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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 Emuiator’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

¢ Built with Signetics series 3000 Schottky
microprocessor chip set

e Processor cycle times from 150ns to
static

* 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)

® [nstruction 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

e 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 shown in
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. Al PROMs are
preprogrammed.

RIT S
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ICE 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 LSl
components.

3. Design flexibility.

With microprogrammable LSls, the system
component count can be reduced to a
manageable level, resulting in lower manu-
facturing costs and design simplification.

With LS 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 controlled 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 aspecific 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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parailel 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 isachieved
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 76 0
MISCELLANEOUS| DATA PATH /0 MASK MICROPROGRAM CENTRAL
CONTROL CONTROL CONTROL ADDRESS PROCESSING
CONTROL SECTION
5 0|4 0]2 of7 o010 06 0
MISCELLANEQUS INPUT/QUTPUT 11-BIT FIELD
LOGIC FUNCTION CONTROLLING
CONTROLS CONTROL THE N3001
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 I/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
implemented 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.

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 from external memory,
data output from the arrays, and output from
the Instruction Register. The data complement
input controls the conditional complement
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)isshown in 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 generate acarry
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 forma 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
Register 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 data to 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:

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

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

® 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 |-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 I1-Bus to all ones.
Thus, when the |-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-order array are not used and have been
tied to the |-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.
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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+1 | Inst N+2 | Inst. N+3
Execute Execute Execute
Inst. N Inst. N+1 Inst. N+2

BIT MNEMONIC NAME
Do cY Carry
D, 1 Logical one
D, PRTY Parity (Even)
Dj 0 Logical zero
D, HC Half carry (for BCD operations)
Ds 0 Logical zero
Ds ZERO Result equals zero
D, 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
SPI: Low-order stack pointer address

PCI: Low-order program counter 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.

Sinetics

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 pipeline is
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 I/0 CONTROLS

The control signals for memory and 1/0
operations are generated by a PROM
(82S123). These control signals include

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

RTRAP, HLTA, INTA, TOW, TORI, MEMW,
and MEMRI. Except for [ORI and MEMRI, all
of the above signals are presented directly
to the outside world. iORI and MEMRI are
strobed into separate flip-flops which
output IOR and MEMR, respectively.

Figure 5 illustrates the memory and I/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.o bus according to the format shown in
Table 7.

When one or more microinstructions are
shared by agroup 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

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

B, B, B, B,
IOW 10RI MEMW MEMRI
Least-
Significant
Bit

Table 6 ASSIGNMENT OF CONTROL SIGNALS

GENERATION OF MEMORY AND 1/0 CONTROL SIGNALS

WEMR
CLK FF
TOR
7475
B6 RTRAP
READY ——{D Q o
B5 HLTA
745174 825123
PROM g, INTA
NOTE 1 B3 ow
EXT
B2
mcnm:';g:ucnon Sweaz A2
REGISTER SWPA1 A1 B1 MEMW
SWPAOD A0
A ce 2f
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 MA,
PXs MA,
PXg MA,
IR¢7-0) PX; MA;
and SX, MA,
SIM SX, MA;
SX, MA,
SXq 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 SUM. The
output of the Jump control PROM (1 bit) is
OR ed with LD2 to generate the SX;inputto
the N3001 MCU. This feature allows condi-
tional jumps 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
40 38 3231 24 23 16 15

PROM U7 PROM U6 PROM U4
47 87 0

FOI Fl IFGP IMBIRGP‘DOEJIRW ADLIFRWI EDII KS | IER ['S,VAV 'NC2[NC1|CCR|EXT RREILDZ[SJMI ISTIDBYI Csi LD I AC

Figure 6

BREAKDOWN OF AC AND LD FIELDS

PROM U7 PROM U8 PROM U2 PROM US PROM U6 PROM U4
47 40 38 3231 24 23 16 15 8 7 0
FO] Fi IFGP IMB|RGP DOE|IRW ADLlFFIW ED1| KS | IER l ?’:V INC2|NC1 CCRIEXT RREILDZlSJMI IsTlDBVl S LDJ AC

7 6 [
T T T T T T
LD AC
6 , 5 , 4 , 3 , 2 , 1 L 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 US PROM U6 PROM U4

47 40 38 32 31 24 23 16 15 8 7 0

S | IER l ?,VX |NCZINC1 CCRlEXT RREILDZISJMl |5T|DBV| Cs{ LD l AC

FOI Fl IFGP lMBIRGP

15 14 13 12 11 10 9 8

4q
[=]
<
]
@

b2 SJM

3
m

SECONDARY JUMP DOUBLE BYTE

REGISTER-ROM
ENABLE

PROVIDES FOR A LINKS THE CARRYS

ALLOWS OP-CODE SECONDARY OF THE TWO ALU
TO SPECIFY DECODE OF THE ARRAYS FOR 16-BIT
REGISTER TO BE OP-CODE. OPERATIONS.
USED VIA REGIS-
TER PROM U-30.
LOAD 2 INTERRUPT STROBE CARRY SELECT

CONTROLS CARRY IN AND
LEFT SHIFT IN TO THE

ALU ARRAYS AND ALSO
CARRY OUT AND HALF-
CARRY OUT OF THE ARRAYS
{SEE MICRO CODE

LISTING)

USED IN CON-
JUNCTION WITH

LD, PROVIDES
UNCONDITIONAL
ACCESS TO THE

2ND QUADRANT OF
MICRO-CONTROL STORE.

INDICATES THAT AN
INTERRUPT MAY BE
ACCEPTED IN THE
NEXT MICRO CYCLE
IF ENABLED.

(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 durmg the
fetch cycle following all
macro instructions except:
1. Enable Interrupt (El)
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 SX3 input
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 08016 through
OFF 16). See Figure 8.
REGISTER ROM ENABLE

BREAKDOWN OF THE EXT, CCR, NC1, NC2, SWPA, AND IER FIELDS -
PROM U7  PROM U8 PROM U2 PROM U5 PROM US PROM U4
47 4038 3231 24 23 16 15 87 0

FO] Fi JFGP IMB RGP, DOE IRW ADL FRW| ED1

IER ls‘” chlnm ccnl EXT

RREILDZJ}JMI ISTIDBVI cs LDI AC

o\

REGISTER

ARRAY 2

iER SWPA NCZ NTi (] EXT
2 A 1 A
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 1 S0 READY SIGNAL:

RTRAP NO OPERATION READY LOW = ODD ADDRESS
WILL BE

HLTA READY HIGH = EVEN ADDRESS
PERFORMED.,

INTA

ow

10R

MEMW

MEMR

INTERRUPT ENABLE NO-CLOCK FOR CONDITIONAL

CLOCK READY

CONTROLS THE
LOADING OF FO

INTO THE INTE

F/F TO ENABLE OR
DISABLE INTERRUPTS

DISABLES CLOCK
FOR ARRAY 2 SO
NO OPERATION

WILL BE

PERFORMED.

CONDITIONS THE
CLOCKING OF BOTH
ARRAYS ON THE
PRESENCE OF THE

READY SIGNAL.

Figure 9

EXT (1-bit)

|

(9]

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 Test is a control bit

that the microprogram acti-

vates when it is waiting for
Ready to return from exter-
nal memory or 1/0. 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.
CR (1-bit)
READY

CONDITIONAL CLOCK

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

microprogram

is waiting

for Ready to go negative
true, this bit disables the

/

0

1 (1-bit)

NC2 (1-bit)

SWPA (3 bits)

IER (1-bit)

clock to both Array 1 and
Array 2. Thus disabied, 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
fro_m the Flag Output signal
(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) = Ali 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.

INSTRUCTION REGISTER
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

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

PROM U7 PROM Us
47 40 38 3231

PROM U2

PROM U5
24 23

PROM U6

PROM U4
87 0

FO! Fl |FGP

IMB]RGP DOEJIRW ADLIFRW ED1LKS

IER ]f,";v Ncﬂumlccnlsxr RREJLbzlsJMI IsTIDBVlCS

LDlAC

3 30 29 28 27 26 25 24
1 1
DOE RW ADL FRW ED1 KS
2 1 0
L 1
INSTRUCTION REG- FLAG REG- K-BUS SELECT
ISTER WRITE ISTER WRITE
CONTROLS ALU INPUT
LOADS DATA COM- LOADS THE B .
ING IN ON THE PARITY, ZERO K1=ALL 1's
DATA BUS INTO AND SIGN KO = ALL 0's
THE INSTRUCTION FLAGS INTO KM = MEMORY
REGISTER 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
DATA ONTO THE
DATA BUS FOR
WRITING TO

MEMORY OR 1/0. OR /0.

LOADS EXTERNAL
MEMORY ADDRESS
REGISTER TO
ACCESS MEMORY

ENABLES ARRAY 1
DATA ONTO DO BUS,
OTHERWISE ARRAY 2
DATA.

Figure 10

BREAKDOWN OF THE RGP AND IMB FIELDS

PROM U7 PROM U8
47 40 38 32 31

PROM U2

PROM Us
24 23

PROM U6

PROM U4
87 0

FO| FI ‘FGP IMBIRGP

IER l,s,“'{ chlumlccn[sxr nne[mzl

LD[AC

39 38 37 36 35 34 33 32
T T T T T T
iM8 RGP
2 N 1 N 0f4 1 3 N 2 1 o
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 MASK 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 PROM is 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 I Mask PROM. This
32X8 PROM, an 825123, 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.

INSTRU

ALU REGISTER SELECT LOGIC

MICROINSTRUCTION FIELDS

MICROCODE REGISTER
CONTROL PROM

OP CODE

REGISTER

CONTROL
PROM

CTION

OPEN COLLECTOR
OUTPUTS. PULL-UPS

/ REQUIRED

!L A VL Y VL ¥ !L )

PIPELINE REGISTER

e

ARRAY 2 ARRAY 1

Figure 12

PROM U7 PROM Us
a7 40 38 3231

BREAKDOWN OF FGP, FI, AND FO FIELDS

PROM U2
24

PROM Us
23 16

PROM U6 PROM U4
87 0

FOJ fl |FGP

lMBIRGP

DOEthJ ADLJfR“iIiD1 l Ks

—_ wi=I—I==
IER IP‘L[NCZINC1JCCRIEXT

S LDIAC

47

FO

FLAG OUTPUT CONTROL

FUNCTION GROUP

FFO:
FF1:
FFZ:
FFC:

FO - ZERO
FO - ONE

FO - ZFLAG
FO - C FLAG

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

FLAG INPUT CONTROL

HLB:
STC:
STZ:
S§TB:

(NO CHANGE)

C FLAG - FI
ZFLAG - FI

C & ZFLAGS - FI

Figure 13

Sifnetics
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F GROUP ARRAY 2
F-6 F-5 F-4

FGP
CONTROL

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 set to 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

Iimplementing the MOV AH
Instruction

The MOV AH 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, iIMAR, eMAR)

Primary Jump Selection

ADDR
03A4

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

Execute MOV A,H by moving

Working AC to 8080 Accumulator;

Fetch Macro instruction; sample Interrupt;
sample Ready Signal.

Figure 14

-

Execution of
other instructions

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,¢. 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 MAO is
driven by a multiplexer which, in fetch se-
quences, is routing ReadyQ tothe MAO line.
Until Ready goes true, the microprogram
executes 00716. Microinstruction 00716 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 interruptlogic.

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

Microinstruction 0061 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 ED1 KS IER SWPA NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD AC ; COMMENTS
(97 H) : NOP RFF IRW K1 EXT IsT NAN JCR(006H) ; FETCH
(BP6H) :FF1 LMI R44 ADL K1 SJM DBY AN LD JPX ; FETCH
(#3AH) : FF1 ILR R33 K1 RRE NAN LD B
#7FH) : FF1 LDI REE IRW KD EXT IsT AN JZROG;MOV A, (B,D,H)
Figure 15

sifnotics



mode.
°°FF1 Forces a one to be output on the N3001 FO
pin.
°°AN Directs the value of FO to the Cl 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 < RsandR; — 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 (03A4) 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

YYYY VYVYVYY

PIPELINE REGISTER

il

3001
OUTPUT

INSTRUCTION DECODE
PROM ADDRESS

3001
INPUT

SIM, IR7,0) PX 741, SXi3-00 MAgg)

1C544 03A;6

For MOV A,H, the 006,¢ microinstruction

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

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:

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, Ag_'- Rn + Cl. -
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.6, the two 4-bit fields output by the
microinstruction to the Microcode Register
Control PROM are 345 and 3,4. 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 PROMSs (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 SJM 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

MA 5.0, = PX(7.4),
07F45 = 846 046 -

SX 3.0 = SIM, IRz,
0, 83,5

That is, the secondary jump has directed the
microprogram to location 07F 16 (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 0076.
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The move is completed with the microin-

struction fields:

°°FFt 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.
°°L DI CPE function.

The functional equation for LDl is:
T~ ( K-1+Cl

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 LD1 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 (006,¢).
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 0066 If
Ready is not returned immediately, the next
microinstruction executed will be 0075, 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.

20
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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 PROMs,
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 requestsa
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-to-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 aself-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 constant is 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 ASCII (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 counter is 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 a value 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 (").

23



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 specifies datain
instruction format for object memory.

A data statement may specify the object
address for its data, or the assembler
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 sstatement
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 default
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 whiie
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. Thetwo inputfiles
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 control 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 microassembiler,
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.

