fetch
Inst. N+ | Inst. N+2 | Inst. N+3
Execute Execute Execute
Inst. N Inst. N+1 Inst. N+2

BIT MNEMONIC NAME
Do cY Carry
D4 1 Logical one
D, PRTY Parity (Even)
Ds 0 Logical zero
D4 HC Half carry (for BCD operations)
Ds 0 Logical zero
De ZERO Result equals zero
D7 SIGN MSB
Table 1 PROGRAM STATUS WORD BIT DEFINITIONS
N3002
REGISTER ARRAY 2 ARRAY 1
RO B C
R1 D E
R2 H L
R3 SPh SPI
R4 PCh PCI
R5 Not Used Not Used
R6 Not Used Not Used
R7 Not Used Not Used
R8 Not Used Not Used
R9 Working Storage Working Storage
T A A
AC Working Accumulator Working Accumulator
NOTE
A: Accumulator SPh: High-order stack pointer address
B, C, D, E, H, L: Working Registers PCI: Low-order program counter address
SPI: Low-order stack pointer address PCh: High-order program counter address

Table 2 8080 REGISTER ASSIGNMENT

N3002 Register Assignment

The N3002 CPE has more registers than
required for the emulation. The exact
register assignment for the 8080 Emulatoris
shown in Table 2. The unused registers may
be used for expansion purposes.

THE 8080 EMULATOR PIPELINES

General

Several advanced architectural techniques
have been implemented in the 8080 Emula-
tor. One of the most important of these is the
concept of pipelining. Pipelining is a
technique by which tasks that are normally
accomplished in a serial fashion are per-
formed in parallel. When implemented
properly, pipelining can result in faster
operation and better resource utilization.

In the 8080 Emulator design, the pipelining
concept was implemented in two areas:

1. A multi-level pipeline is used to handle the
macro instruction fetching to ensure that the
next three consecutive instructions are avail-
able locally in the CPU.

2. A single-level pipeline is used to facilitate
simultaneous execution of the current microin-
struction and fetching of the next microinstruc-
tion.

The main advantage of this type of architec-
ture is the resulting performance enhance-
ment due to overlapping operations. Large
scale computing machines, such as the IBM

12

360/195 and the CDC STAR, were imple-
mented using similar concepts.

Basic Concepts

The 8080 Emulator provides two excellent
examples of the pipelining technique. The
serial processes to be performed in parallel
are the fetch and execution of instructions
(both micro and macro).

With a non-pipelined CPU design, the basic
machine cycle is a serial process. As an
example, Table 3 shows a series of machine
cycles and their respective operations:

CYCLE X CYCLE X+1 | CYCLE X+2
Fetch Execute Fetch
Inst. N Inst. N Inst. N+1

CYCLE X+3 | CYCLE X+4 | CYCLE X+5
Execute Fetch Execute
Inst. N+1 Inst. N+2 Inst. N+2

Table 3 NON-PIPELINED
MACHINE CYCLES

This type of serial machine must first fetch
an instruction out of memory. Upon receipt
of that instruction, execution of the instruc-
tion will take place (assuming instruction
decode is part of the execution). Therefore,
the whole procedure is a two-step serial
operation.

Sifjnetics

Table 4 PIPELINED MACHINE CYCLES

The motivation for pipeline architecture is
primarily to gain speed for a given solid
state technology. The gain in speed is made
possible by providing dedicated hardware,
such as several levels of memory address
registers and instruction registers. There-
fore, the primary design consideration is the
tradeoff between performance and cost.

The Micro Pipeline

The micro pipeline consists of:

1. Micro Control Memory (the microprogram)

2. A Pipeline Register

As soon as the microinstruction output from
Micro Control Memory is stable, itis latched
into the Pipeline Register. Once the mic-
roinstruction is latched into the Pipeline
Register, it is presented as a collection of
control fields to the various functional
blocks of the 8080 Emulator. With the
control fields thus established, execution of
the microinstruction takes place. In the
meantime, the next microaddress being
formed by the N3001 MCU is addressing the
next microinstruction. Thus, the micro
pipeline is realized in that one microinstruc-
tion is executed while the next microin-
struction is being accessed.

The Macro Pipeline
The Macro pipeline structure consists of the
following four dedicated registers:

PC—16-Bit Program Counter residing in R4
iMAR—16-Bit Internal Memory Address Register
eMAR—16-Bit External Memory Address Regis-
ter
IR—8-Bit Instruction Register

The first three registers of the pipeline are
used to maintain addresses that are eventu-
ally used to access the external main
memory via the Emulator's Memory Ad-
dress Bus. The last register, the Instruction
Register, is used to store the op codes and
data returned from memory via the 8080
Emulator’s Data Bus.

The address in each of the first three
registers is updated at the end of every
macro instruction cycle. This operation is
detailed in Table 5.

The basic operation of the macro pipelineis
as follows: during any macro instruction
cycle, for example, cycle (X+1), the (N)th
instruction is exeucted, the (N+1)th instruc-
tion is fetched, and the iIMAR and PC
registers are updated.



During a jump or branch operation, the
entire pipeline will be reinitiated to reflect
the new address and its subsequent ad-
dresses.

MEMORY AND 1I/0 CONTROLS
The control signals for memory and 1/0
operations are generated by a PROM
(825123). These control signals include
RTRAP, HLTA, INTA, IOW, ORI, MEMW,
and MEMRI. Except for IORI and MEMRI, all
of the above signals are presented directly
to the outside world. ORI and MEMRI are
strobed into separate flip-flops which
output iIOR and MEMR, respectively.

Figure 5 illustrates the memory and 1/O
control signal logic implementation. The
associated PROM truth table is provided in
Appendix B, Table B-4 (PROM U10). Note
that only 16 addresses of the 825123 are
used. The high-order address bit A4 and
chip enable (CE) are both tied to ground as
shown in Figure 5.

The assignment of control signals for each
bit of the PROM output is shown in Table 6.

ADDRESSING MICROCONTROL
MEMORY

The Instruction Decode PROM
Each macro instruction (8080 instruction) is
implemented by a sequence of microin-
structions. The first microaddress of each
microroutine is derived directly from the op
code by the Instruction Decode PROM.

The op code fetched from external memory
is latched into the Instruction Register. The
Instruction Register then addresses the
Instruction Decode PROM.

The outputs of the Instruction Decode
PROM are loaded into the internal memory
address register of the N3001 MCU via the
PX and SX input buses. The N3001, under
control of the microinstruction, will gener-
ate a corresponding address output on the
MAg_, bus according to the format shown in
Table 7.

When one or more microinstructions are
shared by a group of macro instructions, the
op code is saved in the Instruction Register
and used again for a secondary decode.

The Instruction Decode PROM has 512
addressable locations. Two hundred and
fifty-six locations are used for primary
decode of 8080 instructions, Multiply,
Divide, and user-defined macro instruc-
tions. The remaining 256 locations are used
for secondary decodes. The microprogram
enables the secondary half of the instruc-
tion Decode PROM by setting the Second-
ary Jump (SJM) bit. The SJM bit, once
latched into the pipeline register, becomes
the most significant bit of the Instruction
Decode PROM'’s address field. The sec-
ondary address, thus decoded, is loaded

MACRO INSTRUCTION CYCLE

(X) (X+1) (X+2)
Instruction being executed N-1 N N+1
eMAR N N+1 N+2
iMAR N+1 N+2 N+3
PC (R4) N+2 N+3 N+4

Table 5 MACRO PIPELINE ADDRESS UPDATE SEQUENCE

B, Bg Bs B,
RTRAP HLTA INTA
Most-
Significant
Bit (not used)

B, B, By B,
10W 10RI MEMW MEMRI
Least-
Significant
Bit

Table 6 ASSIGNMENT OF CONTROL SIGNALS

GENERATION OF MEMORY AND 1/0 CONTROL SIGNALS

Fi=s
CLK FF
TOR
7475
B6 RTRAP
READY —————{D Q
A3 85 ALTA
748174 828123
PROM ., NTA
NOTE 1 B3 oW
EXT
B2
Mlcnolzzgrucnou SWPA2 A2
REGISTER SWPA1 A1 B1 MEMW
SWPAD A0
as ce
NOTE 2
NOTES
1. Refer to PROM truth table in Appendix B, Table 4.
2. Refer to signal description in Appendix A.
Figure 5
ADDRESS TO INSTRUCTION | INPUT TO|OUTPUT OF
DECODE PROM N3001 N3001 (MICROPROGRAM ADDRESS)
PX4 MAO
PXs MA,
PXs MA,
IR-0) PX; MA;
and SXo MA,
SIM SX, MA;
SX, MA,
SX, MA,
MAg (set to zero)

Table 7 GENERATING ADDRESS OUTPUT ON THE MAs_o BUS

into the N3001 to generate the micropro-
gram’s next address.

N3001 Address Control

Once the starting address for a micro-
routine has been determined by the Instruc-
tion Decode PROM and loaded onto the

Sifnetics

Microaddress (MA) Bus (via the N3001), all
subsequent microaddresses in the routine
are specified by the microinstructions. Each
microinstruction generates an Address
Control (AC) field for the N3001 MCU. The
AC Bus determines what function the MCU
will perform on the current address to
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produce the next MA value. (For a detailed
description of the AC functions, refer to the
N3001 data sheet in Appendix D.)

Jumps required by the microprogram are
implemented with supplemental control of
the MA, and MA, bits. MA, is driven by a
multiplexer that selects from among the
MA, output of the N3001, Ready, and Hold.
The Ready and Hold inputs are used to
create dynamic wait loops while the micro-
program is waiting for those signals. The
MA4 bit is an AND term of the N3001’s MA4
output and a control signal that goes false
(thus forcing MA4 to a logical zero) when
both Interrupt Strobe (IST) and Hold are
true.

Jumps required by the macro program are
implemented by the Jump Control PROM
(U-37). The Jump Control PROM is ad-
dressed by the 8080 Program Status Word
bits Zero, Carry, Parity, Sign; three bits of
the Instruction Bus (IRs.3)); and SJM. The
output of the Jump control PROM (1 bit) is
OR ed with LD2 to generate the SXz inputto
the N3001 MCU. This feature allows condi-
tional jJumps to be executed when the Load
function of the N3001 is performed.

MICROINSTRUCTION FORMAT

General

The microprogram is realized as a series of
microinstructions. All microinstructions for
the 8080 Emulator have the same format,
namely, a 48-bit word consisting of the
control fields shown in Figure 6.

To fully describe the functions of each one
of these control fields, the following proce-
dure has been adopted:

1. A pictorial overview of the microword broken
down into six groups of eight consecutive bits
is presented. Field names and their control
functions are briefly described.

2. Detailed descriptions of all control fields are
provided.

Microinstruction Control

Field Descriptions

AC (7 bits) ADDRESS CONTROL
FIELD

The Address Control Field
determines the jump func-
tion executed by the N3001
MCU. See Figure 7.

LOAD

Load enables the load func-
tion of the N3001 MCU.
Load initiates a microrou-
tine based on a primary or
secondary decode of the
instruction op-code (see
SJM and LD2 and Figure 8).
CARRY SELECT
CONTROL FIELD

This field controls the Car-
ry In and Carry Out of the
CPE arrays. Specifically,
the Carry Select Control
Field (see Figure 8):

LD (1-bit)

CS (3 bits)

14

MICROINSTRUCTION WORD FORMAT

PROM U8 PROM U2 PROM US
38

PROM U7
7 40 3231 24 23 16 15

PROM U6
4

PROM U4
87 0

FOI Fl IFGP lMBIRGP DOEJIRW ADLIFRWI ED‘I[ KS

PA

IER ls‘” chlnmlccn EXT naslmz[sml |s1'losvl cs

LD|AC

Figure 6

BREAKDOWN OF AC AND LD FIELDS

PROM U7 PROM U8 PROM U2 PROM U5 PROM U6 PROM U4
47 40 38 32 31 24 23 . 16 15 8 7 0
FO] Fi ]FGP IMB|RGP DOElIRW ADL|FRW|ED1| S | IER I f,‘g lNC?[NC1lCCR[EXT RRElLDZISJMl ISTIDBV[ Ccs LDJ AC

7 6 0

L) T 1 T T T
LD AC
6 , 5, 4 ; 3 , 2 , 1 , 0
LOAD ADDRESS CONTROL
CONTROLS THE ADDRESS CONTROL FIELD
LOAD ENABLE TO FOR N3001 JUMP
THE N3001 MCU FUNCTION.
FOR STARTING THE
MICRO ROUTINE
SPECIFIED BY
OP-CODE DECODE.
Figure 7
BREAKDOWN OF THE CS, DBY, IST, SJM, LD2, AND RRE FIELDS

PROM U7 PROM U8 PROM U2 PROM U5 PROM U6 PROM U4
47 40 38 32 31 24 23 16 15 8 7 0
FOI FI IFGP |MB|RGP DOEIIRWIADLIFRWIEDI[ KS | IER I ?,:’ NCZINC‘IICCR[EXT RREILD2[SJM| |ST|DBYI Cs| LD I AC

15 14 13 12 11 10 9 8
RRE b2 SIM isT DBY cs
2 1 0

REGISTER-ROM
ENABLE

SECONDARY JUMP

DOUBLE BYTE

ALLOWS OP-CODE
TO SPECIFY

PROVIDES FOR A
SECONDARY
DECODE OF THE

LINKS THE CARRYS
OF THE TWO ALU
ARRAYS FOR 16-BIT
OPERATIONS.

REGISTER TO BE
USED VIA REGIS-

OP-CODE.

TER PROM U-30.

UNCONDITIONAL

NEXT MICRO CYCLE

LOAD 2 INTERRUPT STROBE CARRY SELECT

USED IN CON- INDICATES THAT AN CONTROLS CARRY IN AND
JUNCTION WITH INTERRUPT MAY BE LEFT SHIFT iN TO THE

LD, PROVIDES ACCEPTED IN THE ALU ARRAYS AND ALSO

CARRY OUT AND HALF-

ACCESS TO THE IF ENABLED. CARRY OUT OF THE ARRAYS
2ND QUADRANT OF {SEE MICRO CODE
MICRO-CONTROL STORE. LISTING)
(ROWS 8 THRU 15)

Figure 8
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DBY (1-bit)

IST (1-bit)

SJM (1-bit)

LD2 (1-bit)

RRE (1-bit)

1. Determines 8 or 16-bit
operation.

2. Determines whether
Carry In to the arrays is
complemented or not.

3. Multiplexes the carry
bits for shift operations.

4. Controls the carry and
half carry input to the
Program Status Word
register.

DOUBLE BYTE

DBY specifies the configu-

ration of the carry look-

ahead logic. When DBY is
high, the carry look-ahead
is computed for each 8-bit
array individually. When

DBY is low, the carry look-

ahead is computed over the

16-bit ALU. See Figure 8.

INTERRUPT STROBE

This control bit enables the

interrupt control circuitry

for the 8080 Emulator.

When IST is true, INT and

HOLD are allowed to inter-

rupt the N3001 MCU. See

Figure 8.

IST goes true dunng the

fetch cycle following all

macro instructions except:

1. Enable Interrupt (EI)

2. Disable Interrupt (DI)

3. The Fetch of an Interrupt
Vector

SECONDARY JUMP

This control bit addresses

the Instruction Decode
PROM. SJM thus divides
the Instruction Decode

PROM into two fields. The
first field is the primary
jump field, while the sec-
ond field is the secondary
jump field. In many cases
the primary decode defines
a general class of instruc-
tions that share the same
beginning micro routine.
SJM then allows a second-
ary decode of the macro
instruction that calls up the
specific microroutine to
complete execution of the
macro instruction. See Fig-
ure 8.

LOAD 2 __

LD2 can force the SX3input
to the N3001 to go low. It
gives the microprogram
control of the jump destina-
tion when the Load func-
tion is used for microad-
dress generation. LD2 also
permits an op-code decode
into the second quadrant of
micro control storage (lo-
cations 0801s through
OFF1¢). See Figure 8.
REGISTER ROM ENABLE

BREAKDOWN OF THE EXT, CCR, NC1, NC2, SWPA, AND IER FIELDS

PROM U7  PROM Us PROM U2 PROM U5 PROM U6 PROM U4
a7 4038 3231 24 23 16 15 87 0
FO] Fl Jrcp MB| nep DOE; mw ADL FRW, ED1 IER [ sw chlnc1 'ccnlsxr nnE,n.ozls.m IST DBV cs| Lo I AC

iER SWPA NCZ Nci CCh EXT
2 1, 0
STATUS-WORD- NO-CLOCK FOR EXTERNAL TEST
PROM ADDRESS ARRAY 1
INITIATES A WAIT
CONTROLS OUTPUT DISABLES CLOCK LOOP BASED ON THE
OF STATUSES: FOR ARRAY 150 READY SIGNAL:
RTRAP NO OPERATION READY LOW = ODD ADDRESS
HLTA WILL BE READY HIGH = EVEN ADDRESS
PERFORMED.
INTA
1ow
10R
MEMW
MEMR
INTERRUPT ENABLE NO-CLOCK FOR CONDITIONAL
REGISTER ARRAY 2 CLOCK READY

CONTROLS THE
LOADING OF FO

INTO THE INTE

F/F TO ENABLE OR
DISABLE INTERRUPTS

WILL BE

DISABLES CLOCK
FOR ARRAY 2 SO
NO OPERATION

PERFORMED.

CONDITIONS THE
CLOCKING OF BOTH
ARRAYS ON THE
PRESENCE OF THE
READY SIGNAL.

Figure 9

EXT (1-bit)

|

0

CR (1-bit)

This bit determines wheth-
er the N3002 array register
group is specified by the
microprogram or the In-
struction Bus. See Figure 8.

EXTERNAL TEST

External Testis a control bit

that the microprogram acti-

vates when it is waiting for
Ready to return from exter-
nal memory or I/0. While
the microprogram is wait-
ing for Ready, it remains in

the idle loop based on the

value of MAO. MAOQ is con-
trolled by the MAO multi-
plexer which is monitoring

Ready. The MAO multiplex-

er is switched between the
value of Ready or the MCU
output by the EXT signal.

EXT also disables

the

HLDA signal and enables
Ready addressing of the
Control Signal PROM. See

Figure 9.

CONDITIONAL CLOCK

READY

This control bit is used in
the dynamic wait loop used
for external memory and
1/0 interfacing. When the

microprogram

is waiting

for Ready to go negative
true, this bit disables the

NC1 (1-bit)

NC2 (1-bit)

SWPA (3 bits)

IER (1-bit)

clock to both Array 1 and
Array 2. Thus disabled, the
contents and status of the
CPE arrays remains undis-
turbed until the requested
data is ready for processing
(see EXT). See Figure 9.
NO CLOCK ARRAY 1

This signal disables the
clock to Array 1. With this
bit, the microprogram can
selectively enable or dis-
able Array 1. See Figure 9.
NO CLOCK ARRAY 2
This signal is identical to
NC1 but operates on Array
2. See Figure 9.

STATUS WORD PROM
ADDRESS

This control field provides
three bits of the 4-bit ad-
dress field for the Control
Signal PROM. It also pro-
vides for the output of the
following status signals:
RTRAP, HLTA, INTA, IOW,
IOR, MEMW, and MEMR.
The fourth_bit of the ad-
dress, EXT. Ready, disables
all of the above seven out-
put status signals. See Fig-
ure 9.

INTERRUPT ENABLE
REGISTER

This signal controls the
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KS (3 bits)

ED1 (1-bit)

FRW (1-bit)

|

>

DL (1-bit)

IRW (1-bit)

DOE (1-bit)

RGP (5 bits)

16

Interrupt Enable signal
(INTE) by allowing aone or
a zero to be written into it
from the Flag Outputsignal
(FO). See Figure 9.

K-BUS SELECT

This field controls the ori-
gin of the data for the main
input bus to the ALU arrays
(K-Bus) (See Figure 10).

KO (000) = All O’s
KD (001) = ALU Data Out
KM (010) = Memory Data
KIR (011) = Instruction
Register
K1 (100) = All 1's
KND (101) = Comple-
mented ALU
Data Out
KNM (110) = Comple-
mented Mem-
' ory Data
KNIR (111) = Complement-

ed Instruction
Register

ENABLE DATA 1

The Data Out buses of the
two ALU arrays are tied
together into one 8-bit bus.
ED1 determines which CPE
array will drive this bus.
ED1 low enables array 1
data; ED1 high enables ar-
ray 2 data. See Figure 10.
FLAG REGISTER WRITE
The newly calculated Zero,
Parity and Sign flag bits are
loaded into the Program
Status Word (PSW) latch
with this control signal. See
Figure 10.

ADDRESS LOAD

This 1-bit control loads the
external memory address
register from the memory
address register internal to
the N3002 CPE arrays. This
address is then used to ac-
cess memory or |I/O. See
Figure 10.
INSTRUCTIONREGISTER
WRITE

Data input over the bidirec-
tional data bus is loaded
into the instruction register
with this control line. [Ac-
tive upon termination of
Memory Read (MEMR),
Input-Output Read (IOR),
and while receiving the in-
terrupt vector (INTA). See
Figure 10.

DATA OUT ENABLE
Enables ALU data output
onto the bidirectional data
bus during Memory Write

(MEMW) and Input-Output

Write (IOW) operations. See
Figure 10.

REGISTER GROUP
CONTROL FIELD

PROM U7
47

BREAKDOWN OF THE KS, EDI, FRW, ADL, IRW, AND DOE FIELDS

PROM U8
40 38 3231

PROM U2

PROM U5

24 23

PROM U6

PROM U4
87 0

FOI FI lFGP IMBIRGP

IER I sw |NC2|NC1 |ccnl EXT

PA

LDlAC

31 30 29 28 27 26 5 2
L 1
DOE IRW ADL FRW ED1 Ks
2 L1 [
INSTRUCTION REG- FLAG REG- K-BUS SELECT
ISTER WRITE ISTER
ER WR WRITE CONTROLS ALU INPUT
LOADS DATA COM- LOADS THE ~ )
ING IN ON THE PARITY, ZERO K1=ALL1's
DATA BUS INTO AND SIGN :g‘*_“w'l-'s-lgém
THE INSTRUCTION FLAGS INTO =
nzelsrsen u THE PSW. KNM = COMPLEMENT MEMORY
: KIR = INSTRUCTION REGISTER
KNIR = COMPLEMENT INSTRUCTION
REGISTER
KD = ALU DATA OUT
KND = COMPLEMENT ALU DATA
DATA OUT ENABLE ADDRESS LOAD ENABLE DATA 1

ENABLES ALU

LOADS EXTERNAL

ENABLES ARRAY 1

DATA ONTO THE

MEMORY ADDRESS

DATA ONTO DO BUS,

DATA BUS FOR REGISTER TO OTHERWISE ARRAY 2
WRITING TO ACCESS MEMORY DATA.
MEMORY OR 1/0. OR 1/0.

Figure 10

PROM U7
47 40

BREAKDOWN OF THE RGP AND IMB FIELDS

PROM U8
38 32 31

PROM U2

PROM Us

24 23

PROM U6
16 15

PROM U4
87 0

FO| FI ]FGP IMBIﬁGP

PA

IER I sw chl NC1 |ccnlsxr

LDIAC

39 38 37 36 35 34 33 32
T T T T T T
iMB RGP
2 \ 1 1 [N , 3, 2 1 []
1-MASK BUS REGISTER GROUP

THIS FIELD, ALONG WITH

CARRY AND HALF-CARRY,

SELECTS ONE OF THE 32
POSSIBLE MASKS TO BE
SENT TO THE ALU FROM
THE MASX PROM.

SELECTS THE REGISTERS TO

BE USED IN ALU OPERATIONS.
THIS FIELD IS AN ADDRESS

TO REGISTER SELECT PROM U17
WHICH DETERMINES THE 4-BiT
REGISTER CONTROL FIELD FOR

EACH ALU ARRAY.

(SELECTS REGISTER R3 FOR
BOTH ARRAYS IF THE RRE

SIGNAL IS ACTIVATED)

Figure 11
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IMB (3 bits)

FGP (4 bits)

The Register Group Con-

trol Field input to each CPE

array is generated by two

Register Control PROMs

(see Figure 11):

1. The op code Register Con-
trol PROM

2. The Microcode
Control PROM

The PROM controlled di-
rectly by the microinstruc-
tion is the Microcode Reg-
ister Control PROM. The
address for this PROM is
the RGP control field. The
RGP field addresses 32
pairs of Register Group
control fields (one for each
array). For macro instruc-
tions that call for specific
8080 registers, the output
of the Microcode Register
Control PROMis combined
with the output from the op
code Register Control
PROM. Addressed by the
Instruction Register Bus,
the op code Register Con-
trol PROM’s output is wire
OR’ed with the Microcode
Register Control PROM'’s
output. This Register
Group control field genera-
tion scheme is illustrated in
Figure 12.

| MASK BUS CONTROL
FIELD

The | Bus is generated by
the | Mask PROM. This
32X8 PROM, an 828123, is
addressed by the 3-bit |
Mask Bus control field in
conjunction with the carry
bit and the half carry bit.
The | bus output from the |
Mask PROM is logically
AND’ed with the K-Bus or
used as an addend to
N3002 registers. See Figure
12.

FUNCTION GROUP
CONTROL FIELD

The 3-bit Function Group
(F-6, F-5, and F-4) input to
each array is determined by
this field (see Figure 13).
Table 7 details how each
Function Group is generat-
ed.

Register

Separate F-5 control bits
allow the two arrays to per-
form separate ALU func-
tions during the same mi-
crocycle. This feature
results in significant mi-
croinstruction savings in
terms of microinstructions
required to accomplish a
specific task. See Figure 13.

INSTRUCTION
BUS

ALU REGISTER SELECT LOGIC

MICROINSTRUCTION FIELDS

RRE

MICROCODE REGISTER
CONTROL PROM

OP CODE

REGISTER

CONTROL
PROM

OPEN COLLECTOR
OUTPUTS. PULL-UPS

/ REQUIRED

VL \ VL \ \L Yyyy

PIPELINE REGISTER

I

ARRAY 2 ARRAY 1

Figure 12

BREAKDOWN OF FGP, Fl, AND FO FIELDS

PROM U7 PROM U8
47 40 38 3231

PROM U2

PROM US

24 23 16

PROM U6

PROM U4
87 0

Fol Fl lFGP IMBIRGP‘

s | 1ER I's,:' INC2|NCIICCR[EXT

LDIAC

47

FO Fl

FLAG OUTPUT CONTROL

FF0: FO - ZERO
FF1: FO - ONE
FFZ: FO - ZFLAG
FFC: FO - CFLAG

FUNCTION GROUP

PROVIDES TWO 3-BIT
FUNCTION CONTROLS, ONE
FOR ARRAY 1 AND ONE
FOR ARRAY 2,

FLAG INPUT CONTROL

HLB:
STC:
STZ:
STB:

(NO CHANGE)

C FLAG - FI
ZFLAG - FI

C & ZFLAGS - FI

Figure 13

SHNOTCS
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FGP F GROUP ARRAY 2
CONTROL| F-6 F-5 F-4
F-6 X
F1-5
F2-5 X
F-4 X
FGP F GROUP ARRAY 1
CONTROL | F-6 F-5 F-4
F-6 X
F1-5 X
F2-5
F-4 X
NOTE

(X indicates where each of the four signals is used).

Table 7 F GROUP GENERATION

Fl (2 bits) FLAG INPUT CONTROL
FIELD

Determines how the Z Flag
and the C Flag of the N3001
MCU are loaded with data
from the Flag Input (FI).
Either one or both of the
flags may be setto the value
of FI. Alternatively, both
flags may be held constant.
See Figure 13.

FLAG OUTPUT CONTROL
FIELD

Controls the Flag Output
(FO) of the N3001 MCU. FO
may reflect the current val-
ue of either the Z Flag or the
C Flag. FO may also be
forced to a logical one or
zero. See Figure 13.

FO (2 bits)

IMPLEMENTING 8080
INSTRUCTIONS— A
DETAILED EXAMPLE

implementing the MOV AH
Instruction

The MOV A/H instruction transfers the
contents of register H to the Accumulator
(without affecting the condition flags).
Execution of this macro instruction by the

READY?

A FLOWCHART FOR THE MOV A,H INSTRUCTION

Fetch Macro instruction; Sample Interrupt.
Sample Ready Signal.

Decode Macro instruction; Update Macro pipeline
(PC, iMAR, eMAR)

Primary Jump Selection

ADDR
03A46

ADDR
07Fy6
2
NO

READY?

YES

Execute MOV A,H by moving
H to Working AC.

o

Execution of
other instructions

Execute MOV A,H by moving

Working AC to 8080 Accumulator;

Fetch Macro instruction; sample Interrupt;
sample Ready Signal.

Figure 14

8080 Emulator requires fetching of the op
code from main memory and then moving
the contents of R2 of Array 2 to the T register
of both arrays 1 and 2 (A ~ H). A simplified
flowchart of the microroutine is shown in
Figure 14. A detailed description of the
operation is described below.

THE FETCH

Every microroutine returns the micropro-
gram to microaddress 006,5. However, until
Ready is returned from external memory
(indicating valid data on the Data Bus), the
microinstruction actually being executed is
located at 00716. This is because MAQ is
driven by a multiplexer which, in fetch se-
quences, is routing ReadyQ to the MAO line.
Until Ready goes true, the microprogram
executes 00716. Microinstruction 00746 is
illustrated in Figure 15.

First note that the Address Control (AC)
field specifies a jump to current row (Row
0), Column 6. But, as long as the Ready line
is false, the microinstruction will jump to
itself. This is the dynamic wait loop for
Ready.

While this single microinstruction loop at
007,¢ is being executed, IRW will repeatedly
latch the Data Bus into the Instruction
Register. EXT is enabling Ready to control
MAO, and IST is enabling the interrupt logic.

When Ready goes true, the microprogram
moves on to 0061e. Microinstruction 00616 is
presented in Figure 15.

Microinstruction 00616 performs two basic
functions.

1. Maintains the microaddress pipeline.
2. Translates the op-code into a beginning ad-
dress for the MOV microroutine.

If it is assumed that the MOV A,H instruction
was fetched from macro memory location
N, then the current status of the macro
pipeline is as follows:

LOCATION CONTENTS
PC (R4) = N+2

3002 MAR = N+1

Ext MAR = N

Microinstruction 006, must update the

pipeline to:
LOCATION CONTENTS
PC (R4) = N+3
3002 MAR = N+2
Ext MAR = N+1

The PC (R4) is updated by performing a
double byte increment on R4. The requisite
microinstruction control fields are:

°°DBY Places the CPE array in the 16-bit operand

MICROCODE LISTING FOR MOV, AH

ADDR FO FI FGP IMB RGP DOE IRW ADL FRW ED! KS IER SWPA NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD AC ; COMMENTS
(#RTH) : NOP RFF IRW K1 EXT IsT NAN JCR(006H) ; FETCH
(#F6 H) :FF1 LMI R44 ADL K1 SJM DBY AN LD JPX ; FETCH
(#3AH) : FF1 ILR R33 K1 RRE NAN LD H
(B7FH) : FF1 LDI REE IRW KD EXT IST AN JZRO6;MOV A, (B,D,H)

Figure 15
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mode.
°°FF1 Forces a one to be output on the N3001 FO
pin.
°°AN Directs the value of FO to the Cli input of
the double array uncomplemented.
°°R44 Selects register R4 of both arrays 1 and 2.
°°K1 Forces the negative true K-Bus to all ones.
°°LM1 Forces the ALU function to be performed
by the double byte array.

The functional equations for LMI are:

MAR «~ Rnand Rn — Rn +Cl.

For a functional description of N3002 mi-
crofunctions, refer to Appendix D.

Given the conditions listed above, these
equations become:

MAR < RjandR; « R+ 1.

The first equation takes place on the first
half of the microcycle. This moves the old
PC value, N+2, into the N3002 MAR. During
the second half of the microcycle, the
second equation is executed, updating the
PC to N+3.

The last macro pipeline maintenance func-
tion, moving the old N3002 MAR value (N+1)
into the external MAR, is accomplished at
the very beginning of the microcycle by
ADL. ADL latches the 16-bit array’s AB Bus
into the external MAR.

The second major task to be accomplished
during microinstruction 006,¢ is to direct the
microprogram to the MOV microroutine.
This is done by using the Instruction
Decode PROM output (03A;¢) as a begin-
ning address to the two word execution
program which accomplishes the MOV A H
Macro.

The op code joins with the SIM bit to
address the Instruction Decode PROM. In
the present case this value addresses C5;4
(Truth Table for Instruction Decode PROM
in Appendix B) which becomes the PX and
SX inputs to the N3001, which, in turn,
becomes the next microaddress as follows:

ALU REGISTER SELECT LOGIC

MICROINSTRUCTION FIELDS

MICROCODE REGISTER
CONTROL PROM

OPEN COLLECTOR

OUTPUTS. PULL-UPS

OP CODE

REGISTER

CONTROL
PROM

/ REQUIRED

INSTRUCTION
BUS

FYYY VYYYY

PIPELINE REGISTER

INSTRUCTION DECODE 3001 3001
PROM ADDRESS INPUT |OUTPUT
SIM, Riz.0) PX 741 SXi3.00 MA@.0

1C54¢ 03Aqg

For MOV A,H, the 006,¢ microinstruction

determines the next microaddress to be:
MAg-MA, = 03A4

At address 03A1s (Figure 15) the actual

execution of the Move instruction begins.

Microinstruction 03A,s accomplishes two

major tasks:

1. Moves R2(16) to AC, the working accumulator,
2. Determines Secondary Jump Destination.

The intermediate move to the Working Ac-
cumulator AC is affected by the microin-
struction fields:

Wi

H

N—
ARRAY 2 ARRAY 1
Figure 17
°°FF1 Forces a one on the N3001’s FO pin.__ ARRAY 1 ARRAY 2
°°NANComplements FO and delivers it as Cl to
both arrays. Register RO (C) R2 (H)

°°K1 Forces K-Bus to all ones. Selected
°°R33 Selects Register 3 for each array.

°°ILR CPE function to move R3 to AC.

The functional equation of ILR is:

Rn, AC = Rn+Cl. o
where Cl is false under the controt of FO.

The microinstruction located at 03A,4 exe-
cutes the first intermediary move (AC -~ Rn)
for a large group of macro instructions.

The op code controls the two low-order bits
of the Register Group inputs with the op
code Register Control PROM, which is ad-
dressed by the Instruction Register. RRE
enables this PROM. The two high-order bits
of both array’s Register Groups are pro-
vided by the microinstruction addressed
Micro Code Register Control PROM as al-
ways. This approach is presented in Figure
17.

As indicated by the microcode listing for
03A;5, the two 4-bit fields output by the
microinstruction to the Microcode Register
Control PROM are 345 and 3,5. Note that the
two low-order bits of each array’s R Group
are pulled up. With this arrangement, the op
code Register Control PROM outputs may
go low if so directed by the Instruction Bus.

Referring to Appendix B for the truth tables
for the two Register Control PROMs (Tables
2 and 5), we find that for MOV A H:
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Thus, ILR resolves to:
AC,, R2(H) < R2(H), in array 2

which is the desired result. (The RO selec~
tion for Array 1 is a default condition, and
the resulting move, AC, -~ RO(C), is ig-
nored.)

The op code controls the next microaddress
because 03A¢ activates the Load signal.
The same op code addresses the Instruction
Decode PROM as in the previous microin-
struction with the notable exception of the
Secondary Jump (SJM) bit. At the end of the
last microinstruction (006,5), SJM was
latched. Now the active SUM signal selects
the secondary jump half of the Instruction
Decode PROM. The following address deri-
vation results:

INSTRUCTION DECODE
PROM ADDRESS

3001 3001
OUTPUT INPUT

MAg.0) = PX(7-0
07F6 = 846, 016 -

SX 300 = SIM, IRy,
0, 8346

That is, the secondary jump has directed the
microprogram to location 07F1g (Figure 15).