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.)

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

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

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

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

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

CHECKOUT PROCEDURE

A. The first step 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 s
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 butit 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

SHNOtES

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 pulse
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
0000,¢ 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

U3 4k-puLLUP

RESISTOR PACK

INSTRUCTION REGISTER BUS

O|r|ci|mie|(n|w|n|o]~
|| <|<lI(<i<L(d(L 0
EHEEEHEHES
21 2312345619:;1
AAAA AAAACS
012345678ET
2
ue S5 20
825115
LR "
DR CS sD§
1E 1 £ 9
16[17] 7] 8] 9 E|
RE
K cix
(2] f _-mee
11 39 6l 4] 9 14 {EE]
O D Clup-1[D C D
Z cLK k1 ) b
4 u1 u1s
2 g 7as174 CLRI|CLR 745174
12 fw]
a 990999 Q Q
ol 7 T
&I cch -
6 ——
9 ez o
s — 37
L o SIM | |
READYG _ | 8[88 11
op s
£ S = EXT | 12.Ju18) {xx]
£ & 2 CLk GBY 7402
W B S| ue-3 BY,
[ -4
12 10l 1 o
Qa a NCi
CE1CE2 01 u20 NC2 |
U7 sas126 2748174 3| 5| al1110] i
AAAAAAAA oD D 23] U23
= 3 J 13[a] 8 17 3 ¥ns1oa
A 15]TT2[3]4]7[6]5
e INSTRUCTION
REGISTER BUS
5V "
E 1
R3 re, 1K a u2t
0 1 Jra, 2 Y | 740
K RS, an 2 13121
§ CR2 1K z
70 o)
g e 2 7400
9 1N270 % 11
2 o o 45
.
§ 56 g 9 u\w
- o}
5 ME, ¥ oL 6 | ARRAY 2 FUNCTION BUS
: N © ' CTION BUS
' ARRAY 1 FUN
E =
[ z . —{NN]
>
g w 5 ol B 4 = 23
E o = ol S 5 A
o] 12 4 el I| lec & = of
BE B &
o)
Figure A-1

32

Silnotics




LOGIC DIAGRAM (Cont'd)
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LOGIC DIAGRAM (Contd)

ALU ARRAY 2
FUNCTION BUS

2

I
n.u.u.&dm
24]27]26125(18(23(1

©

AR R RRE R R REER @l
NN N R N B g
15[16/17[2412 11 N 15(16117/24] 5(1823{11 - 15/16[17|

F2-5
F2-0

N
=

6 543210CEE 43210CEE 543210CEE
[ A L A Y s [ - — L D Agole—
K K
uasq 3002 u3s 3002 u32 3002
=10 =10 =10
1+« pm A S5, k bpom a Ol k pomoa CIT
0107010XY 1 010101 0X 1 01010 X Y
1[a[3o[921R212[13[5]6 1[4 ] 3 20[i9]212212[13 5|6 1]4]3 20191221213 5|6
I~y 12|i= 12y =2 1-BUS
== {FF]
MM ¥ [ K-BUS -
= e ——
5 = § ) 01| |DOO DATA OUT BUS
n—é I E
> |y —|o| HC
el || llg B Bl | | [l EE —
I fle] it I [l 4 (4
= B = e = ={uu]
[-§ ____ a E

ARRAY 2 CARRY BUS

Q

g

o
o

D10 2|S f11_Ko
RO 1 A
Do1 7ls — —— B
on ] Fp3_Ki
iA1_23
002 18 % et
2 D2 5] 19] K2
ol __ 42 @Rz 20| x
~|I|DO3 @ & | Gt ——— o
3 Z|i D3 e G cho_ws
SR _a
a8 8 A_si1 so| xso
< b3 « 15]_16]_17 KS1
o a 16
508 z 15 KSC|
DO4 o | 21 17
HLDA {16 F 22c ST Sg 13_Ka
S7(Ra 238
pos s 3ic _—"‘ _
DIs 2 2lg 1 _Ks
ME 27400 SRS 1y yar
‘@"—-’ Doe 181 8263 7], o
74504 |8 D6 19l 14_K6
9 L3 LB ra02 10 DO7 e 22,‘5 ———
T7h-HLDA 9 Ju18 B — S o ®
iR7 4}, F
D00
EE 2 DI jB16 14[>g]s__iA0|
— DO1
o1 13| 8728 ori |l om DUMQ 2
b3 DO2 — 748 _
LT D2 || D12 p 174 g|10_iR2
— 4 [s[ex}
22 ey oB||pB_ slo 7 _iR3 2
DE! RE| | °. Q up-3 2
MEMORY 15, - [ 2
DATA BUS 15{ 1 J—
o 3 —Dla—ﬁ—a poafl N - £
CGisH)— Di4}|| Di1a CL 5 1IR3 z
= D05 o U“c 8
P25 18] uss DBl 3 2 ims =
S D,,.Q o
b6 6] seres L DOSQ || 748 __ x pr
CPLe)— 5 DI6|{[D16 11, 174 5[10 IR6 3 o
57 10 D007 (O _ 3 @
CPisH)— 1 Di7|||bi7__ 6], o BT « x

Figure A-1

34 SilneLics



LOGIC DIAGRAM (Cont'd)
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PARTS LIST

LIST OF MATERIALS

QNT | PART NUMBER DESCRIPTION ey
5 ICN-163-S3 Socket, IC, 16-Pin (Robinson Nugent)&) 51
7 ICN-246-S4 Socket, I1C, 24-Pin (Robinson Nugent) 50

-2 CMO04ED200J03 CAP, FXD, MICA, 500V, 5%, 20pF (Sprague) 49
1 RES, FXD, CMPSN, 14W, 10%, 200K 48
1 D566S2B15M CAP,FXD, TANT EL, 15V, 10%, 56 uF (Dickson) 47
3 DI0GS2B15M , TANTEL, 15V, 20%, 22uF (Dickson) 46
20 | 5021ES50RD104M ,CER, 50V, %% %, 0.1,F, (Emcon) 45
1 CMO05CD030D03 , MICA, 500V, £14pF, 3pF (Sprague) 44
1 CM05CD030D03 CAP, FXD, MICA, 500V, £V2pF, 3pF (Sprague) 43
2 1N270 Diode, Germanium 42
1 Selected RES, FXDEB 41
1 Selected RES, FxDE 40
5 RES, FXD, CMPSN, 4W, 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 4\ 4\ 35
1 825126-U30 34
1 825123-U24 33
1 825123-U10 32
1 825115-U29 31
1 -uUs 30
1 -u7 29
1 -U6 28
1 -Us 27
1 -U4 26
1 825115-U2 25
3 8T97 24
2 8728 23
1 DM8613 22
3 8263 21
1 82S523-U17 20
1 N74S280A 19
3 N745182B 18
1 N74S174B 17
2 N74S157B 16
1 N745153B 15
1 N74S133B 14
1 N74123AB 13
2 N7475B 12
1 N74S10A 11
1 N74S08A 10
3 N74S04A 9
1 N74S02A 8
1 N7400A 7
8 N3002XL \} \} 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@ 2
1 Printed Wiring Board @ 1

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

Use sockets as necessary for PROMs and LSt parts: items number 5, 6, 20, 25 through 35.

For internal clock, Jumper #1 to #2. For internal clock, Jumper #2 to #3.

[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 conned?rs . D7 bidi- DATA BUS Hold is a request for exter-
The 8080 Emulator communicates withoth- o 4jona) The Data Bus is an 8-bit nal control of the 8080 Em-
er system modules via an 86-pin double- bidirectional bus used to ulator's Address and Data
sided edge connector (P1). (See Table A-1) transmit/receive informa- Buses. When Hold is acti-
This eFjge connector will acc'ept any of the tion to/from memory or an vated, the CPU finishes the
following mating connectors: 1/0 PORT. (D, = 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/O 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
As.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/O 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 vCcC +5VDC 4 vCC +5VDC
POWER 5 vCC +5VDC 6 vCC +5VDC
SUPPLIES 7 * 8 *
9 * 10 *
1 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 1/0 Read Cmd. 22 IoOW I/O Write Cmd.
23 READY XFER Ack. 24 *
ggﬁlTROLS 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 * 42 INT Interrupt Request
43 A14 44 A15
45 A12 46 A13
47 A10 48 ATi Address
ADDRESS 49 A8 Address 50 A9 Bus
51 A6 Bus 52 A7
53 A4 54 A5
55 A2 56 A3
57 AZ 58 Al
59 * 60 *
61 * 62 *
63 * 64 *
DATA 65 * 66 *
67 D6 68 D7
69 D4 Data Bus 70 D5 Data Bus
71 D2 72 D3
73 [57] 74 D1
75 GND Signal GND 76 GND Signal GND
77 * 78 *
POWER 79 * 80 *
SUPPLIES 81 vCC +5VDC 82 VvCC +5VDC
83 vCcC +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.
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TOR 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 .
fOW signifies that the CPU
wishes to write data to an
1/0 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.

CLK
4

HOLD

i

TIMING DIAGRAM—HOLD SEQUENCE
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TIMING DIAGRAM—I/0 READ 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 a completely 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-10 detail 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:

Veg =5V £ 5%; 5 Amps.
® Clock Frequency

6.6MHz (max)
MIN MAX
tPWH 100ns ol
tPWL 50ns oo

42
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TIMING DIAGRAM—RESET OPERATION
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Output Signals
Table A-2 shows where to obtain electri-
cal characteristics data for output drivers
and input receivers.
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e Electrical Characteristics for Input and




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 74804 Signetics Data Manual
XCLK* Output 74123 Signetics Data Manual
RTRAP Output 825123 Signetics Data Manual
HLTA Output 8258123 Signetics Data Manual
INTA Output 825123 Signetics Data Manual
IOW Output 825123 Signetics Data Manual
MEMW Output 825123 Signetics Data Manual
RESET Input 745174 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
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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 0 06 o 0 O 0O O O O O o o o0 o0 o )
1 o 0 o 0 0o o o O O O O o0 O o0 o0 O
2 o 0 0o o O O o o O o o0 o0 0 0 o0 o
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 o o0 o0 o o o o o O o o o o o o0 o
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 256 preprogrammed 4-bit data
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 } patterns represented in hex
8 1 o 1 0 1 o 1 0 1 o 1 0 1 o 1 o0 characters.
9 0o 1 0o 1 0 1 0 1 o 1t o0 1 o0 1 0 A1
A 1 1 o 0o 1 1 o o0 1 1 o 0 1 1 0 0
B o 0 1 1 0o o0 1 1 0 0 1 1 0 0 1 1
C 1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 O
D 0O 0 0 0 1 1 1 0O 0 0 o0 1 1 1 1
E 1 1 1 1 1 1 1 i 0 0 0O O 0O 0 o0 o
F 0 0 0 0 0 o\0O O 1 1 1 1 1 1 1 1 /
et
Z‘g:i;g:gi 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 o 1t 2 3 4 5 6 7 8 9 A B C D E F 4-bit address
(016-F16)
0 0O 0 0 0o O O A O O O O O o0 0 0 0 Y
1 o 0 0 0 A O A 0O O O A 0 A 0 A 0
2 o 0 0 0o 0o O O O O o 5 0 o0 0 5 0
3 o 0 o o o 0o o o o O O O O o o0 o
4 o o 2 8 1 4 0 O O O 2 8 1 4 0 O
5 0o 0 2 8 1 4 0 0 O 0 2 8 1 4 0 O
6 o 0 2 8 1 4 0 O O 0 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 0O A 0 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 0o 0 2 8 1 4 0 O 0o 2 8 1 4 0 O
C 0O 0 0O O F O F O 0O 0 0O F O F O
D 0o 2 2 2 A A A O 8 8 8 A A A O
E 0o 1 1 1 58 5 5 0 4 4 4 5 5 5 0
F 0O 0 0O O O o o o o 0 0o o0 o o0 o0
N
ilgirt‘z:izrriig For example: ggge—si = A8
(016-F16)

Table B-2 OP CODE REGISTER CONTROL PROM
LOCATION U30 DEVICE TYPE Signetics 828126 (256 words X 4 bits PROM)
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ADDRESS

0123455789ABCDEF]

Lower order
4-bit address
(016' F16)

0
1

—_
Higher order

00 BF 00 99 99 C7 FF 00 00 BF FF F9 99 C7 FF 00
00 BF 00 9F 99 C7 FF 00 00 (BF) FF FF 99 C7 FF 00

For example: Address = 19

|

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

1-bit address Data = BF
Table B-3 1-BUS MASK PROM

LOCATION U24 DEVICE TYPE 825123 (32 words X 8 bits)

ADDRESS | 0 2 3 4 5 6 7 8 9 A B C D E F
0 FF OF 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 825123 (32 words X 4 bits)

ADDRESS | 0 2 3 4 5 6 7 8 9 A B C D E F
0 00 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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PROM U7

8-7,6-5,4-1

FO FI FGP IMB RGP DOE IRW ADL FRW ED1 KS |ER SW NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS

PROM U8

8-6, 5-1 8,

PROM U2 PROM U5 PROM U6

PA

Higher order
5-bit address
(0046 - 1Fyg)

ADDRESS o 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 0C
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 O0A 09 27 0OC 26
006 28 30 28 32 28 34 28 36 28 38 28 3A 28 3C 28 3E
007 00 17 00 00 OO OO OO OO0 OO 08 00 00O 26 26 26 26
008 27 00 00 00 26 26 26 00 27 78 65 3A 00 00 00 OO0
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
00B 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 11
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 00 00 00O 15 39 3A 3B 3C 3D 3E
017 34 30 35 36 32 5E 34 24 00 00 00 OO OO0 00 OO OO0
018 00 00 00O OO OO0 OO OO 0O OO OO OO OO OO0 OO OO0 OO0
019 00 00 00 00O 00 OO OO OO OO OO 00O OO 0O 0O 0O 00
01A 00 00 00 OO 00 00 OO OO OO OO OO OO OO OO 0O 00
01B 00 00 00O OO0 OO0 0O OO OO OO OO OO OO OO OO OO OO0
01C 00 00 00 00O 00 00 OO 0OQ OO0 OO OO QO 0O OO OO 00
01D 00 00 00 00 00 OO 26 (36) OO 00O 00 OO 00 OO 0O OO0
01E 21 1E 00 00 00 OO 1DN1E OO0 OO0 00O OO OO OO OO OO0
01F 00 2B 00 00 00 OO 2B{1F OO OO 00O OO0 OO OO 29 29

—_—

For example: Address = 1D74¢
Data = 364¢

PROM U4

LD AC

Lower order
4-bit address

(016 - Fie)

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)

sifnotics
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PROM U7 PROM UB PROM U2 PROM US PROM U6 PROM U4
Vo= V Ve=meoVVemmmmm e e m o VVmmmmommmm e - V(V——==-——~=-----~ [EEEEEES v
8-7,6-5,4-1 8-6,5-1 8, 7, 6, 5, 4, 318 7-5, 4, 3, 118 7 6, 5, 31 |8, 71
FO FlI FGP IMB RGP DOE IRW ADL FRW ED1 KS IER f,:l NC2 NC1 CCR EXT| RRE LD2 SJM IST DBY CS| LD AC
Lower order
ADDRESS 0o 1 2 3 4 5 6 7 8 9 A B C D E F 4-bit address
(016 = Fre)
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 00 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 F 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
0oC 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 FE_F7 F3 — O S@MPle gg?;e:ssm‘:ZDw
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 F1 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 OO
018 00 00 00 00 OO OO OO OO OO OO 00 OO OO 00 00 00
019 00 00 00 00O 00 00O OO OO0 0O OO 00 00 OO 00 OO 00
01A 00 00 00 00O OO0 00 OO OO0 00O OO 00 00O OO 00 00 00
01B 00 00 00 00 00O OO OO OO 00 OO 00 OO OO OO 00 OO
0t1C 00 00 00 00O 00 00O OO OO OO OO 00 OO OO0 OO 0O OO0
01D 00 00 00 00O OO OO EF FF 00 OO 00 00 OO0 OO 0O OO0
0tE EF FF 00 00 00 00 FF FF 00 00 00 00 00 0O 00 00
01F 00 FF 00 00 00 00 FF FF 00 OO 00 00O 00 00 FB FB
—
Higher order
5-bit address
(0046 - 1Fyg) -~ ”
512 preprogrammed 8-bit data patterns represented in hex characters.

Table B-7 PARTIAL MICROCODE

LOCATION U6 DEVICE TYPE Signetics 82S115 (512 words X 8-bit PROM)
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PROM U7 PROM U8 PROM U2 PROM U5 PROM U6 PROM U4
V-=---- V Voo oVVemm oo e e e ViVommmmmmmmmmm oo VVemmmmmm e Vv-—---- v
8-7,6-5,4-1 8-6, 5-1 8, 6 5 4, 318 7-5, 4, 3 2, 118 7 6, 5 4 3-1 8, 71
FO FI FGP IMB RGP DOE IRW ADL FRW ED1 KS IER i:l NC2 NC1 CCR EXT |RRE LD2 SJM IST DBY CS LD AC
Lower order
ADDRESS 0o 1t 2 3 4 5 6 7 8 9 A B C D E F 4-bit address
(016 - F1e)
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 , .
007 00 F7 00 00 00 00 00 00 00 FF 00 00 FE F6 o orexampler Address 078w
008 FF 00 00 00 8F 8F 8F 00 FF FE FF FE 00 00 00 00 ala =Pl
009 8F BF 8F BF FF 8F 8F BF 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
ooB 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 8F 8B F7 FB 8B FC 8F 8B
016 O9F FE 87 87 8F 00 00 00 OO0 8F 8B 8F 8B 8F 8B 8F
017 8B FA B8F 8F 8F 83 8B FF 00 00 00 00 00 00 00 OO0
018 00 00 00 00 00 00O 00O OO 00 OO OO0 OO OO 00O OO OO0
019 00 00O 00O 0O 00O 00 OO OO OO0 OO OO 00 00 OO OO OO
01A 00 00 00 OO OO OO OO OO0 OO OO OO OO 00O OO 00 OO0
01B 00 00 00 00 00 00O 00 00 OO 0O 00 0O 00 00 00 OO
01C 00 00 00 OO 00 OO OO OO OO OO 00 OO0 OO 00 0O OO0
01D 00 00 00O 00 OO0 OO 8F 8D 00 00 OO0 OO 00 00O 00 OO
01E AF AD 00 00 00 00 8D FE 00 00 00 00 00 00O 00 00
01F 00 BF 00 00 00 00 3F FE 00 00 00 00 00 00O 8F 8F
— s’
Higher order
5-bit address
(0045 - 1F1) ~ 4
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)
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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 | IER

Sw
PA

PROM US PROM U6

PROM U4

NC2 NC1CCR 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 B8 B8 F8 BC F8
002 F9 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
oo7 00 F8 00 00 00O 00O OO0 OO OO 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
0oC 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
O00OF 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 00O 00 OO OO OO OO OO OO 00O OO OO 00 OO0
019 00 00 00 00 00 OO OO OO OO 00 OO0 00 0O 00O 00 OO
01A 00 00 00 00 OO 00O OO OO OO OO 00O 00 OO OO 0O OO0
018 00 00 00 00 00O 00 00 0OC OO OO OO 00O OO OO 0O OO0
01C 00 00 00 00 OO 00O 00 OO OO OO OO 00 0O OO 00 OO0
01D 00 00 00 00 OO0 00 FC FC 00 OO 00 00O 00 00 00 OO0
01E FC FC 00 00 00 00 FC BC 00 00 00 00 00 00 00 OO0
01F 00 FC 00 -00 00 00 FC FC 00 00 00 00 00 00 FC FC

Higher order
5-bit address
{00:¢-1F )

g

g

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

Lower order
4-bit address
(046-F16)

For example:
Address = OCEqq
Data = BCy¢
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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, 5, 4, 318 75 4 3 2 1 8 7. 6 5 4 31 8 71

FO FI FGP| IMB RGP |[DOE IRW ADL FRW ED1 KS IER f,\: NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD AC

Lower order
ADDRESS o 1t 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 EO E1 E2 E0O 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 E0O 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 OO0 00O 00 00 OO OO 00 E4 00 00 EE E3 E3 EE
008 E4 00 00 00 EO E1 E2 00 E4 E2 E4 FF 00 00 00 00
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 EO 00 00 00 00 EE 4E EC EC 4E EE EE 4E
016 FF FF EE E0O EC 00 00 00 00 EE 4E EE 4E EE E
017 EC EO E0O EC EO EC EO FF 00 00 00 OO0 00O 00 00O 00 For example:
018 00 00 00 00 00 00 QO 00 00 00O 00 00 00 OO 0O 00 Address = 16E;4
019 00 00 00 00 00 00 QO OO OO OO OO0 00 OO OO 00 00 Data = 4E;¢
01A 00 00 00 00O OO 00 OO OO OO OO 00O OO OO OO OO OO
01B 00 00 00 00O 00 OO0 OO OO OO OO OO OO OO 00 00 OO0
01C 00 00 00 00 00O 00 OO OO OO OO0 OO OO 00O OO0 00 00
01D 00 00 00 00 OO OO FF FF 00 00 00 00 00 00 00 00
O1E FF FF 00 00 00 00 FF FF 00 00 00 00 00 00 00 00
01F 00 FF 00 00 00 00 FF FF 00 00 00 O0C 00 00 E4 E4
——
Higher order
5-bit address
(0046-1F 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 U4

Lower order
4-bit address

(016-F16)

For example:
Address = 00B,4
Data = FE4

PROM U7 PROM U8 PROM U2 PROM Us PROM- U6
V--—=- V Vo= ==V Vrm e —mm e oo — VV-mm—mmmmmmemmm VVo-ommmmmmm oo
8-7,6-5,4-1 8-6,5-1 8, 7, 8, S5, 4, 3-1 8, 7-5, 4, 3, 1 8, 6, 5,
FO FI FGP| IMB RGP DOE IRW ADL FRW ED1 KS IER i:’ NC2 NC1CCR 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 FE FE F6 F6 FE FE F1 FE F1 F1 FE @%O 00 00 00
001 10 10 20 60 F6 F6 F6 F6 F6 F6 20 FO F6 F6 F1 F6
002 07 47 07 47 08 OF OE 3F 07 47 07 47 08 OF OE 07
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 00O OO OO0 F1 00 00 F6 F6 F6 F6
008 F1 00 00 00 F6 F6 F6 00 F1 F1 F1 FE 00 00 00 00
009 F6 F6 F1 F6 FO FO F6 F1 F1 F9 F1 00 F1 FO F1 F9
00A 07 F6 F1 F6 FE F6 FE C6 F1 F9 F1 F6 F1 F1 F1 F6
00B 3E 00 F1 F6 F1 FE F1 Ft FO F1 F1 F1 F1 F6 F1 F1
0oC F1 F1 70 00 FE 00 FO F1 F1 F1 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 F1 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 Ft Ft 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 OO0 70 00 OO0
015 00 EO F6 F7 00 00 00 00 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 00 00 00O OO0 00O 00 00 OO0
018 00 00 OO 00 00 OO0 OO OO OO0 OO 00 0O OO 00 0O OO0
019 00 00 00O 00 00O OO OO OO OO 00O 00 OO OO 0O OO OO0
01A 00 00 00 00 00 00O 00 0O OO OO0 00 OO 00 00 00 OO
018 00 00 00 00 00O OO OO OO OO OO0 00 OO 00 OO 00 00
01C 00 00 00O 00 00O 00O OO OO OO OO 00O OO OO 0O OO 00
01D 00 00 00 00O OO 00 FE FE 00 OO0 6O 00 00 00 00 OO
01E FE FE 00 00 00 00 FE FE 00 00 00 00 00 00 00 OO
01F 00 FE 00 00 00 00O FE FE OO0 00 00 OO OO0 00 F6 F6
—_—
Higher order
5-bit address
(00:6-1F15) 9 ~

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 0o 1 2 3 4 5 6 7 8 9 A B C D E F } 4-bit address
(046-F16)
000 E5 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 00 00 OO 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 D1 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 80 83 8 E1 00 F1 F5 F1 F5 F1 F5
009 E6 45 00 00 E6 00 E6 00 E9 25 00 00 OO0 E9 00 E9
00A E7 65 E7 00 00 00 E7 00 EA 45 00 EA 00 00 00 EA
00oB 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 00 O5 25 00 OO0 81 00
00D 00 82 EE 00 E4 81 E5 00 D7 81 EF 00 00 00 81 00
00E 00 82 EE 00 E4 00 E5 00 EC 81 EF 00 00 E1 81 00
00F 00 82 EE 00 E4 00 E5 00 ED 81 EF 00 00 E1 81t Q0
010 B5 90 8E 3F B1 3E C5 3B B5 92 B9 3F BO 3E A3 <—For example:
011 B5 94 A5 3F C5 3E C5 3B B5 96 B9 3F C3 3E A3 3B Address = 10F 4
012 B5 98 FF 3F A7 3E FF 3B B5 9A B9 3F A7 3E A3 3B Data = 3B;4
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 C0O CB CD CA B4 B6 FF
01F C2 CO CB CC CB AC C5 FF B4 CO CB CD CA B4 B6 B7
——
Higher order
5-bit address
(0046-1F5) — —
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)
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The 8080 instruction set includes five differ-

ent types of instructions:

® 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

® 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-bitbinary 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, ' Ds TDs TD, T TD, Ty 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

|D7] ' T TTT1 IDoJ Op Code

Two-Byte Instructions

Byte One lD7| L lDoJ Op Code
T 1T 1T Data or
Byte Two ID7I DOJ Address

Three-Byte Instructions

Byte One |D7| L ]D_uJ Op Code
BteTwo o0 T T T T T T o

or
Byte Three |D7I P T T IDq Address

APPENDIX C

8080 EMULATOR INSTRUCTION SET

Addressing Modes

Often the data that is to be operated on is
stored in memory. When muiti-byte numeric
data is used, the data, like instructions, is
stored in successive memory iocations, 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 datais
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.)

® Direct

® Register

indirect The branchinstruction indicates 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
Aucxiliary Carry, and are each represented
by a 1-bit register in the CPU. A flag is "set”

Sifjnotics

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 bit of 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-
mal 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 gquantity
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 1/0 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

11 A

000 B

001 C

010 D

011 E

100 H

101 L
rp 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 with D 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" SP

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).

m 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”

Logical AND

Exclusive OR

Inclusive OR

Addition

Two's complement subtraction

Multiplication

- "|s 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.