Microinstruction 07F,¢ has two major tasks:

1. Complete the move (A «~ AC).
2. Return the microprogram to 006, if Ready is
low or else to 007¢.
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The move is completed with the microin-

struction fields:

°°FF1 FO =~ 1

°°AN_Cl < FO for both arrays.

°°REE Selects the T register of both arrays.

°°KD Selects the Data Out of the arrays as input
__ tothe K-Bus.

°°ED1 By default (ED2) selects Array 2 as source

of Data Out Bus.
°°LDI CPE function.

The functional equation for LDl is:
T« ( K-1+ClL

Since Cl to both arrays is a one, the last two
terms cancel.

The I-Bus has been forced to all ones, which
leaves the K-Bus unaltered. As the K-Bus is
being driven by the DO Bus of the high-
order array, the LDI! function actually per-
formed looks like:

T (8080 Acc) — DO, (containing the value of
H).
Thus, LDI completes the functional execu-
tion of MOV A H. All that remains is to return
the microprogram to its Fetch cycle (0064g).
07F,¢ has already enabled the fetch signals:

°°EXT Selects ReadyQ as source for MA,.

°°|RW Latches external Data Bus into Instruction
___ Register.

°°IST Enables interrupt acknowledge logic.

With the signals on the previous page al-
ready active for one microcycle, Ready may
be returned immediately, and the micropro-
gram may proceed directly to 0064 If
Ready is not returned immediately, the next
microinstruction executed will be 0074, and
the microprogram will wait for the external
memory to respond with the next op code.

A summary of the MOV A,H macro instruc-
tions is presented in Figure 15 in the form of
a microcode listing. o
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THE ASSEMBLY PROCESS

The basic purpose of an assembler is to
translate a microprogram written in sym-
bolic assembly language into executable
binary form. The assembly language pro-
vides a convenient form for symbolically
expressing the microprogram using mne-
monics, symbols, and delimiters. A micro-
program coded in assembly language is
easier to implement and easier to under-
stand, and the assembly language text
provides an important documentation ele-
ment for the microprogram. The assembly
language form of the microprogram is
known as the source program. The binary
form of the microprogram which is pro-
duced by the assembler can be loaded
directly onto the appropriate PROMSs,
ROMs and RAMs for execution. The binary
form of the microprogram is known as the
object program.

The assembly language form of a micro-
program consists of a sequence of state-
ments. Each assembly statement requests a
specific action from the assembler. A
statement may specify microinstructions or
data for the object program, define symbols
used in other statements, define instruction
fields and special mnemonics known as
“microps” for use in microinstruction state-
ments, or control other aspects of the
assembly, such as listing and object genera-
tion, listing spacing, and page headings.

The assembler processes the assembly
language source program and produces a
binary object program. The object program
is a format suitable for PROM, ROM, etc.,
loaders and programmers. The input to the
assembler is the source program. The
output of the assembler is the object
program and a listing. The assembly listing
contains source and object information and
serves as the primary documentation of the
microprogram.

THE MICROASSEMBLY
LANGUAGE

Introduction

The microassembly language is a symbolic
language for microprogramming. A micro-
program is coded as a sequence of microas-
sembly language statements. This set of
statements is input for the microassembler
and is known as the source microprogram.
The allowable microassembly statements,
their structure (syntax) and their meaning
or function (semantics) are described in
subsequent sections.

The source program input to the microas-
sembler consists of a file of records in
character format. The placement of state-
ments on source records is free-form, that
is, the meaning of statement elements is not
tied to their position in the record. Several
records may be used for a single statement
or several statements may be placed on a
single record. The standard source record

length for the microassembler is 80 charac-
ters.

Assembly Language Elements
Each microassembly statement consists of
characters grouped into microassembly
language elements. The basic elements of
the language are symbols, numbers (nu-
meric constants), quoted strings, and de-
limiters (special characters). These basic
elements are combined into expressions,
operands, statement labels, statement bod-
ies, statements and blocks.

Symbols

Symbols are 1-t0-28 characters long and
consist of alphabetic characters, numeric
characters, and the special character, at
sign (@). The first character of a symbol
must be alphabetic or an at sign. Symbols
are used for reserved words and for names.
Reserved words are special symbols used to
identify statements and statement oper-
ands. Symbols are used as names for the
following program information:

Values, addresses

Fields in microinstructions
Microps

Memory Blocks

These symbols are used to name user
information in the source program and are
defined and given values with the appropri-
ate assembly language statements.

Self-Defining Constants

Self-defining constants are used to specify
constant values. The value of a self-defining
constant is determined from its representa-
tion. Self-defining constants may be any
number of characters in length, but the first
character must be a numeric character or a
quote. Two types of self-defining constants
are used: numeric and character constants.

Numeric Constants

The first character of a numeric self-
defining constant is always a numeric
character (0 through 9). The numeric
constant has the following format: “nnnnr”.
“r” is an alphabetic character which defines
the valid characters for “nnnn” and defines
the radix of the constant, as follows:

B— Binary, “nnnn” characters are 0 and 1.
O or Q—Octal, “nnnn” characters are 0 through 7.

D— Decimal, “nnnn” characters are 0
through 9.
H— Hexadecimal, “nnnn” characters are 0

through 9, A through F. A through F rep-
resent values 10 through 15, respective-
ly.

If “r” is omitted, the radix of the constantis D
(decimal). A hexadecimal constant may
contain alphabetic characters, but the first
character must be numeric. This can be
accomplished by adding leading zeros as
required.

Character Constants
The character self-defining constant is a
string of ASCIl characters enclosed in
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quotes. The first and last characters of a
character constant must be a quote (). A
quote within a character string is represent-
ed by two quotes. The binary value of a
character constant is determined by con-
verting each character to 8-bit ASClI (7-bit
ASCII with a high-order zero bit appended).

Expressions

Self-defining constants and symbols which
name values and addresses may be com-
bined with operators into expressions to
compute values. The operators are the
special characters: + (add) and - (subtract).

The operands of each operator may be a
symbol or a constant. In addition, an
expression operand may be a sub-
expression enclosed in parentheses. The
subtract operator (-) may be used as the
first character of an expression indicating
that the negative value of the operand
following the operator is to be used. An
expression operand may also be a reference
to the current location counter. The assem-
bler location counteris defined below under
data statements. The location counter is
referenced with the special character: $
(dollar sign).

Expressions may be used anywhere in a
statement where avalue is required. Expres-
sions are used to specify the absolute
location of microinstructions, the value of a
symbol, the length of an instruction field,
the value of an instruction field, etc.

Statements

The basic elements of the microassembly
language are combined to form expres-
sions, expression lists, and operands. These
are combined to form statements. State-
ments are the primary language structure of
the microassembly language.

Each statement is a command to the micro-
assembler. A statement tells the microas-
sembler to perform a specific action, such
as, define afield in a microinstruction, name
a value with a symbol, establish a memory
block, or specify data to be placed in the
object file. The source input to the micro-
assembly is a sequence of statements that
request actions by the microassembler. The
ultimate purpose of these actions is the

_ production of the listing and object files.

Statements are placed on the source
records in free format. They may begin
anywhere on a record and may occupy .
several successive records. Blanks may be
interspersed anywhere except within sym-
bols and numeric constants. Each state-
ment is terminated by a semicolon (;). The
next statement begins at the semicolon,
terminating the previous statement. Multi-
ple statements may be placed on one
record.

Comments may also be interspersed within
statements. Comments are enclosed in
double quotes. The firstand last characters
of a comment must be a double quote ().
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Within the double quotes, any character
may be used except the double quote.
Comments may be placed anywhere a blank
may be used.

The function of each assembly language
statement is described in the next section.

MICROASSEMBLY LANGUAGE
STATEMENTS

Data Statements

The primary microassembly language
statements are data statements. These
statements produce the object program.
Each statement specifies object data forone
or more words of the object memory chips.
There are two types of data statements, the
DCL and the microinstruction statement.
The DCL statement specifies asingle binary
value for one or more object words. The
microinstruction statement specifiesdatain
instruction format for object memory.

A data statement may specify the object
address for its data, or the assembier
location counter may be used. The assem-
bler location counter provides for linear
assignment of addresses. A data statement
which doesn'’t specify an object address is
assigned the current location counter value
as an address, and the location counter is
incremented by the length of the data.
Subsequent data statements will be as-
signed to successive memory addresses.

When the object address is specified in a
data statement, it must be the first operand
of the statement. It has the following format:

( <expression> ) :

The value of the expression is the object
address for the data statement.

Data statements may also be labeled. The
value of a symbol naming a data statement
is the object address of the data. Label
symbols must follow the object address
operand (if any). They are specified with the
following format:

<symbol> ;

A DCL statement specifies an object data
value as a single expression. The number of
object memory words (if more than 1) to be

used for the value may also be specified in -

the DCL statement. If the object value is not
specified in the DCL statement, the state-
ment reserves memory space and does not
produce object data.

The microinstruction statement specifies
object instructions. The body of the micro-
instruction statement is a list of operands.
Microinstruction operands assign values to
instruction fields.

The format of object instructions is defined
using definition statements. These are
described below. An instruction format is
divided into bit fields. A microinstruction
statement specifies an object instruction by
assigning values to the fields of the instruc-
tion.
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The values are assigned to fields with field
assign operands. A field assign operand has
the following format:

<field-name> = <expression>

The value of the expression is assigned to
the named instruction field.

In addition to field assign operands, an
operand of a microinstruction statement
may also be a reference to a microp. Mi-
crops are defined using definition state-
ments. A microp is a shorthand method of
assigning values to fields.

When the microp is defined, a list of field
assign operands are specified. When the
microp is referenced in a microinstruction
statement, these pre-defined field assign-
ments are made. A reference to a microp
consists of the microp name.

Microps may also have arguments. The
arguments are a list of expressions separat-
ed by commas. The argument list (if any)
follows the microp name and is enclosed in
parentheses. The argument values are used
in the field assign expressions of the mi-
crop.

Memory Block Statements
Preceding any data statements in the
source program is the PROGRAM state-
ment. The PROGRAM statement specifies
the length of the object memory word and
the maximum number of object words in the
microprogram. The PROGRAM statement
also initializes the assembler location
counter to zeros. The PROGRAM statement
defines a block of object memory and gives
the block a name. The subsequent data
statements specify data for the memory. A
memory block is terminated by a PRO-
GRAM statement for a second block of
memory or the END statement. The END
statement is always the last statement of the
source program.

Definition Statements

All definition statements must precede the
memory block statements. There are two
types of definition statements, the microp
statement and instruction definition state-
ments. A microp statement defines a mi-
crop.

An instruction format is defined with a set of
statements in the following format:

<instruction-statement> ;
<field-statement> ;
<field-statement> ;

END INSTRUCTION;

The instruction statement specifies the
width of instruction in bits. The field state-
ment names each field and specifies the
field width. Fields are assigned to succes-
sive bits in the instruction beginning at the
high-order (leftmost) bit. A field statement
may also specify a default value. The defauit
value is assigned to the field when no value
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is assigned in a microinstruction statement.

Directive Statements

EQU Statement

The EQU statement defines symbols and
assigns values to them. A symbol defined in
an EQU statement may be used as an oper-
and in an expression.

SET Statement

The SET statement is similar to an EQU
statement in that it assigns a value to sym-
bols. The difference is that values of sym-
bols defined in SET statements may be
redefined by subsequent SET statements.
EQU symbols may not be redefined.

ORG Statement
The ORG statement sets the assembler
location counter to a new value (address).

OBJECT Statement

The OBJECT statement allows or sup-
presses output of the object program by the
assembler.

LIST Statement

The LIST statement allows or suppresses
listing output of the assembler. It also may
suppress listing of object information while
allowing listing of source information.

SPACE Statement

The SPACE statement generates blank lines
(spaces) in the listing output of the assem-
bler.

EJECT Statement

The EJECT statement causes a new page
with page headings in the listing output of
the assembler.

TITLE Statement

The TITLE statement specifies user text to
be placed in the page heading of the listing
output. The TITLE statement also causes a
new page with the updated page heading.

Using the Microassembler

The microassembler is composed of two
separate programs written in FORTRAN:
the microassembly program and the micro-
format program. The microassembly pro-
gram has one input file and two output files.
The input file for the microassembly pro-
gram is the source program. The two output
files are the assembly listing file and the
intermediate object file. The listing file in-
cludes a cross-reference listing of all sym-
bols in the source program. The object file
contains the object program in an interme-
diate object format. The intermediate ob-
ject output from the microassembly pro-
gram is input to the microformat program.

The microformat program has two input
files and two output files. The two input files
are intermediate object files from the mi-
croassembly program and a file of control
statements. The two output files are the
loadable object file and a listing of the
control input to the microformat program.
The microformat program contro!l state-
ments specify the format of the loadable



object output of the microformat program.
The format of the loadable object can be
tailored for the programmer or loader which
is to be used for the memory chips. The
loadable object will be in proper format for
input to a PROM, ROM, RAM loader/pro-
grammer. The control statements also spec-
ify allocation of instruction fields to individ-
ual memory chips, inversion of fields and
separate output for each PROM.

The microassembly program and the micro-
format program are written in ANS| FOR-
TRAN and may be compiled and executed
on any computer system supporting stan-
dard FORTRAN. These programs will also
be available on the NCSS, TYMSHARE, and
General Electric timesharing services. Fora
detailed description of the microassembler,
refer to the Signetics Microassembler Man-
ual.
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CHAPTER 1
8080 EMULATOR
RIT ASSEMBLY
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KIT ASSEMBLY

The following checklist is provided to aid
the technician in an orderly assembly of the
8080 Emulator. Please refer to Parts Listand
Assembly Drawing in Appendix A.

1. For internal clock, connect a jumper be-
tween pads 1 and 2.

2. Forexternal clock (from P1 pin 31), connect
a jumper between pads 2 and 3.

CHECKOUT PROCEDURE

A. Inventory the parts against the parts list.
B. Install supplied integrated circuit sockets as

follows:

1. 5each 16-pin sockets at U10, U17, U24, U30
and U37.

2. 7 each 24-pin sockets at U2, U4, U5, U6, U7,
U8, and U29.

3. 8 each 28-pin sockets at U31, U32, U38, U39,
U43, U44, U51 and US3.

4. 1 each 40-pin socket at U12.

(Additional sockets may be installed to en-

hance the ease of checkout.)

. Install discrete components (resistors, capaci-
tors, diodes) being careful to observe proper
polarity on C1, CR1, CR2 and the three 22uf
bypass capacitors.

. Install integrated circuits U1 through U61 with
pin 1 toward the U5 end of the PC board.

. Install clock jumper to pads 1, 2 and 3 located
between U1 and U9.

A. The firststep in checkout is to provide the

8080 Emulator with an external memory.
A suggested approach is to place a
PROM containing a diagnostic program
at the bottom of the 16K memory space
(that is, beginning at address 0000;).
The 82S115 (512X8) Schottky PROM is
ideal for this purpose. Complete check-
out also requires that some RAM be pro-
vided. The 82S09 (64X9) RAM is suggest-
ed as it enables the 8080 Emulator to run
at full speed while minimizing the check-
out hardware required. The placement of
RAM within the memory space is not
critical but it must correspond to the RAM
reference addresses contained in the
diagnostic program. (Note: Remember
that the Address and Data Buses are
negative true logic.)

B. With the clock jumper wired for external

SHNOLES

clocking, a pulse generator may be used
as the clock input to edge connector P1
(pin 31). This allows the system clock to
be adjusted from one-shot operation to
the maximum clock frequency of 6.6Mhz
(for minimum positive and negative puise
widths, refer to the Electrical Specifica-
tions in Appendix A).

C.When power is applied to the Emulator,

the Power On Reset circuit forces the
microprogram to either microaddress
1FF or 1FE. Both 1FF and 1FE send the
microprogram to an initializing routine.
The Power On Reset microroutine
fetches a macro instruction from address
000044 in external memory.

D. The execution of macro instructions re-

turned from external memory can be
traced by following the microinstruction
sequences as presented in the microcode
listing (Appendix E). The location of the
microprogram is determined by the value
of the MA Bus. Monitoring the MA Bus
with a logic analyzer may prove very
helpful in debugging any assembly er-
rors.
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LOGIC DIAGRAM

APPENDIX A
8080 EMULATOR SPECIFICATIONS
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LOGIC DIAGRAM (Cont'd)
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LOGIC DIAGRAM (Contd)
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LOGIC DIAGRAM (Cont'd)
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PARTS LIST

LIST OF MATERIALS

QNT | PART NUMBER DESCRIPTION T
5 ICN-163-S3 Socket, IC, 16-Pin (Robinson Nugent/[& 51
7 ICN-246-S4 Socket, IC, 24-Pin (Robinson Nugent)@ 50

-2 CMO04ED200J03 CAP, FXD, MICA, 500V, 5%, 20pF (Sprague) 49
1 RES, FXD, CMPSN, 14W, 10%, 200KQ 48
1 D56652B15M CAP,FXD, TANT EL, 15V, 10%, 56 uF (Dickson) 47
3 DIOGS2B15M , TANTEL, 15V, 20%, 22uF (Dickson) 46
20 | 5021ES50RD104M ,CER, 50V, *% %, 0.14F, (Emcon) 45
1 CMO05CD030D03 , MICA, 500V, £14pF, 3pF (Sprague) 44
1 CMO05CD030D03 CAP, FXD, MICA, 500V, +1pF, 3pF (Sprague) 43
2 1N270 Diode, Germanium 42
1 Selected RES, FXDE) 41
1 Selected RES, FXD& 40
5 RES, FXD, CMPSN, 14W, 10%, 10000 39
1 CDP-16-02-102K Resistor Network (DIP) 1KQ (Dale) 38
1 CSP-10E-01-102K Resistor Network (SIP) 1K} (Dale) 37
1 Spare Integrated Circuit 36
1 825126-U37 A ‘} 35
1 828126-U30 34
1 825123-U24 33
1 825123-U10 32
1 825115-U29 31
1 -Us8 30
1 -u7 29
1 -Use 28
1 -U5 27
1 -U4 26
1 825115-U2 25
3 8T97 24
2 8T28 23
1 DM8613 22
3 8263 21
1 82823-U17 20
1 N74S280A 19
3 N745182B 18
1 N74S174B 17
2 N74S157B 16
1 N74S153B 15
1 N74S133B 14
1 N74123AB 13
2 N7475B 12
1 N74S10A 1
1 N74S08A 10
3 N74S04A 9
1 N74S02A 8
1 N7400A 7
8 N3002XL Y Y 6
1 N3001I Integrated Circuit 5
8 ICN-286-S4 Socket, IC, 28-Pin (Robinson Nugent) 4
1 ICN-406-S4 Socket, IC, 40-Pin (Robinson Nugent) 3

REF User Manual@ 7 2
1 Printed Wiring Board & 1

NOTES (See references to notes in Figure A-2)

[1] For internal clock, Jumper #1 to #2. For internal clock, Jumper #2 to #3.
[2)] Use sockets as necessary for PROMs and LSt parts: items number 5, 6, 20, 25 through 35.
[3) Resistor value selected for appropriate timing.

ITEM 40 (R1)

ITEM 41 (R2)

3.1KQ

4.3KQ
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PC BOARD PIN-OUT AND
SIGNAL DESCRIPTIONS

Address Bus is driven by
tri-state bus drivers. (A, =

in a dynamic wait loop until
Ready is returned.

LSB) HOLD input HOLD
Mating Edge Connectors Do bidi-  DATA BUS Hold is a request for exter-
The 8080 Emulator communlcatqs with oth- rectional The Data Bus is an 8-bit nal control of the 8080 Em-
:ird:zs;zmerzgg:;sto\??;? (Bseé:;[‘ag:;uzl_?; bidirectional bus used to ulator's Address and Data
This edgge connector will a{ccept any of the tfansmlt/recelve informa- Buses. When quq is acti-
following mating connectors: tion to/from memory or an vated, the CPU flnlshes the
: 1/0 PORT. (Dy = LSB) current instruction, fetches
1. CDC VPBO1E43A000A1 READY input READY the next instruction, and
2. Microplastics MP-0156-43-BW-4 or Ready is returned to the then enters the Hold state.
3. ARCO AE 443WP1. CPU by the memory or I/0O During the Hold state, the
Signal Description port to indicate that re- 8080 Emulator's Address
quested data is valid on the and Data Buses are placed
A 5.0 output  ADDRESS BUS Data Bus. Ready is used to in the high impedance state
The Address Bus provides synchronize the 8080 Emu- and interrupt requests are
addressability of up to 65K lator with slower memory ignored. Hold is recognized
of memory. A, are used and 1/0 devices. During a when the CPU is in the Halt
to access I/0 PORT. The fetch cycle, the CPU idles state. See Figure A-3.
COMPONENT SIDE CIRCUIT SIDE
PIN  MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION
1 GND Signal GND 2 GND Signal GND
3 VCC +5VDC 4 VvCC +5VDC
POWER 5 vVCC +5VDC 6 VCC +5VDC
SUPPLIES 7 * 8 *
9 * 10 *
11 GND Signal GND 12 GND Signal GND
13 * 14 RESET Initialize
15 HOLD 16 *
17 HLDA Hold Ack. 18 *
19 MEMR Mem Read Cmd. 20 MEMW Mem Write Cmd
21 TOR I/0 Read Cmd. 22 IOW I/0 Write Cmd.
23 READY XFER Ack. 24 "
ggflTROLS 25 - 26 Spare
27 BUSEN Bus Enable 28 INTA Interrupt Ack.
29 ST Interrupt Strobe 30 HLTA Halt Ack.
31 CLK Clock 32 RTRAP lllegal Opcode Sig.
33 * 34 INTE Interrupt Enable
35 * 36 *
INTERRUPTS 37 * 38 *
39 * 40 *
41 N 42 INT Interrupt Request
43 A4 44 A15
45 A12 46 A3
47 A10 48 AT Address
ADDRESS 49 A8 Address 50 A9 Bus
51 A6 Bus 52 A7
53 A4 54 A5
55 A2 56 A3
57 AT 58 1
59 * 60 *
61 * 62 *
63 * 64 *
DATA 65 * 66 *
67 D6 68 b7
69 D4 Data Bus 70 D5 Data Bus
71 D2 72 D3
73 (51 74 D1
75 GND Signal GND 76 GND Signal GND
77 * 78 *
POWER 79 * 80 *
SUPPLIES 81 VCC +5VDC 82 vCC +5VDC
83 VvCC +5VDC 84 VvCC +5VDC
85 GND Signal GND 86 GND Signal GND

Table A-1 PIN ASSIGNMENTS FOR CONNECTOR P1

*Used by Intel MDS System.

Sifjnetics
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I—Gﬁ output

IOW output

iNT input

INTE output

INTA output

g

output

HLTA output

BUSEN input

HLDA output

40

INPUT/OUTPUT READ
IOR designates a CPU re-
quest for data from an 1/0
device. TOR indicates that
the low-order eight bits of
the Address Bus are valid
and that the Data Bus is in
an input mode. See Figure
A-4.

INPUT/OUTPUT WRITE .
TOW signifies that the CPU
wishes to write data to an
I/0 port. [OW indicates that
the low-order eight bits of
the Address Bus (A . are
valid and that the Data Bus
is in an output mode. See
Figure A-5.

INTERRUPT

INT is a system interrupt
request. It is recognized at
the end of the instruction
cycle when IST is active.
INT is ignored if the CPU is
in the Hold state or if the
Interrupt Enable (INTE)
flip-flop is reset. See Figure
A-6.

INTERRUPT ENABLE
INTE reflects the current
status of the INTE flip-flop.
The INTE flip-flop may be
set and reset by the E1 and
D1 instructions, respective-
ly. The INTE flip-flop is re-
set by an interrupt request
or a system reset. See Fi-
gure A-6.

INTERRUPT
ACKNOWLEDGE

INTA indicates CPU ac-
knowledgment of an inter-
rupt request. INTA is used
to gate a Restart instruction
onto the Data Bus. See Fi-
gure A-6.

INTERRUPT STROBE

IST indicates that the last
microcycle of the current
instruction is being execut-
ed, and that the CPU will
recognize interrupt re-
quests (providing the INTE
flip-flop is set). See Figure
A-6.

HALT ACKNOWLEDGE
HLTA indicates that the
CPU has entered the Halt
state. See Figure A-7.

BUS ENABLE

When active, both the Ad-
dress Bus and Data Bus are
enabled; when deac-
tivated, both buses are
placed in a high-
impedance state.

HOLD ACKNOWLEDGE
HLDA indicates that the
8080 Emulator has entered
the Hold state.

TIMING DIAGRAM—HOLD SEQUENCE

|

Ny

C
.

HLDA

A15-A0

\ o

ads

TRI-STATE
- 2

07-00
Figure A-3
TIMING DIAGRAM—I/0 READ OPERATION
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TIMING DIAGRAM-—1/0 WRITE OPERATION
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TIMING DIAGRAM—INTERRUPT SEQUENCE
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Figure A-6
TIMING DIAGRAM—HALT OPERATION
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Figure A-7
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RESET input RESET

RESET clears the program
counter and resets both the
INTE and HLDA flip-flops.
Reset must be active for at
least one clock period to
insure CPU acknowledg-
ment. See Figure A-8.
MEMORY READ

MEMR designates a CPU
request for memory data.
MEMR indicates that the
Address Bus is valid and
that the Data Bus is in an
inputmode. See Figure A-9.
MEMORY WRITE

MEMW signifies that the
CPU wishes to write data
into memory. MEMW indi-
cates that the Address Bus
is valid and that the Data
Bus is in an output mode.
See Figure A-10.

RTRAP

RTRAP indicates that an
illegal op code has been
received. When RTRAP is
detected, the CPU will en-
ter the Halt state.

8080 EMULATOR SYSTEM
TIMING

The 8080 Emulator is acompletely synchro-
nous logic system. All signals input to and
output from the Emulator are referenced to
the system clock. The system clock is a
simple single phase clock. The frequency of
the clock determines the execution speeds
of the various instructions (providing the
CPU doesn’t have to wait for slow memory
or 1/0). As long as the minimum time re-
quirements for the positive and negative
portions of the clock are met, there are no
restrictions on frequency or duty cycle.

MEMR output

MEMW output

RTRAP output

Figures A-3 through A-10detail the relation-
ship between the system clock and system
interface signals for each of the basic ma-
chine operations.

ELECTRICAL SPECIFICATIONS

Electrical Characteristics

* Power Supply Requirement
User provided power supply should have
the following ratings:

Voo = 5V £ 5%; 5 Amps.
® Clock Frequency
6.6MHz (max)

MIN MAX
tPWH 100ns o
tPWL 50ns oo

42
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RESET

TIMING DIAGRAM—RESET OPERATION
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TIMING DIAGRAM—MEMORY READ OPERATION
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| I

Output Signals
Table A-2 shows where to obtain electri-
cal characteristics data for output drivers
and input receivers.

¢ Electrical Characteristics for Input and
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TIMING DIAGRAM—MEMORY WRITE OPERATION
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Figure A-10
INPUT

SIGNAL OR DEVICE
NAMES OUTPUT TYPE REFERENCE (BY VENDOR NAME)
BUSEN Input 7400 Signetics Data Manual
XCLK* Input 74504 Signetics Data Manual
XCLK* Output 74123 Signetics Data Manual
RTRAP Output 825123 Signetics Data Manual
HLTA Output 825123 Signetics Data Manual
INTA Output 825123 Signetics Data Manual
IOW Output 825123 Signetics Data Manual
MEMW Output 825123 Signetics Data Manual
RESET Input 748174 Signetics Data Manual
INT Input 745174 Signetics Data Manual
HOLD Input 748174 Signetics Data Manual
READY Input 745174 Signetics Data Manual

Input 8T28 Signetics Data Manual
D7-D0 and

Output
AT5-A0 Output 8T97 Signetics Data Manual
MEMR Output 8T97 Signetics Data Manual
IOR Output 8T97 Signetics Data Manual
INTE Output DM8613 National Semiconductor Digital Manual
*NOTE

XCLK is a clock signal which can be provided by the user (input) or generated internally (output) via
jumper options as shown in assembly drawing. (Figure A-2)

Table A-2 ELECTRICAL CHARACTERISTICS FOR INPUT AND OUTPUT SIGNALS

Siljnotics
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The 8080 Emulator makes extensive use of
PROM based design techniques. The 8080
op codes are translated into a starting ad-
dress for microroutines by a PROM (add-
ress mapping); fields of the microinstruc-
tion address control PROMs (control field

APPENDIX B
PROM TRUTH TABLES

expansion); jump decisions based on status
conditions are made by a PROM (random
logic decode); and the microprogram itself
resides in PROM (program storage).

While PROM design techniques greatly sim-

plify a system’s schematic diagram, they
add another element to its documentation
package. This element is the PROM truth
table. Appendix B presents the truth tables
for each of the 8080 Emulator's PROMs.

Lower order
ADDRESS 0 1 2 3 4 5 6 7 8 9 A B C D E F 4-bit address
(046-F16)
0 o 060 0o o 0 o O O O O O o O o0 o0 o )
1 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0 0
2 0 O 0 0 O 0 0 0 0 0 0 0 0O 0 o 0
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 0 0 0 0 0 0 0 o} 0 0 Q 0 0 0 0 0
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 t+r 1111 1t 1 11 1111 256 preprogrammed 4-bit data
7 rttr 111111 11 11T 1 11 \ patterns represented in hex
8 1 0 1t 0o 1 0 1 0 1 0 1 0 1 0 1 0 characters.
9 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
A 1 1 0 0 1 1 0 o0 1 1 0 0 1 1 0 0
B 0 O 1 1 0 0 1 1 0 0 1 1 0 O 1 1
C 1 1 1 1 0 0 0 O 1 1 1 1 0 0 O 0
D 0O 0 o0 0 1 1 1 0 0 0 0 1 1 1 1
E 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
F 00 0 0 0 O\NO O 1 1 1 1 1 1 1 1 /7
D
Higher order ) _
4-bit address For example: Address = D5
(016-F16)
Table B-1 CONDITIONAL JUMP CONTROL PROM

LOCATION U37 DEVICE TYPE Signetics 825126 (256 words X 4-bit PROM)

Lower order
ADDRESS 0o 1 2 3 4 5 6 7 8 9 A B C€C D E F 4-bit address
(046-F1)
0 o 0 0 O O O A 0O O O O O 0 0 0 0 Y
1 o 0 0 0 A 0O A O O O A 0 A 0 A O
2 o 0 o0 o o O o O O O 5 0 0 o0 5 o0
3 o 0 0 0 0o 0 O O o O O o o o0 o0 o
4 0o o 2 8 1 4 0 0O O O 2 8 1 4 0 O
5 o o 2 8 1 4 0 0 O O 2 8 1t 4 0 O
6 o o 2 8 1 4 0 0 0 O 2 8 1 4 0 O
7 0 0 2 8 1 4 0 c 0 0 2 8 1 4 0 0 256 preprogrammed 4-bit data
8 0 A 2 8 1 4 0 0 A O 2 8 1 4 0 0 & patterns represented in hex
9 2 2 0 A 1 6 0 2 8 8 A 0 9 4 8 0 characters.
A 1 1 2 9 0 5 0 1 4 6 8 5 0 4 0
B o 0 2 8 1 4 0 O 0 2 8 1 4 0 O
C 0O 0 0 0O F 0 F © 0O 0 0 F 0O F O©
D 0o 2 2 2 A A A O 8 8 8 A A A 0
E 0 1 1 1 5 5 5 0 4 4 4 5 5 5 0
F 0O 0 0 0O O o0 o0 o0 o 0 o o0 o o0 o0 )
N——
r-lgi?zr dz::z; For example: ggge_si = A8
(016-F16)

Table B-2 OP CODE REGISTER CONTROL PROM
LOCATION U30 DEVICE TYPE Signetics 825126 (256 words X 4 bits PROM)

SHNOLES
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0123456789ABCDEF,

Lower order
4-bit address

ADDRESS
(01S-F16)
00 BF 00 99 99 C7 FF 00 00 BF FF F9 99 C7 FF 00 3§tzre§{;$:mmerd58'rf’t"d
1 00 BF 00 9F 99 C7 FF 00 00 @®F) FF FF 99 C7 FF 00 caia p represente
in hex characters.

Higher order

For example: Address = 19

1-bit address Data = BF
Table B-3 1-BUS MASK PROM
LOCATION U24 DEVICE TYPE 82S123 (32 words X 8 bits)
ADDRESS| 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 FF 9F DF EF F7 FB FD FE FF FF FF FF FF FF FF FF
1 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
Table B-4 MEMORY AND I/O CONTROL PROM
LOCATION U10 DEVICE TYPE Signetics 828123 (32 words X 4 bits)
ADDRESS| 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
1 3C C3 CB CF AC 3D D3 00 00 00 00 DC CD FE EF FF

Table B-5 MICROCODE REGISTER CONTROL PROM

LOCATION U17 DEVICE TYPE Signetics 82523

46
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8-7,6-5,4-1

PROM U7

PROM U8

8-6, 5-1 8,

FO FI FGP IMB RGP DOE IRW ADL FRW ED1 KS IER i:l NC2 NC1CCR EXT RRE LD2 SJM IST DBY CS

PROM U2

PROM U5

PROM U6

ADDRESS o0 1 2 3 4 5 6 7 8 9 A B C D E F
000 16 31 26 26 26 26 F8 36 26 14 FA 3A 00 00 00 00
001 24 25 0C 27 26 26 26 26 26 26 27 26 26 13 12 0OC
002 22 22 22 22 22 22 22 17 23 23 23 23 23 23 23 24
003 7TA 7TA 24 25 FF 26 24 24 13 OF FF OA 13 14 FF 3E
004 10 11 31 32 32 27 FF 11 26 OA 10 FF 12 10 13 13
005 OA 15 79 OF 09 34 21 36 FF OF 15 OA 09 27 0C 26
006 28 30 28 32 28 34 28 36 28 38 28 3A 28 3C 28 3E
007 00 17 00 00 OO0 OO0 OO OO0 OO 08 OO0 00 26 26 26 26
008 27 00 00 00 26 26 26 00 27 78 65 3A 00 00 00 00
009 35 14 04 39 66 33 10 36 3F 38 37 00 7B 12 10 3E
00A OB 80 13 32 60 34 26 72 3F 38 3D 3A 7A 3C 39 03
0oB 31 72 6A 32 33 34 27 36 3A 38 37 3D 27 3C 3B 3E
00C 13 13 26 00 26 00 39 12 37 38 65 3A 38 3C 78 M
00D 26 30 26 32 26 34 26 36 26 38 26 3A 3E 3C 6F 3E
00E 26 30 26 32 26 34 26 36 26 38 26 3A 26 3C 26 3E
00F 26 30 31 32 27 34 27 36 3B 38 7F 3A 35 3C 27 3E
010 33 3F 31 32 41 34 3C 36 35 38 37 39 3B 26 11 3E
011 33 30 13 32 13 00 3B 36 34 13 27 3A 3B 3C 3C 39
012 08 30 35 32 37 34 31 36 08 38 39 3A 7A 6B 31 3E
013 32 30 26 12 14 30 00 00 26 26 63 3A 7B 30 F8 3E
014 33 30 13 32 35 36 37 38 3A 27 26 00 00 26 00 00
015 00 27 26 32 00 00 00 00 11 38 3B 3D 3E 3C 3F 16
016 21 30 47 34 55 00 00O 00 OO 15 39 3A 3B 3C 3D 3E
017 34 30 35 36 32 5B 34 24 00 00 00 OO 00O 00 OO OO
018 00 00 00O OO OO OO OO 00 OO OO OO OO OO 00 0O OO0
019 00 00 00 OO 00 OO OO OO OO 0O OO OO 0O OO OO OO0
01A 00 00 00 OO 00 00 OO OO OO OO 0O OO0 OO OO OO 00
01B 00 00 00O OO0 OO0 0O OO OO OO OO OO OO 0O 00O OO OO0
01C 00 00 00 00 00 OO OO 0Q OO OO0 OO OO0 OO 00 00 OO0
01D 00 00 00 00 00 OO 26 @ 00 00 00 00 00 00 00 OO0
01E 2t 1E 00 00 00 OO 1D4#1E OO0 00 OO0 OO0 00 OO 00 O0O
01F 00 2B 00 00 00 OO0 2B{1F 00 OO OO0 OO0 OO0 00 29 29

——
Higher order For example: Address = 1D74¢
5-bit address Data = 3644
(0046 - 1F+g)

PROM U4

LD AC

Lower order
4-bit address
(046 = F1e)

512 preprogrammed
8-bit data patterns
represented in hex
characters.