ZS,P.CYAC

+gL>

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. Thisis 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 oo To s Ts Ts |

Addressing:
Flags:

register

none

MOV r, M (Move from memory)

() = ((H) (L))

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

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 l1|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 ToT oT 1Ty

[oT1 JoToTo 1T To]

Addressing:
Flags:

reg. indirect
none

MOV M, r (Move to memory)

((H) (L)) — (1)

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

0o T4+ T T+ TolsTsTs]

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.

0'0|D|D|D|111|0
data

Addressing: immediate

Flags: 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.

0T o T 1 T T o T T7 T,

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.

o' ofRTPJoToToTlH
low-order data

high-order data

immediate
none

Addressing:
Flags:

SDHES

low-order addr
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.

O.IOI1IOI1IOI1|0
low-order addr

high-order addr

direct
none

Addressing:
Flags:

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.

0l oT 1T oTgToT 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.

[oT o] RTP]1ToT1To]

Addressing:
Flags:

reg. indirect
none



STAX rp (Store accumulator indirect)

((r) ~ (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.

[0To[RTPJoToT1To]

Addressing:
Flags:

reg. indirect
none

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

(L) (E)

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

AT 1T 1 To T 1Tolq1 7]

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) +(r)

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

[1ToTolToTo[sTsTs|

Addressing:
Flags:

register
Z,S,P,CYAC

ADD M (Add memory)

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

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

[1ToToToToT1T1To]

Addressing:
Flags:

reg. indirect
Z,S,P,CYAC

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.

1T9ToToToT1 T1To
data

Addressing: immediate

Flags: ZS,P,CYAC

[1ToToTol 1 ]sTsTs|
Addressing: register
Z,S,P,CY,AC

Flags:

ADC M (Add memory with carry)

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

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

[1ToToTol 1T+ T1To]

Addressing:
Flags:

reg. indirect
Z,5,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.

11l olol 1T 1T 4Tyo

[1ToToT1T1TsTsTs]
Addressing: register
Flags: Z,8,P,CYAC

SBB M (Subtract memory with borrow)
(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 both
subtracted from the accumulator. The result
is placed in the accumulator.

[1ToTo T+ TH T4 T4 To]

Addressing:
Flags:

reg. indirect
Z,S,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 Ty T T T4 T T4 Ty
data
Addressing: immediate
Flags: ZS8,P.CY,AC Addressing: immediate
Flags: Z,S,P,CYAC

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[stTsls]|
Addressing: register
Flags: ZS,P,CY,AC

SUB M (Subtract memory)

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

|1I0I0]1l0l1[1|LI

Addressing:
Flags:

reg. indirect
Z,8,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.

171 ToT+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]oTp o1 ToTo]
Addressing: register
Flags: Z,5,P,AC

INR M (Increment memory)

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

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

[oT ol 1T+ ToT1ToTo]

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 LO'OID|D|D|1|0|1]
Addressing: immediate Addressing: register
Flags: Z,8,P,CY,AC Flags: Z,S,PAC

Sifnetics
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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 H and L registers
is decremented by one. Note: All condition
flags except CY are affected.

[oToT 1 T1ToT1ToTy]

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.

[oTolrTPJoToT1T1]

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.

[oTo]rTP[1Tol 1T 4]

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.
Theresultis placed in the register pair H and
L. Note: Only the CY flag is affected. It is set
if there is a carry out of the double precision
add; otherwise it is reset.

[oTo[RrRTP[1ToToT1]

register
Cy

Addressing:
Flags:

DAA (Decimal Adjust Accumulator)

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

1. If the value of the least significant 4 bits of the
accumuilator is greater than 9 orifthe AC flag is
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.
0|0|1|0|0|1|1|1J

Z,S,P.CY,AC

Flags:

Logical Group

This group of instructions performs logical
(Boolean) operations on data in registers
and memory and on condition flags.

S8

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 (n)

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.

[1TolT1ToTo][sTsTs]
Addressing: register
Flags: Z,S,P,CYAC

ANA M (AND memory)

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

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

[1T ol 1 Tol ol 1T 1To]

Addressing:
Flags:

reg. indirect
Z,S,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.

11T T ol oT 1T 1Ty

data
Addressing: immediate
Flags: ZS,P,CY,AC

XRA r (Exclusive-OR Register)
(A) = (A) (n
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.

sTsTs]

[1Tol1Tolq4

Addressing:
Flags:

register
Z,8,P,.CYAC

XRA M (Exclusive-OR Memory)

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

The content of the memory location whose
address is containedin the H and 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.

1ol 1 Tol 1 THT4To]

Addressing:
Flags:

reg. indirect
Z,S,P,CYAC

Sifntics

XRI data (Exclusive-OR immediate)

(A) ~ (A)  (byte 2)

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 Ty T Ty Ty T 4Ty

data
Addressing: immediate
Flags: Z,S,P,CYAC

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.

sTsls]

1ToT1T1To

Addressing:
Flags:

register
Z,S,P,CY,AC

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.

[ ToT 1T iTol 1T+

Addressing:
Flags:

reg. indirect
Z,8,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 accumulator. The CY and AC flags are
cleared.

1T T AT ToTyT 1Ty

data
Addressing: immediate
Flags: Z,S,P,CYAC

CMP r (Compare Register)

(A) - ()

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

s‘s'vs]

[+ ToT 1 T1Ty

Addressing:
Flags:

register
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 1if (A) = ((H) (L)).
The CY fiag is set to 1 if (A) < ((H) (L)).

LSRR EREREREE

Addressing:
Flags:

reg. indirect
Z2,8,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 is set to 1if (A) < (byte

2)

1T T T T T T1To
data

Addressing: immediate

Flags: Z,8,P,CY,AC

RLC (Rotate left)

(An+1) < (An); (Ag) — (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.

[0ToToToTol1T1T17]

Flags: CcY

RRC (Rotate right)

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

(CY) +~ (Ad)

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.

[oToToToTH T T T4

Flags: CY

RAL (Rotate left through carry)

(An+1) — (An); (CY) = (A7)

(Ag) ~ (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 flag is affect-

ed.
[T oTo 1 ToT11171]

Flags: CcY

RAR (Rotate right through carry)

(An) = (Ant1); (CY) — (Ao)

(A7) — (CY)

The content of the accumulator is rotated
right one position through the CY flag. The
high order bitis setto 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.

[0ToToT 1T+ T1T 4T+

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.

r0[0|1lol1|1|1|1—|

none

Flags:

CMC (Complement carry)

(CY) ~ (CY)

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

[T o 1T TaT1T31T1]

Flags: CcY

STC (Set carry)

(Cy) ~ 1

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

[ Tol1T1To a1 q]

Flags: cYy

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) 111

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.

1TiloloTololT Ty
low-order addr
high-order addr

immediate
none

Addressing:
Flags:

SilADLES

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.

clecleclolT1lo
jow-order addr

1Ty

high-order addr

immediate
none

Addressing:
Flags:

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.

1 T4 T ol ol 1T 1T ol
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.

1T1JcTclc[1Tolo
low-order addr
high-order addr

immediate/reg. indirect
none

Addressing:
Flags:

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 location 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.

[1T1ToToT1Tolol 1]

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.

[1T1]clTclc]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) «~ (r)
(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 SPis decrement-
ed by 2. Note: Register pair rp=SP may not
be specified.

[1+T1]rTPJoT1ToT 4]

Addressing:
Flags:

reg. indirect
none

PUSH PSW (Push processor status word)

((SP) - 1) = (A)

((SP) - 2)¢ — (CY), ((SP) - 2); ~ 1

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

((SP) - 2)4 — (AC), ((SP) - 2)s - 0

((SP) - 2)g = (2), ((SP) - 2); = (S)

(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.

[+ T NTNTNT T T

Addressing:
Flags:

reg. indirect
none

1514131211109 8 76 54 3 2 1 0

elelele[elole[ol[oNNIN[ooo]

IEEEEERE R RER

Addressing:
Flags:

reg. indirect
none

FLAG WORD
D Dy Ds D, D D, D, D

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.

1T 1T 4T ol 1T olol 1]

Addressing:
Flags:

Stack, 1/0, and Machine

Control Group

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

register
none

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

group.
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[s]z]ofac]o]r]1]cy]

POP rp (Pop)

() = ((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.

["T1[rTPJoTolol

Addressing:
Flags:

reg. indirect
none

Sil|nOticS

POP PSW (Pop processor status word)

(CY) = ((SP))o
(P) = ((SP)),
(AC) = ((SP)),
(Z) — ((SP))s
(S) = ((SP));
(A) = ((8P) + 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.

[1'1'1'1'0'0'0'11

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 TaToToToT 1T

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.

l1l1|1l1|1|0|0|1J

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 4T ol + T 1T ol 1Ty
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.

1T ToT1ToToT1TH
port

Addressing: direct

Flags: none



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.

AT T+ T 1T ToTq1T4]

|olo|o|o|o|olo|oJ

Flags: none

DI (Disable interrupts)

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

[1T1T1T1ToTolT T4

Flags: none

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

[OT 171 T1Tol1T110]

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
Halif Carry Flag (HC) is indeterminate

[FT1T1ToT1T+ToTy |

CY = MSB of result
HC = Indeterminate

Flags:

Siljnotics

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

Fl1|1|1|1|1|0|1j

CY = LSB of quotient
HC =1

Flags:
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INSTRUCTION CODE* INSTRUCTION CODE*

MNEMONIC DESCRIPTION D, Dg Ds D, D, D, D, D, MNEMONIC DESCRIPTION D, D D; D, D; D, D, D,
MOV Move register to register 0 1 DDD S s s RET Return 11 0 0 t 0 0 1
MOV M,r Move register to memory 6 1 1 1 0 S 8§ S RC Return on carry 11 0 1 t 0 O O
MOV rM Move memory to register 0 1 bDDD 1 1 0 RNC Return on no carry 1 1.0 1 0 0 0 O
MOV r,M Move memory to register 0 1+ bbD 1 1 0 RZ Return on zero 110 0 1 0 0 O
HLT Halt ¢ 1 1t 1 0 1t 1 0 RNZ Return on no zero t 1 0 0 0 0 O ¢
MV r Move immediate register 0 0 bbb D1 1 0 RP Return on positive it 1 1 0 0 0 0
MVIM Move immediate memory o 0 1 1 0 1 1 0 RM Return on minus 11 1 1t 1 0 0 0
INRr Increment register 0 0 b DD 1t 0 O RPE Return on parity even 1 1 1 0 1 0 0 O
DCRr Decrement register 0 0 D DD 1 0 1 RPO Return on parity odd 11 1 0 0 0 0 O
iNR M Increment memory 0 0 1 1 0 1 0 O RST Restart 11 A A A 1 1 1
DCR M Decrement memory o 0o 1 1 0 1 0 1 IN Input 11 0 t 1t 0 1 1
ADDr Add register to A 1 0 0 0 0 8 s S ouT Output 1 1.0 1 0 0 1 1
ADCr Add register to A with carry 10 0 0 1 8§ s S LXI B Load immediate register
SuBr Subtract register from A 1t 0 0 1 0 s s S PairB & C 0 0 0 0 0 0 0 1
SBBr Subtract register from A LXI D Load immediate register

with borrow 1 0 0 1 1 8 8 S8 Pair D & E 0 0 0 1 0 0 O 1
ANA r And register with A it 0 1 0 0 8 8 S LXI H Load immediate register
XRA r Exclusive Or register with A t 01 0 1 8§ 8 8§ PairH & L o 01 0 0 0 0 1
ORAr Or register with A 1 01 1 0 8 S S8 LXi SP Load immediate stack pointer 0 0 1 1 0 0 0 t
CMP r Compare register with A it 01 1 1 8 8 S8 PUSH B Push register PairB&Constack 1 1 0 0 0 1 0 1
ADDM Add memory to A i 0 0 0 0 1 1 0 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 0 PUSH H Pushregister PairH &Lonstack 1 1 1 0 0 1 0 1
SUB M Subtract memory from A 1 0 0 1 0 1t 1 0 PUSH PSW Push A and Flags on stack t 11 1 0 1 0 1
SBB M Subtract memory from A POP B Pop register PairB &Coffstack 1 1 0 0 0 0 0O 1

with borrow 1 0 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
XRA M Exclusive Or memory with A 1 01 0 1 1 1 0 POP PSW Pop A and Flags off stack 11 1 1 0 0 0 1
ORAM Or memory with A i 0 1t 1 0 1 1 0 STA Store A direct o 0 1 1 0 0 t O
CMP M Compare memory with A 1 0 1 1 1 1 1 0 LDA Load A direct o 0 1 1 1 0 1 0
ADI Add immediate to A 11 0 0 0 1 1 O XCHG Exchange D &E,H&LRegisters 1 1 1 0 1 0 1 1
ACI Add immediate to A withcarry 1 1t 0 0 1 t 1 0 XTHL Exchange top of stack, H & L 11 1 0 0 0 1 1
Sul Subtract immediate from A i1 0 1t 0 1 1 0 SPHL H & L to stack pointer 11 1 1 1 0 0 1
S8l Subtract immediate from A PCHL H & L to program counter 111 0 1 0 0 1

with borrow 1 1+ 0 1 1 1 1 0 DAD B AddB&CtoH&L 0 0 0 0 1t 0 0 1
ANl And immediate with A 11 1 0 0 t 1 0 DAD D AddD & EtoH &L 0o 0 0 1 1 0 0 1
XRI Exclusive OR immediatewithA 1 1 1t 0 1 1 1 0 DAD H AddH&LtoH&L o 0 1 0 1t 0 0 1
ORI Or immediate with A i1 1 1 0 1 1 0 DAD SP Add stack pointerto H & L o 0 1t 1 1 0 0 1
CPI Compare immediate with A i1t 1 1 1 1 1 0 STAX B Store A indirect 0 0 0 0 0 0 1t O
RLC Rotate A left o 0o 0 0 0 1 1 1 STAX D Store A indirect 0 0 0 1t 0 0 1 O
RRC Rotate A right ¢ 0o 0 0 1 1 1 1 LDAX B Load A indirect 0o 0 0 0 1t 0 1 0
RAL Rotate A left through carry o o 0 1 0 1 1 1 LDAX D Load A indirect g 0 0 1 1t 0 1 0
RAR Rotate A right through carry o o 0 1 t t 1 1 INX B Increment B & C registers o 0 0 0 0 0 1 1
JMP Jump unconditional 1 1 0 0 0 0 1 1 INX D Increment D & E registers o 0 0 1t 0 0 1t 71
JC Jump on carry 1t 1 0 1 1 0 1 0 INX H Increment H & L registers o 0 1t 0 0 0 1 1
JNC Jump on no carry i1 0 1 0 0 1 O INX SP Increment stack pointer o 0 1t 1 0 0 1 1
JZ Jump on zero 11 0 0 1 0 1 O DCX B Decrement B & C o 0 0 0o 1 0 1t 1
JNZ Jump on no zero t 1 0 0 0 0 1 O DCX D Decrement D & E 0o 0 0 1 1 0 1 1
JP Jump on positive i1+ 1t 1 0 0 1 O DCX H Decrement H & L o 0 1 0 1 0 1 1
M Jump on minus i1 1 1 1 0 1 0 DCX SP Decrement stack pointer o 0 1t 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 1t 1 1t 0 0 0 1 O STC Set carry o 0 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 1t 1 1 0 O DAA Decimal adjust A o 0 1t 0 0 1 1t 1
CNC Cali on no carry 11 0 1 0 1 0 O SHLD Store H & L direct 0o 0 1t o 0 0 1 0
cz Call on zero t1 0 0 1 1 0 O LHLD Load H & L direct o 0 1t 0 1 0 1 O
CNZ Call on no zero i1 0 0 0 1 0 O El Enable interrupts 111t 1 1 0 1 1
CP Call on positive 11 1 1t 0 1 0 O DI Disabtle interrupts 11 1 1t 0 0 1 1
CM Call on minus i1 1 1 1 t 0 O NOP No operation 0O 0 0 0 0 0 0 O
CPE Call on parity even t 1t 1 0 1 1 0 O MUL Muitiply 11 1 0 1 1 0 1
CPO Call on parity odd 11 1 0 0 1 0 O DIv Divide 111 1 1 1 0 1

*NOTE

DDD or SSS-000B -001 C-010D - 011 E- 100 H - 101 L - 110 Memory - 111 A,
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Table C-1

INSTRUCTION SET SUMMARY OF PROCESSOR INSTRUCTIONS
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APPENDIX D
S/N 3001 MCU AND S/N 3002 CPE DATA SHEETS

N3001-!
DESCRIPTION FEATURES PIN CONFIGURATION
The N3001 MCU is 1 element of a bipolar e Schottky TTL process | PACKAGE
microcomputer set. When used with the e 45ns cycle time (typ.)
S/N3002, 54/745182, ROM or PROM memo- ¢ Direct addressing of standard bipolar w5 [] - o vee
ry, a powerful microprogrammed computer PROM or ROM S 5] ac
can be implemented. ¢ 512 microinstruction addressability . o e
. s 3 ) ac
. .
The 3001 MCU controls the fetch sequence Advan.ced. organization: . % [ ] acs
A ) : e 9-bit microprogram address register

of microinstructions from the micropro- ; = wleo

. and bus organized to address memory 3
gram memory. Functions performed by the d col e EPIR
3001 include: by row and column ’

' e 4-bit program latch ez 0] [ mas
¢ Maintenance of microprogram address register e 2-flag registers Sin [ ma,
e Selection of next microinstruction address e 11 address control functions: v 3] [ s
* Decoding and testing of data supplied via * 3 jump and test latch function __'E -

. X, [ 31 MAg
. ;e"?ra' '”Z‘:t t;fjsesf rout data from th e 16 way jump and test instruction o -
aving and tes ing of carry outpu datafromthe  J 8 flag control functions: o 4
central processing (CP) array o 41flag i tf ti FCJE‘ [e]mag
® Control of carry/shift input data to the CP array ag input func Io.ns rer ] ] a
* Control of microprogram interrupts * 4 flag output functions - - L ?
#cq [i1] [7e] A
£cy [ 7] en
Filo 4] ace
15e [s] [ Acq
cux ] [7] acy
GNDE 1] acs
BLOCK DIAGRAM
Fo MA8 MA7 MA6 MA5 MA4 MA3 MA2 MA1 MAO
0 0 0 0 O (o]
ERA O— i ) ROW COLUMN
OUTPUT ouTPUT
e ! ,—I
FCOOr c.z
FC10 FLAG FLAGS |
CONTROL
FC20
FC30~
ADDRESS REGISTER
= F
Fl LATCH
/9
LDO O ISE
CLKO—¢
VecO—¢
GNDO | NEXT ADDRESS CONTROL
ACOO 1
AC1O PRO
AC20 LAPTRCH ) qur —OPR1
AC3O- PR2
AC40—
AC5C
AC6 O
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
o determine the next microprogram address.

5,6,8,10 SXo-SX3 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-fatch outputs (SX,-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 Z)
with the flag logic input (FI) 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 ACy-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

The MCU utilizes a two-dimensional ad-
dressing scheme in the microprogram mem-

THEORY OF OPERATION

The functional control of the MCU provides
both unconditional jumps to new memory

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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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” isthe
total group of memory locations which can
be addressed by that instruction.

Sifnetics

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-MA8

’(—————— 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-AC6)
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-I

JUMP FUNCTION TABLE

MNEMONIC FUNCTION DESCRIPTION

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

JZR Jump to zero row. AC,-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. AC,-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 col,-col,, the F-latchis 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 addresses inthe
current row group, specified by MA; and MAg, as the nextrow address. |f
the current column group specified by MA; is coly-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 coly, or colyy as the
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. ACy-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 PR3 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 select 1 0f4
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 seiect 1 of 4
possible column addresses in col;, through colyg 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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PX-Bus and PR-Latch
Conditional Address Control
(Jump/Test) Functions

The PX-bus jump/test function uses the
data on the primary instruction bus (PX,-
PX;), the current microprogram address,
and several selection bits from the address
control function to generate the next mi-
croprogram address. The PR-latch jump/
test functions use the data held in the PR-
latch, the current microprogram address,
and several selection bits from the address
control function to generate the next mi-
croprogram address.

Flag Control Functions

The flag control functions of the MCU are
selected by the 4 input lines designated
FCy-FC3. Function code formats are givenin
“Flag Control Function summary.”

The following is a detailed description of
each of the 8 flag control functions.

Flag Input Control
Functions

FLAG CONTROL FUNCTION TABLE

N3001-1

unaffected.

MNEMONIC FUNCTION DESCRIPTION

SCzZ Set C-flag and Z-flag to FI. The C-flag and the Z-flag are both set to the
value of FIl.

STZ Set Z-flag to Fl. The Z-flag is set to the value of Fl. The C-flag is
unaffected.

STC Set C-flag to Fl. The C-flag is set to the value of FI. The Z-flag is
unaffected.

HCZ Hold C-flag and Z-flag. The values in the C-flag and Z-flag are

FLAG OUTPUT CONTROL FUNCTION TABLE

MNEMONIC FUNCTION DESCRIPTION

FFO Force FO to 0. FO is forced to the value of logical 0.
FFC Force FO to C. FO is forced to the value of the C-flag.
FFZ Force FO to Z. FO is forced to the value of the Z-flag.
FF1 Force FO to 1. FO is forced to the value of logical 1.

FLAG CONTROL FUNCTION SUMMARY

Pn = Data in PR-latch bit n

dn = Data on address control line n
mn = Data in microprogram address register bit n

66

xn = Data on PX-bus line n (active low)
f.c.z = Contents of F-latch, C-flag, or Z-flag, respectively

Sifnetics

The flag input control functions select TYPE MNEMONIC DESCRIPTION FC4 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 'L:TC Setlf(-:flaleg fo fd -4l 1 (1)
clock is low. The content of the F-latch is cz 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 MAg 7 6 5 4 MA, 2 1 0
0] See Address Control Function Summary
1 0 Xz X X; X l X7 Xg Xs X4
NOTE
f = Contents of the F-latch 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 7 & 5 4 |MA; o, 4
& JCC Jump in current column 0 0 d4, dz3 dy d;y dg d, d; d, dy dg mg m, mMy mg
S JZR Jump to zero row 0 1 0 d3 d, d; do| O 0O 0 0 o© d; d, dy dg
¢ JCR Jump in current row 0 1 1 d3 d, di do| mg m; mg mg my| dy d dy dy
Q»JCE Jump in column/enable 1 1 1 0 d, dy dyo| mg m; d, dy dg mg m,. my mg
@ JFL Jump/test F-latch 1 0 0 d3 d2 d1 do Mg d3 d2 d1 dg mgz 0 1 f
£ JCF Jump/test Z-flag 1 0o 1 1 dy dy dy| mg m; d, dy dg | my 0 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 dg| mg m; d, d; dp Ps P2 P11 Po
+ X JRL Jump/test right PR bits 1 11 1 1 dy dgf{mg my 1 dy do| O 1 ps P
4 JPX  |[Jump/test PX-bus 1 1 1 1 0 d do| mg my mg dy do| X X x5 x4
NOTE
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N3001-|

STROBE FUNCTIONS JUMP SET DIAGRAMS
The load function of the MCU is controlled
by the input line designated L.D. If the LD .
line is active high at the rising edge of the Y see JZR

clock, the data on the primary and second- JUMP IN CURRENT COLUMN JUMP TO ZERO ROW
ary instruction buses, PX,-PX; and SX,-SXj,
is loaded into the microprogram address
register. PX,-PX; are loaded into MA,-MA, ROWg—»
and SXy-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 col; 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 i @
control may be enabled at the beginning of 9

the fetch/execute cycie. 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- ROWgy—>

gram may be forced to enter an interrupt T T T

handling routine. The alternative row ad- CoLg CoRRENT COLy5

dress placed on the microprogram memory

address lines does not alter the contents of JPR JLL

the microprogram address register. There- JUMP/TEST PR-LATCH JUMP/TEST LEFT LATCH

fore, subsequent jump functions will utilize
the row address in the register, and not the
alternative row address, to determine the
next microprogram address.

ROWg —»

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

JUMP SET DIAGRAMS

The following 10 diagrams illustrate the CURRENT
jump set for each of the 11 jump and jump/ GROUP
test functions of the MCU. Location 341 V87

indicated by the circled square, represents 1
current row (row,;) 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.