Table B-6 PARTIAL MICROCODE
LOCATION U4 DEVICE TYPE Signetics 825115 (512 words X 8-bit PROM)

Silnoties
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Lower order
l 4-bit address

(046 = F1g)

For example: Address = 12D
Data = F34

PROM U7 PROM UB PROM U2 PROM U5 PROM U6 PROM U4
Vo= V VememVVmmmm e e e m VVmm—mmmmmmm e oo VVo——mmm e mm e V V=== - = = v
8-7,6-5,4-1 8-6, 5-1 8, 7, 6, 5, 4, 318 75 4, 3 2, |8 7, 6 5 4 3-1]|8, 71
FO FI FGP IMB RGP DOE IRW ADL FRW ED1 KS IER 32 NC2 NC1CCR EXT|RRE LD2 SJM IST DBY CS| LD AC
ADDRESS 0 1 2 3 4 5 6 7 8 9 A B C D E F
000 FF EF EB EB EF EF D3 EF E3 F3 BF DF 00 00 00 00
001 7B 7A FB EB EB EB EB EB EB EB E3 67 E3 F3 7F F3
002 FB FB FD FD FC FC FC FD FB FB FD FD FC FC FC FD
003 7F 7F 7B 7A FF 63 FB FB 7F FF 7F FB 5F F2 F3 DB
004 FF FB F3 FF F3 E2 B7 FF EF 77 F7 FF DF 7F FF F8
005 FF FF F7 7F F3 FF EF FF BB 7F FF 7F D7 E8 D7 EF
006 FF FB FF FB FF FD FF FD FF FC FF FC FF FC FD FF
007 00 FB 00 00 00 00 0OC 00 00 D7 00 00 EB 6B 6B EB
008 E3 00 00 00 E3 E3 E3 00 E3 FF F7 FF 00 00 00 00
009 F7 FB F3 FF FF F7 F7 FF F7 FF F7 00 F3 FF FF FF
00A FB FB F3 FB FF FB EF FB F3 7F FF FB F3 DF F3 DB
00B F8 DB F3 FB F3 FF F3 F3 FF FF F7 F3 F3 FB F7 FF
00C FF FF EB 00 EF 00 7F FF F7 FF F3 FF FF FF FF FF
00D EB FB EB FB EB FB EB FB EB FB EB FB FB FB FF FB
00E EB FB EB FB EB FD EB FC EB FD EB FC EB FC EB FD
00F E3 FB F7 FF F3 F3 F3 F3 FF FB F3 FF FF FF F3 F3
010 FF FF F7 FF FF FC F7 F7 FB FB FF FF F7 7F F7 FF
011 FF FF F3 FF F1 00 F7 FB FB FF F3 F3 FF FF F7 F3
012 F3 F7 F7 FF FF FF F7 FF F3 F7 F7 FF 7F 7 FF
013 F3 FF E3 F7 FB FF 00 00 6F E3 F7 FF F3 FF D3 FF
014 FF FF F3 FF F1 FB FF FB FF F3 EB 00 00 E2 00 00
015 00 E6 EB FB 00 00 00 00 F1 FB FF FB FB F1 F1 FB
016 FF FF FA FB FF 00 00 00 00 F1 FB F1 FB F1 FB F1
017 FB FB F3 FB FF FB FB FD 00 00 00 00 00 00 OO 00
018 00 00 00 00 OO OO 00O OO 00 OO OO 00 OO 00 OO OO0
019 00 00 00 00O 00 00O OO 00 OO OO OO OO0 00 OO 00 OO0
01A 00 00 00 00O 00O 00 OO OO OO OO 0O 0O 00 00 OO OO0
01B 00 00 00 00 00 00O OO OO OO 0O OO OO OO OO 00 OO0
0t1C 00 00 00 00O OO 00 OO OO OO OO OO OO OO OO 00 OO0
01D 00 00 00 00O OO 00 EF FF 00 0O 00 00 00 00 00 OO0
01E EF FF 00 00 00 00 FF FF 00 00 00 OO0 OO OO0 00 OO0
01F 00 FF 00 00 00 OO FF FF 00 00 OO 00 00 00 FB FB
[
Higher order
5-bit address
(0046 - 1F4¢) -~ —
512 preprogrammed 8-bit data patterns represented in hex characters.

Table B-7 PARTIAL MICROCODE

LOCATION U6 DEVICE TYPE Signetics 825115 (5612 words X 8-bit PROM)
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PROM U7 PROM U8 PROM U2 PROM U5 PROM U6 PROM U4

FO FI FGP IMB RGP DOE IRW ADL FRW ED1

Address = 07E,g
Data = FA¢

Lower order
ADDRESS 0o 1 2 3 4 5 6 7 8 9 A B C D E F 4-bit address
(016'F16)
000 FE AF FE FE FE FE FF FE FE OF 8F BE 00 00 00 00
001 FB F7 FF FE FA FA FA F6 F6 F6 FE FE FE FF FE FF
002 FF FF FF FF FF FF FF FB FF FF FF FF FF FF FF FF
003 FF FF FB F7 FF FE FF FF FF FF FF FE FF F3 FF FE
004 FF FE FF FE FE FE FF FF FE FF FF FF FF FF 7E 7E
005 FF FF FF FE FF FE AF FE FF FF FF FF FF FE FF FE
006 FF FC FF FC FF FC FF FC FF FC FF FC FF FC FF FE For example:
007 00 F7 00 00 OO OO OO OO 00O FF 00 00 FE F6 E ’
008 FF 00 00 00 8F BF 8F 00 FF FE FF FE 00 00 00 00
009 8F BF 8F BF FF 8F 8F 8F BF B4 8F 00 FE 8F 8F B8
00A FB F7 FF FE 8F FA 8F FE FF F4 FF FE FF FA FF FE
00B F7 FB FF FE FF FE FF CC 8F FC CF DF FF DE DF FC
00C FE FE FE 00 FE 00 FF EE EF FE FF FE 8F FE FE FF
00D 88 FE 8B FE 8B FE 87 FE 87 FE 87 FE FF FE EF FE
00E 8F FC 8F FC 8F FC 8F FC 8F FC 8F FC 8F FC 8F FC
00F 8F FE FF FE FF EC FF EE F7 FE EF F8 EF EE FF EC
010 FF FF FF F4 87 EE 8F FE EF E8 FF EF EF FA EF F8
011 F7 FE FF F8 8F 00 EF FE 8B FF FF EC EF EE EE FF
012 8F EC FF F4 EF F8 EF EE 8F EC EF FE FE 8F EF FE
013 FF FE FE FF 8B 8F 00 00 F6 FE FF FE FE FE FF FE
014 BF B4 FF B8 8F 8F 8F 8F 8F FF 8F 00 00 FE 00 00
015 00 FE 8F 8B 00 00 00 00 B8F 8B F7 FB 8B FC 8F 8B
016 O9F FE 87 87 8F 00 00 00 00 8F 8B 8F 8B 8F 8B 8&F
017 8B FA BF 8F 8F 83 8B FF 00 00 00 00 00 00 00 OO0
018 00 00 00 00 00O OO 0O OO 0O OO 00O 00 00O 00O 00 OO0
019 00 00O 00O OO OO OO OO0 00 OO OO OO OO 00O 00 0O OO
01A 00 00 00 OO OO OO OO0 OO OO OO OO OO 00O 0O 0O OO
01B 00 00 00O 00 OO OO OO0 OO OO OO 00 OO 00 OO OO OO0
01C 00 00 00 OO 00O OO OO0 00O OO 00O 00 OO 00O 0O OO OO0
01D 00 00 00 00O OO OO 8F 8D 00 00 00 OO 00 00 00 OO0
01E AF AD 00 00 00 00 8D FE 00 00 00O 00 0O 00 OO 00
01F 00 BF 00 00 00 00 3F FE 00 00 00 00 00 OO 8F 8F
——
Higher order
5-bit address
(0046 - 1F1) — o
512 preprogrammed 8-bit data patterns represented in hex characters.

Table B-8 PARTIAL MICROCODE
LOCATION U5 DEVICE TYPE Signetics 825115 (512 words X 8-bit PROM)

SiNOtiCs
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PROM U7  PROM U8 /PROM u2

8-7.6-5.4-1 8-6. 5-1 (8. 7. 6. 5. 4,

FO FI FGP IMB RGP |DOE IRW ADL FRW ED1 KS | |

SW

ER Da

PROM U5 PROM U6

PROM U4

NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD AC

ADDRESS o 1 2 3 4 5 6 7 8 9 A B C D E F
000 FC FC A0 A8 AC A4 DC BC AC FC FC BC 00 00 00 00
001 F8 F8 F8 B8 B8 B8 B8 B8 B8 B8 B8 B3 B8 F8 BC F8
002 FO9 F9 FD FD F9 FD F9 FC F1 F1 F5 F5 F1 F5 F1 F5
003 FC FC FC FC FC BC FC F8 FC FC FC FA FC FC DC FA
004 FC BC DC FC FC BC F8 FC BC FC F8 FC FC FC BC BC
005 FC FC F8 BC DC BC FC FC FC FC FC FC F8 BC F8 BC
006 DC FA DC FA DC FE DC FE DC FA DC FE DC FA DF BC
007 00 F8 00 00 00O 00O OO OO 00 F8 00 00 B1 B8 B8 B9
008 DC 00 00 00 F8 F8 F8 00 DC BC D8 BC 00 00 00 00
009 F8 FC FC FC FC F8 F8 FC F8 BB F8 00 BC FC FC BB
00A F8 F8 DC FA FC FA FC EA DC FA DC FA DC FA FC FA
008 F8 F4 DC FA DC BC DC 7C FC FA 58 FC DC FA D8 FA
00C FC FC BC 00 BC 00 FC 7C 58 BC DC BC FC BC C
00D F8 FA F8 FA F8 FA F8 FA F8 FA F8 FA 0C FA 6C FA
00E E8 FA E8 FA E8 FE E8 FA E8 FE E8 FE E8 FA EC FE
00F FC FA D8 BC DC 7C DC 7C DB BC 54 FA 5C 74 DC 74
010 FC FC D8 FA F9 74 F8 F8 54 7B FC 7C 58 B1 58 FA
011 DB BC DC BB FC 00 50 BB F9 FC DC 74 54 7C 7C F8
012 FC 70 D8 FA 7C FA 50 7C FC 78 58 BC BC F8 50 BC
013 DC FC BC FC F9 FC 00 00 B9 B8 DC BC BC FC DC BC
014 FC BB DC BB FC F8 FC F8 FC DC F1 00 00 BC 00 00
015 00 BC FD F8 00 00 00 00 FC F9 FC FC F9 BC FC F9
016 FC FC FC F8 FC 00 00 00 00 FC F9 FC F9 FC F9 FC
017 FC BC F8 FC FC F8 F8 F1 00 00 00 00 00 00 00 OO
018 00 00 00 00 00 00 OO OO 0OC 00 OO 00O OO0 00 OO OO0
019 060 00 00 00O 00 00 OO OO 00O OO OO 00 OO 00 00 OO0
01A 00 00 00 00O OO OO OO OO 00O OO OO 00 OO OO 00 OO
018 00 00 00 00 OO0 OO 00 OO OO OO OO 00O OO OO 0O OO0
01C 00 00 00 00 OO OO 00 OO OO 0O OO OO0 OO OO 00 OO
01D 00 00 00 00 OO0 00 FC FC 00 00 00 00 00 00 00 OO
O1E FC FC 00 00 00 00 FC BC 00 00 00 00 00 00 00 OO
01F 00 FC 00 -00 00 00 FC FC 00 00 00 00 00 00 FC FC

—_—

Higher order

5-bit address
(0046-1F15)

_

"V

512 preprogrammed 8-bit data patterns represented in hex characters.

Lower order
4-bit address

(016=F 1)

For example:
Address = OCEqg
Data = BCyg
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Table B-9 PARTIAL MICROCODE
LOCATION U2 DEVICE TYPE Signetics 82S115 (512 words X 8-bit PROM)
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PROM U7 PROM U8 PROM U2 PROM US PROM U6 PROM U4

8-7,6-5,4-1 8-6, 5-1 18, 7, 6, S, 4 318 75 4 3 2. 1 8 7, 6 5 4, 31 8 7-1

FO FI FGP| IMB RGP |DOE IRW ADL FRW ED1 KS (ER i\z NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD AC

Lower order
ADDRESS 0 1 2 3 4 5 6 7 8 9 A B C D E F } 4-bit address
(016-F16)
000 FF FF FB FC FF FF E4 FF E4 E4 FF FF 00 00 00 00
001 E3 E3 EC EC E0O E1 E2 EO0O E1 E2 E2 E3 E3 E4 E3 E9
002 FE FE FE FE FE FE FE FF FD FD FD FD FD FD FD FF
003 FO F1 E3 E3 FF E3 EC EC E3 EC E3 FF E3 EE E4 FF
004 E4 E4 E3 FF E3 EE E3 E2 FF E3 E3 EC E2 E3 FF FF
005 F2 FF E4 E3 E4 E2 FF FF E9 E3 EO E3 E4 FF E4 EE
006 EC EE EC EE EC EE EC EE EC EE EC EE EC EE FF EC
007 00 2E 00 OO0 OO 00 OO OO OO E4 00 00 EE E3 E3 EE
008 E4 00 00 00 EO E1 E2 00 E4 E2 E4 FF 00 00 00 OO
009 FF E4 E3 E4 EC E4 FF E3 E3 E4 E3 00 E3 E2 E3 E4
00A 9F 6F E4 EE FF FF FF EE E4 E3 ED FF ED CB ED FF
008 EB EC E4 FF E3 FF E4 E4 EC E9 E4 E4 E4 EE E4 E9
00C E4 E4 EC 00 FF 00 E3 E3 E3 E3 E4 FF E3 F2 E2 E1
00D EO FF E1 FF E2 FF EO FF E1 FF E2 FF ED EF FF FF
00E EC FF EC FF EC FF EC FF EC FF EC FF EC FF EO FF
00F E4 EE E4 FF E4 E4 E4 E4 E9 E9 E9 E9 FF E9 E4 E4
010 E4 E3 E3 E4 E4 E4 E4 FF E4 BF E3 E3 E3 E3 E3 E4
011 E4 FF E4 E4 EE 00 E4 FF 4E E9 E4 E4 FF FF E3 E2
012 E4 E4 E3 E2 E3 E2 E4 FF E4 E4 E4 FF E3 E4 E4 FF
013 E4 FF E4 E2 4E E4 00 00 E3 E1 E3 FF E3 E4 E4 FF
014 FF E4 E4 E4 EE E9 EC EO E9 E4 EE 00 00 EE 00 00
015 00 FF EE E0O 00 00 00 00 EE 4E EC EC 4E EE EE A4E
016 FF FF EE EO EC 00 00 00 00 EE 4E EE 4E EE @ E
017 EC EO E0O EC EO EC EO FF 00 00 00 OO 00O 00 OO OO For example:
018 00 00 00 00 00 OO 00O OO OO OO OO 00 OO OO 0O 00 Address = 16E¢
019 00 00 00 00 00 OO OO 00 OO OO OO OO OO OO 0O 00 Data = 4E;
01A 00 00 00 OO0 OO OO OO OO OO OO OO0 OO OO0 00 0O OO0
01B 00 00 00 00O 00 OO0 OO OO OO OO0 OO OO 00 00 00 00
01C 00 00 00 00O OO OO OO OO OO OO OO OO0 OO OO0 OO OO0
01D 00 00 00 00 00 OO FF FF 00O 00 OO OO OO0 OO 00 OO
01E FF FF 00 00 00 00 FF FF 00 00 00 00 OO0 00 00 00
01F 00 FF 00 00 00 OO FF FF 00 00 00 00 00 00 E4 E4
—
Higher order
5-bit address
(00+6-1F 1¢) - ”
512 preprogrammed 8-bit data patterns represented in hex characters.

Table B-10 PARTIAL MICROCODE

LOCATION U8 DEVICE TYPE Signetics 825115 (512 words X 8-bit PROM)
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PROM U7 PROM U8 PROM U2 PROM U5 PROM U6 PROM U4

V--—-=-- V (Vo= ==V¥Vormmmmmmmmm - - A e VVooommmmmmm oo VVem—mmm o v

8-7,6-5,4-1 8-6, 5-1 8, 7, 6, S, 4, 3-1 8 7-5, 4 3 2, 1 8 6, 5 4 3-1 8, 71

FO FI FGP| IMB RGP DOE IRW ADL FRW ED1 KS |ER 2‘1’: NC2 NC1CCR EXT RRE LD2 SJM IST DBY CS LD AC

Lower order
ADDRESS 0 1 2 3 4 5 6 7 8 9 A B C D E F 4-bit address
(046-F16)
000 FE FE F6 F6 FE FE F1 FE F1 F1 FE @‘é&OO 00 00 For example:
001 10 10 20 60 F6 F6 F6 F6 F6 F6 20 FO F6 F6 F1 6 Address = ooé
002 07 47 07 47 08 OF OE 3F 07 47 07 47 08 OF OE 07 Data = FE '®
003 FO FO DO DO F6 FO DO 10 F4 FO FO F6 FO EO F1 F6 ®
004 FO F6 F1 FE F1 60 F1 F1 FE F6 F1 FO F1 F2 3E FE
005 FO 76 F1 F1 F1 F1 FE FE F6 FO FO F6 F1 EE F1 FF
006 FO 07 FO 47 FO 07 FO 47 FO 08 FO OF FO OE 07 FO
007 00 F6 00 00 00 00 OO 00 OO F1 00 OO F6 F6 F6 F6
008 F1 00 00 00 F6 F6 F6 00 Ft F1 F1 FE 00 00 00 00
009 F6 F6 F1 F6 FO FO F6 F1 Ft F9 F1 00 F1 FO F1 F9
00A 07 F6 F1 F6 FE F6 FE C6 F1 F9 F1 F6 F1 F1 F1 F6
0ooB 3E 00 F1 F6 F1 FE F1 F1 FO Ft F1 F1 F1 F6 F1 F1
00C F1 FA 70 00 FE 00 FO F1 F1 Ft F1 FE F1 FO F1 FO
00D F6 F6 F6 F6 F6 F6 F6 F6 F6 F6 F6 F6 DO F6 FE 16
00E F6 07 F6 47 F6 07 F6 09 F6 47 F6 OF F6 OE FE 07
00F Ft F6 F1 FE F1 Ft F1 F1 F1 F6 F1 F1 FE F1 F1 F1
010 F6 F1 F1 F9 F1 F1 FO F6 F6 F6 F1 F1 F1 F9 F1 F9
011 F1 FE F1 F1 50 00 F1 F6 27 FO F1 F1 FE FE F1 F6
012 F1 FA F1 F9 F1 F9 F1 FE F1 F1 F1 FE FO F6 F1 FE
013 F1 FE F1 F6 27 F1 00 00 F9 F6 F1 FE F1 F1 F1 FE
014 FE F1 F1 F1 50 F6 FO F6 FO F1 F6 00 00 70 00 OO0
015 00 EO F6 F7 00 00 00 OO0 50 27 FO F6 27 20 50 27
016 FE FE 10 70 FO 00 00 00 00 50 27 50 27 50 27 50
017 OF F6 70 30 FO EO F7 07 00O 00 00 OO0 00 00 00 OO0
018 00 00 00O 00O 00O 0O 00 OO0 OO OO 00 OGO OO 00 OO OO0
019 00 00 00 00 OO0 OO 00O OO0 00O OO 00 OO OO0 00 OO OO0
01A 00 00 00O 00O 00 00O 00O 0O OO OO 00 OGC OO 00O 00 00
018 00 00 00 00 OO0 00O 00O OO OO OO 00 OO OO 00 OO 00
01C 00 00 00 00 OO 00 OO0 OO OO OO 00 OO OO OO 00 00
01D 00 00 00 00O OO 00 FE FE 00 00 00 00 00 00 00 OO0
01E FE FE 00 00 00 OO0 FE FE 00 00 00 00 00O 00 0O OO0
01F 00 FE 00 00 OO 00 FE FE 00 00 00 00O OO 00 F6 F6
——
Higher order
5-bit address
(00;5-1F 16) _— _
512 preprogrammed 8-bit data patterns represented in hex characters.

Table B-11 PARTIAL MICROCODE

LOCATION U7 DEVICE TYPE Signetics 825115 (512 words X 8-bit PROM)
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Lower order
ADDRESS 0 1 2 3 4 5 6 7 8 9 A B C D E F }4—bit address
(016-F16)
000 E5S5 00 00 00 00 00 E3 00 E5 00 B2 00 00 00 3B 00
001 E5 00 00 00 EO 00 E2 00 E5 00 B9 00 C4 00 1B 00
002 E5 00 00 00 CO OO 00O OO0 E5 00 B9 00 C6 00 2B 00
003 E5 00 EF 00 00 00 ED 00 E5 00 B9 00 EE 00 3B 00
004 D8 OA DO D8 DO D8 DO D8 D9 2A D1 D9 Dt D9 Dt D9
005 DA 4A D2 DA D2 DA D2 DA DB OA D3 DB D3 DB D3 DB
006 DC 6A D4 DC D4 DC D4 DC DD 2A D5 DD D5 DD D5 DD
007 DE 4A D6 DE D6 DE D6 DE DF 6A D7 DF D7 DF D7 DF
008 00 00 83 80 83 8 83 8 E1 00 F1 F5 F1 F5 F1 F5
009 E6 45 00 00 E6 00 E6 00 E9 25 00 00O OO0 E9 00 E9
00A E7 65 E7 00 00 00 E7 00 EA 45 00 EA 00 00 00 EA
00B E8 05 E8 00 E8 00 00 00 EB 65 00 EB 00 EB 00 00
00C 00 80 C8 00 E4 FC E5 00 00 00O 05 25 00 00 81 00
00D 00 8 EE 00 E4 81 E5 00 D7 81 EF 00 00 00 81 00
O0E 00 82 EE 00 E4 00 E5 00 EC 81 EF 00 00 Et 81 00
00F 00 82 EE 00 E4 00 E5 00 ED 81 EF 00 00 E1 81 Q0
010 B5 90 8E 3F B1 3 C5 3B B5 92 B9 3F BO 3E A3 For example:
011 BS 94 A5 3F C5 3E C5 3B B5 96 B9 3F C3 3E A3 3B Address = 10F 5
012 B5 98 FF 3F A7 3E FF 3B B5 9A B9 3F A7 3E A3 3B Data = 3B4g
013 B5 9C BF 3F FF 3E BB 3B B5 9E B9 3F BE 3E A3 3B
014 B4 AD CE CF CE CF CE CF B4 AD CE CF CE CF CE CF
015 B4 AD CE CF CE CF CE CF B4 AD CE CF CE CF CE CF
016 B4 AD CE CF CE CF CE CF B4 AD CE CF CE CF CE CF
017 B4 AD CE CF CE CF CE CF B4 AD CE CF CE CF CE CF
018 B7 AC C5 C5 C5 C5 C5 C5 B4 A8 B3 B3 B3 B3 B3 B3
019 B4 A1 B7 C7 C5 C7 C5 C7 B4 A1 B2 B7 B2 C5 B2 C5
01A B4 A1 C5 C7 B7 C7 C5 C7 B4 A1 B2 C5 B2 B7 B2 C5
01B B4 A1 C5 C7 C5 C7 B7 C7 B4 A1 B2 C5 B2 C5 B2 B7
01C AE CO CB C9 CB C4 C5 FF A2 B8 8 86 CA C6 B6 FF
01D A0 CO CB CC CB A4 C5 FF AF CO CB CD CA A6 B6 FF
01E BA CO CB CC CB AC C5 FF B4 CO CB CD CA B4 B6 FF
01F C2 CO CB CC CB AC C5 FF B4 C0O CB CD CA B4 B6 B7
—
Higher order
5-bit address
(0046-1F ) g —
512 preprogrammed 8-bit data patterns represented in hex characters.

Table B-12

INSTRUCTION DECODE PROM (PRIMARY AND SECONDARY DECODES)
LOCATION U29 DEVICE TYPE Signetics 825115 (512 words X 8-bit PROM)

Sifnotics
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The 8080 instruction set includes five differ-

ent types of instructions:

e Data Transfer Group—move data between reg-
isters or between memory and registers

® Arithmetic Group—add, subtract, increment or
decrement data in registers or in memory

® Logical Group—AND, OR, EXCLUSIVE-OR,
compare, rotate or complement data in regis-
ters or in memory

e Branch Group—conditional and unconditional
jump instructions, subroutine call instructions
and return instructions

e Stack, I/0 and Machine Control Group—
includes 1/0 instructions, as well as instruc-
tions for maintaining the stack and internal
controi flags.

Instruction and Data Formats
Memory for the 8080 is organized into 8-bit
quantities, called Bytes. Each byte has a
unique 16-bit binary address corresponding
to its sequential position in memory. The
8080 can directly address up to 65,536 bytes
of memory, which may consist of both read-
only memory (ROM) elements and random-
access memory (RAM) elements (read/
write memory).

Data in the 8080 is stored in the form of 8-bit
binary integers:

DATA WORD

D, ' D I'Ds D, TD; TD, TD, T

MSB LsSB
When a register or data word contains a
binary number, it is necessary to establish
the order in which the bits of the number are
written. In the Intel 8080, BIT 0 is referred to
as the Least Significant Bit (LSB), and BIT7
(of an 8 bit number) is referred to as the
Most Significant Bit (MSB).

The 8080 program instructions may be one,
two or three bytes in length. Multiple byte
instructions must be stored in successive
memory locations; the address of the first
byte is always used as the address of the
instructions. The exact instruction format
will depend on the particular operation to be
executed.

Single Byte Instructions
Bl ' T T 1T IDoJ Op Code

Two-Byte Instructions

Byte One lel U I IDo] Op Code
I I I I Data or

Byte Two |D7 D°J Address

Three-Byte Instructions
Byte One ID7| T ]Dq Op Code
Byte Two |D7I T T T IDo] Data
or
Byte Three |DvI FrrT ID;l Address

APPENDIX C

8080 EMULATOR INSTRUCTION SET

Addressing Modes

Often the data that is to be operated on is
stored in memory. When multi-byte numeric
data is used, the data, like instructions, is
stored in successive memory locations, with
the least significant byte first, followed by
increasingly significant bytes. The 8080 has
four different modes for addressing data
stored in memory or in registers:

¢ Direct Bytes 2 and 3 of the instruction
contain the exact memory ad-
dress of the data item (the low-
order bits of the address are in
byte 2, the high-order bits in byte
3).

The instruction specifies the reg-
ister or register-pair in which the
data is located.

* Register

® Register
Indirect The instruction specifies a
register-pair which contains the
memory address where the data is
located (the high-order bits of the
address are in the first register of
the pair, the low-order bits in the
second).
The instruction contains the data
itself. This is either an 8-bit quan-
tity or a 16-bit quantity (least sig-
nificant byte first, most significant
byte second).

¢ Immediate

Unless directed by an interrupt or branch
instruction, the execution of instructions
proceeds through consecutively increasing
memory locations. A branch instruction can
specify the address of the next instruction to
be executed in one of two ways:

The branch instruction contains
the address of the next instruction
to be executed. (Except for the
"RST" instruction, byte 2 contains
the low-order address and byte 3
the high-order address.)

e Direct

* Register

indirect The branchinstructionindicates a
register-pair which contains the
address of the next instruction to
be excuted. {The high-order bits
ofthe address are in the first regis-
ter of the pair, the low-order bits in
the second.)

The RST instruction is a special one-byte
call instruction (usually used during inter-
rupt sequences). RST includes a three-bit
field; program control is transferred to the
instruction whose address is eight times the
contents of this three-bit field.

Condition Flags

There are five condition flags associated
with the execution of instructions on the
8080. They are Zero, Sign, Parity, Carry, and
Auxiliary Carry, and are each represented
by a 1-bit register in the CPU. A flag is "set”

Sifnetics

by forcing the bit to 1; "reset” by forcing the
bit to 0.

Unless indicated otherwise, when an in-
struction affects a flag, if affects it in the
following manner:

If the result of an instruction has the
value 0, this flag is set; otherwise it is
reset.

If the most significant bitof the result
of the operation has the value 1, this
flag is set; otherwise it is reset.

If the modulo 2 sum of the bits of the
result of the operation is 0, (that is, if
the result has even parity), this flag is
set; otherwise it is reset (that is, if the
result has odd parity).

If the instruction resulted in a carry
(from addition), or a borrow (from
subtraction or a comparison) out of
the high-order bit, this flag is set;
otherwise it is reset.

Zero:
Sign:

Parity:

Carry:

Auxiliary
Carry: If the instruction caused a carry out
of bit 3 and into bit 4 of the resulting
value, the auxiliary carry is set; other-
wise it is reset. This flag is affected by
single precision additions, subtrac-
tions, increments, decrements, com-
parisons, and logical operations, but
is principally used with additions and
increments preceding a DAA (Deci-
mai Adjust Accumulator) instruction.

Symbols and Abbreviations

The following symbols and abbreviations
are used in the subsequent description of
the 8080 instructions:

SYMBOLS MEANING
accumulator Register A
addr 16-bit address quantity
data 8-bit data quantity
data 16 16-bit data quantity
byte 2 The second byte of the instruction
byte 3 The third byte of the instruction
port 8-bit address of an I/0O device
rri,r2 One of the registers A,B,C,D,E,H,L
DDD,SSS The bit pattern designating one of
the registers A,B,C,D,E,H,L (DDD =
destination, SSS = source):
DD or SSS REGISTER NAME

111 A

000 B

001 C

010 D

011 E

100 H

101 L
p One of the register pairs:

B represents the B,C pair with B as
the high-order register and C as the
low-order register;

D represents the D,E, pair withD as
the high-order register and E as the
low-order register;

H represents the H,L pair with H as
the high-order register and L as the
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low-order register;
SP represents the 16-bit stack
pointer register.

RP The bit pattern designating one of
the register pairs B,D,H,SP:

RP REGISTER PAIR
00 B-C
01 D-E
10 H-L
1 spP

rh The first (high-order) register of a
designated register pair.

rl The second (low-order) register of
a designated register pair.

PC 16-bit program counter register
(PCH and PCL are used to refer to
the high-order and low-order 8 bits
respectively).

SP 16-bit stack pointer register (SPH
and SPL are used to refer to the
high-order and low-order 8 bits re-
spectively).

rm Bit m of the register r (bits are

number 7 through 0 from left to

right).

The condition flags:

Zero,

Sign,

Parity,

Carry,

and Auxiliary Carry, respectively.

() The contents of the memory loca-

tion or registers enclosed in the

parentheses.

"Is transferred to”

Logicai AND

Exclusive OR

Inclusive OR

Addition

- Two’s complement subtraction

Multiplication

ZS8,P,CY,AC

rt<g> 1

*

- "1s exchanged with”

- The one’s complement (e.g., (A))
n The restart number 0 through 7
NNN The binary representation 000

through 111 for restart number 0
through 7 respectively.

Description Format

The following pages provide a detailed de-
scription of the instruction set of the 8080.
Each instruction is described in the follow-
ing manner:

1. The MAC 80 assembler format, consisting of
the instruction mnemonic and operand fields,
is printed in BOLDFACE on the left side of the
first line.

2. The name of the instruction is enclosed in
parenthesis on the right side of the first line.

3. The next line(s) contain a symbolic description
of the operation of the instruction.

4. This is followed by a narative description of the
operation of the instruction.

5. The following line(s) contain the binary fields
and patterns that comprise the machine in-
struction.

6. The last four lines contain incidental informa-
tion about the execution of the instruction. The
number of machine cycles and states required
to execute the instruction are listed first. If the
instruction has two possible execution times,
as in a Conditional Jump, both times will be
listed, separated by a slash. Next, any signifi-
cant data addressing modes (see Page 4-2) are
listed. The last line lists any of the five Flags that
are affected by the execution of the instruction.
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Data Transfer Group -

This group of instructions transfers data to
and from registers and memory. Condition
flags are not affected by any instruction in
this group.

MOV r1, r2 (Move Register)

(r1) = (r2)

The content of register r2 is moved to regis-
ter r1

[oT1 JoToTo [sTs Ts |

Addressing:
Flags:

register

none

MOV r, M (Move from memory)

(r) = ((H) (L))

The content of the memory location, whose
address is in registers H and L, is moved to
register r.

|70~|1|DIDID]1 T+ To ]

LDA addr (Load Accumulator direct)

(A) = ((byte 3) (byte 2))

The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register A.

0|0|1|1'1|0|1|0
low-order addr

high-order addr

direct
none

Addressing:
Flags:

STA addr (Store Accumulator direct)
((byte 3) (byte 2)) - (A)

The content of the accumulator is moved to
the memory location whose address is
specified in byte 2 and byte 3 of the instruc-
tion.

ol oT 1T 1 ToToT 1Ty
low-order addr

Addressing:
Flags:

reg. indirect
none

MOV M, r (Move to memory)

((H) (L)) = ()

The content of register r is moved to the
memory location whose address is in regis-
ters H and L.

o1 T4 T4 To]sTsTs|

Addressing:
Flags:

reg. indirect
none

MVI r, data (Move Immediate)
(r) = (byte 2)
The content of byte 2 of the instruction is
moved to register r.
oToloToTo[1T1To
data

Addressing:
Flags:

immediate
none

MVI M, data (Move to memory immediate)
((H) (L)) ~ (byte 2)

The content of byte 2 of the instruction is
moved to the memory location whose ad-
dress is in registers H and L.

oToT 1T 1ToT1T1Ty

data
Addressing: immed./reg. indirect
Flags: none

LXI rp, data 16 (Load register pair immedi-
ate)

(rh) — (byte 3),

(rl) +~ (byte 2)

Byte 3 of the instruction is moved into the
high-order register (rh) of the register pair
rp. Byte 2 of the instruction is moved into the
low-order register (rl) of the register pairrp.

ol o]rRTPJoToToTH
low-order data

high-order data

immediate
none

Addressing:
Flags:

SHNDTES

high-order addr

direct
none

Addressing:
Flags:

LHLD addr (Load H and L direct)

(L) = ((byte 3) (byte 2))

(H) — ((byte 3) (byte 2) + 1)

The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register L. The
content of the memory location at the suc-
ceeding address is moved to register H.

0ol ol 1ToT1ToT 1Ty
low-order addr

high-order addr

Addressing:
Flags:

direct
none

SHLD addr (Store H and L direct)

((byte 3) (byte 2)) - (L)

((byte 3) (byte 2) + 1) -~ (H)

The content of register L is moved to the
memory location whose address is speci-
fied in byte 2 and byte 3. The content of
register H is moved to the succeeding mem-
ory location.

olol 1T oToToT Ty
low-order addr
high-order addr

direct
none

Addressing:
Flags:

LDAX rp (Load accumulator indirect)

(A) = ((rp))

The content of the memory location, whose
address is in the register pair rp, is moved to
register A. Note: only register pairs rp=B
(registers B and C) or rp=D (registers D and
E) may be specified.

[oTofrTPl 1T ol 110

Addressing:
Flags:

reg. indirect
none



STAX rp (Store accumulator indirect)

((n) ~ (A)

The content of register A is moved to the
memory location whose address is in the
register pair rp. Note: only register pairs
rp=B (registers B and C) or rp=D (registers
D and E) may be specified.