ROW31 —»

! ! Lo

coLy COLq5 COL,
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N3001 -
JUMP SET DIAGRAMS (Cont'd)
4
o !
% JRL 7 JPX G yer
JUMP/TEST RIGHT LATCH JUMP/TEST PX-BUS JUMP IN CURRENT ROW
ROWg—»
CURRENT—l— CURRENT—L“—
ROW ‘ ROW CURRENT =
GROUP GROUP row
Mg76 Mg76
1 101
oI I
ROWg1_»
coL,, SOt1s coLg COLg
=< )
Q- IS 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
Mg=0 \ Mz=0
CURRENT ] CURRENT ]
ROW - ROW -
GROUP || GROUP -
a7 CURRENT [ | - Me7 ]
10 CURS | 10 | ]
GROUP - -
N Mg ] N
1 -
té !
COLz(f=1) COL3(cz=1)
CURRENT COLUMN COL, (f=0) COLy (c,z=0)
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N3G

N3001. T A = 0°C to +70°C, VoG = 5.0V, t 5% N3001-1
AC ELECTRICAL CHARACTERISTICS S3001 T p = -55°C to +125°C, VoG = 5.0V + 10%

PARAMETER N3001 $3001
Min Typ! Max Min Typ!? Max UNIT
tcy Cycle Time2 60 45 95 45 ns
tow Clock Pulse Width 17 10 40 10 ns
Control and Data Input Set-Up Times:
tgp LD, ACy-ACs (Set to “17/%0") 20 3/14 20 3/14 ns
tgk FCo, FC4 7 5 10 5 ns
tgx PXs-PX7 (Set to “17/“0") 28 4/13 35 4/13 ns
tgy Fl (Setto “17/%07) 12 -6/0 15 -6/10 ns
tgx SXo-SX; 15 5 35 5 ns
Control and Data Input Hold Times:
tyg LD, ACo-ACs (Hold to “17/%0") 4 -3/-14 5 -3/-14 ns
tyk FCo, FC4 4 -5 10 -5 ns
tyx PX4-PX; (Hold to “1"/%0") 0 -4/-13 25 -4/-13 ns
ty; Fl (Hold to “17/"0") 16 6.5/0 22 6.5/0 ns
tHX 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)
tko Propagation Delay from Control inputs FC, and FCs to Flag 13 24 13 50 ns
Out (FO)
trg Propagation Delay from Control Inputs ACy-ACq to Latch 21 32 21 50 ns
Outputs (PRy-PRy)
teo Propagation Delay from Enable Inputs EN and ERA to 17 26 17 35 ns
Outputs (mMAg-mAg, FO, PRy-PRy)
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. S3001: tCY = tWP + tSF + tCO
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VOLTAGE WAVEFORMS

N3001-I

CLK

CLOCK INPUT

tey

- tpyy ——»

EN, ERA
ENABLE INPUTS

MA;—MA
CONTROL MEMORY
ADDRESS OUTPUTS

tHF

'Sk

ACy—ACg, LD
AD%RES CONTROL
INPUTS

e0

tFo

PRy—PR
“PR” LATCH OUTPUTS

Sk

— tHK

FCo—FC3
FLAG CONTROL
INPUTS

tHi

s

Fl
FLAG INPUT

<— KO -+

L——‘EO

(< tco

FO
FLAG OUTPUT

~——1F

ISE
INTERRUPT STROBE
ENABLE OUTPUT

X

sx

SXg—PX7
INSTRUCTION
BUS INPUTS
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DESCRIPTION FUNCTION TRUTH TABLE PIN CONFIGURATION
The N3002 Central Processing Element
(CPE) is one part of a bipolar microcom- FUNCTION XL PACKAGE
puter set. The N3002 is organized as a 2-bit GROuUP Fe Fs Fs J
slice and performs the logical and arithmet- 0 0 0 0 ) vee
ic functions required by microinstructions. 1 0 0 1 =]+,
A system with any number of bits in a data 2 0 1 0
word can be implemented by using multiple 3 0 1 1 [26] 7 ¢
N3002s, the N3001 microcomputer control 4 1 0 0 =10
unit, the N74S182 carry look-ahead unitand 5 1 0 1
ROM or PROM memory. 6 1 1 0 (24 F5
1
FEATURES ! L S
® 45ns cycle time (typ) BEn
e Easy expansion to multiple of 2 bits REGISTER
* 11 general purpose registers GROUP |REGISTER | F; F, F, F, mEn
¢ Full function accumulator R. 00 0 0 S
.o Useful functions include: R: 0 0 0 1 20101
® 2's complement arithmetic Ro 00 1 0 mry
¢ Logical AND, OR, NOT, exclusive- Rs 00 1 1 L
NOR Ra 01 00 elees
® Increment, decrement Rs 0 1 0 1 o
o Shift left/shift right ' R, 01 1 0
¢ Bit testing and zero detection R, 0 1 1 1 1] Fs
e Carry look-ahead generation Re 1.0 0 O al
* Masking via K-bus Ro 1 0 0 1 e
® Conditioned clocking allowing non- T 1 1 0 0
destructive testing of data in accumu- AC 1 1 0 1
lator and scratchpad
¢ 3 input buses 1 T 10 10
® 2 output buses AC 0 1 1
¢ Control bus T 1 1 1 0
i AC 1 19
BLOCK DIAGRAM
(12) (13) (20) (19)
S W
r———"= A N 1
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PIN DESCRIPTION

§3002-1 ® N3002-XL,|

PIN SYMBOL NAME AND FUNCTION TYPE

1,2 To Ty 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.

5 6 XY Standard Carry Look-Ahead Cascade Outputs Active high
The cascade outputs aow 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 d|sabled 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 [} 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-Aq).

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 DD, Memory Data Bus Outputs Active low
The memory data bus outputs are the buffered outputs of the full function Three-state
accumulator register (AC).

21-22 Mo-M; Memory Data Bus Inputs Active fow
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 Vce +5 Volt Supply

SYSTEM DESCRIPTION

Microfunction Decoder and K-Bus
Basic microfunctions are controlled by a 7-
bit bus (F,-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

¢ 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 subtraction
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

e Accumulator

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

Scratchpad Registers

e Contains 11 registers (Ry-Rg, T)

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

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

e Can be used as program counter

Siljnrtics

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

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

e Shift left

® Shift right

Logical operations are:
® Transfer

e AND

* [nclusive-OR

e 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 (L], RO)
are provided.
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Accumulator

® Stores results from ALU operations

® The output of accumulator is multiplexed 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

® Is multiplexed into the ALU via the A muiti-
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

® 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

e 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

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

e 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, orto increment R, and load a copy of the
result in AC.

Add AC and Cl to Rpy and load the result in AC. Used to add
AC to a register. If R, 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 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 orincremented 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 Rp,. Used to
maintain a macro-instruction program counter.

Set MAR to all ones. Conditionally decrement R, 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 |R,+CI~R ,AC
11 | ALR | AC+Rp+Cl—~ Rp, AC
0 I XX | — | M+(ACAK)+Cl—~AT
00 | ACM | M+cCI—AT
11 | AMA | M+AC+CI~ AT
0 i XX | — |ATLA(L~KL) ~RO
LIV (14~ KH) A AT ] = AT
[ATL/\ (L ~ Kl
[ATHV(IH /\KH)] - ATL
00 | SRA AT ~ RO
ATH - AT
Ly~ ATH
7 i XX | — | KvRp-MAR
Rph+K+Cl—Rp
00 | LMI | Rn=MAR, Rn+Cl- Rn
11 | DSM | 11~ MAR, Rn-1+Cl~ Rn
1 I XX | — | KYM— MAR
M+K+Cl— AT
00 | LMM | M~ MAR, M+Ci— AT
11 | 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 CI to the M-bus. Depositthe
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.

sifnotics
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FUNCTION DESCRIPTION (Cont'd)

$3002-1 ® N3002-XL |

F R K
EQUATION DESCRIPTION
GROUP | GROUP| BUS NAME a
1 i XX . (ﬁ vK) + (AT ~K) + 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 Cl. Deposit the result
in the specified register.
(0] 0] CIA AT + Cl - AT Add Cl 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.

11 DCA AT -1+Cl—AT 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.

2 l XX — (AC ~K) -1+ Cl—Rp Logically AND the K-bus with AC. Subtract one from the
. result and add the difference to Cl. Deposit the sum in Rpy.
00 CSR Cl-1-Rjp Subtract one from Cl and deposit the difference in Rn. Used
(See Note 1) to conditionally clear or set R to all 0’s or 1's, respectively.
11 SDR AC-1+Ci—-Rp Subtract one from AC and add the difference to Cl. Deposit
(See Note 1) the sum in Rp. Used to store AC in Rp or to store the
decremented value of AC in Rp,.
2 Il XX — (ACAK) -1+ Cl—- AT Logically AND the K-bus with AC. Subtract one from the
(See Note 1) result and add the difference to Cl. Deposit the sum in AC or
T, as specified.
00 CSA Cl-1-AT Subtract one from Ci and deposit the difference in ACor T.
(See Note 1) Used to conditionally clear or set AC or T.
11 SDA AC -1+ Cl— AT Subtract one from AC and add the difference to Cl. Deposit
(See Note 1) the sum in AC or T. Used to store AC in T, or decrement AC,
or store the decremented value of AC in T.
2 11 XX — (I~rK)y-1+Cl—- AT Logically AND the data of the K-bus with the data on the I-
(See Note 1) bus. Subtract one from the resuit and add the difference to
Cl. Deposit the sum in AC or T, as specified.

o0 CSA Cl-1-AT Subtract one from CI and deposit the difference in ACor T.
Used to conditionally clear or set AC or T.

11 LD! I-1+Cl—- AT 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.

3 I XX — Rp + (AC~K)+ Cl = Ry Logically AND AC with the K-bus. Add R and ClI to the
result. Deposit the sum in Rp.

0]0) INR Rn+ Cl = Rp Add Cl to Ry, and deposit the sum in Rp,. Used to increment

1 ADR AC +Rp + Cl - Rp, Rn-

Add AC to Rp. Add theresultto Cland depositthe suminRp.
Used to add the accumulator to a register or to add the
incremented value of the accumulator to a register.

3 1 XX — M+ (AC~K) + 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.

00 ACM M+ Ci - AT 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.

1 AMA M+ AC + Ct = AT Add the M-bus to 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,I

F R K
ATI RIPTION
Group | gcroup| BUS NAME EQUATION DESC 10
3 1 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.
00 INA AT + Cl = AT Conditionally increment ACor T.Usedto increment ACor T.
11 AlA 1+ AT + Cl—~ AT Add the |-bus to AC or T. Add Cl to the result and depositthe
sum in the specified register. Used to add input data or
incremented input data to the specified register.
4 XX — Civ (RhrAC~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.
(0]0) CLR Cl—-CO, O-Rp Clear Rp to all O’s. Force CO to Cl. Used to clear a register
and force CO to Cl.
11 ANR Clv(Rn~AC) - CO Logically AND AC with Rp,. Deposit the result in R,. 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(MAAC~AK) - 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.
(o]e] 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 Clv(M~AC) -~ CO Logically AND the M-bus with AC. Depositthe resultin AC or
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 1] 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 Cl = CO, O—-AT Clear AC or T, as specified, toall O’s. Force COto Cl. Used to
clear the specified register and force CO to ClI.
11 ANI Clv (AT A1) - CO Logically AND the I-bus with AC or T, as specified. Deposit
ATA 1= AT the result in the specified register. Force CO to one if the
result is non-zero. Used to AND the |-bus to the accumulator
and test for a zero result.
5 | XX —_ Clv(Rh~K)—~ CO Logically AND the K-bus with R,. Deposit the result in Rn.
K~Rnp — Rnp Logically OR CI with the word-wise OR of the result. Place
the value of the carry OR on CO.
(0]6)] CLR Cl—-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 result.
5 I XX —_ Clv(MA~K)—~ 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.
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 LT™M CIlvM - 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.

sifnotics
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FUNCTION DESCRIPTION (Contd)

S§3002-1 ® N3002-XL,!

F R K .
GROUP |GROUP| BUS NAME EQUATION DESCRIPTION
5 1] XX — C! v (AT ~K) = CO Logically AND the K-bus with AC or T, as specified. Deposit
K AAT - 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 Cl.
11 TZA CIvAT - CO Force CO to one if AC or T, as specified, is non-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 ~K) = 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 R, with the logical AND of AC and the K-bus.
Deposit the result in Rp.
(o]e] NOP Cl - CO, Ry~ Rp Force CO to Cl. Used as anull operation or to force CO to Cl.
11 ORR CIvAC - CO Force CO to one if AC is non-zero. Logically OR AC with Ry.
Rnp vAC —~ Rp Deposit the result in Rp. Used to OR the accumulator to a
register and, optionaily, test the previous accumulator value
for zero.
6 i XX — Clv(AC ~K) - CO Logically OR Cl with the word;wise OR ofthe logical AND of
Mv (AC~K) = AT AC and the K-bus. Place 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.
(0]0] LMF Cl—-CO, M—- AT Load AC or T, as specified, from the M-bus. Force CO to ClI.
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 It XX — Clv(I~K)—-CO Logical OR Cl with the word-wise OR of the logical AND of
AT v(lAl) = 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 a null operation or to force CO to 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 I-bus to AC or T, as specified. Deposit the
resultin the specified register. Used to OR |-bus data with the
specified register and, optionally, test the |-bus data for zero.
7 XX — Clv(RhrAC ~K) = CO Logically OR CI with the word-wise OR of the logical AND of
Rn ® (AC ~K) = Rpy Rn 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 Rp,.
00 CMR Cl - CO, Rn—Rn Complement the contents of Rp. Force CO to CL
11 XNR Clv(Rph~ AC) — CO Force CO to one if the logical AND of ACand Rn is non-zero.
Rn ® AC = Rp Exclusive-NOR AC with Rp,. Depositthe resultin R n. 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 M XX _ Clv(MAACAK) -~ CO Logically OR Cl with the word-wise OR of the logical AND of
M @ (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 1] XX —_ Clv(AT~1AK) - CO Logically OR Cl with the word-wise OR of the logical AND of
AT 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 Cl.
11 XNI Civ (AT ~1) - 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 result in AC or T, as specified. Used to exclusive-
NOR input data with the accumulator.

FUNCTION DESCRIPTION KEY

SYMBOL MEANING

LK.M Data on the |, 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

LH As subscripts, designate low
and high order bit, respectively
2’s complement addition

2’s complement subtraction

+

A Logical AND

\% Logical OR

@ Exclusive-NOR

ind Deposit into
NOTE

1. 2's complement arithmetic adds 111 .. .11 to per-
form subtraction of 000 . . . 01.
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S3002-1 ® N3002-XL,|

AC ELECTRICAL CHARACTERISTICS N3001 =Tp = 0°C to +70°C, Vi = 5V £ 5%
$3001 = T 5 = -65°C to +125°C, Vg = 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: .
tDS g, 11, Mg, My, Kq, Ky 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, Iy, Mg, My, Ko, Ky 4 -28 - -11 5 -28 - -11 ns
tSH LI, ClI 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 ClI (Ripple Carry) 9-13 20 9-13 30 ns
Propagation Delay to Ay, A4, Do, 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 voitage.
CARRY LOOK-AHEAD CONFIGURATION
MCcu
74808
FO Fl 74851 74851
3001 0
P G G P
745182 Cp [ 745182 C s
P, G, Chez P, G, Chuy P, G, Chex P, G, P. G Cnwu P, G, Cnuy P, G, Cnx P, G,
x Y x Yy x Y x y x Y X Y x ¥y x Y
cl p— Cl |4
N3002 N3002 N3002 N3002
—{u RO ’ —> —> —> - F— ROF— LI RO
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TYPICAL CONFIGURATIONS

S3001-1 ® N3002-XL,|

MEMORY ADDRESS BUS

CONSTANT ‘MASK
INPUT BUS
(2N LINES)

- (2N LINES)
DATA BUS TO MEMORY
7 (2N LINES)
cLock
FoF |
A D
Fo-Fy CLK | - -
co Cl| «—] -— <
N3002 N3002 N3002
CARRY FROM MCU | LI RO - —— —
F,-Fq
LS
- e e 4
FaFy
CARRY TO MCU &
MICROPROGRAM i - L_

Ripple-Carry Configuration
(2N Bit Array)

DATA BUS FROM
MEMORY
(2N LINES)

EXTERNAL DATA BUS
(2N LINES)

CLOCK INPUT
CLK

FUNCTION INPUTS
Fo—Fg

DATA INPUTS'
1914, Kg, Kq. Mg, My

PARAMETER MEASUREMENT INFORMATION

tcy

— twp

SHIFT AND CARRY

INPUTS LI, CF e o — |

CARRY AND SHIFT
OUTPUTS X, Y, RO

ENABLE INPUTS
EA, ED

DATA OUTPUTS
Ag. Aq,Dg, Dy

Sifnetics
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MICROCODE LISTING
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TITLE SCIGNETICS 9836 EMULATOR':  MICRD CODE LISTING
&

& FIELD DEFINITIONS:

*

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

* RDOR FO F1 FGF IME RGP DOE IRM ADL FRW EDL KS  IER SWRPA NCZ WCL CCR EXT RRE LDZ SJM IST DBY CS LD AC 5 COMMENTS

Koo e e e dmm e mee e ——— ——— e ————
* :

* ¥

¥ : ADDRESS CONTROL,
¥ Y FOR 3881 MCU.

# : LOAD, FOR OP-CODE

# ¥ DECODE INTO 3881

+ CRRRY SELECT, CONTROLS MUX
* ¥ FOR ALU CARRY IN AND OUT.
& . DOUBLE BYTE, STES UP ALU

¥ ¥ FOR 16-BIT OPERATICN.

* - INTERRUPT STROBE, CLOCKS INTERRUPT
# ¥ WHEN ENABLED. AND HOLD INPUTS.

* . SECONDRRY JUMP, ACCESSES BOTTOM HALF
* ¥ OF OP-DECODE PROM FOR ANCTHER DECODE
% : LOAD 2, USED WITH LD, FORCES AN OP-DECODE
# ¥ JUMP INTO 2ND QUADRANT {@8e TO oFF).

# : REGISTER ROM ENABLE, ALLOWS REGISTER

# ¥ SELECTION ON THE BASIS OF THE INST. REGISTER.
* . EXTERNAL TEST. CONDITIONS MICRC JUMP ON

* Y RERDY SIGNAL. (READY = EVEN ADDR. NOT READY = 0DD)
* CONDITIONAL CLOCK READY, DISRBLES BOTH ARRAYS “TIL WEM
F Y READY (WHEN EXT OFF, CONDITIONS MICRO JUMP ON HOLD)

* NO CLOCK RRRRAY 1, DISABLES ARRAY 1 CLOCK UNTIL

# ¥ MEMORY OR 1/0 INDICATES RERDY.

& NG CLOCK ARRAY 2, DISABLES ARRAY & CLOCK UNTIL

* Y MEMORY OR I/0 INDICATES READY.

¥ S A : STATUS WORD PROM RDDRESS. QUTPUTS STARTUS:

ko oo oL ¥ MEMR. MEMW. IOR. IOW. INTA. HLTA, OR RTRAP.

L Lo Lo : INTERRUPT-ENAELE-F/F CONTROL. USED DURING

¥ Y EI. DI, INT & RESET TG CLERR OR SET INTE F/F.

¥ k-BUS SELECT, INFUTS T ALU: ALU DRTA OUT, MEMORY DRTR IN.

# ¥ INSTRUCTION REGISTER. ALL @°5 OF THE COMPLIMENT OF ANY OF THESE.

* ENARELE DHTR ARRAY 1, ENABLES ARRAY 1 ACCUMULATOR ONTO THE

# ¥ ALY DATA OUT EUS; OTHERWISE ARRAY 2 RCCUMULATOR.

* © FLRG REGISTER WRITE. GRTES NEW YALUES FOR PARITY. SIGN &

# ¥ ZERO FLAGS INTO PSH LATCH

* ADDRESS LOAD, LOAD CONTENTS OF INTERMAL (30@2) ADDRESS REGISTER

* ¥ INTO THE EXTERMAL MEMORY RDDRESS REGISTER.

* INSTRUCTION REGISTER MWRITE. LORDS INSTRUCTION OF DATA RETURNED

* Y FROM MEMORY. INTG THE IMSTRUCTION REGISTER.

* : DATA OUT EMABLE. REVERSES DIRECTION OF THE BI-DIRECTIONAL DATR BUS

* Y FOR WRITING QUT TO MEMORY OR 1400

# FEGISTER GROUP SELECTION. ADDRESSES FROM U-17 TO PROYIDE REGISTER SELECTION FOR ARRAY 1 AND ARRAY 2.

t Yo (USES G841 AS A MASK WHEM RRE IS ON BECAUSE OF “WIRE OR" OF U-17 & U-3@)

* o I-HREE BUS lI-.'I'JTEtJL. WITH CY & HC. ADDRESSES PROM U-24 TO PROYIDE 1 OF 32 MASKS

* ¥ FOR RST, DAA. MUL ANG DIY INSTRUCTIONS.

# FUNCTION GROUF SELECTION. PROMIDES R Z-BIT F-GROUF COMTROL FOR ERCH OF ARRAYL & ARRAY 2

* ¥ (F-f AND F-4 TO BOTH ARFRYS, F1-5 TO ARRAY 1. AND F2-5 TO ARRAY 23

# FLAG INFUT CONTROL. ROUTES FI INPUT T2 Z081 TO C-FLAG AND/OR 2-FLAG. IHTERHHL TO THE 308z MCU,

# Yo RMD ALSO EXTERNALLY ROUTES FI To THE CY FAF. AND HCI TO THE HC FAF.

+ FLAG OUTPUT CONTROL. SETS FO OUTRUT OM Z@él TO C-FLRG. 2-FLAG. 1. OF @

4

¥

ADORESS 70 MICRDG CONTROL STROE. 869 TO 4FF (HEZY
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*
* FIELD VARIABLES:
*

* FO F1 FGF IME RGP OOF IRM ADL FRW EDL KZ  IER SWPA MC2 NCL CCR EXT FRE LD2 SJM IST DBY CS LD

* e o mee e me e e —— ——— e o —mn mn tmm m mrmen i o o

DOE IRW ADL FRW EDL K@ IER NSTRT NCZ NC1 CCR EXT RRE LD2 SJM IST DBY CS@ (D)
(D) 0y Dy <0 D) EIR (D) RTRAP (D) D) <D) D2 (DY (DY <02 (D) (D) CN LD

*A3062 FFO SC2
#9901 FFC STC
*39eia FFZ STC
*0a811 FFL HCZ
+3A1 68
*Bg1a1
*0A117
111
#1068
1681
+3164@
+010811
+31109
*314@81
*@1118
*a1111
*1006
*10661
*10016
*10a11
*10108
108161
¥1@110
+{8111
*11060
*11631
#1188
*11011
+11166
+11101
+11118
*11111

84

GG
IBF Ri1
- k22
199 F33
199 Fd4
IL7 R3S
IFF Rée
1@ R7?
k&8
R35
KRR
REE
RCC
RDD
REE
FFF
F3C
RCZ
KCB
RCF
RAC
R3D

FFF

KM HLTA
KD INTH
k1 oM
KNIR 10k

KNM MEMW
END CMEMRD

Sifnetics
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UTILITY GROUP:

FETCH, INTERRUFT. HOLD. RTRAF, RESET. HALT

E R K B IR R

FROW U7 PROM US PrOM L2 PROM U3 FROM U6 FROM U4

y oy oy TRV TRV VY Y

E:'?.' E"E'.- 4‘1 3“6) 5'1 81 ? 6: E'.' 41 3_1 E:.' ?_'5 4! :( N i 8} 17.- 61 5) 4.‘ 3‘1 81 17""1
* e e e e e _— e e et e ——— — . —— —
* ADDR FO F1 FGF IME RGP DOE IRW ACL FRM EDL KS  IER SWPA NCZ NC1 COR EXT RRE LDZ SJM IST DBY €5 LD AC  ; COMMENTS
N mmm o e mmm mm mmm— mmm mm— mmm eme mmm e e e mm— mom e mem —me o o mm e e
(BETH) - NP RFF IRM ki EXT IsT NAN JCR(BBEH); FETCH
(BBEH) FFL LHI Rdd ROL k1 SM DBY AN LD JPX ; FETCH
C1FFHY FFL LR Rd4 ki NSTAT AN JZR(BBM); RESET
{1FEH) :FF1 C5K Fidd 1 HETART A JZR(BOSH); RESET
(BBSH) FFL LMI Fa4 k1 I1ER METAT DEY AN JCC(149H); RESET
{1459H) :FF1 LMI k44 AL k1 IST BY AN JZRB7;
(1E7HY NP FFF TRM ki EXT NAN JCCCAETHY; HOLD
(1EeH) NOF RFF k1 HETAT CCR NAN JCC(1D6H);
(4D7HY NOP RFF k1 HSTAT CCR NN JCR(1DEH);
{4DEH) NOP FFF ki NSTAT IsT NEN JZR86;
{@B1HY NOF FFF K1 HLTA IsT NAN JCR{BO1H); HALT
(1E4H): NOF RFF Ki HLTA CCR NAN JCCCAELHY;
(1EBH) NOF FFF ki HLTH IST NN JZR(0a1H);
(1F1H}: NOF RFF Ki INTA NN JZR(88BH);
(BaRH) : HOP FFF K1 EXT NAN JCC(161H); RTRAP
{166H) : NOF RFF Ki KTRAP NAN JZR(BO1H);
(1F7H) NOF FFF ki EAT NAN JCCCAF7HY; INT
(4FeH? FFL NOF RFF Ki  IEF INTA AN JZr(@BBH);
(gBEH? : HF RFF IRW ki INTH EAT S NN JCR(BBAH);
(BBRH) : NOP FFF Ki NSTRT L2 NAN LD JPX ;
* (T0 @98, @98, 692, 891, OR 83D)
(E3RHY FFL [SH R332 ke NSTAT DBY NAN JCRCBITH); INT: RST
{B97HY FFL LMI k32 ki NSTHT NAN JCR(B9EH);
{B96H) :FFL LDI RFF K@ NETAT DBY NAN JCC(186H); (8 GP 1R)
CBoaH) (FFL LbI FFF K@ NETHT DBY NAN JCR(BI5H); INT: CALL
(B95H) . FFL ALR fd4 ] NSTRT DBY NfN JCR(BI3H);
(B53H) FFL CER k44 ki INTR NAN JCR(BIGH);
{@39H; F3 Rdd IRM KIR INTR NC2 COR EXT NN JCR(B98H);
(@9CH) (FFL =t F33 ka IHTR DBY NAN JCR(BYFH);
{R9FH : F5 k44 IRM KIR INTH NC1 CCR EXT NAN JCR(BIEH);
CHIEH) (FFL LMI R3Z ki NSTAT NAN JCC(18EH); (8 GP 1@)
(BIHY FFL LHI F3z ki NSTRT DBY AN JCCCB42H); INT: RET
* (T0 842 8 GP 14
(391H) (FFL CSE F44 K1 INTR AN JCC(141H); INT: J¥P
(14147 (FFL LMI Rdd IRW KIR INTR NC2 CCR EXT NAN JCR(140H);
{148H3 NOF FFF k1 INTR N JCR(443H);
(143HY FFL LHI Fd4 IRM EIR INTR MC1 CCR EXT NAN JCR(142H);
(142H3 FFL LHI Rd4 ROL K1 DBY AN JCC(1324); (B GP @A)
{@SDHI FF1 ILE Fe2 K1 NSTART NAN JCCC12DH); INT: PCHL
(120H) FFL DK fdd4 ke NETAT DBY AN JLLCI35H);
(435HY FFL LMl Rd4 k1 HSTAT NAN JCR(138H); (P GP Bf>
fmmmmm e ke mr o m ——— ——e — mee e e e e ——— ——— —— ——— —— —— — —— ——— ——— ——
¥ FF@HZ - IFF - & ¢ 1 & EDZ - 1 MEMR ¢ & & 1 4 1 1 t 1 @ 1S ; DEFAULTS