ADC r (Add Register with carry)

(A) = (A) +(n) + (CY)

The content of register r and the content of
the carry bit are added to the content of the
accumulator. The result is placed in the
accumulator.

SBB r (Subtract Register with borrow)

(A) = (A) - (r) - (CY)

The content of register r and the content of
the CY flag are both subtracted from the
accumulator. The result is placed in the
accumulator.

[oTo[RTPJoToT1To]

Addressing:
Flags:

reg. indirect
none

XCHG (Exchange H and L with D and E)
H) (D)

(L) (E)

The contents of registers H and L are ex-
changed with the contents of registers D
and E.

1|1|1|0]1|0|1|7J

Addressing:
Flags:

register
none

Arithmetic Group

This group of instructions performs arith-
metic operations on data in registers and
memory.

Unless indicated otherwise, all instructions
in this group affect the Zero, Sign, Parity,
Carry, and Auxiliary Carry flags according
to the standard rules.

All subtraction operations are performed via
two’s complement arithmetic and set the
carry flag to one to indicate a borrow and
clear it to indicate no borrow.

ADD r (Add Register)

(A) = (A) + (1)

The content of register r is added to the
content of the accumulator. The result is
placed in the accumulator.

[T ToToToTo s s Ts]

Addressing:
Flags:

register
Z,S,P,CY,AC

ADD M (Add memory)

(A) = (A) + ((H) (L)

The content of the memory location whose
address is contained in the H and L registers
is added to the content of the accumuiator.
The result is placed in the accumulator.

[1ToToToTolyT1Tol]

Addressing:
Flags:

reg. indirect
Z,S,P,CY,AC

ADI data (Add immediate)

(A) = (A) + (byte 2)

The content of the second byte of the in-
struction is added to the content of the
accumulator. The result is placed in the
accumulator.

11 Tololo 1 TyTo
data

Addressing: immediate

Flags: ZS,P,CYAC

[1ToToTolT1[sTsTs|
Addressing: register
Z,8,P,CYAC

Flags:

ADC M (Add memory with carry)

(A) = (A) + ((H) (L)) + (CY)

The content of the memory location whose
address is contained in the H and L registers
and the content of the CY flag are added to
the accumuilator. The result is placed in the
accumulator.

[1ToToToT1T1T1To]

Addressing:
Flags:

reg. indirect
Z,S,P,CY,AC

ACI data (Add immediate with carry)

(A) = (A) + (byte 2) + (CY)

The content of the second byte of the in-
struction and the content of the CY flag are
added to the contents of the accumulator.
The result is placed in the accumulator.

T ToT 0T T 17179

[1ToToT1T1TsTsTs]
Addressing: register
Flags: Z,S,P,CY,AC

SBB M (Subtract memory with borrow)
(A) = (A) - ({H) (L)) - (CY)

The content of the memory location whose
address is contained inthe H and L registers
and the content of the CY flag are both
subtracted from the accumulator. The result
is placed in the accumulator.

[1ToToTH Ty T4y T4 To]

Addressing:
Flags:

reg. indirect
Z,8,P,CY,AC

SBI data (Subtract immediate with borrow)
(A) = (A) - (byte 2) - (CY)

The contents of the second byte of the
instruction and the contents of the CY flag
are both subtracted from the accumulator.
The result is placed in the accumulator.

data 1 T4 ToT 1T 1T 1419
data
Addressing: immediate
Flags: ZS,P,CY,AC Addressing: immediate
Flags: Z,S,P,CY,AC

SUB r (Subtract Register)

(A) = (A) - ()

The content of register r is subtracted from
the content of the accumulator. The resultis
placed in the accumulator.

[1ToToT1To[sTsls]|
Addressing: register
Flags: ZS,P,CYAC

SUB M (Subtract memory)

The content of the memory location whose
address is contained in the Hand L registers
is subtracted from the content of the accu-
mulator. The result is placed in the accumu-
lator.

[1ToToT1ToT1T1To|

Addressing:
Flags:

reg. indirect
Z,S,P,CY,AC

SUI data (Subtract immediate)

(A) = (A) - (byte 2)

The content of the second byte of the in-
struction is subtracted from the content of
the accumulator. The result is placed in the
accumulator.

111 Tl TolyTyTy

INR r (Increment Register)

(r) = (r) +1

The content of register r is incremented by
one. Note: All condition flags except CY are
affected.

[oTo[p'plDo[1Tolo]
Addressing: register
Flags: Z,8,P,AC

INR M (Increment memory)

((H) (L)) = ((H) (L)) +1

The content of the memory location whose
address is contained in the H and L registers
is incremented by one. Note: All condition
flags except CY are affected.

[oTol 1T+ Tol1Tolo]

Addressing:
Flags:

reg. indirect
Z,S,P,AC

DCR r (Decrement Register)

(R) = (r) -1

The content of register r is decremented by
one. Note: All condition flags except CY are
affected.

data [oTo]pToToT1ToTy
Addressing: immediate Addressing:  register
Flags: Z,S,P,CY,AC Flags: Z,8,P,AC

Sifnotics
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DCR M (Decrement memory)

(H) (L)) = ((H) (L)) -1

The content of the memory location whose
address is contained in the Hand L registers
is decremented by one. Note: All condition
flags except CY are affected.

foToT+T1TolT 1 Tolq1]

Addressing:
Flags:

reg. indirect
Z,S,P,AC

INX rp (Increment register pair)
(rh) (rl) < (rh) (rl) + 1
The content of the register pair rp is incre-

mented by one. Note: No condition flags are
affected.

[oTolrRTPJoTol1T4]

Addressing:
Flags:

register
none

DCX rp (Decrement register pair)

(rh) (rl) < (rh) (rl) -1

The content of the register pair rp is decre-
mented by one. Note: No condition flags are
affected.

[oToJrTP[ 1Tl 171

Addressing:
Flags:

register
none

DAD rp (Add register pair to H and L)

(H) (L) = (H) (L) + (rh) (r))

The content of the register pair rp is added
to the content of the register pair H and L.
The resultis placed in the register pair Hand
L. Note: Only the CY flag is affected. It isset
if there is a carry out of the double precision
add; otherwise it is reset.

[oTo[RrR'"P

Addressing:
Flags:

1Tolol ]

register
cY

DAA (Decimal Adjust Accumulator)

The 8-bit number in the accumulator is
adjusted to form two 4-bit Binary-Coded-
Decimal digits by the foliowing process:

1. If the value of the least significant 4 bits of the
accumulator is greater than 9 orifthe ACflagis
set, 6 is added to the accumuiator.

2. If the value of the most significant 4 bits of the
accumulator is now greater than 9, or if the CY
flag is set, 6 is added to the most significant 4
bits of the accumulator.

Note: All flags are affected.
oTol1TolTol 1T 1T 1]

Z,S,P.CYAC

Flags:

Logical Group

This group of instructions performs logical
(Boolean) operations on data in registers
and memory and on condition flags.
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Unless indicated otherwise, all instructions
in this group affect the Zero, Sign, Parity,
Auxiliary Carry, and Carry flags according
to the standard rules.

ANA r (AND Register)

(A) = (A) A ()

The content of register r is logically anded
with the content of the accumulator. The
result is placed in the accumulator. The CY
flag is cleared.

[1ToT1Tolo]sTsTs]
Addressing: register
Flags: Z,5,P,CY,AC

ANA M (AND memory)

(A) = (A)  ((H) (L)

The contents of the memory location whose
address is contained in the Hand L registers
is logically anded with the content of the
accumulator. The result is placed in the
accumulator. The CY flag is cleared.

[1ToT1Tol ol 1T 1To]

Addressing:
Flags:

reg. indirect
Z2,5,P,CYAC

ANI data (AND immediate)

(A) = (A) (byte 2)

The content of the second byte of the in-
struction is logically anded with the con-
tents of the accumulator. The result is
placed in the accumulator. The CY and AC
flags are cleared.

11l Tol ol 1T 9Ty

data
Addressing: immediate
Flags: ZS,P,CYAC

XRA r (Exclusive-OR Register)

(A)~(A)  (r)

The content of register r is exclusive-OR’'d
with the content of the accumulator. The
result is placed in the accumulator. The CY
and AC flags are cleared.

[1ToT1Tol1]sTsTs]|

Addressing:
Flags:

register
Z,8,P,CY,AC

XRA M (Exclusive-OR Memory)

(A) = (A)  ((H) (L)

The content of the memory location whose
address is containedin the Hand L registers
is exclusive-OR'd with the content of the
accumulator. The result is placed in the
accumulator. The CY and AC flags are
cleared.

110l Tol T T4 Tyo]

Addressing:
Flags:

reg. indirect
Z,S5,P,CY,AC

sinotics

XRI data (Exclusive-OR immediate)

(A) = (A) (byte2)

The content of the second byte of the in-
struction is exclusive-OR'd with the content
of the accumulator. The result is placed in
the accumulator. The CY and AC flags are
cleared.

1Ty ToT T T 4Ty

data
Addressing: immediate
Flags: Z,S,P,CY,AC

ORA r (OR Register)

(A)=(A) (n

The content of register r is inclusive-OR’d
with the content of the accumulator. The
result is placed in the accumulator. The CY
and AC flags are cleared.

[1ToT1T1TolsTsTs]
Addressing: register
Flags: Z28,PCYAC

ORA M (OR memory)

(A)=(A)  ((H) (L)

The content of the memory location whose
address is contained in the H and L registers
is inclusive-OR’'d with the content of the
accumulator. The result is placed in the
accumulator. The CY and AC flags are
cleared.

[1ToT 1T ToT 1T 1Tyo]

Addressing:
Flags:

reg. indirect
Z,S,P,CY,AC

ORI data (OR immediate)

(A) = (A) (byte 2)

The content of the second byte of the in-
struction is inclusive-OR’d with the content
of the accumulator. The result is placed in
the accumutlator. The CY and AC flags are
cleared.

TR LELERE

data
Addressing: immediate
Flags: Z,S,P,CY,AC

CMP r (Compare Register)

(A) - ()

The content of register r is subtracted from
the accumulator. The accumulator remains
unchanged. The condition flags are setas a
result of the subtraction. The Z flag is set to
1if (A) = (r). The CY flag is set to 1if (A) < (r).

[1ToT T T1]sTsTs]
Addressing: register
Flags: Z,S,P,CY,AC

CMP M (Compare memory)

(A) - ((H) (L))

The content of the memory location whose
address is contained in the H and L registers
is subtracted from the accumulator. The
accumulator remains unchanged. The con-



dition flags are set as a result of the subtrac-
tion. The Z flag is set to 1 if (A) = ((H) (L)).
The CY flag is set to 1 if (A) < ((H) (L)).

|71|0|1|1[1|1|1|0J

Addressing:
Flags:

reg. indirect
Z,8,P,CY,AC

CPI data (Compare immediate)

(A) - (byte 2)

The content of the second byte of the in-
struction is subtracted from the accumula-
tor. The condition flags are set by the result
of the subtraction. The Z flag issetto 1if (A)
= (byte 2). The CY flag issetto 1if (A) < (byte
2).

1 Ty

T3 T3 T 7777 o

data
Addressing: immediate
Flags: Z,S,P,CY,AC

RLC (Rotate left)

(An+1) — (An); (Ao) = (A7)

(C) ~ (A7)

The content of the accumulator is rotated
left one position. The low order bit and the
CY flag are both set to the value shifted out
of the high order bit position. Only the CY
flag is affected.

l 0 I 0 I 0 I 0 I 0 [ 1 I 1 | {4]

Flags: CY

RRC (Rotate right)

(An) = (An-1); (A7) = (Ao)

(CY) ~ (A)

The content of the accumulator is rotated
right one position. The high order bit and
the CY flag are both set to the value shifted
out of the low order bit position. Only the CY
flag is affected.

[0ToTolols 11 T1Tq]

Flags: CcY

RAL (Rotate left through carry)

(An+1) ~ (An); (CY) = (A;)

{Aog) = (CY)

The content of the accumulator is rotated
left one position through the CY flag. The
low order bit is set equal to the CY flag and
the CY flag is set to the value shifted out of
the high order bit. Only the CY fiag is affect-

ed.
[0Tolol 1Tol 1T1Tq]

Flags: CcYy

RAR (Rotate right through carry)

(An) = (Ant1); (CY) = (Aq)

(A7) = (CY)

The content of the accumulator is rotated
right one position through the CY flag. The
high order bitis set to the CY flag and the CY
flag is set to the value shifted out of the low
order bit. Only the CY flag is affected.

olTolol 1T THT 4Ty

Flags: cY

CMA (Complement accumulator)

(A) - (A)

The contents of the accumulator are com-
plemented (zero bits become 1, one bits
become 0). No flags are affected.

[CTo T 1Tol T 1111

Flags:

none

CMC (Complement carry)

(CY) - (CY)

The CY flag is complemented. No other
flags are affected.

Flags: cY

STC (Set carry)

(Cy) ~1

The CY flag is set to 1. No other flags are
affected.

|0l0|1|1|0|1|1|1|

Flags: CcY

Branch Group
This group of instructions alters normal
sequential program flow.

Condition flags are not affected by any
instruction in this group.

The two types of branch instructions are
unconditional and conditional. Uncondi-
tional transfers simply perform the specified
operation on register PC (the program
counter). Conditional transfers examine the
status of one of the four processor flags to
determine if the specified branch is to be
executed. The conditions that may be speci-
fied are as follows:

CONDITION ccc
NZ — not zero (Z = 0) 000
Z — zero(Z=1) 001
NC — no carry (CY =0) 010
C — carry (CY = 1) 011
PO — parity odd (P = 0) 100
PE — parity even (P = 1) 101
P — plus (S=0) 110
M — minus (S = 1) 11

JMP addr (Jump)

(PC) + (byte 3) (byte 2)

Control is transferred to the instruction
whose address is specified in byte 3 and
byte 2 of the current instruction.

11 ToToToTol Ty
low-order addr
high-order addr

Addressing:
Flags:

immediate
none

SilNPtES

Jcondition addr (Conditional jump)

If (CCC),

(PC) + (byte 3) (byte 2)

If the specified condition is true, control is
transferred to the instruction whose ad-
dress is specified in byte 3 and byte 2 of the
current instruction; otherwise, control con-
tinues sequentially.

1TiJcelelTe]ol1To
low-order addr
high-order addr
Addressing: immediate
Flags: none

CALL addr (Call)

((SP) - 1) ~ (PCH)

((SP) - 2) — (PCL)

(SP) - (SP) - 2

(PC) « (byte 3) (byte 2)

The high-order eight bits of the next instruc-
tion address are moved to the memory
location whose address is one less than the
content of register SP. The low-order eight
bits of the next instruction address are
moved to the memory location whose ad-
dress is two less than the content of register
SP. The content of register SP is decrement-
ed by 2. Control is transferred to the instruc-
tion whose address is specified in byte 3and
byte 2 of the current instruction.

1T Tl ol 1T 1T oTH
low-order addr
high-order addr

Addressing:
Flags:

immediate/reg. indirect
none

Ccondition addr (Condition call)

If (CCC),

((SP) - 1) ~ (PCH)

((SP) - 2) — (PCL)

(SP) —~ (SP) - 2

(PC) ~ (byte 3) (byte 2)

If the specified condition is true, the actions
specified in the CALL instruction (see
above) are performed; otherwise, control
continues sequentially.

1T1fclclTec[1Tolo
low-order addr

high-order addr

Addressing:
Flags:

immediate/reg. indirect
none

RET (Return)

(PCL) — ((SP));

(PCH) ~ ((SP) + 1);

(SP) - (SP) +2;

The content of the memory location whose
address is specified in register SP is moved
to the low-order eight bits of register PC.
The content of the memory iocation whose
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address is one more than the content of
register SP is moved to the high-order eight
bits of register PC. The content of register
SP is incremented by 2.

[1T1ToToT1Tolol4]

Addressing:
Flags:

reg. indirect
none

Rcondition (Conditional return)

If (CCC),

(PCL) — ((SP))

(PCH) « ((SP) + 1)

(SP) ~ (SP) + 2

If the specified condition is true, the actions
specified in the RET instruction (see above)
are performed; otherwise, control continues
sequentially.

1T1JcTclc]ololo]

Addressing:
Flags:

reg. indirect
none

RST n (Restart)

((SP) - 1) — (PCH)

((SP) - 2) = (PCL)

(SP) - (SP) - 2

(PC) — 8  (NNN)

The high-order eight bits of the next instruc-
tion address are moved to the memory
location whose address is one less than the
content of register SP. The low-order eight
bits of the next instruction address are
moved to the memory location whose ad-
dress is two less than the content of register
SP. The content of register SP is decrement-
ed by two. Control is transferred to the
instruction whose address is eighttimes the
content of NNN.

PUSH rp (Push)

((SP) = 1) = (rh)
((SP) - 2) = (rl)
(SP) - (SP) -2

The content of the high-order register of
register pair rp is moved to the memory
location whose address is one less than the
content of register SP. The content of the
low-order register of register pair rp is
moved to the memory location whose ad-
dress is two less than the content of register
SP. The content of register SP is decrement-
ed by 2. Note: Register pair rp=SP may not
be specified.

[+ T+ [rTP[oT1Tolq]

Addressing:
Flags:

reg. indirect
none

PUSH PSW (Push processor status word)

((SP) - 1) = (A)

((SP) - 2) = (CY), ({SP) - 2); = 1

((SP) - 2)2 = (P), ((SP) - 2)3 -0

((SP) - 2)4 —= (AC), ((SP) - 2)5 - 0

((SP) - 2)s = (Z), ((SP) - 2); = (8)

(SP) ~ (SP) -2

The content of register A is moved to the
memory location whose address is one less
than register SP. The contents of the condi-
tion flags are assembled into a processor
status word and the word is moved to the
memory location whose address is two less
than the content of register SP. The content
of register SP is decremented by two.

[+TANTNIN]T T T

reg. indirect
none

Addressing:
Flags:

1514131211109 8 7 6 54 3 2 1 0
[ofoo]o[o[o]o[o]o] o[N[n]N]o]o]o]

IEEERERE R R

Addressing:
Flags:

reg. indirect
none

FLAG WORD
D, Dg Ds D, D3 D, D;y Dy

Program Counter After Restart

PCHL (Jump H and L indirect—move H and
L to PC)

(PCH) — (H)

(PCL) = (L)

The content of register H is moved to the
high-order eight bits of register PC. The
content of register L is moved to the low-
order eight bits of register PC.

1T1T 1T ol 1Tolol 1]

Addressing:
Flags:

Stack, 1/0, and Machine

Control Group

This group of instructions performs 1/0,
manipulates the Stack, and alters internai
control flags.

register
none

Unless otherwise specified, condition flags
are not affected by any instructions in this

group.
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[s]z]oJac]o]Pr]1]cr]

POP rp (Pop)

{rl) = ((SP))
(rh) < ((SP) + 1)
(SP) - (SP) + 2

The content of the memory location, whose
address is specified by the content of regis-
ter SP, is moved to the low-order register of
register pair rp. The content of the memory
location, whose address is one more than
the content of register SP, is moved to the
high-order register of register pair rp. The
content of register SP is incremented by 2.
Note: Register pair rp = SP may not be
specified.

[1T1[rTPJoTolTol

Addressing:
Flags:

reg. indirect
none

Sifjnotics

POP PSW (Pop processor status word)

(CY) = ((SP))o
(P) = ((SP)).
(AC) — ((SP)}4
(Z) = ((SP))s
(S) —= ((SP));
(A) = ((SP) + 1)
(SP) - (SP) +2

The content of the memory location whose
address is specified by the content of regis-
ter SP is used to restore the condition flags.
The content of the memory location whose
address is one more than the content of
register SP is moved to register A. The
content of register SP is incremented by 2.

|1|1|1|1|0|0|0]1—|

Addressing:
Flags:

reg. indirect
Z,S,P,CY,AC

XTHL (Exchange stack top with H and L)
Ly - (SP)

(H) — ((SP)+1)

The content of the L register is exchanged
with the content of the memory location
whose address is specified by the content of
register SP. The content of the H register is
exchanged with the content of the memory
location whose address is one more than
the content of register SP.

1T 1T ToToTolT T

Addressing:
Flags:

reg. indirect
none

SPHL (Move HL to SP)

(SP) ~ (H) (L)

The contents of registers H and L (16 bits)
are moved to register SP.

AT T T 1T 1707071

Addressing:
Flags:

register
none

IN port (Input)

(A) — (data)

The data placed on the eight bit bidirection-
al data bus by the specified port is moved to
register A. '

1T 1T ol 1T 1 TolT 114
port

direct
none

Addressing:
Flags:

OUT port (Output)

(data) ~ (A)

The content of register A is placed on the
eight bit bidirectional data bus for trans-
mission to the specified port.

FoT 1 ToTogT1T4
port

[LEE!

direct
none

Addressing:
Flags:



El (Enable interrupts)
The interrupt system is enabled following
the execution of the next instruction.

NOP (No op)
No operation is performed. The registers
and flags are unaffected.

|1|1v|1|1l1lol1|1]

|o|o|o|olofololoJ

Flags: none

DI (Disable interrupts)

The interrupt system is disabled immediate-
ly following the execution of the DI instruc-
tion.

[1T1T1T1Tolol 41y

Flags: none

HLT (Halt)
The processor is stopped. The registers and
flags are unaffected.

o7 71T iTol1 11 0]

Flags:

none

Flags: none

MUL (multiply)

Setup Conditions
Multiplier in A Register
Multiplicand in B Register

Resultant Conditions

16-bit result in B and C Registers (LSBin C)
Carry Flag (CY) contains MSB of result
Half Carry Flag (HC) is indeterminate

[FT1T1aToT1TaTolHy |

CY = MSB of result
HC = Indeterminate

Flags:

SiljAntics

DIV (divide)
Setup Conditions

Divisor in A Register
Dividend in C Register

Resultant Conditions

Quotient in C Register

Remainder in B Register

Divisor in A Register (Unchanged)

Carry Flag (CY) contains LSB of quotient
Half Carry Flag (HC) contains 1

|1|1|1l1|1|1|o|1J

CY = LSB of quotient
HC =1

Flags:
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INSTRUCTION CODE* INSTRUCTION CODE*

MNEMONIC DESCRIPTION D; Dg bs D, D; D, D, D, MNEMONIC DESCRIPTION D; Dg Ds D, D; D, Dy Dy
MOV 1 Move register to register 0 1 DDD S s s RET Return 11 0 ¢ t 0 0 1
MOV M,r Move register to memory 0o 1 1t 1 0 S S S8 RC Return on carry i1 0 1 1t 0 0 O
MOV r M Move memory to register 0o 1 DDD 1 1 O RNC Return on no carry 11 0 1 0 0 0 O
MOV rM Move memory to register 0o 1 bbD 1 1 0 RZ Return on zero 1 1.0 0 1 0 0 O
HLT Halt o 1 t 1 0 1t 1 0 RNZ Return on no zero t 1 0 0 0 0 O O
MVI ¢ Move immediate register 0O 0 DD D 1 1 0 RP Return on positive 1t 1 1 0 0 0 O
MVIM Move immediate memory o o0 1t 1 0 1 1 0 RM Return on minus 11 1 1 1 0 0 0
INRr Increment register 0 o bbb D 1t 0 O RPE Return on parity even 11 1 0 1 0 0 O
DCRr Decrement register 0O 0o D DD 1 0 1 RPO Return on parity odd 11 1 0 0 0 0 O
iNR M Increment memory o 0o 1 1 0 1 0 O RST Restart 11 A A A 1 1 1
DCR M Decrement memory o o 1t 1 0 1t 0 1 IN Input 11 0 1 1 0 1 1
ADD r Add register to A 1 0 0 0 0 8 s 8§ ouT Output 11 0 1 0 0 1 1
ADCr Add register to A with carry 1 0 0 0 1 8 S S LXI B Load immediate register
SuBr Subtract register from A 1t 0 0 1 0 S8 s 8 PairB & C 0O 0 0 0 0 0 0 1
SBBr Subtract register from A LXI D Load immediate register

with borrow 10 0 1 1 8 8§ S Pair D & E 0o 0 0 1 0 0 0 1
ANA r And register with A 1t 0 1 0 0 8 S S8 LXI H Load immediate register
XRAr Exclusive Or register with A t 01 0 t 8 8 S PairH & L o 0 1t 0 0 0 0 1
ORA r Or register with A 101 1 0 S8 S8 S LXi SP Load immediate stack pointer 0 0 1 1 0 0 0 1
CMP r Compare register with A 10 1 1 1 8 S S PUSH B Push register PairB&Constack 1 t 0 0 0 1 0 1
ADD M Add memory to A i1 0 0 0 0 1 1 O PUSH D Push register PairD &Eonstack 1 1 0 1 0 1 0 1
ADC M Add memory to A with carry 1 0 0 0 1 1 1 O PUSH H Push register PairH &Lonstack 1 1 1 0 0 1 0 1
sSuB M Subtract memory from A i 0 0 1 0 1 1 0 PUSH PSW Push A and Flags on stack t 1t 11 0 1 0 1
SBB M Subtract memory from A POP B Pop register PairB & Coffstack 1 1 0 0 0 0 0 1

with borrow 10 0 1 1 1 1 0 POP D Pop register Pair D & Eoffstack 1 1 0 1 0 0 0 1
ANA M And memory with A 1t 01 0 0 1 1 0 POP H Pop register Pair H& Loffstack 1 1 1 0 0 0 0 1
XRAM Exclusive Or memory with A 1 01 0 1 1 1 0 POP PSW Pop A and Flags off stack 111 1 0 0 0 1
ORA M Or memory with A i 01t 1 0 t 1 0 STA Store A direct 0o 0 1 1 0 0 t O
CMP M Compare memory with A t 0o 1 1 1 1 1 0 LDA Load A direct o o0 1 1 1 0 1 0
ADI Add immediate to A i1 0 0 0 1 t © XCHG Exchange D &€, H&LRegisters 1 1 1 0 1 0 1 1
ACI Add immediate to Awithcarry 1 1 0 0 1 1 1 0 XTHL Exchange top of stack, H & L 11 1 0 0 0 1 1
Sul Subtract immediate from A 11 0 1 0 1 1 0 SPHL H & L to stack pointer Tt 1 1 1 1 0 0 1
sBl Subtract immediate from A PCHL H & L to program counter 11 1 0 1 0 0 1

with borrow 1t 0 1t 1t 1 1t 0 DAD B AddB&CtoH&L 0o 0 ¢ 0o t 0 O 1
ANl And immediate with A i1 1 0 0 1t 1 0 DAD D AddD & EtoH &L o 0 0 1 1 0 0 1
XRI Exclusive OR immediate withA 1 1 1 0 1 t 1 0 DAD H AddH&LtoH&L 0o 0 1t 0 1 0 0 1
ORI Or immediate with A t 1 1 1 0 1 1 0 DAD SP Add stack pointerto H & L o o0 1t 1 1t 0 0 1
CPI Compare immediate with A i1 1 1 1 1 1 0 STAX B Store A indirect 0O 0 0 0 0 0 1 O
RLC Rotate A left o o 06 0 0 t 1 1 STAX D Store A indirect o 0 o 1t 0 O 1 O
RRC Rotate A right o 0o 0 0 1 1 1 1 LDAX B Load A indirect 6 0 0 0 t 0 1 O
RAL Rotate A left through carry o o o 1 0 1 1t 1 LDAX D Load A indirect o 0 o 1 1 0 1 O
RAR Rotate A right through carry o 0 o 1 t t 1 1 INX B Increment B & C registers o 0 0 0o 0 0 1 1
JMP Jump unconditional 11 0 0 0 0 1 1 INX D Increment D & E registers o 0 o 1 0 0 1 7
JC Jump on carry 1t 1 0 1 1 0 1 0 INX H Increment H & L registers o 0 1 0 0 0 1 1
JNC Jump on no carry i1 0 1 0 0 1t O INX SP Increment stack pointer o 0 1 1 0 0 1 1
Jz Jump on zero i1 0 0 1t 0 1 0 DCX B Decrement B & C 0O 0 0 0 1 0 1t 1
JNZ Jump on no zero t 1.0 0 O 0 1 O DCX D Decrement D & E o 06 o 1t 1 0 1 1
JP Jump on positive i1+ 1 1 0 0 1 0 DCX H Decrement H & L o o6 1t 0o 1 0 1 1
JM Jump on minus 111 1 1 0 1 0 DCX SP Decrement stack pointer o o t 1 1 0 1 1
JPE Jump on parity even 11 1 0 1 0 1 0 CMA Complement A o 0 1 0 1 1 1 1
JPO Jump on parity odd t1 1 0 0 0 1 O STC Set carry o 0o 1t 1 0 1 1 1
CALL Call unconditional 11 0 0 1 1 0 1 CMC Complement carry o o0 1 1 1 1 1 1
cC Call on carry 11 0 t 1 1 0 O DAA Decimal adjust A o0 1t 0 0 1 1 1
CNC Calt on no carry 11 0 1 0 1 0 O SHLD Store H & L direct 0o 0 1 0 0 0 1 O
cz Call on zero Tt 1 0 0 1 1 0 O LHLD Load H & L direct o 0 1 0 1 0 1 O
CNZ Call on no zero 11 0 0 0 1t 0 O El Enable interrupts 11 1t 1 1 0 1 1
CP Call on positive 11 1 1t 0 1 0 O [a]] Disabte interrupts 11 1t 0 0 1 1
CM Call on minus i1 1 1 1t 1 0 O NOP No operation 0O 0 0 0 0 0 0 O
CPE Call on parity even 1t 1 1 0 1 1 0 O MUL Multiply 111 0 1 1 0 1
CPO Call on parity odd 1t 11 0 0 1 0 0 Div Divide 111 1 1 1 01

*NOTE

DDD or SSS-000B -001C-010D-011 E- 100 H - 101 L - 110 Memory - 111 A,

62

Table C-1

Sifnptics

INSTRUCTION SET SUMMARY OF PROCESSOR INSTRUCTIONS




APPENDIX D
S/N 3001 MCU AND S/N 3002 CPE DATA SHEETS

N300
N3001-!
DESCRIPTION FEATURES PIN CONFIGURATION
The N3001 MCU is 1 element of a bipolar e Schottky TTL process
microcomputer set. When used with the e 45ns cycle time (typ.) | PACKAGE
S/N3002, 54/74S182, ROM or PROM memo- e Direct addressing of standard bipolar w2 (] J 5 vee
ry, a powerful microprogrammed computer PROM or ROM — 15 aco
can be implemented. ¢ 512 microinstruction addressability e e
° . . . 62 8| ACHY
The 3001 MCU controls the fetch sequence Advan_ced. organization: . [ 5] ace
Y ) . * 9-bit microprogram address register
of microinstructions from the micropro- h =T
. and bus organized to address memory sxal )0
gram memory. Functions performed by the —
. ’ by row and column 5%z (] [ era
3001 include: .
® 4-bit program latch er; [7] [ mag
e Maintenance of microprogram address register e 2-flag registers 0 [ ma,
e Selection of next microinstruction address e 11 address control functions: oo ] — a
e Decoding and testing of data supplied via e 3 jump and test latch function 1[ ¢
. X [0 3] mA
. Zevgral '"ZL:t t:f‘sesf wout datafrom th e 16 way jump and test instruction P:C gms
aving anates mgo carry outputgatatrromine e 8 "ag control functions: o 4
central processing (CP) array e 4flag i tf ti FCBE‘ s mao
e Control of carry/shift input data to the CP array ag input func lo'ns res ] 7
® Control of microprogram interrupts * 4 flag output functions ? o °
B [ 27| MAay
Fcg [v] [zs]MA,
£cy [ 2] en
Fi[ 7] ace
ISE E [ aca
cux [] 2] aca
GND [0 Z| ACoH
BLOCK DIAGRAM
FO MA8 MA7 MA6 MAS MA4 MA3 MA2 MA1 MAO
o 0 0 (o]
ERA O i > ROW COLUMN
OUTPUT OUTPUT
e ! ']
FCOOr .z
FC1O FLAG FLAGS .
CONTROL
FC20
FC30~
ADDRESS REGISTER
= F
F LATCH
9
LDO -0 ISE
CLKO—¢
VccO—¢
GND | NEXT ADDRESS CONTROL
ACOO 1
AC10O O PRO
AC20 Laten < PR —OPR1
AC3O O PR2
ACAO——
AC5O
AC6O
PX7 PX6 PX5 PX4 SX3 SX2 SX1 SX0
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N3001-1
PIN DESCRIPTION
PIN SYMBOL NAME AND FUNCTION TYPE

1-4 PX,-PX; Primary Instruction Bus Inputs Active low
Data on the primary instruction bus is tested by the JPX function to
determine the next microprogram address.

5,6,8,10 SX;-SXs Secondary Instruction Bus Inputs Active low
Data on the secondary instruction bus is synchronously loaded into the
PR-latch while the data on the PX-bus is being tested (JPX). During a
subsequent cycle, the contents of the PR-latch may be tested by the JPR,

JLL, or JRL functions to determine the next microprogram address.
7,9,11 PRy-PR, PR-Latch Outputs Open Collector
The PR-iatch outputs (SXy-SX,) are synchronously enabled by the JCE function.
They can be used to modify microinstructions at the outputs of the
microprogram memory or to provide additional control lines.
12,13 FCy-FCs Flag Logic Control Inputs Active high
15,16 The flat logic control inputs are used to cross-switch the flags (C and 2)
. with the flag logic input (Fl) and the flag logic output (FO).

14 FO Flag Logic Output Active low
The outputs of the flags (C and Z) are multiplexed internally to form the Three-state
common flag logic output. The output may also be forced to a logical
0 or logical 1.

17 Fi Flag Logic Input Active low
The flag logic input is demultiplexed internaily and applied to the inputs
of the flags (C and Z). Note: The flag input data is saved in the F-latch
when the clock input (CLK) is low.

18 ISE Interrupt Strobe Enable Output Active high
The interrupt strobe enable output goes to logical 1 when one of the
JZR functions are selected (see Functional Description). It can be used
to provide the strobe signal required by interrupt circuits.

19 CLK Clock Input

20 GND Ground

21-24 AC,-ACq Next Address Control Function Inputs Active high

37-39 All jump functions are selected by these control lines.

25 EN Enable Input
When in the high state, the enable input enables the microprogram
address, PR-latch and flag outputs.

26-29 MA,-MA; Microprogram Column Address Outputs Three-state

30-34 MA,-MAg Microprogram Row Address Outputs Three-state

35 ERA Enable Row Address Input Active high
When in the low state, the enable row address input independently
disables the microprogram row address outputs. It can be used to facilitate
the implementation of priority interrupt systems.

36 LD Microprogram Address Load Input Active high
When the active high state, the microprogram address load input inhibits
all jump functions and synchronously loads the data on the instruction
buses into the microprogram address register. However, it does not inhibit
the operation of the PR-latch or the generation of the interrupt strobe enable.

40 Vee +5 Volt supply

THEORY OF OPERATION

The MCU controls the sequence of microin-
structions in the microprogram memory.
The MCU simultaneously controls 2 flip-
flops (C, Z) which are interactive with the
carry-in and carry-out logic of an array of
CPEs.
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The functional control of the MCU provides
both unconditional jumps to new memory
locations and jumps which are dependent
on the state of MCU flags or the state of the
“PR” latch. Each instruction has a “jump
set” associated with it. This “jump set” is the
total group of memory locations which can
be addressed by that instruction.

Sifnotics

The MCU utilizes a two-dimensional ad-
dressing scheme in the microprogram mem-
ory. Microprogram memory is organized
as 32 rows and 16 columns for a total of 512
words. Word length is variable according to
application. Address is accomplished by a
9-bit address organized as a 5-bit row and 4-
bit column address.



ADDRESSING ORGANIZATION

ROWS

MA4-MAS

I(— 16 COLUMNS —————)’

MAO—-MA3

FUNCTIONAL DESCRIPTION
The following is a description of each of the
eleven address control functions. The sym-
bols shown below are used to specify row
and column addresses.

SYMBOL MEANING
rown 5-bit next row address
where n is the decimal
row address.
colp 4-bit next column address

where n is the decimal
column address.

Unconditional Address

Control (Jump) Functions

The jump functions use the current micro-
program address (i.e., the contents of the
microprogram address register prior to the
rising edge of the clock) and several bits
from the address control inputs (AC0-ACG6)
to generate the next microprogram address.

Flag Conditional Address

Control (Jump Test)

Functions

The jump/test flag functions use the current
microprogram address, the contents of the
selected flag or latch, and several bits from
the address control function to generate the
next microprogram address.

N3001-

JUMP FUNCTION TABLE

MNEMONIC FUNCTION DESCRIPTION

JCC Jump in current column. AC,-AC, are used to select 1 of 32 row ad-
dresses in the current column, specified by MAy-MA;, as the next
address.

JZR Jump to zero row. ACy-AC; are used to select 1 of 16 column addresses
in row, as the next address.

JCR Jump in current row. AC,-AC; are used to select 1 of 16 addresses in the
current row, specified by MA,-MAg, as the next address.

JCE Jump in current column/row group and enable PR-latch outputs. AC~

AC, are used to select 1 of 8 row addresses in the current row group,
specified by MA,-MAg, as the next row address. The current column is
specified by MA;-MA;. The PR-latch outputs are asynchronously en-
abled.

JUMP/TEST FUNCTION TABLE

MNEMONIC

FUNCTION DESCRIPTION

JFL

JCF

JZF

JPR

JLL

JRL

JPX

Jump/test F-latch. AC4-AC; are used to select 1 of 16 row addresses in
the current row group, specified by MAg, as the next row address. If the
current column group, specified by MA;, is coly-coly, the F-latch is used
to select col, or coly as the next column address. If MA; specifies column
group colg-colys, the F-latch is used to select colyg or coly, as the next
column address.

Jump/test C-flag. AC,-AC, are used to select 1 of 8 row addressesinthe
current row group, specified by MA; and MAg, as the nextrow address. {f
the current column group specified by MA; is col,-col,, the C-flag is
used to select col, or col, as the next column address. If MA; specifies
column group colg-colys, the C-flag is used to select col, or coly; asthe
next column address.

Jump/test Z-flag. Identical to the JCF function described above, except
that the Z-flag, rather than the C-flag, is used to select the next column
address.

Jump/test PR-latch. ACy-AC, are used to select 1 of 8 row addresses in
the current row group, specified by MA; and MA,, as the next row
address. The 4 PR-latch bits are used to select 1 of 16 possible column
addresses as the next column address.

Jump/test leftmost PR-latch bits. AC,-AC, are used to select 1 of 8 row
addresses in the current row group, specified by MA; and MAg, as the
next row address. PR, and PR; are used to select 1 of 4 column
addresses in col, through col; as the next column address.

Jump/test rightmost PR-latch bits. AC, and AC, are used to select10f4
high-order row addresses in the current row group, specified by MA;
and MAg, as the next row address. PRy and PR, are used to select 1 of 4
possible column addresses in colq, through col,s as the next column
address.

Jump/test PX-bus and load PR-latch. AC;and AC, are used to select 1 of
4 row addresses in the current row group, specified by MAg-MAg, as the
next row address. PX,-PX; are used to select 1 of 16 possible column
addresses as the next column address. SX,-SX; datais locked in the PR-
latch at the rising edge of the clock.
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N3001-1
PX-Bus and PR-Latch FLAG CONTROL FUNCTION TABLE
Conditional Address Control MNEMONIC FUNCTION DESCRIPTION
{(Jump/Test) Functions
The PX-bus jump/test function uses the SCZz Set C-flag and Z-flag to FI. The C-flag and the Z-flag are both set to the
data on the primary instruction bus (PX,- value of Fl.
PX;), the current microprogram address, STZ Set Z-flag to Fl. The Z-flag is set to the value of FI. The C-flag is
and several selection bits from the address unaffected.
zfo";rrg'g::;cgggr:;feT'féa:,eRT;CT’;:;: o | sTC Set C-flag to FI. The C-flag is set to the value of Fl. The Z-flag is
test functions use the data held in the PR- unaffected.
latch, the current microprogram address, HCZ Hold C-flag and Z-flag. The values in the C-flag and Z-flag are
and several selection bits from the address unaffected.
control function to generate the next mi-
croprogram acress. FLAG OUTPUT CONTROL FUNCTION TABLE
Flag Control Functions MNEMONIC FUNCTION DESCRIPTION
The flag control functions of the MCU are - -
selected by the 4 input lines designated FFO Force FO to 0. FO is forced to the value of logical 0.
FGCo-FCj. Function code formats are given in FFC Force FO to C. FO is forced to the value of the C-flag.
“Flag Control Function summary.”
] FFZ Force FO to Z. FO is forced to the value of the Z-flag.
The following is a detailed description of . .
each of the 8 flag control functions. FF1 Force FO to 1. FO is forced to the value of logical 1.
Flag Input Control FLAG CONTROL FUNCTION SUMMARY
Functions
The flag input control functions select TYPE MNEMONIC DESCRIPTION FC, 0
which flag or flags will be set to the current SCz Set C-flag and Z-flag to f 0 0
value of the flag input (FT) line. Flag STZ Set Z-flag to f 0 1
Data on Fi is stored in the F-latch when the Input STC SetdC(-:fl?F tof Z-fl 1 (1)
clock is low. The content of the F-latch is Hez Hold C-flag and Z-flag
loaded into the C and/or Z flag on the rising
edge of the clock. TYPE MNEMONIC DESCRIPTION FC, 2
FFO Force FO to 0 0 0
-Flag Output Control Functions Flag FFC Force FO to C-flag 1 0
The flag output control functions select the Output FFZ Force FO to Z-flag 0 1
value to which the flag output (FO) line will FF1 Force FO to 1 1 1
be forced.
LOAD
FUNCTION NEXT ROW NEXT COL
LD MAB 7 6 5 4 MA3 2 1 0
0 See Address Control Function Summary
1 0 X3 X2 Xy X | X7 Xs Xs X4
NOTE
f = Contents of the F-fatch xn = Data on PX- or SX-bus line n (active low)
ADDRESS CONTROL FUNCTION SUMMARY
FUNCTION NEXT ROW NEXT COL
MNEMONIC DESCRIPTION ACe s 4 3 2 1 o |MAy ; & 5 4 |lMA; . 4
& JCC Jump in current column 0 0 d, dz3 dy d; dg d, d; d, d;y dg m; m, My mg
& JZR Jump to zero row 0 1 0 ds d, dy dp 0 0 0 0 0 ds d, d;y do
¢ JCR Jump in current row 0 1 1 dy d, di dy | mg m; mg ms my ds d, d; do
Q»JCE Jump in column/enable 1 1 1 0 d, dy dyg| mg m; d, dy do| my m, my my
G JFL Jump/test F-latch 1 0 0 d3 do dy do| mg dy dy dy do| ms 0 1 f
L JCF Jump/test Z-flag 1 o 1 1 d, dy dy| mg m; d, dy dg| mgy O 1 c
JPR Jump/test PR-latch 1 1 0 0 d, dy do| mg m; d, dy dg my 0 1 z
JLL Jump/test left PR bits 1 1 0 1 d, dy dof mg m; d, d; dg oY P2 P1 Po
R JRL Jump/test right PR bits 1 11 A 1 dy do| mg m;, 1 dy do| O 1 ps P2
4 JPX  |[Jump/test PX-bus 1 11 1 0 dy do| mg my mg dy do| Xr  X¢ Xs Xg

NOTE Pn = Data in PR-latch bit n
dn = Data on address control line n xn = Data on PX-bus line n (active low)
mn = Data in microprogram address register bit n f.c.z = Contents of F-latch, C-flag, or Z-flag, respectivety
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STROBE FUNCTIONS

The load function of the MCU is controlled
by the input line designated LD. If the LD
line is active high at the rising edge of the
clock, the data on the primary and second-
ary instruction buses, PX,-PX; and SX;-SXj,
is loaded into the microprogram address
register. PX,-PX; are loaded into MA,-MA,
and SX,-SX; are loaded into MA,-MA;. The
high-order bit of the microprogram address
register MA; is set to a logical 0. The bits
from the primary instruction bus select 1 of
16 possible column addresses. Likewise,
the bits from the secondary instruction bus
select 1 of the first 16 row addresses.

The MCU generates an interrupt strobe
enable on the output line designated ISE.
The line is placed in the active high state
whenever a JZR to coly; is selected as the
address control function. Generally, the
start of a macroinstruction fetch sequence
is situated at row, and col,5 so the interrupt
control may be enabled at the beginning of
the fetch/execute cycle. The interrupt con-
trol responds to the interrupt by pulling the
enable row address (ERA) input line low to
override the selected next row address from
the MCU. Then by gating an alternative next
row address on to the row address lines of
the microprogram memory, the micropro-
gram may be forced to enter an interrupt
handling routine. The alternative row ad-
dress placed on the microprogram memory
address lines does not alter the contents of
the microprogram address register. There-
fore, subsequent jump functions will utilize
the row address in the register, and not the
alternative row address, to determine the
next microprogram address.

Note, the load function always overrides the
address control function on ACy-ACq. It
does not, however, override the latch enable
or load sub-functions of the JCE or JPX
instruction, respectively. In addition, itdoes
not inhibit the interrupt strobe enable orany
of the flag control functions.

JUMP SET DIAGRAMS

The following 10 diagrams illustrate the
jump set for each of the 11 jump and jump/
test functions of the MCU. Location 341
indicated by the circled square, represents 1
current row (row,y) and current column
(cols) address. The dark boxes indicate the
microprogram locations that may be select-
ed by the particular function as the next
address.

JUMP SET

DIAGRAMS

N3001-I

¢
4 JCC

JUMP IN CURRENT COLUMN

ROWg—»>

ROW3q—»

f

coLg

f

CURRENT COLq5

COLUMN

JPR
JUMP/TEST PR-LATCH

ROWp —»

CURRENT

ROW37—»

coLg

!

COLyg

N

JUMP TO ZERO ROW

JZR

CURRENT

JUMP/TEST LEFT LATCH

JLL

coLy

!

coLy
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N3001-I
JUMP SET DIAGRAMS (Contd)
4
o “
= JRL 7 JPX , G yer
JUMP/TEST RIGHT LATCH JUMP/TEST PX-BUS JUMP IN CURRENT ROW
ROWg—»
cunRENT—[— CURREN‘;I—
ROW ' ROW CURRENT
GROUP GROUP ROW -
Mg76 Mg76
101
101 T —
ROW31——»
coLy, 0418 coLg COLqg
Qo o JCF, JZF
JCE JFL JUMP/TEST C-FLAG
JUMP COLUMN/ENABLE JUMP/TEST F-LATCH JUMP/TEST Z-FLAG
CURRENT CURRENT
COLUMN COLUMN
GROUP GROUP
M3=0 I M3=0
CURRENT H CURRENT
ROW — ROW -
GROUP - GROUP -
Mg 7 [ [ ] Mg 7 ] ]
10 CURRENT [ | 10 |
ROW
GROUP ] =
—_ Mg — —
1 -
té !
CoLz(f=1) COL3(cz=1)
CURRENT COLUMN COL, (f=0) COL3 (ez=0)
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N3001. T p = 0°C to +70°C, Vg = 5.0V, t 5% N3001-1
AC ELECTRICAL CHARACTERISTICS S3001 T = -55°C to +125°C, Vo = 5.0V + 10%

PARAMETER N3001 $3001
Min Typ? Max Min Typ!? Max UNIT
toy Cycle Time? 60 45 95 45 ns
tpw Clock Pulse Width 17 10 40 10 ns
Control and Data Input Set-Up Times:
tgg LD, AC,-AC (Set to “17/%0") 20 3/14 20 3/14 ns
tgk FCo FC, 7 5 10 5 ns
tgx PXs-PX; (Set to “1'/%0") 28 4/13 35 4/13 ns
tg; Fl (Setto “1"/0") 12 -6/0 15 -6/10 ns
tgxy SXo-SX; 15 5 35 5 ns
Control and Data Input Hold Times:
typ LD, ACy-ACs (Hold to “1"/%0") 4 -3/-14 5 -3/-14 ns
tyk FCo FCy 4 -5 10 -5 ns
tyx PXs-PX; (Hold to “17/%0") 0 -4/-13 25 -4/-13 ns
ty, Fl (Hold to “17/"0") 16 6.5/0 22 6.5/0 ns
t HX SXo-SX; 0 -5 25 -5 ns
tco Propagation Delay from Clock Input (CLK) to Outputs 17/24 36 10 17/24 45 ns
(mAg-mAg, FO) (tPHL/tPLH)
tyo PropagationDelayfrom Control Inputs FC; and FC; to Flag 13 24 13 50 ns
Out (FO)
tro Propagation Delay from Control Inputs AC,-AC; to Latch 21 32 21 50 ns
Outputs (PRy-PRy)
tgo Propagation Delay from Enable Inputs EN and ERA to 17 26 17 35 ns
OQutputs (mAg-mAg, FO, PRy-PR,)
tgy  Propagation Delay from Control Inputs AC,-ACq to 20 32 20 40 ns
Interrupt Strobe Enable Output (ISE)

NOTE

1. Typical values are for TA = 25°C and 5.0 supply voltage.
2. 83001: tCY = tWP + tSF + tCO

Sinotics 69



S/N308E

N3001-1

VOLTAGE WAVEFORMS

T / \ /

tew

CLK
CLOCK INPUT

ey

EN, ERA
ENABLE INPUTS

-—— ‘CO —“+—]

— teo -

MAQ-MAg
CONTROL MEMORY
ADDRESS OUTPUTS

ACy—ACg, LD
AD%RES CONTROL /
INPUTS

eo

PRy~PR
“PR” LATCH OUTPUTS

le— thK sk

FCo—FC3
FLAG CONTROL
INPUTS

-~ tH ' 151

Fl
FLAG INPUT

-— KO ]
L——'Eo

f«—tco

FO
FLAG OUTPUT

-~

ISE
INTERRUPT STROBE
ENABLE QUTPUT

tHx tsx

SXg—PX7
INSTRUCTION
BUS INPUTS
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S3002-t e N3002-XL,!

DESCRIPTION FUNCTION TRUTH TABLE PIN CONFIGURATION
The N3002 Central Processing Element XL,! PACKAGE
(CPE) is one part of a bipolar microcom- FUNCTION ’
puter set. The N3002 is organized as a 2-bit GROUP Fe Fs Fa _ /
slice and performs the logical and arithmet- 0 0 0 0 rjn ] vee
ic functions required by microinstructions. 1 0 0 1 '—1E 7]+,
A system with any number of bits in a data 2 0 1 0 L
word can be implemented by using multiple 3 0 1 1 Ko [3] [26] F 4
N3002s, the N3001 microcomputer control 4 1 0 0 = =1F
unit, the N74S182 carry look-ahead unitand 5 1 0 1 ja 0
ROM or PROM memory. 6 1 1 0 x [3] [2¢] F3
7 1 1 1
FEATURES v E B
® 45ns cycle time (typ) =[] ?_2"]“70
e Easy expansion to multiple of 2 bits REGISTER
* 11 general purpose registers GROUP |REGISTER | F; F, F; Fy 75 7] Bk
e Full function accumulator
R 0 0 0 O - 5
e Useful functions include: R? 0 0 0 1 ] 2P
e 2's tt‘omplement arithmetic ) R, 00 1 0 =[] mEry
e Logical AND, OR, NOT, exclusive- Rs 00 1 1
NOR R, 010 0 = e
* Increment, decrement R 0 1 0 1 =[] TFg
e Shift left/shift right | R 001 1 0
¢ Bit testing and zero detection R, 0 1 1 1 Ao [ [16]F5
. Carry_ look-ahead generation Rg 1 0 0 0 o .
* Masking via K-bus R 10 0 1 ol 2] 7
™ . 9
¢ Conditioned clocking allowing non- T 1 1 0 0
destructive testing of data in accumu- AC 1 1 0 1
lator and scratchpad
* 3input buses I T 10 0
e 2 output buses AC 1.0 1
¢ Control bus " T 1 1 1 0
AC 11 1 1
BLOCK DIAGRAM
12) 13) (20) (19)
$ A ;Ao iﬁ ;D_o
r————= 11— N |
mo—o——| g e P—ous
| |
| [ 1 .
| MEMORY I
| ADDRESS |
| REGISTER AC REGISTER |
[ L - |
[ |
(5) xO—A| —1 |
(7(:5’0_;0 + ARITHMETIC AND ci (10)
¢o LOGIC UNIT ‘RO (8)
9 le
(18] ELK O—0l L) 4 4 I
‘(1248));/338:—: MULTI;LEXER MULTIPLEXER :
B
15) F§ O I
P e — NI - '
(17) Fq FUNCTION |
(24) Fsg:‘: DECODER SCRATCHPAD ]
(27) F2 REGISTERS
s |
0
1
[ L ]
N S N S R -
Mo O 16 &% Kb bk
(21) (22) 2 @3
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PIN DESCRIPTION

S§3002-1 ® N3002-XL,|

PIN SYMBOL NAME AND FUNCTION TYPE

1,2 To-T External Bus Inputs Active low
The external bus inputs provide a separate input port for external input devices.

3,4 KoK, Mask Bus Inputs Active low
The mask bus inputs provide a separate input port from the microprogram memory,
to allow mask or constant entry.

56 XY Standard Carry Look-Ahead Cascade Outputs Active high
The cascade outputs allow high speed arithmetic operations to be performed when they
are used in conjunction with the 745182 Look-Ahead Carry Generator

7 co Ripple Carry Out Active low
The ripple carry output is only disabled during shift right operations. Three-state

8 RO Shift Right Output Active low
The shift right output is only enabled during shift right operations. Three-state

9 W] Shift Right Input Active low

10 Ci Carry Input Active low

11 EA Memory Address Enable Input Active low
When in the low state, the memory address enable input enables the memory
address outputs (Ag-A,).

12-13 AsA, Memory Address Bus Outputs Active low
The memory address bus outputs are the buffered outputs of the memory Three-state
address register (MAR).

14 GND Ground

14-17, Fo-Fe Micro-Function Bus Inputs Active high

24-27 The micro-function bus inputs control ALU function and register selection.

18 CLK Clock Input

19-20 Do-D, Memory Data Bus Outputs Active low
The memory data bus outputs are the buffered outputs of the fuil function Three-state
accumulator register (AC).

21-22 Mg-M;, Memory Data Bus Inputs Active low
The memory data bus inputs provide a separate input port for memory data.

23 ED Memory Data Enable Input Active low
When in the low state, the memory data enable input enables the memory
data outputs (Dy-Dy).

28 Vco +5 Volt Supply

SYSTEM DESCRIPTION

Microfunction Decoder and K-Bus
Basic microfunctions are controlled by a 7-
bit bus (Fo-Fg) which is organized into 2
groups. The higher 3 bits (F,-Fg) are desig-
nated as F-Group and the lower 4 bits (Fy-
F3) are designated as the R-Group. The F-
Group specifies the type of operation to be
performed and the R-Group specifies the
registers involved.

The F-Bus instructs the microfunction decoder to:
e Select ALU functions to be performed

® Generate scratchpad register address

e Control A and B multiplexer

The resulting microfunction action can be:
Data transfer

Shift operations

Increment and decrement

Initialize stack

Test for zero conditions

2's complement addition and subtract«on
Bit masking

Maintain program counter

72

A and B Multiplexers
A and B multiplexers select the proper 2
operands to the ALU.

A multiplexer selects inputs from one of the
following:

* M-bus (data from main memory)

e Scratchpad registers

® Accumulator

B multiplexer selects inputs from one of the
followmg
I-bus (data from external /0 devices)
® Accumulator
e K-bus (literal or masking information from
micro-program memory)

Scratchpad Registers

e Contains 11 registers (R¢-Rg, T)

e Scratchpad register outputs are multiplexed to
the ALU via the A multiplexer

* Used to store intermediate results from arith-
metic/logic operations

e Can be used as program counter

SinDtics

Arithmetic/Logic Unit (ALU)
The ALU performs the arithmetic and logic
operations of the CPE.

Arithmetic operations are:
e 2's complement addition
® Incrementing

® Decrementing

® Shift left

® Shift right

Logical operations are:
® Transfer

e AND

Inclusive-OR
Exclusive-NOR
Logic complement

ALU operation results are then stored in the accu-
mulator and/or scratchpad registers. For easy
expansion to larger arrays, carry look-ahead out-
puts (X and Y) and cascading shift inputs (LI, RO)
are provided.



SENSEOE

Accumulator

e Stores results from ALU operations

® The output of accumulator is multipiexed into
ALU via the A and B multiplexer as one of the
operands

Input Buses

M-bus: Data bus from main memory

® Accepts 2 bits of data from main memory into
CPE

* |s multiplexed into the ALU via the A muliti-
plexer

I-bus: Data bus from input/output devices

FUNCTION DESCRIPTION

® Accepts 2 bits of data from external input/out-
put devices into CPE

e Is multiplexed into the ALU via the B
multiplexer

K-bus: A special feature of the N3002 CPE

® During arithmetic operations, the K-bus can be
used to mask portions of the field being operat-
ed on

e Select or remove accumulator from operation
by placing K-bus in all “1” or all “0” state re-
spectively

¢ During non-arithmetic operation, the carry cir-
cuit can be used in conjunction with the K-bus
for word-wise-OR operation for bit testing

* Supply literal or constant data to CPE

S$3002-1 e N3002-XL,!

Output Buses

A-bus and Memory Address Register

® Main memory address is stored in the memory
address register (MAR)

& Main memory is addressed via the A-bus

* MAR and A-bus may also be used to generate
device address when executing 1/00 instruc-
instructions

® A-bus has Tri-State outputs

D-bus: Data bus from CPE to main memory or to

1/0 devices

e Sends buffered accumulator outputs to main
memory or the external I/O devices

® D-bus has Tri-State outputs

DESCRIPTION

Logically AND AC with the K-bus. Add the result to R and
carry input (Cl). Deposit the sum in AC and Rp,.
Conditionally increment Ry and load the result in AC. Used
to load AC from R, ortoincrement Ry and load a copy of the
result in AC.

Add AC and Cl to R, and load the result in AC. Used to add
AC to a register. If Ry, is AC, then AC is shifted left one bit
position.

Logically AND AC with the K-bus. Add the result to Cl and
the M-bus. Deposit the sum in ACor T.

Add CI to M-bus. Load the result in AC or T, as specified.
Used to load memory data in the specified register, or to load
incremented memory data in the specified register.

Add the M-busto AC and Cl, and load the resultin ACor T, as
specified. Used to add memory data or incremented memory
data to AC and store the sum in the specified register.

None

Shift AC or T, as specified, right one bit position. Place the
previous low order bit value on RO and fill the high order bit
from the data on LI. Used to shift or rotate AC or T right one
bit.

Logically OR R, with the K-bus. Deposit the result in MAR.
Add the K-bus to Rn and CI. Deposit the result in Rp,.

Load MAR from Rp. Conditionally increment Ry,. Used to
maintain a macro-instruction program counter.

Set MAR to all ones. Conditionally decrement Ry, by one.
Used to force MAR to its highest address and to decrement
Rn.

F R K
GROUP |GROUP | Bus |NAME EQUATION
0 | XX | — |Rp+(ACAK)+Cl~Rp AC
00 | ILR |Rp+CI=R ,AC
11 ALR AC +Rp +Cl = Rp, AC
0 1 XX | — |M+(ACAK)+Cl—~AT
00 ACM | M+ Cl - AT
11 AMA | M+ AC + Cl = AT
0 11l XX — ATLA(lLAKL) = RO
LIV [(IHAKH)AATH] = ATH
AT A (IL ~ KL
[ATHV(IH AKH)] —~ AT
00 | SRA AT - RO
ATH -~ AT
Ly~ ATH
1 ! XX — Kv Rp ~ MAR
Rp+ K+ Cl—Rp
00 LMI Rn-MAR, Rn+ Ci—- Rn
1" DSM | 11 - MAR, Rn-1+Cl—- Rn
1 I XX e KVM - MAR
M+K+Cl - AT
00 LMM | M-~ MAR, M+ Ct— AT
1 LDM 11 - MAR
M-1+Cl—- AT

Logically OR the M-bus with the K-Bus. Deposit the resultin
MAR. Add the K-bus to the M-bus and Cl. Depositthe sumin
ACorT.

Load MAR from the M-bus. Add ClI to the M-bus. Deposit the
result in AC or T. Used to load the address register with
memory data for macro-instructions using indirect address-
ing.

Set MAR to all ones. Subtract one from the M-bus. Add Cl to
the difference and deposit the result in AC or T, as specified.
Used to load decremented memory data in AC or T.

Sifjnntics
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FUNCTION DESCRIPTION (Cont'd)

$3002-1 ® N3002-XL,|

F
GROUP

R
GROUP

K
BUS

NAME

EQUATION

DESCRIPTION

1

XX

(o]e

11

CIA

DCA

(AT vK) + (AT ~K) + Cl = AT

AT + Cl = AT

AT -1+Cl—- AT

Logically OR the K-bus with the complement of AC or T, as
specified. Add the result to the logical AND of specified
register with the K-bus. Add the sum to CI. Deposit the result
in the specified register.

Add ClI to the complement of AC or T, as specified. Deposit
the result in the specified register. Used to form the 1's or2’s
complement of AC or T.

Subtract one from AC or T, as specified. Add CI to the
difference and deposit the sum in the specified register.
Used to decrement AC or T.

XX

00

11

CSR

SDR

(AC ~K) - 1+Cl—Rp

Cl-1-Rp
(See Note 1)
AC-1+Cl-Rp
(See Note 1)

Logically AND the K-bus with AC. Subtract one from the
result and add the difference to Cl. Deposit the sum in Rp,.

Subtract one from Cl and deposit the difference in Rn. Used
to conditionally clear or set Ry to all 0's or 1's, respectively.
Subtract one from AC and add the difference to Cl. Deposit

the sum in Rp. Used to store AC in Rp or to store the
decremented value of AC in Rp.

XX

00

1

CSA

SDA

(AC~K)-1+Cl— AT
(See Note 1)

Cl-1-AT
(See Note 1)
AC-1+Ci—~ AT
(See Note 1)

Logically AND the K-bus with AC. Subtract one from the
result and add the difference to Cl. Deposit the sum in ACor
T, as specified.

Subtract one from CI and deposit the difference in ACor T.
Used to conditionally clear or set AC or T.

Subtract one from AC and add the difference to Cl. Deposit
the sum in AC or T. Used to store AC in T, or decrement AC,
or store the decremented value of AC in T.

XX

00

1"

CSA

LD!

(1~K) -1+ Ci—AT
(See Note 1)

Cl-1-AT

I-1+Cl— AT

Logically AND the data of the K-bus with the data on the I-
bus. Subtract one from the resuit and add the difference to
Cl. Deposit the sum in AC or T, as specified.

Subtract one from Cl and deposit the difference in ACorT.
Used to conditionally clear or set AC or T.

Subtract one from the data on the I-bus and add the differ-
ence to Cl. Deposit the sum in AC or T, as specified. Used to
load input bus data or decremented input bus data in the
specified register.

XX

00
11

INR
ADR

Rp * (AC~K) + Cl = Ry,

Rn"’C'"Rn
AC+Rn+CI“Rn

Logically AND AC with the K-bus. Add R and ClI to the
result. Deposit the sum in Rp.

Add Cl to Ry, and deposit the sum in Rp,. Used to increment
Rp-

AddACtoRp. Add theresultto Cland depositthesuminRn.
Used to add the accumulator to a register or to add the
incremented value of the accumulator to a register.

XX

00

1

ACM

AMA

M+ (AC~ K) + Ci = AT

M+ Ci - AT

M+ AC + Cl = AT

Logically AND AC with the K-bus. Add the result to Cl and
the M-bus. Deposit the sum in AC or T.

Add CI to M-bus. Load the result in AC or T, as specified.
Used to load memory data in the specified register, or to load
incremented memory data in the specified register.

Add the M-busto AC and Cl, and load the resultin ACor T, as
specified. Used to add memory data or incremented memory
data to AC and store the sum in the specified register.
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FUNCTION DESCRIPTION (Contd)

S3002-1 ® N3002-XL,1

F R K
Group | GrOUP| BUS NAME EQUATION DESCRIPTION
3 11 XX — AT + (I~ K) + CI = AT Logically AND the K-bus with the I-bus. Add Cl and the
contents of AC or T, as specified, to the result. Deposit the
sum in the specified register.
(o]) INA AT + Cl = AT Conditionally increment ACor T. Used toincrement ACor T.
1 AlA |+ AT + Cl - AT Add the |-bus to AC or T. Add Cl to the result and deposit the
sum in the specified register. Used to add input data or
incremented input data to the specified register.
4 | XX — Clv (RprAC~K) - CO Logically AND the K-bus with AC. Logically AND the result
RpA (AC ~AK) = Rp with the contents of Rp. Deposit the final result in Rp.
Logically OR the value of Cl with the word-wise OR of the
bits of the final result. Place the value of the carry OR on the
carry output (CO) line.
0o CLR Cl-CO, O0-Rj Clear Ry to all O’s. Force CO to Cl. Used to clear a register
and force CO to Cl.
11 ANR Clv(Rh~rAC) - CO Logically AND AC with Rp,. Deposit the result in Rj,. Force
RprAC —~ Ry COto one if the resultis non-zero. Used to AND the accumu-
lator with a register and test for a zero result.
4 H XX — Clv(MA~AC~K) - CO Logically AND the K-bus with AC. Logically AND the result
M A(ACAK) = AT with the M-bus. Deposit the final resultin AC or T. Logically
OR the value of Cl with the word-wise OR of the bits of the
final result. Place the value of the carry OR on CO.
00 CLA Cl—-CO, O—-AT Clear AC or T, as specified, to all O’s. Force CO to Cl. Used to
clear the specified register and force CO to ClI.
11 ANM Civ(M~rAC) - CO Logically AND the M-bus with AC. Deposit theresultin ACor
M~AC - AT T. Force CO to one if the result is non-zero. Used to AND M-
bus data to the accumulator and test for a zero result.
4 "l XX — Cl v(AT ~1AK) - CO Logically AND the I-bus with the K-bus. Logically AND the
AT A (I~ K) = AT result with AC or T. Deposit the final result in the specified
register. Logically OR Cl with the word-wise OR of the final
result. Place the value of the carry OR on CO.
00 CLA Cil—-CO, O-AT Clear AC or T, as specified, toall O’s. Force CO to Cl. Used to
clear the specified register and force CO to Cl.
11 ANI Clv (AT A1) - CO Logically AND the I-bus with AC or T, as specified. Deposit
ATA~A1 - AT the result in the specified register. Force CO to one if the
result is non-zero. Used to AND the I-bus to the accumulator
and test for a zero result.
5 | XX —_ CIv(Rh~rK) - CO Logically AND the K-bus with R;. Deposit the result in Rn.
KARpn —~ Rn Logically OR CI with the word-wise OR of the result. Place
the value of the carry OR on CO.
00 CLR CI—-CO, O-Rp Clear Rn to all O’s. Force CO to Cl. Used to clear a register
and force CO to CI.
11 TZR ClvRp = CO Force CO to one if Rn is non-zero. Used to test a register for
Rn— Rp zero. Also used to AND K-bus data with a register for
masking and, optionally, testing for a zero resulit.
5 Il XX — Civ(MAK)—~ CO Logically AND the K-bus with the M-bus. Deposit the result
KAM— AT in AC or T, as specified. Logically OR Cl with the word-wise
OR of the result. Place the value of the carry OR on CO.
(e]0] CLA Cl—-CO, O—-AT Clear AC or T, as specified, to all O’s. Force CO to Cl. Used to
clear the specified register and force CO to Cl.
11 LT™M ClvM - CO Load AC or T, as specified, from the M-bus. Force CO to one
M- AT if the result is non-zero. Used to load the specified register
from memory and test for a zero result. Also used to AND the
K-bus with the M-bus for masking and, optionally, testing for
a zero result.

Sifjnetics
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FUNCTION DESCRIPTION (Cont'd)

S3002-1 ® N3002-XL,!

F R K
GROUP |GROUP| BUS NAME EQUATION DESCRIPTION
5 1 XX — Cl v (AT ~AK) = CO Logically AND the K-bus with AC or T, as specified. Deposit
KAAT - AT the result in the specified register. Logically OR Cl with the
word-wise OR of the result. Place the value of the carry OR
on CO.
00 CLA Cl—-CO, O—-AT Clear AC or T, as specified, to all O’s. Force CO to Cl. Used to
clear the specified register and force CO to CI.
11 TZA CIvAT - CO Force CO toone if AC or T, as specified, isnon-zero. Used to
AT = AT test the specified register for zero. Also used to AND the K-
bus to the specified register for masking and, optionally,
testing for a zero result.
6 | XX — Clv(AC 1K) - CO Logically OR Cl with the word-wise OR of the logical AND of
Rp v(ACAK) = Rp AC and the K-bus. Place the result of the carry OR on CO.
Logically OR Rp with the logical AND of AC and the K-bus.
Deposit the result in Rp.
10]0) NOP Cl - CO, Ry~ Ry Force CO to Cl. Used as a null operation or to force CO to Cl.
11 ORR CIvAC—-CO Force CO to one if AC is non-zero. Logically OR AC withRp,.
RpnvAC -~ Rp Deposit the result in Rpy. Used to OR the accumulator to a
register and, optionally, test the previous accumulator value
for zero.
6 1 XX — Cl v(AC ~K) - CO Logically OR Cl with the word—Wise OR ofthe logical AND of
Mv(AC ~AK) = AT AC and the K-bus. Piace the carry OR on CO. Logically OR
the M-bus, with the logical AND of AC and the K-bus.
Deposit the final result in AC or T.
(e]0] LMF Cl - CO, M—~ AT Load AC or T, as specified, from the M-bus. Force CO to Cl.
Used to load the specified register with memory data and
force CO to CI.
11 ORM ClvAC - CO Force CO to one if AC is non-zero. Logically OR the M-bus
Mv AC = AT with AC. Deposit the result in AC or T, as specified. Used to
OR M-bus with the AC and, optionally, test the previous
value of AC for zero.
6 1 XX — Clv(I~K)—~ CO Logical OR CI with the word-wise OR of the logical AND of
AT v (IAl) = AT the I-bus and the K-bus. Place the carry OR on CO. Logically
AND the K-bus with the I-bus. Logically OR the result with
AC or T, as specified. Deposit the final result in the specified
register.
00 NOP Cl—- CO, AT - AT Force CO to Cl. Used as anull operation orto force COto Cl.
11 ORI Clvl—-CO Force CO to one if the data on the I-bus is non-zero.
Iv AT - AT Logically OR the |-bus to AC or T, as specified. Deposit the
resultin the specified register. Used to OR I-bus data with the
specified register and, optionally, test the |-bus data for zero.
7 | XX — Clv(RnrAC ~K) - CO Logically OR CI with the word-wise OR of the logical AND of
Rp ® (AC~K) = Rp Rp and AC and the K-bus. Place the carry OR on CO.
Logically AND the K-bus with AC. Exclusive-NOR the result
with Rp,. Deposit the final result in R,.
(e0]6) CMR Cl - CO, Rn—Rn Complement the contents of Rp,. Force CO to CI.
11 XNR Civ(Rp~AC) —~ CO Force CO to one if the logical AND of ACand Rnis non-zero.
Rn® AC—Rp Exclusive-NOR AC with R,. Depositthe resultin Rp. Used to
exclusive-NOR the accumulator with a register.
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FUNCTION DESCRIPTION (Contd)

F R K
GROUP | GROUP | BUs | NAME EQUATION DESCRIPTION
7 1 XX _ Clv(MAACAK) —~ CO Logically OR CI with the word-wise OR of the logical AND of
ME (AC ~ K) = AT AC and the K-bus and M-bus. Place the carry OR on CO.
Logically AND the K-bus with AC. Exclusive NOR the result
with the M-bus. Deposit the final result in AC or T.
00 LCM Cl—-CO, M~-AT Load the complement of the M-bus into AC or T, as specified.
Force CO to Cl.
11 XNM Clv(MAAC) - CO Force CO to one if the logical AND of AC and the M-bus is
M® AC — AT non-zero. Exclusive-NOR AC with the M-bus. Deposit the
result in AC or T, as specified. Used to exclusive-NOR
memory data with the accumulator.
7 1l XX — Clv(ATAIAK) - CO Logically OR Cl with the word-wise OR of the logical AND of
ATE (I K)—= AT the specified register and the I-bus and K-bus. Place the
carry OR on CO. Logically AND the K-bus with the I-bus.
Exclusive-NOR the result with AC or T, as specified. Deposit
the final result in the specified register.
00 CMA Cl—- CO AT -AT Complement AC or T, as specified. Force CO to CI.
11 XNi Civ (AT ~i) - CO Force CO to one if the logical AND of the specified register
I ® AT~ AT and the I-bus is non-zero. Exclusive-NOR AC with the I-bus.
Deposit the resultin AC or T, as specified. Used to exclusive-
NOR input data with the accumulator.

FUNCTION DESCRIPTION KEY

SYMBOL MEANING

LK.M Data on the I, K, and M buses,
respectively

CI,LI Data on the carry input and left
input, respectively

CO,RO | Data on the carry output and
right output, respectively

Rn Contents of register n includ-
ing T and AC (R-Group [)

AC Contents of the accumulator

AT Contents of ACor T, as specifi-
ed

MAR Contents of the memory ad-
dress register

L,H As subscripts, designate low
and high order bit, respectively
2’'s complement addition

2’s complement subtraction

+

A Logical AND

\% Logical OR

@ Exclusive-NOR

- Deposit into
NOTE

1. 2's complement arithmetic adds 111 ... 11 to per-
form subtraction of 000 . . . 01.
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SENSEEE

S3002-1 ® N3002-XL,|

AC ELECTRICAL CHARACTERISTICS N3001=Tp =0°C to +70°C, V5 = 5V £ 5%
$3001 = T 5 = -55°C to +125°C, V o = 5V + 10%

N3002 $3002
PARAMETER _ ) UNIT
Min Typ! Max | Min Typ! Max
tCY Clock Cycle Time 70 45 120 45 ns
tWP Clock Pulse Width 17 10 42 10 ns
tFS  Function Input Set-Up Time (F, through Fg) 48 -23-35 70 -23 - 35 ns
Data Set-Up Time: v
tDS Io, |1, Mo, M1, Ko, K1 40 12-29 60 12-29 ns
tSS LI, Ci 21 0-7 30 0-7 ns
Data and Function Hold Time:
tFH F, through Fg 4 0 5 0 ns
tDH 14, 1y, Mg, My, Ko, Ky 4 -28 - -11 5 -28 - -11 ns
tSH LI, Ci 12 -7-0 15 -7-0 ns
Propagation Delay to X, Y, RO from:
tXF  Any Function Input 28 52 28 65 ns
tXD Any Data Input 16 - 20 33 16 - 20 65 ns
tXT Trailing Edge of CLK 33 48 33 75 ns
tXL Leading Edge of CLK 13 18 - 40 70 13 18~ 40 90 ns
Propagation Delay to CO from:
tCL Leading Edge of CLK 16 24 - 44 70 24 - 44 90 ns
tCT Trailing Edge of CLK 30—~ 40 56 30 - 40 100 ns
tCF Any Function Input 25-35 52 25-35 75 ns
tCD Any Data input 17 - 23 55 17 - 23 65 ns
tCC CI (Ripple Carry) 9-13 20 9-13 30 ns
Propagation Delay to Ag, A4, Dy, D, from:
tDL Leading Edge of CLK 17 - 25 40 17-25 75 ns
tDE Enable Input ED, EA 10~ 12 20 10-12 35 ns
NOTE
1. Typical values are for TA = 25°C and typical supply voltage.
CARRY LOOK-AHEAD CONFIGURATION
MCuU
74508
FO Fl 745851 74851
3001
PG G P
745182 Cp s 745182 C s
P, G Cniz P, G, Chey P, G, Chex P, G P, G Cneuz P, G, Cmy P, G, Cawx P, G,
x Y x Yy x Y x \'2 x Yy X Y x Yy x Yy
cl p— Cl |4
N3002 N3002 N3002 N3002
[ o AU RO —>» —> —> > —> RO Ul RO
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TYPICAL CONFIGURATIONS

S3001-1 ® N3002-XL,|

Y

MEMORY ADDRESS BUS
(2N LINES)

— DATA BUS TO MEMORY
(2N LINES)
cLOCK
FoFu [
A o)
Fy-Fy CLK <—J - -
co (o] - -
N3002 N3002 N3002
CARRY FROM MCU | LI RO —— —
Fi-Fe
I M K
b — —
Fof [
CARRY TO MCU &
MICROPROGRAM il — L_
CONSTANT ‘MASK - -
INPUT BUS
(2N LINES) - L |
— DATA BUS FROM
MEMORY
— (2N LINES)
Ripple-Carry Configuration EXTERNAL DATA BUS
(2N Bit Array) —_— (2N LINES)

PARAMETER MEASUREMENT INFORMATION

CLOCK INPUT
CLK

ey
fe—— tyyp ——>

_\____f

/|

FUNCTION INPUTS
Fo—Fg

2

—_—

DATA INPUTS
1. 1. Kg. Kq. Mg, My

SHIFT AND CARRY
INPUTS LL Ol — e —

CARRY AND SHIFT
OUTPUTS X, Y, RO

ENABLE INPUTS
EAE

DATA OUTPUTS
Ag. Aq,Dg, Dy

e

Sifnetics
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APPENDIX E
MICROCODE LISTING
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TITLE

%

SCIGHETICS ©A36 EWULATOR';  MICRD CODE LISTING

# FIELD DEFINITIONS:

*

*
#
#
*
#*
#
¥
*
¥
*
*
#
¥
#
#
*
¥
¥
t
t:
*
*
+
*
¥
¥
*
¥
*
*
¥
*
¥
¥
*
#
*
*
*
#
*
*
¥
*
E:
&
¥
*
#
*
*
¥
#
*
#
*

\
Y

FLAG IMPUT CONTROL, ROUTES FI INPUT TO

# ADDR FO F1 FGP IME RGP DOE IRW ADL FRMW EDL K5 IER SWPA NCZ MCL CCR EWT RRE LDZ SJM IST DBY CS LD AC  ; COMMENTS

¥
: ADDRESS CONTROL,
Y FOR 3861 MCU.
: LOAD, FOR OP-CODE
¥ DECODE INTO 3861
CAPRY SELECT, CONTROLS MUX
¥ FOR ALU CARRY IN AND OUT.
: DOUBLE BYTE, STES UP ALU
¥ FOR 16-BIT OPERATION.
. INTERRUPT STROBE, CLOCKS INTERRUPT
¥ WHEN ENABLED, AND HOLD INPUTS.
: SECONDARY JUMP, ACCESSES BOTTOM HALF
¥ OF (P-DECODE PROM FOR ANOTHER DECODE
© LOAD 2, USED WITH LD, FORCES AN OP-DECODE
¥ JUMP INTO 2ND QUADRANT (@868 TQ OFF).
 REGISTER ROM ENABLE, ALLOWS REGISTER
¥  SELECTION ON THE BASIS OF THE INST. REGISTER.
EXTERNAL TEST. CONDITIONS MICRO JUMP ON
¥ RERDY SIGNAL. (READY = EVEN ADDR, NOT RERDY = 0DD)
: CONDITIONAL CLOCK READY. DISABLES BOTH ARRAYS “TIL MEM
¥ RERDY (WHEN EXT OFF, CONDITIONS MICRO JUMP ON HOLD)
: NO CLOCK ARRAY 1, DISABLES ARRAY 1 CLOCK UNTIL
¥ MEMORY OR 1/0 INDICATES RERDY.
. NO CLOCK ARRAY 2. DISABLES ARRAY 2 CLOCK UNTIL
Y MEMORY OR I/0 INDICATES READY.
© STHTUS WORD PROM ADDRESS. OUTPUTS STRTUS:
¥ EMR. MEMW. IOR, IOM. INTA. HLTA, OR RTRAP.
: INTERRUPT-ENAELE-F/F CONTROL, USED DURING
¥  EI. DL, INT & RESET TO CLEAR OF SET INTE F/F.
K-BUS SELECT. IWPUTS TC ALU: ALU DATA OUT, MEMORY DATA IN,
¥ INSTRUCTION REGISTER. ALL @°5 OR THE COMPLIMENT OF ANY OF THESE.
© ENABLE LATAH AFRAY 1. ENABLES ARRAY 4 RCCUMULATOR ONTO THE
¥ ALU DATA OUT BUS; OTHERWISE ARRAY 2 ACCUMULATOR.
FLAG REGISTER MRITE. GRTES MEM YALUES FOR PARITY. SIGN &
¥ ZERO FLAGS IHTO PSW LATCH
ADDRESS LOAD. LOAD CONTENTS OF INTERMAL (2@@2) ADDRESS REGISTER
¥ INTO THE EXTERNAL MEMORY RDDRESS REGISTER.
INSTRUCTION REGISTER MRITE. LORDS INSTRUCTION OF DATR RETURNED
Y FROM MEMORY. INTC THE INSTRUCTION REGISTER.
© DATA OUT ENABLE, REVERSES DIRECTION OF THE BI-DIRECTIONAL DHTR BUS
¥ FOR WRITING OUT TO MEMORY OR 1700
FEGISTER GROUP SELECTION. ADDRESSES PROM U-17 TO PROYIDE REGISTER SELECTION FOR RRRAY 1 AND ARRAY 2.
¥ <USES G@il AS A MASK WHEN RRE IS ON BECAUSE OF “WIRE OR™ OF U-17 & U-3@)
I-fRSK EUS CONTROL. MITH CY & HC. ADDRESSES FROM U-24 TO PROVIDE L OF 32 MASKS
Y FOR RST, DAR. MUL ANG DIY INSTRUCTIONS.
FUNCTION GROUP SELECTION. PROVIDES A 3-BIT F-GROUF CONTROL FOR ERCH OF ARRAYL & ARRAY 2
(F-& AND F-4 TO BOTH ARRAYS. FL-5 T0 ARERY 1. AND F2-5 TO ARRAY 27
3aEt TO C-FLAG AND/OR 2-FLAG. IHTERNRL TO THE 3082 MCU.

":’ ﬁN[* ALE0 EXTERWALLY ROUTES FI1 7o THE CY F/F. AND HCT TO THE HC FAF

L

W

G OUTPUT CONTROL. SETS FO OUTPUT ON Z@@1 TO C-FLRG. 2-FLAG. 1. OR @

- ADDRESS TO WICRG CONTROL STROE, 893 TO 1FF cHEYY
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*
* FIELD VARIRELES:

* e et —e ———— — —— —— ——— ——————
* FO FI FGF IME RGP DOE IRM ADL FRM EDL K5 IER SWPA NCZ NCL CCR EXT RRE LD2
* e e e et e e e e ————— e e o ——in ————— —— ——— o
+B3068 FFa SC2 188 k92 DOE IRW ADL FEW EDY K@ IER NSTAT NCZ NCL CCR EXT RRE LD2
+B@eat FFC STC IBF R14 (DY D3 <l <00 <Dy EIR <D RTRAP <D2 <{B) (DY (DY (D) <D}

*BALA FFZ 570 - Rz KM HLTA
+00811 FFL HCZ 199 R33 KD INTH
+HE1 A 139 Rad k1 1ok
*Bg1el IC? R3S ENIR 10F
*ER116 IFF R&6 KHiM HMEMK
@111 1@ R77 END CMENRY
108 kg8

+31801 F35

+B1010a AR

+31611 REE

+a1189 RCC

wai1ad kDD

#1116 REE

+@a11dl FFF

1 D063 F3C

*10601 RCZ

*10616 RCB

+16aid RCF

*1@108 RALC

18164 R3D

+16110 -

+19111 -

+11668 -

11681 -

+11848 -

+11611 ROC

+11168 RCO

+14181 RFE

*11116 REF

#11111 RFF

84 Sifnetics

SJM IST DBY CS LD

SJM IST DBY €58 (D)
D) (D) (DTN LD

TETEEL:

RC

5 COMMENTS




UTILITY GROUF:

FETCH, INTERRUFT, HOLD. RTRAP, RESET. HALT

LR K B IR R B

PROM U7 PROM U2 FROM 112 PROM U3 FROM U6 FROM U4

l‘f' l.{l l,l l'f' ‘) l{l l'; "l \’l V lyl lvl

BTE5415651 & 7 6 5 431 8 75 4 L 2 1 & 7 6 5 438 7
* e ——— e ——— —— _— e e - ——— —— ——— ——— — ————
* ADOR FO FI FGF IME RGP DCE IRW ACL FRW EDL KS  IER SHPA NCZ NCL CCR EXT FRE LDZ SJM IST DBY CS LD AC 5 COMMENTS
P mm e m S e e e mm e e mmm e mem e mmm ——— —es oo e -
(BATH) N RFF O IRM Kkt EXT IST NN JCRCBBGH); FETCH
@EEH)FFL NI Rad AL K1 SM  DBYAN LDJPX  ; FETCH
(FFH)FFL CR Red K1 NSTAT M JZR(BBH); RESET
CUFE)CFFL SR R#d K1 NSTAT M JZRPASH); RESET
(OSH)CFFL  LMT R4 KL IER NGTAT DBY AN JCC(149H); RESET
(L4HFFL DML R#d AOL K1 IST DY AN JZRe7:
CLETH) NP ORFFIRW K1 EXT NN JCCCLEPHD: HOLD
(LEEH) NERFF K1 NSTAT CCR NN JCCCADEH):
{ADTH) - NOF RFF K1 NSTAT oR NN JCR(1DGH):
(ADEH) - NOF  RFF K1 NSTAT IST NN JZRe6;
(@01H) NP RFF K1 HLTR IST NN JCRCGH); HALT
(ELH) NP RFF K1 HLTA CCR NN JCCCAELH);
(LEQH) NP RFF K HLTA IST NN JZRCBBIH);
(AFLH): NOF RFF K INTR NN JZRCOBBH);
(BOBH) WP RFF K1 EXT NN JCCCA6LH); RTRAP
(460H) NOF RFF K RTRAP NN JZR(BOLH);
(AFTH) NP RFF K1 EXT NN JCCUFZH); INT
(FEH)FFL NP RFF KL IER INTA AN JZRBOEH);
(BAEH) N ORFFIRM 51 INTA EXT S NN JCROBBRH);
(BBAH) NP RFF K1 NSTAT Lb2 NN LD JPX
* (T0 698, A%, @92, 691, OR @9D)
GORH)CFFL DM RZ @ NSTAT DBY NN JCRCES7H); INT: RST
@97H)FFL LMD R KL NSTAT NN JCR(BIEH);
(B96H)FFL DI RFF ke NSTAT DBY NN JCCC186H); (@ GP 4R)
(@oBH)FFL LDl RFF ke NSTAT DEY NN JCRCBISH); INT: CALL
(B95H):FFL AR Red Ko NSTAT DBY NN JCR(EIZH);
CBIIYFFL  CSR Red K INTR NN JCRCBOH);
(B39H) - 5 R4 IRM KIR  INTA N2 COR EXT NN JCRCB9BH);
(B9BH):FFL  DSH R ka INTA DBY NN JCRCBSFH);
(BOFH): F5 R4 IR KIR  INTR NC1 COR EXT NN JCR(BOEH);
(BOEH) FFL LML R3 K1 NSTAT NN JCCCLGEH); (8 GP 10)
(BOIHYFFL LI R3 K1 NSTAT DBY AN JCC(B42H); INT: RET
* (10 842 @ GP 14)
(BIHYFFL Ok Red K1 INTR BN JCCU4LH); INT: JWP
(L4 FFL T ReIRW KIE  INTR NCZ  COR EXT M JCRC140H);
(140H) N RFF 1 INTR NN JCR(43HD;
CLTDFFL LML R4 IR KIR  INTR  NCL COR EXT NN JCRU142H);
C42HYFFL LMD Red DL K1 DBY AN JCC(132H); (B GP BR)
@EDH)FFL IR RZ2 K1 NSTAT NN JCCCLZDH); INT: PCHL
(L2 FFL SR Réd K8 NSTAT DBY AN JLL(1ZSH);
UIHFFL LMD Red k1 NSTAT NN JCRCLZBH); (8 GP BR)
Pmmmmm mme mme e e mt e e —— e . e . e —— —— —— —— — — — — e ———
«  FFEHZ - IFF - 1 1 1 L B2 - 1 MR 1 L 1 1 1 & & & 1 8 1S DEFAWLTS

*

*
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Silnntics

TITLE ‘SIGNETICS 2088 EMULATOR'; MICR@ CODE LISTING

%

* GROUP @9 FARITHR: E=8 0. H  (ADD R, ADC R, SUB R. SBB R. ANA R, XRA R, ORA R, CWP RO

*

* PROM U7 PROM U8 PROM L2 PROM LS PROM Ug PROM U4

R Y ymmmty Y Yy vy vy y

* E:'?.- 6'5.- 4'1 3'6; 5“1 33 7.' 6.- 5) 4.- 3"' 3.- ?“‘5; 4.- 3.‘ 2; 1 3; ?.- 6) 5: 4; 3‘1 8.- ?“'1

* — m——m— —— ——— —— ——— - —— ——— ———— m—— o —— ——

* RODR FO FI FGP IME RGP DOE IFW ADL FRM EDL K5 IER SWPA N2 NCL CCOR EXT RRE LDZ SJM ISTDBY CS LD AC  ; COMMENTS
e mm mm o - ——— ——— = ——— ——— —— —— ———— ———— . ——— - - e e ——— e ——— ——— —

(@xaHy FFL ILR FEC ki RRE NAN JPX82  iR=B,D.H

*

(B26H» -FF@ SCZ AIA REF kD AN JZr@2 i ADD B.D.H
(B24H) :FFC 5CZ RIR REF K AN JZr82 S ADC B.D.H
(B22H) :FFi SC2 AIA FEF KND NCN JZR82  ;SUB B,D.H
(B23H) :FFC SCZ AIR FEF KND NCN JZR@2  ;SBB B,D.H
(@24H3 :FFB 502 ANI FEF KD 51 JZREZ  ANA B.D.H
(B29H) :FF@ 502 ¥NI REF KND (31 JZr@2  XRA B.D.H
(BZ6H) :FFa SC2 ORI REF K cs1 JZRe2  ORA B,D.H
(B27H) :FF@ 5C2 AlA RFF KND NCN JRez  ;IMP B, D.H
Fommmme mme mme mme e e e m— . e . — —— e — —— ——— ——— ———— ——— —— —— ——— m——

* FFGHCZ - IFF - 1 1 1 4 EDZ - 1 MEWR £ 4 4 ¢ 4 4 1 2% 4 - @& 45 ; DEFARULTS
*

*

*

*

* GROUP 81 : ARITHR E=0C E. L (ADDR, ADC R, SUBR. SBBR. ANA R, XRA R. ORA R, CMP RV

*

* FROM UF  PROM US PROM U2 PROM US PROM UE PROM U4

* Y vy Yy Yy Y ¥ vy Y

* §-7.6-5,4-1 86,51 & FEO TR M - & =5 4 3 & 1 28 7 6 5 4 31 8 ?“"'1

* ———— —— —— ——— - o Dl e

+ ADDR FO F1 FGP IME RGP DOE IRM ADL FRW EDL1 KS  IER SWPR NCZ NC1 CCR EXT RRE LDZ SJM ISTDBY CS LD AC  ; COMMENTS
Fommme mme e e s e mmmem s e e e e = e mee e ——— — - - —— ——— ——

{B31H -FFL IR REX ki RRE NAN JPRe2  iR=C.EL

*

(B28H) .FF@ L2 RIA KFE Kb AN JeRB3  ADD CEL
(B259H: :FFC SCZ2 AIR RFE Kb ] JZr@3  ADC GEL
(B2RH) :FFB SCZ AIA FFE EDL KND NCN JZRBZ  iSUB GEL
{@ZBH) :FFC SCZ2 RIR FFE ED1 KND NCN JZR82  ;SBB GE/L
(B2CH) :FF@ SCZ2 ANI RFE EDL KD csi JZrez  GANAR CEL
(B2DH3 :FF@ SCZ WNI RFE ED1 KND €51 JZRO:  i¥RACEL
(BZEH FF@ 502 ORI RFE EDL KD (31 JZrRE2  ;ORA C.E/L
(H2FH) :FF@ 502 RIA FFF EDL KND NCN JZrRe4  ;CMP C.EL
Fonmirm - m——— e o . ——— . - —— —— —— ———— A S - S e e . ——— ——— m———

*  FFBHCZ - IFF - 1 1 1 1 ED2 - 1 MEMR 4 1 1 4 ¢ 1 4 1 4 - @ 1S ; DEFAWLTS
*

%

+ GROUP @2 : INR B,  INRD. INRH

*

* FROM UF  FROM US PROM U2 FROM US PROM U PROM U4

#* k3 Y Y Yy Y i V¥ Yy v

* 5-7.6-5, 4-‘1 E{-E.,- S-1 El, FARE TR TR N 3'1 & =3 4 3» 2: 1 8 ?1 6.- 5; 4, 3'1 8; ?"'1

E 4 —— e e ———— o —— - — —— —— masen s s eEmen e cme——

# FODR FO FI FGPF IMB RGP DOE IRM ADL FRM EDL KS  IER SWPA NC2 NCL CCR EXT RRE LD2 SJM ISTDBY €S LD AC  ; COMMENTS
e mmm mmm e e e e m—— e ——— —— —— ——— ——— . m— . —— ——— ——— —— — ——— — —

(@32H) FFL 572 ILR F3Z K1 NCL RRE AN J2Re4 IR B/ D,H
fmmmmm sme e e e et e e e s mme e ——mme e mee - e - - ——— e ——— —

* FFOHWZ - IFF - 1 4+ 1 ¢ ED2 - 1 MEMR 4 4 1 4 ¢ 1 & 14 1 - 8 4°S ; DEFAWTS
*

86



EJECT;

*

# GROUF @2 ;. INEC, INRE  INRL

*

* FROM U7 FROM US PROM 12 FROM US PROM U6 PROM U4
£y Y ey Y vy vy Y ¥ v
* B'?s 6"5.- 4'1 E:";: 5'1 8.' ? 6: 5.' 4, :{‘1 S} ?-_SJ 4; :{, 2) 1 8: 71 6.- 5} 41 3'1 8; ?"'1

*
* ADOR F FI FGP IME RGF
R3Z2

(B33H) :FFL ST2 ILE

e ——— mee m—— ———— ——— ——— ——

DOE IRM ADL

Fmmmm— w—— e e - ———— ——— ———

FRW EDL K5  IER SMPA NC2 NC1 CCR ENT RRE LD2 SJM ISTDBY C5 LD AC

i COMMENTS

ki NC2 RRE EN JZrE5

i INR CEL

1 - 8 15

; DEFRULTS

* FFeHZ - IFF - 1+ 4 1 1 ED2 - 1 #EMR 4 1 4 4 ¢ 1 41 1

*

*

% GROUP 84 . DCR B, [DCRD. [CRH, DORC. DERE DORL. DCRA DCXE DCX Do DOXH

*

* PROM U7 FROM LS FROM Uz PROM US PROM U6 PROM U4

x Y ¥ bemaeey Y ¥y vy vy v
* g'?.- E'J.' 4_1 9-6.- 5'1 E‘.‘ ?.' 6: 5: 4: 3"1 8,‘ ?—_SJ 4: 3) 2) 1 Bl ?; 6: 5» ’4) 3_1 BI ?__1

* —— —— amenwt  Em—— a—— - —— —— EnM ShenA e eees S GSEme  ————

* ADDR FO FI FGF IME RGP

Kmmmos —om mmem m—m - w—

(E34H) FFL CRS RFF
*

(B10HY :FF@ 5TZ ALR R32
(@14H) :FF@ STZ ALK R23
(B37H) :FF@ 5TZ ALR R32
(@iBH? :FF1 ALR R332

Ko oo mem e M . mEm—n mE— mee e Sme = S ——— ——— S—— mGE E. - — - - ——— ———

FFB HCZ - IFF -

DOE IRW ADL FRM EDL KS

1

IR

1

1

IER SMFA NCZ NC1 CUR EXT RRE LD2 SJM IST DBY CS

; COMMENTS

Ki NAN LD
ke
Ka
ke
ka

RRE
RRE

|
BN
AN
IST DBY NAN

JZrRe4
JZres
JZRO4

EXT RRE JZR86

i ACC =+

iDCR B, D:H
;DCR C.E/L
iDER A

iDCX B, D:H

1 B2 - 1 MR 4 4 4 4 4 4 12 & ¢ - 8 15

; DEFRLTS

INZ B INH

PROM U7 PROM L2

D.

PROM U2

INZ H

PROM US PROM UE

¥ ¥
8-76-5.4-1

-

*
*
*
#  GROUF 85 -
*
*®
% Y
* 86,51
¥
* ADDR FO FI FGF IMB RGF

Rmmmmn e e - e ———

{@35H3 :FFL ILE 33

Fmmm—— ——— ——— —— —— ———

FF@ HCZ - IFF -

1.
¥

3

i

?}

{0

i

&

DOE IRW ADL FRW EDL KS

1

oL 1) L. N
Y 4

S 4 i1 8 7 6 9% 4 3

?"‘5,- 4: 31 21 1

IER SWPA NCZ NC1 CCR EXT RRE LDZ SJM IST DBY (S

; COMMENTS

EXT RRE IST DBY AN

ki

i INK B, D:H

1 EDZ2 - ¢+ mMR ¢4 1 ¢ 14 1 1 1 & 1 - 8

; DEFRULYS

INE A

FROM U7 FROM UB

i1 14 18
T v '\“l

L¥)

PROM L2

FROM US PROM US

PROM U4

*
*
*
* GROUP 86 :
*
*
*
*

*
* RDDF

fm

{036H) FFL

[

& FF& HCZ - IFF -

FI FGF IME RGP

512 ILR RCC

Fo

&

bE

i

?
i

1

&

IR ADL FRW EDL

1

(FIRY} (VI Y] Yy U
v 7

v v vy
5) 4 I 4: 3: 2.' 1 8; ?: 6: 5: 4: 3'1 8;

2.
{==d

IER SWPA NC2 NC1 CCR EXT RRE LD2 SJM IST DBY (S

KS

LD

AC

7—1

; COMMENTS

K1

AN

JZR#4

IR A

1 B2 - 4R ¢ ¢4 4 1 &£ 4 4 1 1 - B 15

; DEFAULTS

*
¥

*
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*
+ GROUF @& WY RLRE FL=0 E L Fe =B I H

*

* PROM U7 PROM UZ PRON 42 PROM US PROM Ue PROM U4

¥y ¥ Yemmeei Y ¥y Y vy v

* 8'?16‘5:4'1 3'695'1 & F} & 5: 4. 3'1 8: ?"5) 4 3: o 1 & ?: 6} 5; 4: Z‘i 81 7‘“‘1

*

* R UV —— . e m—— ——— —— —— ——— —— ————

* ADDR FO F1 FGF IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA NCZ NCL CCR EXT RRE LDZ SIM IST DBY C5 LD AC  ; COMMENTS
e o mm mae mmm e St e e e e mm— e e —— ——— —— . ——— e mee m—— ——— m—— ——

(@35H) :FFa Fa.2  R33 KL RRE NAN JCC(A38H);

{138H): T2R 33 IRM Kb NCe EXT RRE IsT NAN JZRBe MOV RLR2
* iRi=C,E. L
* iR2=B, v H
Fmmmme m—— m—— e —— —— —— —— —— —— . e wime i e e e m— - —— —— ——

* FFEHCZ - IFF - 4 1 1 1 EB2 - 4 MEWR 14 & 1 1 1 & 4 1 4 - 8 4'S ; DEFRULTS
*

2

*

*

*

%

*

* GROUP @9: STA

*

* PROM U7 PROM UB PROM U2 PROM US PROM UE PROM U4

I Y Yemmeey ¥ vy vy vy v

* 3"?) 6‘5.' 4'1 8-6.- 5'1 8; ?.- 6: 5.' 4; 3'1 8} ?“51 4, 3; 2) 1 8; ?; 6! 55 4: 3‘1 8.- ?""1

*

* —— - ——— ——— —— - —— —— —— —— - o—— —

* ADDR FO FI FGP IME RGP DOE IRM ADL FRM EDL KS  IER SWPA NC2 NC1 CCR EXT RRE LD2 SJM IST DBY C5 LD AC 5 COMMENTS

R - ——— —— —— —— ——— —— —— —— ——— —— m— ———— . ——— — - —— ——— —— —— ——— ——— -

(839H3 :FF1 ILR fCC Ki NAN

R e - m—— - - ——— — —— ——— - —— ——— —————— m— mmie e e e e e e e e -

JCC(@3FH); STA

* FFAHZ - IFF - 1 14 1 1 ED2 - 1 MMR ¢ 4 ¢ 4 4 1t 4 1 4 - 8 1S ; DEFAWLTS
#

EJECT:

*

* GROUP BR: DAC B.D.H;  SPHL:  PCHL:  XCHG:  MOVCER D0 HDL (B Do HY: MOWCG E L)L (GELY

*

¥ PROM U7 PROM US PROM U2 FROM U5 PROM Us PROM U4

* iv ] lvv "ll I‘J I'vl t’l "." Ill |y| "I ) lvl L'I

* 8'?.' 6‘5: 4’1 8“6.' 5‘1 8! :' E'.' 5.- 4; :'1 SJ ?"5) 4} 3: 2.' 1 8.- ?.l 6: S} 41 3‘1 81 \7__'1

*

* ——— . —— —— — — e - ——— —— —— —— ——— e ————

# ADLR FO F1 FGP IME RGP DOE IRM ADL FRMW EDY KS  IER SWPA NC2 NC1 CCR EXT RRE LDZ SIM IST DBY 05 LD RC  ; COMMENTS
Hommos mmm e o m—— m—— mmmm e e mmm mms me e e m—— o e S e e —— -

(83AH) FFL ILR R332 KL RRE NAN LD ;

*

(B1RHY :FF@ STC ALR Ree IRH ke EXT IST DEY BN JZrRe7  :DAD B, D.H
*

(B1CH> -FF1 SR R332 IRH Ke EXT IST DBY AN JRe6  ; SPHL

*

(B1DH) :FF1 SbE kad (4] DBY fil JCC(43DH); FCHL
(13DH) :FF@ LMl Fd4 Ki EXT NAN JCR(121H);

(131H): NOF RFF Kt EXT NAN JCR(130H);

(136H) :FFL LHI f44 DL K1 DBY AN JCR(132HD;
{132H):FFL LMl Rd4 IR KL EXT IST DBY AN JReE
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{B1FH) :FFL SOR k932 K8 DBY AN JCC(BCFH); KCHG
(9CFH: :FFB ILR ki1 K1 NAN JCCCLAFH);

(11FH) FFL DR Re2 Ka DBY AN JCR(419H);
(119H>:FFa ILE R39 K1 NAN JCCCL39H);

(123H) :FFL SDR ki1 IRW Ka EXT IST DBY AN JZR@6:

*

(@14H3 :FFL SDE: ke IRK ke NCi EXT IsT AN JZres; MOV B, (D, H)
*

(B15H) :FF1 ShR ki1 IRMW K NEL EXT 15T N JRBO: MOV D. (B, H)
*

{BL6H) - FFL SLf ki1 IR K N1 EXT IsT A JZR86: HMOY H. (B, D)
*

{B17HY FFL R Fis@ IR ke NC2 EXT IsT AN JZRB6; MOV C, (E,L)
*

(B15H: FFL ShR Fi1 IRK Ke NC2 EXT IsT AN JZRe6: MOY E. (C, L)
*

(B19H) :FF1 SDR k22 IRW Ka NC2 ERT IsT fiN JZRB6: MOV L. (C,E)
*

{B7CHI :FFL LbI REE IRH ED1 KD EXT IST AN JZree; MoY A, (CE L)
*

{B7FH) (FF1 LDI FEE IRH KD EXT IST AN JZR86; MOY R, (B, D, H)
Rrmmmmm mme mmm mme e e mE—e mee e e e e e e e e —— - - mmm m—— m—— ——— —

* FF@HCZ - IFF - 4 1 1 1 ED2 - 4 MEMR ¢ 1 1 1 4 21 ¢ 4 & - 8 "5 ; DEFAULLTS
¥

*

* GROUP ©B: LDA

+*

* PRIV L7 FROM US FRON 112 PROM LS PROM U6 PROM U4

* Y 4oy Yoy B Y vy Yy

* 8‘?: ’S'-.'.- 4“1 3‘6.‘ 5"1 3,' ?; 6,- 5.! 4.- 3'1 8.- ?"54 4.- 3.' 2) 1 84- [ 6: 5) 4; 3'1 8: ?“"i

%

# - ——— —— —— —— _— ——— e e mme - ——— —— —— ——

* ADDR FO FI FGP IME RGF DOE IRW RDL FRM EDL KS  JER SWPR HCZ NCL CCR EXT RRE LD2 SIM ISTDBY CS LD RC  ; COMMENTS
fmmmmm mme mme e —m— —e—. —mm— ——— ——— - —— memm emm—m —mm e mee - ——— ——— —— —— —— ———— —

(ESEHY FFL LDT RFF KH EXT AN JEC(B3RH);  LDA
fmmmm= e s mmm e mee Sdee cme mem mre s e mme meme ——— = . m— —— —— —— e e meamas tmem

®#  FFEHZ - IFF - 1 4 4 4 EDZ - 1 MEMR 1 1 4 4 1 1 1 1 4 - @ 1S ; DEFALTS
*

*

* GROUF B0 XTHL

&

* FROM U7 PROM US FROM UZ PROM US FROM U6 PrROM U4

¥ ¥ WYY W L Yoy Yy Y

* 8’?.- 6"5: 4‘1 8“6: 5"1 8; ?, 61 S.I 4; 3'1 5’; ?"'53 4.- 3: 2) 1 8) ?: 69 S) 4: 3'1 8} ?"‘i

*

* e e ——— —— — e o e m—— ——— —— — — ——

* ADDE FO F1 FGP IME RGP DOE IRM ADL FRW EDL KS  IER SWPA NCZ NCI CCR EXT RRE LD2 SJM IST DBY ©5 LD AC % COMMENTS
R e . mme e e e ——— . —— —— ——— ———— ——— ——— - — —— - S—— ——— ——— ———— —

{O3CH) :FF@ ILK 3% k1 PRE s NAN JCC(43CH); XTHL
(12CH):FF1 LHI k33 IRU ki EXT OBY BN JPRX(136H); ROK=13
*

(13BH): NOP FFF IRW ki EXT NAN JCRC12AH);

(13AH) :FFa LMl R33 ACL K1 DBY NAN JFR(138H); ROK=13
{133H) :FFB CSk Rz2 K1 peY AN JCC{423H);

(1231} TR Ree KH NCz CCR EXT NN JCR(122H);

(122H) :FFa DM K3 AbL K@ DBY NAN JCR(125H);

(125H): TZR R22 i NC1 CCR EXT NN JCR(124H);

(124H) :FF@ LMI R332 DOE ki MEM NAN JCR(L27H);

(127Hs : NOP RFF DOE K1 MEMU EXT NAN JCR(126H);

(126H) :FFL [y k44 DOE ADL ED1 KB MEMH DBY NAN JCR(124H);

(121H) :FFL DM k44 DOE ED1 K@ MEMH CER EXT DBY AN JCR(120H);

{12@H) :FF1 LM1 Rd4 K1 NOF DBY AN JCCcagaH);

{88aH) | FFL LMI P44 ADL KL IST DBY AN JZra?;
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K s o e e e —— — —— r—— —— —— e ——— i ota  amin o o o e i o i

* FFAHCZ - IFF - ¢ 14 1 1 ED2 - { MEWRR 1 1 1 ¢t 1 1 & ¢ 4 - @8 1S ; DEFRWLTS
*

*

¥

*

*

*

* GROUP @D RRC

*

* PROM U7 PROM U3 PROM U2 PROM US PROM Us PROM Ud

* e A Yy Yy Y Y '

* 8'?; 6'5.' 4_1 8‘6.' 5_1 8.- ?.- 6: 5,- 4; :‘1‘1 8} ;""‘5; 4: 3: 2.- 1 3: I7J 6: 5) 4, 2"1 8) ?""1

*

* — —— ——— — — — m—— - - —— —— — —— —— ——

* ADDR FO FI FGP IMB RGP DOE IRW ADL FRW EDL KS  IER SWPR NCZ NC1 CCR EXT RRE LD2 SJM IST DBY €S LD AC COMMENTS
Kmmmmm m i e i e —— —— ——— ——— e mi—— ma—— - ——— ———on  —— ——— o m—— —— —— —— —

(@2DHY :FF1 STC SRA FEE ki NCZ WC1 CN JCC(14DH); RRC
{14DH) :FFC SRR REE IRW K1 EXT ISE BN JRee

P mm m—— - ——— m—— e e ——m —— ——— —— ——— ————— e —— — ——— m— e e e e ——

* FFBHCZ - IFF - ¢ ¢ 14 14 EDZ - 1 MEMR 4 4 4 4 4 4 ¢ 1 & - @8 45 ; DEFAWLTS
*

* GROUP GF: MVIR: R=EBE T DI E H L

*

¥ PROM U?  PROM UZ PROM U2 PROM US PROM UE PROM U4

® V _________ \' v _____ ‘); 1, !vl v l.l lvl V‘ (T' lvl

* S'?.' 6"5.' 4_1 8’6! 5'1 8: ?.' 6.' 5.1 4.' 2"1 81 ?"5: 43 3: 2; 1 8.- 71 6! 5.' 4: 2"’1 8.- ?_'1

*

* —— e —— —— —— — ——— —— ——— —— —— —— m— ——- ——

* ADDR FO FI1 FGF IMB RGP DOE IRW ADL FRW ELL KS  IER SWPA NC2 WCL CCR EXT RRE LD2 SIM IST DBY CS LD AC  * COMMENTS
Krroee e s e me e e e i —— —— ——— e o i o ——— —— —— —— —— —— ——

(@3FH) FF1 LbI RFF KH EXT San AN JCR(B3EH); MvI
(@3EH) :FF1 LMI k44 ADL KL DEY AN LD ;(TO 87E OR @7D)
E 3

(87EH) :FF1 SDR 32 IRW ke NC1 EXT RRE IS8T AN JZR86  iMVI B.D.H
(B7DH) :FFL SOR R332 IRN K@ NC2 EXT RRE 15T N JRBs W GEL
Formrrmtr St e e e e ———— —— —— —— —— ——— ——— b iion e e e e o ——— —— — —— tma—— —

* FFGHCZ - IFF - 1 ¢+ 4 1 EDZ - 2 MEMR 4 1 4 & 1 ¢ 4 1 1 - @ 1S ; DEFALTS
*

*

*

*

b 3

* GROUF 18: CALL

*

* PROM U7 PROM US PROM U2 PROM US PROM U6 PROM U4

* Yool Yoy @ Y Yy \ B} Y

* 8"?.' 6-5, 4‘1 8-, 5"1 8 7 6 5% 4 31 8 75 4, 2 2 1 8 6 % 4 -1 & -1

*

* ——— e —— — — — e e e . - — ——_— —— ——

* ADDR FO F1 FGP IMB RGP OOE IRW ADL FRW ED1 K5 IER SWPA NC2 NCL CCR EXT RRE LD2 SJM ISTDBY CS LD  AC  * COMMENTS
P e e e e e e e e e . e e ——— —— — — ——— —— — ——— e —— —— —

{B40H) :FFa ILR R44 ki NAN JCC(18eH); CALL
{188H) :FFa C5R Rd4 Ki NAN JCRC183H);

(183H): F3 Rd4 K NCz CCR EXT NAl JCRC182H);

(182H) :FFe DS F32 ADL ke DBY NAN JCR(1@4H);

{181H> :FFa LMI R33 Ki NAN JCRC40FH);

(16FH): F3 R44 KM NC1 CCR EXT NAN JCRCA1EH);

(10EH) :FFg Dsi R32 DOE AOL ke MENK DBY NAN JCCCL4EHY;

(11EH) :FFa LRI R3% DOE Ki MEMK EXT NAN JCR(11CH);

(11DH) : NOP RFF  DOE ki MEMW EXT NAN JCRCAACH);

(14CH: NOP RFF DOE AL Ed K1 MEMW NAN JCR(11BH);

(11BH) :FF1 LMI k44 DOE EDL K1 HEMU CCR EXT DEY AN JCR(41RH);
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(11AH) :FF4 LMI k44 AL Ki DBY AN Jere?

*

{BCBH) :FFo LMI ka4 K1 EXT NAN JCC{436H); NON-CALL
*  THE ABOVE INSTRUCTION IS EXECUTED FOR R CONDITIONAL CALL IN WHICH THE CONDITION IS NOT MET. (T0 139 @ GP om)
Kmmmea cmm e Sw e S S——— ——— St S ——— - — ———— ——— ——— ——— S Mm-S ——— ——— ——— —
* FFRHCZ - TFF - 1 1 14 41 02 - {1 WMEME ¢ 1 1 4 4 4 1 & & - 8 4§ ; DEFALTS
¥

EJECT;

*

¥ GROUP 41: JWP

*

* FROM U7 PROM U FROM UZ FROM UGS FROM Ue PRIM U4
oy ¥ Ymmmmn ¥ ¥y vy vy v
* 3'?1 6‘51 4"1 8‘6.' 5'1 3: ?! 6.- F.'! 4, 3'1 8.- ?"‘5.- 4, Z.‘ 2' 1 81 ?J 6.' 5.' 4; 3_1 8) ?"'1
*

* U — e e e m—— ——— — — —

* ADDR FO FI FGF IMB RGP DOE IRM ADL FRM EDL KS  IER SWPA NC2 NCL CCR EXT RRE LD2 SJM IST DBY CS5 LD AC  + COMMENTS

W mmmm  iman e e m— e e e e e e cmemme

8765418651 8 7 6 % 4 3418 75 4 3 2 1 8 7 6 3 4318 71

(844H) :FFL CSE Fd44 ] ki EXT AN JCCUA41H): IHP
(114H): NOF FFF IRK K1 EXT NAN JCR{118H);

(118H) :FFo LMI R44 ROL KIR NC2 NAN JCR(113H);

{113H) :FF@ LMI Rd4 IFW KIR NC1 CCR ERT NAN JCR(142H);

(442H) :FF1 LMI Fd4 AOL K1 DBY AN JCC(L22H);

C132H) FFL LMI Rd4 IRW 41 EXT 15T DBY AN JZRBE

*

(BCAHY (FF8 LMI P44 ki EXT NAN JCC(424H); NON-JMP
* THE AROVE INSTRUCTION IS EXECUTED FOR A CONDITIONAL JUMP IN WHICH THE CONDITION IS NOT MET. (T0 131 @ GP &)
K mmm e e e e e . ——— . ——— . e ——— ——— ——— —— —— ——— St ———— —— ——— ——

* FFBHCZ - IFF - 4 1 1 4 EDZ - 4 MEMR 14 4 14 ¢t 1 1 1 4 1 - 8 1S ; DEFAULLTS
*

*

*

*

%

% GROUP 14: RET

¥

L PROM U7 PROM Ug PROM U2 PROM U5 FROM U6 PROM U4

* Y Y Yy Y i Yy Yy ¥

*

*

* ——— —— — ——— — - e e e ——— —— — — —

* ADDR FO FI FGP IME RGP DOE IRM ADL FRM EDL KS  IER SWPR NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD AC  * COMMENTS

Rmmmorm e e mw— ——— m—— ————— — tvan —— — o o mr—n v mnn e S mt—— ——— —— ——— ———— —

{@44H) :FF1 Ll P32 Ki EXT bBY AN JCR(B42H); RET
(B43H) : NOP RFF K1 EXT NAN JCR(B42H);

(B42H) :FF1 LMI 2z RDL 141 DEY AN JCR(B41H); (@ GP 11)
*

(@C4H) NGP FFF IRH K1 EXT IsT NAN JZRB6 i NON-RET
* THE ABOWE INSTRUCTION IS ENECUTED FOR A CONDITIONAL RETURN IN WHICH THE CONDITION IS NOT MET.

Rmmmmm me e e e - ———— —— — — — — — ——— ———— —— — ———— ——— —— o w———— - o— ——

FF@HCZ - IFF - 4 1 1 14 EDZ - 1 MEMR ¢ 1 1 1 4 4 1 4 & - @8 15 ; DEFAULTS

*
*
*
*
*
¥
*
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+ GROWP 15: RAR

\ PRON U7 PROM US PROM U2 - PROM US . PROM U6 PR

. 87,65 -4 ;o S48 706 5 4348 75 4 3 2 1 8 7 6 5 4 34 8 7—i

* AUOR FO FI FGF IME RGP DOE IRW ADL FRW EDL KS  IER SWPA NCZ NC1 CCR EXT RRE LD2 SJM ISTDBY C5 LD AC  * COMMENTS
R SCSR RE W e e o

© ROWZ - IFF - 1 4 1 162 - LWR 144111411 - 6 15 s oeaats
* GROUP 16: FPUSHE D. W PUSH PSW

: PROM U7 PROM L2 PROM 112 | PROM LS - PROM UG FROMA

\ ;-?,. 66, 44 56,51 Ve, 76 S 4 ,—: B 75 4 3 Z 4 & 7 6 5 438 7

* ADDR FO F1 FGP INE RGP DOE IRW ADL FRW EDA KS  IER SWPA NC2 NCL COR EXT FRE LDZ SIM ISTDBY CS LD AC  * COMMENTS

K mmm o e m—— e i —— —— i e —— ——— — i e ———

(B46H) FF@ Dsu RZ3 ke LDb2 DBY NAN LD  ;(T@ @C6 OR 8CD)
* .
(BCEH) :FFo ILR R33 K1 FRE NAN JCRCBCOH); * PUSH
(BCH) :FF@ LMI R3Z IRM Ki EXT NAN JCkeeCeH);  B.D.H
(BCBH) FFo DSH R3: DOE ABL ke MEMM DBY NAN JCR(BCTH);

(BCTH> :FFB LMI R3Z DOE K1 HEMH EXT NN JCC(427H); (@ GP 80)
*

(BCOH) FFL  ACM  RCB IRM 51 EXT NAN  JCR(BCCH); PUSH PSK
(BCCHY:FFB LMD B33 K1 NOF NN JCRCBCBHY;

Ko mmm mme e e e m——— —— e . - ——— —— — —— i - s i ——— —— ——— ———— ——— ——

* FF@HZ - IFF - 1 4 4 4 ED2 - 4 MEMR 1 1 1 4 4 4 4 1 4 - @ 1S ; DEFALLTS
*

*

*

*

*

*

* GROUP 17: MVI H

*

* PROM U7 PROM UE FROM U2 PROM US PROM U6 PROM U4

* Yoo Y Y-y ¥ Yy ¥y Y Y ¥

* 8‘?) 6'5: "'1 8‘6: E"i 8: ?.- 6.' 53 4; 3"1 8: ?“5: 4; 21 2} 1 8: ?I 6; SJ 4.- Z’i B.' ?""1

*

* —— ——— m— — —— - . —— —— — —— —— — —— ———

* ADDR FO FI FGP IMB RGP DOE IRW ADL FRW ED1 KS  IER SWPA NCZ NC1 CCR EXT RRE LD2

K mo mee S —— —— —— —— —— ——— — —— —— — —— ———— —— t——— —— ————

SIM ISTDBY CS LD AC

* COMMENTS

(B47H) .FFE LMI R2z ki NAN JCCC447H): WYL M
(147H) :FF1 LbI RFF IR KIR EXT RN JCR(116H);

{116H) :FFa@ DSH k44 DOE ADL D1 Ke MEMH DEY NAN JCR(14BHY; (8 GP 18)
e mm s mm cme mee e o . mm . ——— ——— - —— o —— . —— i ——— — ——

* FFEHCZ - TIFF - 4 4 1 4 EDZ - 1 MEMR 14 4 1 4 & 4 & 1 & - 8 1S ; DEFAILTS
92
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EJECT;

*

¥ GROUF 18: MNOF

*

* PROM U7 PROM U3 PROM UZ FROM US PROM Ue PROM U4

* y Y RV (URY) VRN |71 y Y

* B‘?) 6'53 4'1 8"6.' 3-1 E:.' T E'; 4 :"1 b ?"'S‘ 4, 3! 2 i :.:J'J ?i 61 5; 4: :(»"1 8: ?""1

*

* — e, - - ——— — —— ——— . —— —_— ——— ——— —— ———

* ADDR FO F1 FGP IMB RGP DOE IRM ADL FRW EDL KS  JER SWPR NC2 NCL COR EXT RRE LDZ SJW IST DBY CS LD AC ¥ COMMENTS
Koo mre c e e o e e e e e i e e e = = e - - - - ——— ——— ——

(B43H: : NOF KFF IRM ki EXT 15T NA JZrRB6 5 NOP
R e mm— e - = e e e e i ot e e ——m— - m— m——— —— —— ———— ——— ——

* FFAHCZ - IFF - 1 14 1 1 EDZ - ¢+ MEMR 4 4 1 ¢ 12 4 14 1 1 - 8 1S ; DEFALTS
¥

*

*

*

*

* GROUP 13 LXI B, D. H SF

*

* PROM U7 FROM U3 PROM L2 FROM US PROM U6 PROM U4

I Y Y-y vy vy Y v ¥

* 8'?: 6‘5.- 4-1 8—6.‘ 5'1 8.‘ L] 6 5; 4) 3‘1 Sr ?"'5.- 4: 3: 2) 1 B: ?; 6: 5: 4; 2‘1 8; ?"'_1

*

* ——— e - ——— —— -— et mmm e mem e - e ——— ——

# ADDR FO FI FGP IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA - NC2 NC1 CCR EXT RRE LD2 SJWM IST DBY CS LD AC  * COMMENTS
Kormmoms mme e e i e e e m—e e e S S —— —— —— ——— = - ———— —— ——— — ——— ——

(@494 :FFo CSk k32 ¥i RRE DBY NAN JCC(@AIHD; LXI B, D,
* (T0BAY @GP 28)  H SP
Rmmeerm e mmm mm e e mm —em - —— e e e = ——— e m— —— ——— — — —— ——— ——

* FF@HZZ - IFF - 1 &t 1 1 EDZ - 1 MEMR 1 1 1 1 4 4 4 1 ¢ - 8 4S5 ; DEFRULTS
EJECT;

*

*

*

*

*

# GROUP 1R: RST

* FROM U7 PROM LS FrOM U2 PROM US PROM UE PROM U4

oy Y Yy Y vy vy vy ¥

* a-7. 6~ d-1 8-6,5-1 &, ok 5 40108 75 4 L o014 8, 7.6 5 4 %18 —1

*

* m e e ——— —— e e e e ———— — —— ——

* RDDR FO FI FGP IME RGP DOE IRM ADL FRM ED1 KS  IER SWPA NCZ NCL CCR EXT RRE LD2 SJM ISTDBY CS LD AC  * COMMENTS
fmmmme s mem = e . e m— ——— m—— ——— —— - . - —— ——— —— ——— —— —— ———

CB4AH) (FFo b5 R332 K@ DBY N JCC(18AH); RST
{18AH) :FFa LHI £54 K1 NAN JCR(187H);

(167H) :FFa LbI FFF kD EXT DBY NAN JCR(186H);

(18€H) :FFa ALK Fd4 k@ NSTRT DBY NAN JCR(16CH);

(16CH) :FFa (2] k32 DOE ADL KD MEMM DEY NAN JCR(16BH);

(18EH) :FFa LMI RXZ DOE K1 MEMY NAN JCRC169H);

(169H) :FFL LDT ICF RFF DOE KIE HEMMW NCi CCR EXT N JCR(188H);

(168H) :FF1 Sk k44 DOE ACL B0 K1 MEMK AN JCR(105H);

(185H> :FFe LI R4d DOE EC1 K1 MEMM EXT cst JCR(184H);

sijnotics
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(194H) :FFa LMI R4 kb NSTAT NC2 NAN JFL(112H); (@ GP 11)

R e e mmvas e e mES e e e e a—m i e ———— Smar  ma—— Sninn  ——tn  Geemmn  wmemts  mmmen  mmemem  wmamamen  ——t

* FFeHWCZ - IFF - 1 4 ¢ 41 ED2 - 4 MM &+ & 4 1 1 ¢ 1 1 & - 8 1S ; DEFALLTS

k.
#*

¥
E:'?.' 6’5! 4'1 3‘6.\ 5'1 E{.' ?.' 6.! 5.' 41 :‘3'1 e) ?"S’.‘ 4.' 3.' 2.‘ 1 3: ?.‘ 6.' 5.- 4.- 2‘1 89 ?"'"1

*

*

#

% GROUP 1B: MOY R.A;  RLC:  RAL: STAX MOV MoA: ADL ACL: SUL: SBL AWML XRI: ORI CPL: MYIA

*

* FROM U7 PROM UR FROM U2 FROM US PROM U6 FROM U4

* Yo Y e Y ¥ ¥ A\ Yy Y
*

*

* ——— e e ——— - T

# ADDR FO FI FGF IME RGP DOE IRW ADL FRW EDL K5 IER SWPA NC2 NCA CCR EXT RRE LDZ SJM ISTDBY CS LD AC  * COMMENTS

R mm - m—— m—— e m—— - m—m e e ——— —— —— —— ——— —— - ——— —— ——— ——— ——

(B4EHY :FF1 ILR RCC ki NAN LD MOV R.A: ARITH I
*

{a12H) :FFe 5TC ALR FCC K@ fiN JCC(BC2H); RLC
(AC2H) FFC ILR RCC IRW ki EXT 157 AN JZRe6 H

*

(@13H) FFC STC ALR RLC i Ka EXT IsT AN JZRB7 5 RAL
*

(BiEH) .FF@ LMI R33 IRH KL EXT RRE NAN JCCCLZEH);: STRX,
¥ MOY M.A
(B61H> :FF@ SCZ AIA FEE KM CCR EXT AN JCR(B6OH); ADI
{e6aH) FFa ILE RCC ADL k1l NAN J2R@8; (BELOK)

*

{B63H) :FFC SCZ RIA REE KM CCR EXT AN JCR¢B62H); ACI
(B&2H) (FFa ILR RCC ADL ki NAN JZRO8; (BELOH)

*

{@nSH) .FF@ SCZ AlA REE KN CCR EXT NCN JCR(BE4HY; SUI
(@544 .Fra ILR FCC ADL Ki NAN JZR88; (BELOW)

*

{@67H) .FFC SCZ AIA FEE KNH CCR EXT NCN JCR(@BEEH); SBI
(Be6H) (FFa ILR RCC ADL Ki NAN JZR68; (RELOW)

%

L@E9HY (FFa SCZ ANI REE 4] CCR EXT cs1 JCR(BABH); ANI
{BeBH) FFa ILE R ADL Ki NAN JZR@8; (BELOW)

*

(BEBH? FFE SC2 ¥NI FEE KR CCR EXT C51 JCR(BERH); XR1
(AEAH? -FF@ ILE RCC AbL ki NAN JZRB8; (BELUK)

*

(B6DH FFa 502 ORI REE KM CCR EXT £54 JCRCBECHY; ORI
{@6CH) FFa ILR RLC ADL Ki NAN JZRE8; (BELOH)

*

{BEFH) FFa ILR KCC IR ki ERT NAN JCR(BEEH); CPI
{B6EH? :FF1 SCZ AIA RFF ADL KNIR NCN JZRB8; (BELOW)

*

(pEEH) (FF1 LMI a4 IRW kD EXT IST DEY AN Jeres;

*

(B7FHY :FFL LD FEE IRW Kb EXT IST AN JZRB6  ; MVI A

mmmrms e e e e mme mmde e mme e e Em—— e ———— - . feimin e e memie  Smemee e e e—————

* FF@HCZ - IFF - & 4 ¢ 4 EDE - 1 MR ¢4 4 1 4 1 1 1 %1 &t - @ 1S ; DEFAWLTS

»+
¥
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EJECT;

*
*

¥

*

*

*

*

% GROUP 4C: MOV M.R: MWHERER = H B C. Dy E- H L

* PROM U7 FROM U2 FroM U2 FROM US FROM Ue FROM U4

£« Y Yot Y Yy vy vy v

* S"?.- 6-5; 4“1 E:-f.:-; 5‘1 E:.- ?) 6; fl.- 4: :\“1 S,- ?'“’5.- 4: 34 2.- 1 8.' ?.- 61 5: 4; 3‘1 8J ?-“1

#*

* —— e —— -— m——mmm mmm mmm mmm e e e ——

* ADDR FO FI FGF IME RGF DOE IRW ADL FRM EDL K5 IER SWPA NCZ NCL CCR EXT RRE LD2 SIM ISTDBY CS LD AC  * COMMENTS
i - i e e e e ——— e i e e e —

(B4CH> -FFO LHI Rz ki SJH NAN JCCCL2CH); MOV MR
{12CH3 :FF@ ILE 33 IRMW Ki EXT FRE NAN JP¥(126H);

{12FH>: NP RFF IRW EXT NAN JER(LZEH); R=C. &, L. R
{12EH) :FFL D5H k44 DOE ADL El1 K@ HEMK DBY NAN JCR(124H); (@ GP @C)
(12BH3: NOF RFF IRM K1 EXT NAN JCR(42AH); R=B, D, H
(12AH) :FFL ] k44 DOE AL Ka HEMK DEY NAN JCR(4Z9H);
(129H):FFL 03] k44 DOE ka MEMK CCR EXT DBY AN JCR(128H);

(128H7 :FF4 LMI Fd4 K1 HSTAT DEY AN JCC(BB8H);

{BEEH) :FFL LHI Rd4 AL Ki IST DBY AN JZraz;

R i e - - i ———— ——— e memmte e e e i e e ovmmem  mamen e om—— —

* FFEHCZ - IFF - 1 4 1 4 EDZ2 - 14 MEMR 14 4 1 1 4 4 1 1 & - 8 1S ; DEFRULTS
¥

*

*

*

*

* GROUF 1D: m0Y RLRS WHERE RL =B, D. Hi RANDRE2 =C E L

*

* FROB U7 PROM U2 PROM U2 PROM U3 PROM U6 PROM U4

* i Y vy 1 Yy Y, Y]

* 8'?.' 6'5: 4‘1 }3'61 S‘l E:.' ?a 6} ) 4.- 3'1 E;.' ?"5: 4) 3) 2} 1 8I ?.' 6: Sl 4) 3"1 8) ?""1

¥

* ——— m— —— ——— — —— —— ——— —amwm emne wmemem  evemes  mmemem e m—e—

* ADOR FO FI PGP IME RGP DOE IRW ADL FRW EDA KS  IER SWPA NC2 NCL CCR EXT RRE LD2 SIM ISTDBY CS LD AC  * COMMENTS
Kmmmmmmr e e m—— o —— ———— ——— —— —— —— — ——— —— ——— ——— ——— — S —— —— —— ——— e

(B4DH):FFB  CIRILR  R3Z K1 RRE HAN JCCC460H);

(160H) F F3z IRM EDL KD NC1 EXT RRE IsT NAN JRee

Fmmmmm mmm mme e e e i i —k e e . e e e e - —— ——— ——— ——— —— — —— ——

* FF@HZZ - IFF - 1 4 & 41 EDZ - 4 MEMR 1 14 ¢ 1 1 1 1 1 4 - @ 1S ; DEFALTS

"

L3
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EJECT;

8'?.- 6"5; 4‘1 8"51 3‘1 8: ?J 6.- S} 4.‘ :('1 3: ?""5.- 4: 3; 2} 1 SJ ?J 6) 5: 4) 3‘1 81 7"‘""1

¥

*

*

*

*

*

* GROUP 1E: EI (ENRELE INTERRUFTS)

*

* PROM U7 PROM US PROM U2 FROM US PROM U6 PROM U4
® Y Y yo—mecy g Yy v v : X v
*

*

* ——— - ——— — ——— " —— ——— —— —— —— —— ——— —— ——

* ADDR FO FI FGF IMB RGP DOE IRM ADL FRW EDL K5 IER SWPA NC2 NCL CCR EXT RRE LD2 SJM ISTDBY CS LD AC  * COMMENTS

Kermom i mme mme . ——— —— —— —— —— = ———— ———— ——— w—— —— - m— —— —— ——— —— ————

vy v
8‘?)6'5)4‘1 8‘6:5‘1 8» 7 6: 5: 4: -1 8 ?"5: 4, 3) 2: i 8: ?: 6: 5: 4, 3’1 8) 7"‘1

(B4EH) FFO NOP RFF IRW Ki IER EXT NAN JCC(A3EH); (@ GP 1F)
Ko - o e —— e —— m—— —— —— ot e mtam —a——— i o e e e —— - o= v —

# FF@HCZ - IFF - 1 4 1 1 EDZ - 1 MEMR 14 4 ¢ 1 1 1 4 & 1 - 8 1S ; DEFAULTS
*

*

*

*

*

*

* GROUP 1F: DI <DISAELE INTERRUPTS)

*

¥ FROM U7 PROM UR PROM U2 PROM US PROM U6 PROM 4

* "I ________ l"|v _____ x)lyl lY‘ lll (SENY) .V"i“ l’l]

*

*

* —— ———— amam— ————— - —— —— M S m—— NN GRUSLS e —— ———

* ADDR FO FI FGF IME RGF DOE IRW ADL FRW ECA KS  IER SWPA NC2 NC1 CCR ENT RRE LD2 SJM ISTDBY CS LD AC  * COMMENTS

K e mm— - e s e e e mme mme mem e e . —— —— ——— —— —— — ———

(@4FH) :FFL NOF FFF IRW KL IER EXT cse JCC(13FH); DI
(13FH3: NOP RFF IR K1 EXT NAN JCR(13EH);
(13EH) :FFL LMl Fd4 FDL KL SJM DBY AN LD JPX i

© % PREVIOUS 2 INST. ARE R FETCH IDENTICAL TO @87 AND 886, EXCEPT FOR THE ABSENCE OF “IST" TO PREVENT INTERRUPTS.

W e e i e mt e et Ea e e —— e e e e m— e mamm v e Gmimem  mmememe e

* FFBHCZ - IFF -- 1 4 1 4 ED2Z - 1 MEMR 14 4+ 1 2 & 1 ¢t 4 4 - 8 1S ; DEFRWLTS

*
*

GROUP 2@ DRRA CDECIMAL RODJUST RCCUMULATORD

PROM U7 PROM U PROM U2 FROM US PROM UG PROM U4
Iv’] (YY) ‘Y‘ .{I ll"l |’l ‘, l'l' v Ivl ‘Y‘

S“?: E-’S.- 4'1 3"6.- 5'1 E".- 17) 6" S‘.' 4, ?'1 31 ?‘“"51 4, 3:.' 2} 1 8; 7.- 63 5: 4: 3'1 3.- ?"‘"1

* W ¥ N X FE ¥

* —— o ——— e — — . —— —— —— ——— ——— ——

* ADDR FO F1 FGP IME RGP DDE IR ADL FRW EDL K5  IER SWPA NCZ NCL CCR EXT RRE LD2 SJM IST DBY CS LD AC  * COMMENTS

B e e mamm e mmm mmme e —— e mrm e - —— —— ——— —— —— o - ———

(@5eH) :FF1  ILRACH RIB ki NAN JCC(eAaH); DAA
(@ABH} :FFO SCZ AIA 139 RFF 4] NC1 AN JCC{8BBH);

(BBGH) :FF@ ORM FER Ka C2 e JCR(BB1H);

(@B4H) :FFB SCZ ILR RCC ElL Ki NC1 SIM AN JCE(@ALH);

(BALHY :FFL LDI IBB RFF K NC2 AN LD ;(TO 828 @ GP 8L)

Koo o e m—e - - —— ——— —— —— . m— —— — —— S e wetes i m——— ——

* FFGHCZ - IFF - 1+ 4 1 1 EDZ2 - & MEMR & ¢ & & 4 1 & 4 1 - @ 1S ; DEFALTS

™
»*
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® X e ® W OE X O ¥ B K X

GROUP 21: CMC CCOMPLIMENT CRRRY:

FROM U7 PROM L2 PROM L2 FROM US PROM U6 PROM U4

) Yy Yy Yy vy Yy Y

8- 6-54-1 8651 & 7% 6 5 4 31 8 -5 4 XL 2 4 8 7 6 5 4218 71
* . —— — — ——— _— ——— ——— ——— ——— —— — — —— ——
+ ADDR FO FI FGF IME RGP DUE IRW ADL FRN EDL KS  IER SWPA MCZ NCL CCR EXT RRE LD2 SJM ISTDBY (S LD AC  * COMMENTS
*—_—_— ——— o tn  mwms e T SRR S A G e emn St e G e Gmemen  Smem e Smee  Sram e S S-S Geemal e b e——— ———
{854H) :FFC CAS RFF ki NAN JOC(151H);: CMC
£151H3 STC SRA RFF IRM ki EXT ST NAN JZR8?
fmmmmrn e o e e e s o e e s i e o s e s e o e
* FFEHCZ - IFF - 1 1 1 4 EB2 - 1 MEMR 1 2 4 4 1 4 1 & & - @ 'S ; DEFAWLTS
EJECT;
*
*
* GROUF 220 ADD M. ADC M, SUB M, SEB M. ANAM, WRAM. ORA M CMFM
*
* FROM U7 PROM U2 FROM U2 FROM US FROM Ue PROM U4
* W y oy oy gy oy ==y Y- y
* 2-7.6-5, 4-1 B-£,5-1 & Y ! 4, -1 & 7--5. 4 K 501 g 76 9 4, 21 8.» ?'-'i
*
* ——— ——— —— ———— ——— ——— mm ——— ——— ——— —— — —— ——
+ ADDR FO F1 FSF IME RGP DOE IRM RDL FRM EDY KS  IER SWPA MCZ NCL CCR EXT RRE LD2 SJW ISTDBY CS LD AC  + COMMENTS
P e e e i e o —em mmim e e M e ——— ———— mttm Amin e e e e eamae eeee  Semen e
(B32H) .FFA Lo Fdd ke DBY NAN JPX(B55H); ARITH M
(B55HY .FFa LMl ka2 IRH K1 EXT NAN JCR¢BS4H);
(A34HY FFL LMI k44 AOL ki [BY NaN JCC(B94H);
(834H» FFa ILE RCC ki NAN JPR(GE@H); (ROW = E)
{BE1H» .FF@ SCZ AIA RFF ki (LR EXT AN JCR(BEGH); ADD M
{BEEH) FF1 SOk RCL FRH 8 NETAT IsT AN JZRO6;
(BE3H):FFC SCZ RIA FFF K CCR EXT AN JCR(BE2H); ADC M
(BEZH) (FF1 SOR ol FRW k@ NSTAT 187 AN JZRe6;
(BESH) :FF@ SCZ AIA RFF KM CCR EXT NCN JCR(BE4H); SUE M
(BE4H) FF1 SR RCC FRU ka 15T N JZR6;
(BE9HY :FFC SCZ AIA FFF Khi CCR EXT NCN JCR(BESH); SBB M
(@EEH) FFL ShR RCC FFEW Ka HETRT IsT AN JZRa6;
(BE7H) .FF@ 5CZ F5 RFF KM CCR EXT cs4 JCRCBEEH); ANA M
(BEEH) FFL SDR RLC FEMW ke NSTRT 18T AN JZR86;
(BEBH) -FF@ SC2 HNI FFF KNM CCR EXT C51 JCRCGERH); XRA M
(BERHY FFL DR RCC FRUW Ka NSTAT IST AN JZR@6;
(HEDHY FFB SCZ Fe FFF KM CCR EXT €51 JCR(BECH); ORA M
(HECH) :FF1 SDF RCC FRW ke NSTART 167 AN JZR@6;
(BEFH) :FF& SCZ AIA RFF FHH CCR EXT NCN JCR(BEEH); CMP M
{BEEH) :FF1L NOP 2] Fri ki NSTAT 18T AN JZR6;

Sifjnetics



P - e ———— it —— . ma e S e e - ————— ———— - G —o— - —— ——

* FF@HCZ - IFF - 1 4 14 4 ED2 - 1 MEMR ¢ 4 & 14 4 1 4 1 1 - & 1S ; DEFAWLTS

.
¥

EJECT,

*
* GROUP 23 LDAX, MOY A M

: PROM U7 FROM L& FROM U2 PROM US FROM U l‘ PROM U4

" u vy g u oy Wy TR "
: é’—?.- &% 4-;1,. é‘ﬁu 5—;. lE:.- Vb 34 :-; YB.- % 4 L &L 1t 8 o6 W 4 3‘-1, & 71

* ADDR FO FI FGP IMEB RGP DOE IRM ADL FRW EDL KS  IER SWPA NCZ NC1 CCR EXT RRE LD2 SJM IST DBY CS LD AC  + COMMENTS
Fommre e e mme mm - — —— —— ——— ———— = e i e ——— e e e e
(E53H) :FFa LHI 33 IrH 41 EXT FRE NAN JCCC@FzH);
(BF3H): NP FFF IRH KL EXT NAN JCRCOF2H);
(BF2H) -FFa b=H P44 DL Ka DEY NAN JCRCOF1H);
(BF1H) :FF1 Lbl REE KM EAT AN JCR(BFOH);
(@F@H) :FF1 L] Rdd K1 - NZTAT IST DBY AN JZRB6

Ko cmm e e o o ——— . m—— —— m—— ——— e T m—— - = - ——— ——

* FF@HCZ - IFF - 1 14 1 1 ED2 - 1 MEMR 4 ¢ ¢ 4 1 1 1 1 1 - @ 1S ; DEFRULTS
*

*

*

¥

*

*

* GROUP 27: HLT CHALT

*

#* PROM U7 PROM U PROM U2 FROW US PROM U6 FROM U4
x Y Y Yemmeny ¥ ¥y vy vy v
* 8-7.6-5.4-1 26,51 & 7 B 5 41 0B R 403 2 1 B 6 5 4318 71
*

* —— e —— —— — - . m— ——— —— —— —— ——— —— —

* ADDR FO FI FGF IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA NC2 NC1 CCR EXT RRE LD2 SIM ISTDBY CS LD AC & COMMENTS

Fmmmme mmm e mme mm i e e e e - ——— ———— e e - —— —— = e e - ——— ———

(EaTH NG FFF KL EXT NAN JCRCB5EHY; HLT
(B5EH) : NOP RFF Ki HLTA I5T NAN JeraL;

Fmmmoe mcm e me e e ——— —— —— —— —— ——— — ——

* FFéHZ - IFF - 1 4+ 1 1 ED2Z - 4 MEMR 4 4 4 1 4 4 & 1 2 - @ 45 ; DEFAULTS

*

¥ GROUP 22 IN.  OUT

*

* PROM U7 PROM LB FROM U2 FROM U5 FROM U8 - PROM U4

* y AT Yoy o RY Yoy y
* 3'?} 6'5: 4"1 8‘6: 3'1 3,- ?f 6.' 5.' 4, 3‘1 3! ?""5.- 4; s Z".’ 1 8.- ?J 6: 5: 4, 3'1 8) ?""1
%

* ——— e —— e —— —_— ——— —————— —— —— e —— e

& ADDR FO FI FGF IME RGP DOE IRW ADL FRM EDL KS  IER SWPR HCZ NCL CCR EXT RRE LD2 SIM ISTDBY C5 LD AC  * COMMENTS

Hmmrre e o= - ——— - — —— S e v —— ——— ———— ———— - —— —— ———— —— —— —
(658H)FFL SR R99 Kt L2 AN LD S INOUT
N (T8 BBF OR 2B9)
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* RDDR FO FI FGF IME RGP

fommm—— —— —— ——— ——— ——

[0E IRM ADL FRM EDL K5 IER SWPA NC2 HC1 CCR EXT RRE LDZ

CABFH) :FFi LI R kM CCR ERT NAN JCR(@BEH); IN
(BBEH) :FF@ ] Fdd AOL k8 foR DBY NAN JCR(BBBH);
(BBEH) :FF1 LMI Fdd4 k1 10R DBY AN JCR(BBDH);
(BROHY FFL L0I FEE KN 10K EXT AN JCR(GBCH);
(BBCH) (FF1 LMI Fd4 AL ki DEY AN JZRB?;

(@B9HY :FF& LMI F33 KH CCR EXT NFN JCR(@BBH)Y; OUT
{BR2HY (FFa ILR RCC K1 HSTAT NAN JCR(@BAH);
(BBAH) :FFA DEH k44 DOE AL K@ 100 [BY NAN JCR(@B7H):
(BETH) FF1 LMI k44 DOE Ki 100 CCR EXT DBY AN JCR(BBEH)

" (BEGH) FF1 LMI kd4 ADL K1 DEY AN JZRe?;

*-——.._ e aremEm e e Emamen  Seesmmen  Eemer e G san  eweem  Meem s Smemn S twas  Smiman  Seemt  mmamen S e amemae - S Amem  Gwrew S e———— S

* FFAHCZ - IFF - 1+ & ¢ 1 EI2 - 1 MMR 4 ¢ 4 ¢ 4 4 ¢ 2 & - 8 1S ; DEFRULTS
*

¥

*

*

*

¥

* GROUP 23: SHLD (STORE H & L DIRECT), STR (STORE A DIRECT)

*

* PROM U7 FROM U2 PROM UZ PROM US PROM Ue PROM U4

* Y ) ¥y YV Yy Yy v

& S’?a 6‘5.‘ 4‘1 3'6: 5'1 E ? b-: 5 4! 3'1 8 ?““5.- 4: 3:.- 2: 1 8.- ?' 6.- 5: 4; 3'1 3: ?""1

¥

¥ —— e ————— - ——— —— — ——— ——— —— —— ——— ———

SIMISTDBY C5 LD * COMMENTS

RC

(B59H: (FFa ILR R3Z K1 RRE NAN JCC(BF9H); SHLD, STA
(@BF9H) :FF1 CSE F9% IR Ki EXT AN JCR{BFBH);

(EFEH) (FF@ LMI 23 AOL KIR NC2 NAN JCR(BFBH);
(BFEH::FFG LMI ] KH NCi CCR EXT NN JCRCGFRH);

(BFAHD (FFL LMl R%5 DOE AbL E01 #1 MEMH DBY AN JRLCBFCHY; (ROW = F)
* (10 8FD OR 6FF)
(BFDH) :FF@ LMl k33 [OE EDL K1 MEMH EXT NAN JCRCBFCHY; SHLD
(BFCH) : HaF RFF COE AbL ki HEMM NAN JCR(BFSH);

(BFSH) :FFL LHI Fdd4 DOE ki MEMM CCR EXT DBY NAN JCR(@F4H);

(@F4H) FF1 LMl F44 AlL DBY AN JZrav;

(BFFH) FFL LMI k44 DOE ED1 K1 CCR EXT DBY AN JCR(BFEH); STA
{BFEH) :FFL LMI Fd4 HOL ki DEY AN JZRE7;

f————— e e s mme e e —em e e e e e e e meme e mee S e mmee mem s e ———— e

* FFraHCZ - IFF - 12 &t 1 1 EDZE - 1 #EMR ¢t 1+ 1 1 1 4 4 1 ¢ - @ 4S5 ; DEFAWTS

EJECT:

*

£ 3

* GROUF 2A: MUL CWULTIFLY) OP-CODE = ED CHEXY

* SETUR CONDITIONS RESULTANT CONDITIONS

L

¥ MULTIFLIER IN A-FEG 16-BIT RESULT IN B & C REGS ¢LSB IN O)
¥ MULTIPLICAND IN E-REG CARRY FLAG (CY) CONTAINS MSB OF RESULT
* HALF CARKY FLAG (HC) IS INDETERMINATE
¥

* PROM U7 PROM US From U2 PROM US PROM U6 PROM U4
ko ¥ Yty ¥ A VY vy v
¥ 8‘?.‘ 6"5: 4"‘1 3'5.- 5'1 E:.- 7 ':-i: 5) ';1 3= be) “‘fl.‘ 4; 3; 2: 1 8} ?: 6.- 5: 4; 3‘1 8.‘ 7"'1

¥

sifnetics
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*

FI FGF IME RGP DOE IRW ADL FRW EDA KS  IER SWPA HCZ NC1 CCR EXT RRE LD2 S5JM IST DBY C5 LD

* ADOR FOI AC  * COMMENTS
R e - m—— . m—— - ——— e mm— - ——— ——— —— ——— ——— e e e e - ———

(B5AH) :FF1 ILR Riag K1~ NAN JCCCASAH); ML
(15RH) :FF1 ILE RCC K1 NAN JCR(43BH);

(15BH) :FFL C5R RCC Ki NCL N JCR(15DH);

¢15DH) :FF@ STZ SRA FEE IRM K1 CCR EXT DBY CN JCR(SCH);
(15CH):FF@ STC AIA 1@2 REE KD HSTAT NC1 AN JCR(45EHY;

(45EH) :FFC STC SRA FEE K1 HETAT DeY CN JCR(ASFH);

(19FH) :FFB STC AIA 162 REE KD NSTAT NC1 AN JCC(46FH);

(16FH) :FFC STC SRR REE Ki NSTRT DBY CN JCR(16EH);

(1€EH) :FFB STC RIA 182 REE K NETAT NC1 i JCR(16DH);

(16DH) :FFC STC SRR REE Ki NSTAT DBY CN JCR(16CH);

(16CH) :FF@ STC RIA I92 REE Kb NSTAT NC1 AN JCR(16BH);

{16BH) :FFC STC 5RA FEE Ki NSTAT DEY CN JCR(16AH);

(16RH> :FF@ STC AIA 162 REE Kb NSTAT NC1 AN JCR(169H);

(169H) :FFC STC SRA REE ki NSTAT DBY CN JCCC15%H);

(159H) :FFe STC RIR 182 REE Kb NSTHT NCL AN JCR(158H);

(158HY :FFC STC SEA REE Ki NSTART DBY CN JCCC148H);
(118H):FF® 5TC RIA I@2 REE KD NETAT NCi AN JCR(114H);

(114H) :FFC STC SRR REE ki NSTAT bBY CN JCC(434H);

(134H> :FF@ S5TC RIA 162 REE Kb NSTAT N1 AN JCC(144H);

(144H) -FFC STC SRA FEE ki N=TAT bBY CN JCR(145H);

(145H) :FF1 SDF Rag9 Ké NSTAT AN JCR(146H);

(146H) (FFL ILE L ki NSTAT NFN JCR(147H);

(147H) :FFL DR a8 KB NETAT AN JCR(148H);

(148H3 :FFL IR R399 K1 NSTAT NAN JCR(14AH);

{14AH) :FF1 LDI FEE EDL KD NSTAT 15T AN JZRBE;

*_.._—_. ——— wE—E  ama e M. i Gmemmmew  memmen e e e A aw - e aermen e Gmerm  mmmmin  Smema  Gmemte S Smm - ———— ———— —— ————

* FFRHCZ - IFF - 1 f ¢ 4 EDZ - 1 MEMR { ¢ ¢ ¢ 1 1 1 4 41 - @ 1S ; DEFAILTS
*

* GROUP 2B: LHLD <LOAD H & L DIRECT).  LDA (LOAD A DIRECT:

*

* PROM U7 PROM US FrOM U2 FROM US FROM U6 FROM U4

* Y YWY ¥y Yy WY Yy Y

* 8-7.6-5.4-1 86,51 & © & % 4 31 8 -5 4 % 21 & 7 6 3 4 318 71

*

* - —— —— —— —— —— e —— - e —— —— ———

* ADDR FO FI FGP IME RGP DOE IRW ADL FRM EDL KS  IER SWPR NC2 MCL CCR EXT RRE LDZ SJM ISTDRY OS5 LD AC  * COMMENTS
Hommmm mmm o mem mem e mem cmm e cee e e e e mem e e e e e e e ————

(B5BH) - FFL LSk R3Z ki FRE NAN JCC(BABH); LHLD, LDR
(BRBH) :FF4 LDI kFF KH EXT AN JCR(BRAHD;

(BAAH? :FF1 LMl koD ADL K1 NAN JCR(BADH;

(BADH} FF1 LMM IFF FEE KH MCL EXT SJIM NAN JCR(BACH);

(BACH> :FF1 LMI FOD ADL K1 DBY AN JPX(@RaH>; (ROK = A)
* (T0 8AE OR BA3)
(BREH) :FF1 LmI RDD Ki DBY AN JCR(BASH); LHLD
(BAM) - FS R3Z KM NEZ CCR EXT RRE NAN JCR(BABH);

(BASH) :FFL LMI F44 AL K1 DBY AN JCRCBAFH);

(BfiFHY  FFL LbI RFF KM EXT S AN JCC(B3FH); (@ GP @F)
(BASH3 -FFL LDI REE (4] EXT AN JCR<@RZH); LDA
(BAZHY .FFL LMI k44 AbL Ki DBY AN JCC(132H); (@ GP @A)
*_-—_._ e AR T e SmEEE  MGNEE  ERAEE  GhEREE  GEEEEE  ERaT  PMEGS  EEEEGEER  EGCEEENOW  GPARAR  EEAEEE  GREREE  GGEEE  GRARER  GNaENE  SReeeR  GEEREe  SpemE  Snerasem e

* FF@HCZ - IFF - 1 4 4 ¢ ED2 - 1 MEMR 1 1 1 1 1 1 1 1 1 - & 1’5 ; DEFALTS
*

*

¥

*

*

100
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EJECT:

*

* GPOUP 20 PORE. POP D, POP H. POF PSH

*

* FROM U7 PROM US FROM U2 PROM US FROM U PROM U4

¥ Ivl "l‘ i.’l l‘) "l l‘; l,l I_, lfl l,,l lvl . l'l

* 8765418651 & 7 & S 4 31 8 -5 4 L 21 & 7 & 3 4318 1

*

% ——— e ——— —— —— _— e e ————— ——— ——— ———— —— ——

# ADDR FO FI FGF IME RGP DOE IRW ADL FRW ED4 K5 IER SWPR NCZ NCL CCR EXT RRE LD2 SJM IST DBY CS LD AC  * COMMENTS
Fommmm me mm e e e e e meme e e e e —m e e - e e ——e —e e e o

(BSCHYFFL DM Rdd Ka SIM  DBY NAN  JCC(BICH); POP
(B3CH)FFL LML R3IT IRW 1 EXT DBY AN JPX(BBSH); (T@ 65)
{BB3H) NP FFF IRM K1 EXT NAN JCR(8B4H);

(BB4H; -FFL LMI R33 AGL k1 DBY AN JCR(BB3H);

(EB3H: (FFL LDT FFF kM EXT N JCR(@B2H);

CAEEHY (FFL LHI F44 AL k1 DBY AN JLL(BA4H); (ROW = R)
* (T0 @AS OR 6A7)
(BASH (FFL LBT FFF KM N1 EXT AN JCR(@R4H); POP B, D, H
CEA4H) NP RFF ki NETAT NAN JPR(B8BH); (RO = 8)
# (T0 884, 885 OR 686)
(@E4H) (FFL =Y kil (1] HATHT IST DBY AN JRe6  ; POP B
(B83Hy FFL DR ki1 ke NSTAT IST DBY AN JR86  ; POPD
(BEEHY FFL DR k22 ki NETAT IST DBY AN JRB6 i POPH

* NOTE: THE AEOYE 3 INSTRUCTIONS COULD BE COMBINED INTO 1 BY USING "RRE" AND RGP = "R33", AND BY PROGRAMMING PROM U-28
* FOR FOF B, FOF D. AND POF H OP-CODES, REGISTERS “R@6", "R11", AND "R22" RESPECTIVELY:

* INST. HEX. -2 =38 ARRAY 4 ARRAY 2

* MHEMONIC OPCODE RDDRESS  CONTENT REGISTER  REGISTER

*

* FiP B 1 IE g 6 (B) @y

* FOF [ D1 ZE 3 1 1 4B

* FOF H E1 1E fl 2 (H 2w

CBHTHY FF1 502 LDI FEE FRM KM EXT N JCE(BATH); POP PSK
* (JCE ENABLES PR1 FOR POP PSW. )
(BREH: - NOF RFF ki HSTAT IsT NAN JRB6

Hmmmeme s mem meme me e e mme e e me e e e e e e e me e e e e e e

# FFEWZ - IFF - 1 ¢+ & 4 ER2 - & MEMR 1 ¢ ¢ 4 1 4 1 4 & - 8 1S ; DEFAWLTS
*

*

*

&

* GROUF 200 STC (SET CARRY)

*

* FROM U7 FROM U2 PROM U2 FROM US PROM U6 PROM U4

* Y Yoy A\ Yoy Yy VR Y

* g-7oe-%4-1 3-6, 51 & o6 5% 4 3108 -3 04 3 201 & 7 & 5 4, -1 & -1

*

¥ - —— ——— —— Bt R ——

# ADDR FO F1 FGP IME RGP DUE IRM ADL FRW ED4 KS  IER SWPA NCZ HWC1 CCR EWT RRE LD2 SJM ISTDBY CS LD AC % COMMENTS
fmmmr mmm e e e e e mm e e e e —mm— mm e ——— ——— e - —— ——— ——— —

{EI0HY S0 NOP KFF IRU (41 ExT 157 Cse Jwe? 5 SIC
Fmmmmm mmm mme mmm e v . s ——— . —— ——— ——— ——— = m— ——— ——— —— e o —— —— —

* FFOHCZ - IFF - &+ 4 1 1 EDZ - 1 MEMR 1 ¢ 1 4 & 4 ¢ 1 1 - @ 45 ; DEFRULTS
*

sifnetics
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NE

*
* GROUF 2E: INR M DCRM: MOV RM MWHERER =B C D E H L
¥
* PROM U7 PROM U PROM U2 PROM US PROM US PROM U4
* 5,' I",l (‘! l.,l |v| 1 ', |’1 &‘I gll lvl l_'l L lvl
* &7 6-5d4-1 26,51 & 7 6 5 4 31 8 75 4 %L & 1 8 2 6 5 438 7
*
¥ ——— e e e e —— - m—— ——— —— ——— —— —— ———

-+ ADDR FO FI FGF IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA NCZ NC1 CCR EXT RRE LDZ SIM IST DBY CS LD  AC  * COMMENTS
e e —— ——— s e s o romere min o st v | e e - —— —— ——— ——— — —— -
(B3EH) :FF1 2y R44 ki SJH DBY NAN JCC(BLEH);
(BCEH) FF1 LI Re2 IEK ki EXT NAN JPR(BCBH); (RaK = C)

: (T0 @CB, @D1, @D7. @D3, @D9, @D5 OR @DB)

{BCEHD: NOF RFF IRN k1 EXT N JCR(OCAH); INR/DCR M
CBCRH) (FF1 LMI R4 AL Ki DBY AN - JPR(@DBH); (RO = D)
* (T0 80D OR 8DF)
{@DDH) :FF1 LD1 RFF K EXT AN - JCR(BDCH); INR M
(BDCHY :FFL STZ ILR RDD KL AN JCRCBDEH); (DOWN 2)
CBDFHY :FFB STZ LDI RFF KM EXT AN JCR(BDEH); DCR M
(BDEH) : NOF RFF  DOE FRM k1 MEMH NAN JLL(BF4R); CTO OF7)
(BF7H) FFL LI k44  DOE K1 MEMW EXT DBY BN JCR(@FEH);
(BFEH) :FFL LI Rdd AbL ki DEY AN JZRO7:
I GLYN S LBl RFF kM EXT AN JCR(BDEH); MOY B M
(ADBH) :FFL SOR ) ka NETAT NC1 IST AN JZR06;
CaD7HY FFL LbI RFF Kn EXT AN JCR(BDEH); MOV C M
(BDEH) :FF1 =DR RiB8 Ke NSTAT NC2 IsT N JZR96;
(BD3H) FF1 LDI RFF KM EXT fiN JCR(BD2H); MOY D M
(BDZH) -FF1 DR F11 Ki NSTRT NCL IsT AN JZRO6;
CB09HY FFL LEI FFF KM EXT AN JCR(BDEH); MOY E M
{B0EH) FF1 SDR: kil Ke HSTRT NCZ IST AN JZRe6;
(@DSH FFL LbI RFF K EXT AN JCR(BD4H); MOV H M
CBD4H) FFL ShR Rze ke HSTAT NC1 IsT AN JZR@6;
{ADEHY FFL LE1 RFF kKM EXT RN JCR(BDAH); MOY L M
{EDAHY -FFL SOR ez ke NSTAT NC2 IsT AN JZRrBE;
* NOTE: SEE NOTE FOR GROUF 2C.  IT ALSC APPLIES HERE IN TWO CRSES.
P e e e e e . —— —— - ——— —— — ———— —n i o e - e e moim ———— mim— —
#* FFRHZ - IFF - 4 1 4 4 EDZ - %1 MEMR 1 1 1 4 4 14 4 4 1 - 8 1S ; DEFATS
*
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EJECTS

£ 3

*

* GROUP 2F:  CMA (COMPLIMENT ACCUMULATOR?

*

* PROM U7 PROM U FROM Uz FROM US PROM Us PROM U4

% i ) Y Y Yoy U Y

¥ 8-Te-%4-18651 & & % 4 B 5 4 % 2 4 8 7 6 5 4318 71

* .

* ——— - — ——— —— ——— —— —— ——— —— — —— — ———

* ADDR FO FI FGP IMB RGP LOE IFW ADL FRM EDL KS  IER SHPA NC2 HCL CCR EXT RRE LD2 SJWM IST DBY CS LD ARC + COMMENTS
Kmmmme mom o e e o e o e i o i e o | e oo i e o o e e

(B5FH) :FFe CHA REE IRW K1 EXT 15T NN JRee ;MR

R i e e m—— ——— ——— o m——— —— ——— o i e e - m— —— e mmen men e e s -

* FFRHCZ - IFF - 1 1 1 & B2 - 1 MEMR 4 4 1 4 4 4 1 4 1 - @ 1S ; DEFAUTS
¥

*

*

*

*

*

*

* GROUF 4i: DIV (DIYIDE) OP-CODE = FD CHEXD

*

# SETUF CONDITIONS RESULTANT CONDITIONS

. cee————

* BIYISOR IN A-REG GUOTIENT IN C-REG

* GIVIDEND IN C-REG REMAINDER IN B-REG

* DIVISOR. IN R-REG (UNCHANGED)

* CARRY FLAG (CY) CONTRINS LSB OF GUOTIENT

" HALF CARRY FLAG (HC) CONTRINS 1

*

* PROM U7 PROM UB FROM Uz PROM US PROM Ub PROM U4

* Y Yy LY Yy Yy V¥ Y

* 3'?) 6‘55 4'1 3‘61 5-1 S.- ?.- 6.' 5! 4, 3"1 8} ?“‘5 41 :{r 2) 1 3; 171 6} 5.' 4} 3‘1 8J ?__1

3

% —— —— —— —— — — e ——— o —— —— — ——

# ADDR FO FI FGF IME RGP DOE IRW ADL FRM EDL KS  IER SWPA NC2 NCL CCR EXT RRE LD2 SJM IST DBY CS LD AC  + COMMENTS
fommmmm mme e mre e e e s e e e e e e e —— —— —— ———— m—— e e Gntmen e w——

CB71HY (FFL LGT IEF REE ke NC2 AN JCCCA74H); DIV
(471H) :FFL LER feid IRM 4 NC1 EXT AN JCR(178H);

(178H) :FF@ 502 CMR RCE ki NGTRT NCi AN JCR{474H);

(174H) :FFa ILR kg K1 NSTAT NAN JCRCA72H); (SHIFT)
{172H) .FFC ALR ke Ka NSTAT bBY BN JCR(L7SH) 5

{175H> :FFL STC ALR RLT kB NSTAT NC2Z NC1 N JZF(162H); (ROW=16)
* (T0 162 (R 163>
{162Hy FFB 512 SRR FEE K1 HSTAT NCZ CN JFL(172H); (ROW=17)
* (10 172 OR 173)
(173H) :FF9 ILE RCC ki NSTAT AN JCR(176H);

(176H: FFL ADR Fiad ke NSTAT NC1 AN JCRC174H); (TO 174)
(163H) FFC ALE ] 2 HETAT NC2 AN JCR(164H);

(464H) :FF@ LR Rt k1 NSTRT NAN JCF(152H); (ROW=15)
* (70 152 (R 15D
(453H) :FF1 ADR: R Ka NSTAT NC1 AN JCR(452H);

(152H) FFL LLT FEE kHD HSTAT 15T fN JZRES:

Fmmmme mme mmn e e - s m—— - —— e e e M m—— e —— m—— —— ——— - —— ——— —

* FFBHZZ - IFF - ¢ 1 1 1 Eb2 - 1 MMR 4 1 & 4 1 & 4 1 4 - @& 45 ; DEFRULTS

&

*
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SIGNETICS

HEADQUARTERS

811 East Arques Avenue
Sunnyvale, California 94086
Phone: (408) 739-7700
ALABAMA

Huntsville

Phone: (205) 533-4540
ARIZONA

Phoenix

Phone: (602) 971-2517
CALIFI]IIHIA

Inglew

Phune (213) 670-1101
Irvine

Phone: (714) 833-8980
213) 924 1668

San 0
Phone (714) 560-0242

Sunnyvale

Phune (408) 736-7565
COLORADO

Parker

Phone: (303) 841-3274
FLORIDA

Pempano Beach
Phone: (305) 782-8225

ILLINOIS

Rolling Meadows
Phone: (312) 259-8300

INDIANA

Noblesville
Phone: (317) 773-6770

KANSAS

Wichita

Phone: (316) 683-6035
MARYLAND

Columbia

Phone: (301) 730-8100

MASSACHUSETTS

Woburn

Phone: (617) 933-8450
MINNESOTA

Edina

Phone: (612) 835-7455
NEW JERSEY

Cherry Hill

Phone: (609) 665-5071
Piscataway

Phone: (201) 981-0123
NEW YORK

Wappingers Falls
Phone: (914) 297-4074

Woodbury, L.

Phone: (516) 364-3100
OHi0

Worthington

Phone: (614) 888-7143
TEXAS

Dallas

Phone: (214) 661-1296

REPRESENTATIVES

ARIZONA

Phoenix

Chaparral-Dorton

Phone: (602) 263-0414

CALIFORNIA

San Diego

Mesa Engineering

Phone: (714) 278-8021

Sherman Oaks

Astralonics

Phone: {213) 990-5903

CANADA

Calgary, Alberta

Philips Electronics
Industires Ltd.

Phone: (403) 243-7737

104

Montreal, Quebec
Philips Electronics
Industries Ltd.
Phone: (514) 342-9180
Ottawa, Ontario
Philips Electronics
tndustries Ltd.
Phone: (613) 237-3131
Scarborough, Ontario
Philips Electronics
Industries Ltd.
Phone: (416) 292-5161
Vancouver, 8.C.
Philips Electronics
Industries Ltd
Phone: (604) 435-4411

COLORADD
Denver
Barnhill Five, Inc.
Phone: (303) 426-0222
CONNECTICUT
Newltown

Kanan Associates
Phone: (203) 426-8157
FLORIDA

Altamonte svrlnus
Semtronic A

TEXAS

Dallas

Cunningham Company
Phone: (214) 233-4303
Houston

Cunningham Company
Phone: (713) 461-4197
UTAH

West Bountiful

Barnhill Five, Inc.
Phone: (801) 292-8991
WASHINGTON

Bellevue

Western Technical Sales
Phone: (206) 641-3900
WISCONSIN

Greenfuld

L-Tec, Inc.

Phone: (414) 545-8300

DISTRIBUTORS

ALABAMA

Phone: (305) 831-8233
Largo

Semtronic Associates
Phone: (813) 586-1404
ILLINOIS

Chicago

L-Tec fnc.

Phone: (312) 286-1500
KANSAS

Lenexa

Hamilton/Avnet Electronics
Phone (205) 533-1170

ARIZONA

Phoenix
Hamilton/Avnet Electronics
Phone: (602) 275-7851

Liberty Electronics
Phone: (602} 257-1272

CALIFORNIA
Costa Mesa

Phone: (913) 492-8470
MARYLAND
Glen Burni
Microcomp, in¢
Phone: (301) 761-4600
MASSACHUSETTS
Reading
Kanan Associates
Phone: (617) 944-8484
MICHIGAN
Bloomfieid Hills
Szco Marketing

one: (313) 642-0203
MINNESOTA
Edina
Mel Foster Tech. Assoc.
Phone: (612) 835-2254
MISSOURI
St. Charles
Buckman & Associates
Phone: (314) 724-6690
NEW JERSEY

Haddonfield
Thomas Assoc., Inc.
Phone: (609) 854-3011

NEW MEXICO
Albuquerque

The Staley Company, Inc.

Phone: (505) 821-4310/11
NEW YORK

ithaca

Bob Dean, inc.

Phone: (607) 272-2187
NORTH CARDLINA

Cary

Montgomery Marketing
Phone: (919) 467-6319
OHID

Centerville

Norm Case Associates
Phone: (513) 433-0966
Fairview Park

Norm Case Associates
Phone: (216) 333-4120
OREGON

Portland

Western Technical Sales
Phone: (503) 297-1711

ronics

Denver

Hamiiton/Avnet Electronics
Phone: (303) 534-1212
CONNECTICUT

Danbury

Schweber Electronics
Phone: (203) 792-3500
Georgetown

Hamilton/Avnet Electronics
Phone: (203) 762-0361
Hamden

Arrow Electronics

Phone: (203) 248-3801
FLORIDA

F1. Lauderdale

Arrow Electronics

Phone: (305) 776-7790
Hamiiton/Avnet Electronics
Phone: (305) 971-2900
Hollywood

Schweber Electronics
Phone: (305) 922-4506
Orlando

Hammond Electronics
Phone: (305) 241-6601
GEORGIA

Atlanta

Schweber Electronics
Phone: (404) 449-9170
Norcross

Hamilton/Avnet Electronics
Phone: (404) 448-0800
ILLINOIS

Elk Grove

Schweber Electronics
Phone: (312) 593-2740
Elmhurst

Semiconductor Specialists

Efect
Phone: (714) 556-3880-Culver City Phone: (312) 279-1000

Hamilton Electro Sales
Phone: (213) 558-2173

El Segundo

Liberty Electronics

Phane: (213) 322-8100
Mountain View

Elmar Electronics

Phone: (415) 961-3611
Hamilton/Avnet Electronics
Phone: (415) 961-7000

San Diego

Hamiiton/Avnet Electronics
Phone: (714) 279-2421
Liberty Electronics
Phone(714) 565-9171
Sunnyvale

Intermark Electronics
Phone: (408) 738-1111
CANADA

Downsview. Ontario

Cesco Electronics

Phone: (416) 661-0220
Mississauga. Ontario
Hamiiton/Avnet Electronics
Phone: (416) 677-7432
Montreal. Quebec

Cesco Electronics

Phone: (514) 735-5511
Zentronics Ltd

Phone: (514) 735-5361
Ottawa, Ontario
Hamilton/Avnet Electronics
Phone: (613) 226-1700
Zentronics Ltd.

Phone: (613) 238-6411
Toronto. Ontario

Zentronics Ltd.

Phone: (416) 789-5111
Vancouver, B.C.

Bowtek Electronics Co., Ltd.

Phone: (604) 736-1141

Vitle St. Laurent, Quebec
Hamilton/Avnet Electronics
Phone: (514) 331-6443
COLORADO

Commerce City

Elmar Electronics

Phone: (303} 287-9611

Schieler Park

Hamilton/Avnet Electronics

Phone: (312) 671-6082

INDIANA

Indianapolis

Semiconductor Specialists

Phone: (317) 243-8271

KANSAS

Lenexa

Hamilton/Avnet Electronics

Phone: (913) 888-8900

MARYLAND

Baltimore

Arrow Electronics

Phone: (301) 247-5200

Baithersburg

Pioneer Washington
Electronics

Phone: (301) 948-0710

Hanover

Hamilton/Avnet Electronics

Phone: (301) 796-5000

Rockville

Schweber Electronics

Phone: (301) 881-2970

MASSACHUSETTS

Waitham

Schweber Electronics

Phone: (617) 890-8484

Woburn

Arrow Electronics

Phone: (617) 933-8130 |

Hamilton/Avnet Electronics

Phone: (617) 933-8000

MICHIGAN

Farmington

Semiconductor Specialists

Phone: (313) 478-2700

Livonia

Hamilton/Avnet Electronics

Phone: (313) 522-4700

Troy

Schweber Electronic

Phone: (313) 583-9242

MINNESOTA

Eden Prairie

Schweber Electronics

Phone: (612) 941-5280

sifjnotics

Edina
Hamilton/Avnet Electronics
Phone: (612) 941-3801

Mlnn‘unnlls

TEXAS

Dallas

Component Specialists
Phone: (214) 357-6511

S
Phone: (612) 854-8841
MISSOURE

Hazelwood
Hamilton/Avnet Electronics
Phone: (314) 731-1144

NEW MEXICO

Albuguerque
Hamilton/Avnet Electronics
Phone: (505) 765-1500

NEW YORK

Buffalo

Summit Distributors

Phone: {716) 884-3450

East Syracuse
Hamilton/Avnet Electronics
Phone: {315) 437-2642
Farmingdale, L.I.

Arrow Electronics

Phone: (516) 634-6800
Johnson City

Wilshire Electronics

Phone: (607) 797-1236
Rochester

Hamilton/Avnet Electronics
Phone: (716) 442-7820
Schweber Electronics
Phone )716) 461-4000
Westbury, LI
Hamilton/Avnet Electronics
Phone: (516) 333-5800
Schweber Electronics
Phone: (516) 334-7474
NORTHERN NEW JERSEY
Cedar Grove
Hamilton/Avnet Electronics
Phone: (201) 239-0800
Saddlebrook

Arrow Electronics

Phone: (201) 797-5800
SOUTHERN NEW JERSEY

AND PENNSYLVANIA

Cherry Hill, N.J.
Milgray-Delaware Valley
Phone: (609) 424-1300
Moorestown, N.J.
Arrow/Angus Electronics
Phone: (609) 235-1900

Mt. Laurel, NJ.
Hamilton/Avnet Electronics
Phone: (609) 234-2133
CENTRAL NEW JERSEY

AND PENNSYLVANIA
Somerest. N.J.

Schweber Electronics
Phone: (201) 469-6008
Horsham. PA

Schweber Electronics
Phone: (215) 441-0600
NORTH CAROLINA

Greensboro

Hammond Electronics
Phone: (919) 275-6391
Pioneer Electronics

Phone: (319) 273-4441

oHIO

Beechwood

Schweber Electronics
Phone: (216) 464-2970
Cleveland

Arrow Electronics

Phone: (216) 464-2000
Hamilton/Avnet Electronics
Phone: (216) 461-1400
Pioneer Standard Electronics
Phaone: (216) 587-3600
Dayton

. Arrow Electronics

Phone: (513) 253-9176
Hamilton/Avnet Etectronics
Phone: (513) 433-0610
Pioneer Standard Electronics
Phone: (513) 236-9900

Hamilton/Avnet Electronics
Phone (214) 661-8204
Schweber Electronics
Phane: (214) 661-5010
Houston

Component Specialists
Phone: (713) 771-7237
Hamilton/Avnet Electronics
Phone: {713) 780-1771
Schweber Electronics
Phone: (713) 784-3600

UTAH

Sait Lake City

Alta Electronics

Phone: (801) 486-7227
Hamilton/Avnet Electronics
Phone: (801) 262-8451
WASHINGTON

Bellevue

Hamilton/Avnet Electronics
Phone: (206) 746-8750
Sealtle

Liberty Electronics

Phone: (206) 763-8200

FOR SIGNETICS PRODUCTS
WORLDWIDE

ARGENTINA

Fapesa 1.y.C.
Buenos-Aires

Phone: 652-7438/7478
AUSTRIA
l]starrelchlsche Phllms

Phone 9326 11
AUSTRALIA

Philips Industries-ELCOMA
Lane-Cove N.SW
Phone: 421261

BELGIUM

MBLE.

Brussels

Phone: 523 00 00

BRAZIL

Ibrape. S.A.

Sao Paulo
Phone: 287-7144

CANADA

Philips Electron Devices
Toronto

Phone: 425-5161
CHILE

Phitips Chilena S.A.
Santiago

Phone: 33-4001
OENMARK

Miniwatt A/8
Kobenhavn

Phone: (01) 69 16 22
FINLAND

Oy Philips Ab
Helsinki

Phone: 17271
FRANCE

RTC.

Paris

Phone: 355-44-99
GERMANY

Valvo

Hamburg

Phone: (040) 3296-1
HONG KONG

Philips Hong Kong, Ltd.

Kwuntong

Phone: 3-427232

INDIA

Semiconductors, Ltd.
(REPRESENTATIVE ONLY)
Bombay

Phone: 293-667

INDONESIA

P.T. Philips-Ralin Electronics
Jakarta

Phone: 581058

IRAN

Berkeh Company, Ltd.
Tehran

Phone: 831564

ISRAEL

Ranac Electronics. Ltd.
Tel Aviv
Phone: 477115-6-7

ITALY

Philips S.p.A.
Milano

Phone: 2-6994
JAPAN

Signetics Japan, Lid.
Tok:

okyo

Phone: (03) 230-1521

KOREA

;hlllps Electronics Korea, Ltd.
|

eou
Phone: 44-4202
MEXICO
Electronica S.A. de C.V.
Mexico D.F.
Phone: 533-1180
NETHERLANDS
Philips Nederland B.V.
Eindhoven
Phone: (040) 79 33 33
NEW ZEALAND
EDAC. Ltd.
Wellington
Phone: 873-159
NORWAY
Electronica A.S.

I

Oslo

Phone: (02) 1505 90
PHILIPPINES

Philips Industrial Dev., Inc.
Makata-Rizal

Phone: 868951-9
SINGAPORE/MALAYSIA
Phlhns Slngapm Pte., Ltd.
Toa Payoh

Phone: 538811

SQUTH AFRICA

EDACL. [PTY), Ltd.
Johannesburg

Phone: 24-6701-3
SPAIN

Copresa S.A.

Barcelona

Phone: 329 63 12
SWEDEN

Elcoma A.8.

Stockholm

Phone: 08/67 97 80
SWITZERLAND

Philips A.G.

Zurich

Phone: 01/44 22 11
TAIWAN

Philips Taiwan, Ltd.
Taipei

Phone (02) 551-3101-5
THAILAND/LAOS

Saeng Thong Radio, Ltd.
Bangkok

Phone: 527195, 519763
UNITED KINGDOM
Mullard, Ltd.

London

Phone: 01-580 6633
UNITED STATES
Signetics international Corp.
Sunnyvate, California
Phone: (408) 739-7700
VENEZUELA. PANAMA.
ARUBA, TRINIDAD

Industrais Venezolanas Philips S.A.

Caracas
Phone: 360511/363011
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Signetics Corporation
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Sunnyvale, California 94086
Telephone 408/739-7700