"
*
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TITLE “SIGNETICS 3088 EMULATOR'; MICRG CODE LISTING

*

* GROUP @8 FARITHR: R =B 0. H  (ADD R ADC R SUB R. SBB R, ANA R, XRA R, ORA R, CP R)

*

* PROM U7 FRON U8 PROM 112 PRIOM US PROM U6 PROM U4
oy Yt Wy vy vy v
¥ 765418651 8 7 6 5 4 & 75 4 L 2 1 & 76 5 4 3+ 8 Pt

silnotics

E3 ——— —————— —— ——— —— ——— o ——— - —— —— — —
* RODR FO F1 FGP IME RGP DOE IRW ADL FRM EDL K5 IER SWPA NC2 NCL CCR EXT RRE LDZ SJM ISTDBY CS LD AC i COMMENTS
Jommom mm mmm e e e . ——— —— —— —— —— —— e mmm —— m—— —— ——— - —— ——— —— ——— —

(@38Hy FFL LR RIC ki RRE NAN JPXe2  iR=B,D,H

*

(B28H) :FFe SCZ2 AIR REF KD AN JZR82  ;ADD B.D.H
(B24H) :FFC 5CZ AIR REF Kb AN Jer@2 i ADC B,D:H
(B22H) (FF@ SCZ AIA FEF KNE NCN JZR@2  ;SUB B,D.H
(B23H) :FFC SCZ RIR FEF KND NCN JZrez  ;SBB B,D.H
(B24H: :FFB 502 A1 FEF KD Cs51 JZR@2  iANA B.D.H
" (B25H» FFB 502 ¥NI REF KND (B33 JZrR@2 i ¥RA B,D:H
(B26H) :FF 5C2 ORI REF Kp C51 JZR62  ;ORA B.D,H
(B27H) :FF@ 5C2 AIA KFF KND NCN JrRez O B,D.H
Krmmmmer mmm Ao e e ——— ——— ——— —— ——— —— ————— —— T m—— ——— —— - v m—— ——— m——— ——

* FFBHCZ - IFF - 1 1 1 4 EDZ - 4 MEWR 4 &t 4 ¢ 1 4 1 1 14 - @ 1S ; DEFALTS
*

*

*

#*

+ GROUF &4 : ARITHR: R=0C E. L (ADDR ADC R, SUBR. SBBR. ANAR XRA R, ORA R, CHMP )

*

* FROM U7 PROM US FROM U2 PROM US PROM U6 PROM U4

* YooY Yoy Y Yy YV L Y

* 8'735’5:4‘1 8‘6;5'1 8: ?J 59 5: 4: 2‘1 8) ?"5# 41 3} 21 1 83 ?1 6; 5: 4) 3'1 3; ?"‘1

:’; B — ———— —— msamas s mem ——— ——e-  memm. ea——— smm———

# ADDR FO FI FGP IME RGP DOE IRM ADL FRW ED1 KS  IER SWPR NCZ NC1 CCR EXT RRE LDz SJM ISTDBY CS LD AC  ; COMMENTS
R e e e e e e e e ——— - ——— ——— ——— —— —— — — —— —— ——— —— — —— ——

(B31H) FFL ILE REZ ki FRE NN JPke2  iR=C,E.L

*

(B28H) .FF@ SC2 RIA KFE Kb AN JZrB:  ADD CEL
(B25H) :FFC SCZ AIR RFE Kb AN JZR@3  ADC GEL
(B2AHY :FFA SCZ RIA FFE EDL KND NCN JZRE3  iSUB CE,L
(@2BH) FFC SC2 RIRA FFE ED1 KND NCN JZRe2  iSBB CE/L
{Q2CH3 :FF@ SC2 ANI FFE EDL KD csi JZrE3  GANR CEL
(BZDH :FF@ SC2 ¥NI RFE EDL KND C51 JRBZ i ¥RA CEL
{BZEH: :FF@ 502 ORI RFE EDL KD st JZRé:  SO0RACEL
(B2FH) :FF@ 502 RIRA FFF EDL KND NCN JRe4 i CMP CEL
*.__..__ —eman  wmaean  mamman e S e—— ——a—— G R S S eSS am— - MEANAS M A S— A S en  Smnen  Ameen  Smeme  AAsen  SmemAe  Geeeee G m——

*  FFBHZ - IFF - 1 1 1 1 ED2 - 1 MEMR 4 1 4 £ & 4 4 1 4 - @ 1S ; DEFAWTS
*

%

* GROUF @2 : INR B, INRD. INRH

*

# FROM U7 PROM UB PROM U2 FROM U3 PROM U6 PROM U4

#* Y Yy Yy Yy ¥y Y ¥ ¥

* S‘F16‘5:4‘1 3‘6;5‘1 8: ?J 6: 5: 4, 3'1 8: ?"5: 4, 3: 2: 1 BJ ?» 6; 5; 4) 3‘1 81 ?“‘1

* ——— —— ——— —— - ——— e e @ e e e e ———

+ HODR PO FI PGP IME RGP DOE IRW ADL FRW ED4 KS  IER SWFR NC2 NCL CCR EXT RRE LDZ SJM ISTDBY CS LD AC  ; COMMENTS
{ 1:FFL k1 NC1 RRE AN JZR84 ;i INR B,D.H
* FF@HZ - IFF ~ 14 t+ 4 4 ED2 - 1 MEMR 14 1 4 1 1 ¢ 4 1 41 - @8 4'S i DEFAWLTS
*

86



EJECT:

FROM US

PROM U4

\

*

# GROUP @3 . INRC, INRE INREL

*

* PROM U7 FROM U PROM U2

* l',l 3 V‘ l{i \,I \'I l\} I.Il
* 2-7.6-5.4-1 86,51 8 7. A& 5 4 1 &

X e e —— o ——

* ADDR FO FI FGP IME RGP DOE IRW ADL FRW EDL KS  IER SWPA NC2 NC1 CCR EXT RRE LD2 SJM IST DBY C5

fmmemm mme cmm e e —— ——

(B32H) :FFL 5TZ ILE R332 ki

fmmmmm —mm cm cme e m—— ——— ——— ——

* FFeHCZ - IFF - & 1 41 1 EDZ2 -

4 3

NCZ

1 1

U .
bt A

4; 3'1 8;

L A

71

v

i COMMENTS

iINR GEL

; DEFRULTS

DCR A,

PROM US

PROM U4

*

*

+ GROUP &4 . DORE DERD, DCRH DCRC DERE
*

* PROM L7 FROM US PROM UZ

£y ¥ emmme y
* 87,6541 86,51 & 7 & 5 4 31

* —— m—— —— —— ——

* ADDR FO FI FGF IME RGP DOE IRW ADL FRW EDL KS
Krmmtss o mm— m— ——— —— ——— —— —— —— —— ——
(B34H) FFL  CAS  RFF Ki
*

(B10H) :FFY 5TZ ALK 2 ke
(BL1H) :FF@ STZ ALK 3 Ka
(B37H) FF@ 5TZ AL R33 Ké
(M4BH)FFL AR R3Z  IRW Ka

K o e e — —— —— —— ——— —— ——

4 3

NCZ NC1i CUR EXT RRE LD2 SJM IST DBY (S

NCL
NC2

11

8} ?"'1

i COMMENTS

JZro4
JZRAS
J2Ro4
JZR86

; ACC = -

iDCR B D, H
;iDCR GEL
iDCR A

iDCX B, D H

; DEFAWLTS

PROM US

PROM U4

* FFBHCZ - IFF - 1 1 1 1 ED2 -
¥

*

# GROUF 85 @ INX B, INX D INKH

*

* PROM U7 PROW U2 PROM Uz

* "fl Ivl I‘l‘ l{l |'.I (7}
* §-7,6-5.4-1 86,51 8 7. & &5 4 -1
* m— ——— e e e

* ADDR FO FI FGF IMB RGP OOE IRW ADL FRW EDL KS

oo mme mmm e e e —— —— — — — ——

{@35H :FF1 ILE R33 IR ki

R ——m m—— m—— ——— — ——— —— —— ——— —— ——

FF@HCZ - IFF - 1 4+ 1 1 ED2 -

Yy

4 %

SWPA  NC2 NC1 CCR EXT RRE LDZ SJM IST DBY

i1

(V)
¥

8; 7—1

b AC

; COMMENTS

JZR86

i INX B,D,H

; DEFAULTS

INE A

FROM UF  PROM US PROM U2

FROM US

14 1 il '}
¥ k]

-5.4-1 8651 & 7 & 5 4 i1

LR B
“
=
(=2

00 =5

Ty
Y]

L g

* —— ——
# AODR FOO FI FGF IMBE RGP DOE IRM ADL FEW EDL KS

fmmme e cs ;e —;—— m—e meee —e . ——— - —

{@3EH) FFL STZ ILR RCC ki

fmmmm— mm— mm— ——— mm m—— m—— —— ——— —— —— ——

# FF@HCZ - IFF - 1 1 1 {4 Eb2 -

4 3

¢ SWPR NC2 NCL CC

1 1

6 9 4J 3'1

¢ EXT RRE LDZ SJM IST DBY CS

; COMMENTS

Jere4

;INRA

; DEFAULTS

"
*:

*
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*

* GROUF 9&: WOV RL Rz FL=0 B L Fe =8 I H

*

¥ FROM L7 PROM UE PROK U2 PROM US PROM Ue PROM U4

Xy ¥ Yemmmn Y ¥y X vy v

* l?-"n-‘l.' 6‘53 4-1 :'}'E-.' 5'1 8 T B '.:l 4, :\‘1 81 ?'_«.U 4.- :.- 2.' 1 E:.- ?.' 6) 5; 43 Z‘i 81 ?""‘1

+

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

% ADDR FO F1 FGP IMB RGF DOE IRM ADL FRW EDL ES  IER SWPR NCZ NCL CCR EXT RRE LDZ SIM IST DBY €5 LD AC  ; COMMENTS
K e mme i - e e e e mmm . ——— —— ——— ——— ——— —— —— ——— ——— ——— m——— ——

{@Z2H) FFa Fa_z  R33 Ki RRE NAR JCCC438HY;

(138H): T2R 33 IRMW Ko HCe EXT RRE IST NAN JZRBE MOV RL.R2
& iR1=C,E. L
+ iR2=B, D, H
Fmmmmm mm mmm m— ——— e m—— ——— - —e e e m———— ——— —— ——— - - ——— —— —— —— ———

* FFGHCZ - IFF - 4 14 1 1 EB2 - 4 WeWR 4 ¢ 1 & ¢ 1 4 1 1 - @ 1’5 ; DEFAULTS
*

¥

*

*

*

*

*

* GROUP @9: 5TA

*

¥ PROM U7 PROM UB PROM U2 PROM US PROM U PROM U4

K Y Y Y-y Y vy Yy vy Y

* 3"?; 6‘5.- 4'1 8-6,9-1 8: 6 D 4 3'1 8 F"S; 4, 3) 2: i 81 ?: 6.' 5: 4.‘ 3‘1 8J ?""1

*

* e - —— —— . e ——— —— — —— —— ——

+ ADDR FO FI FGP IMB RGP DOE IRW AOL FRM4 EDM KS  IER SWPR NC2 NC1 CCR EXT RRE LD2 SJM IST DBY CS LD  AC  ; COMMENTS

o me ——— ——— ———- —— ——— ————

kCC

B e—

{@33H) :FF1

ILR

Ki

NAN

JCC(@3FH); STR

* FF@HCZ - IFF - 1 4 4 4 EDe - 1 MMR ¢ 4 ¢ ¢ & 1 1 1 1 - @ 1S ; DEFAULTS
EJECT;

¥

* GROUP BR: DAL B.0.H: SPHL:  PCHL:  XCHG  MOVCR: Do HD. (B Do HY: MOWCCE L)L (G ELD

*

* PROM U7 PROM US FROM Uz FROM US PROM Us PROM U4

* y Vv TS, YRY Yoy VRV i

* 8'?.- 6_5: 4‘1 3"6: 5‘1 8} :' E'.' 5! 4! 3'1 Eu F-—S.‘ 4.: 3: 2) 1 81 ?) 6.' S.' 4.- 3‘1 8.‘ 17"'"1

*

#* - —— —— —— —— — e o - - ——— —— —— —— ——

* ADDR FO F1 FGP IME RGP DOE IRM ACL FRW EDL KS  IER SWPR NC2 NCA CCR EXT RRE LDZ SUM IST DBY C5 LD AC ; COMMENTS
SO U TSI ———— S

(@3AH} FFL ILR R332 K1 RRE NAN LD ;

*

(B1RHY :FF@ STC ALR ez IR ka EXT IST DBY BN JZr@?  :DAD B,D.H
*

(B1CH) :FF1 SOk k33 IRW ke EAT 15T DBY AN JRB6  ; SPHL

*

(810H) :FF1 SR Rdd ke DBY AN JCCCA3DH); PCHL
(13DH) :FFa LHI R4 Ki EXT NEN JCR(121H);

(131H): NOF FFF K1 EXT NAN JCR(130H);

(138H) :FFL LHI Fd4 ADL ki DBY AN JCR(132H);

{132H) :FFL LMl R4 IRM K1 EXT IST DBY AN JROE

Sinotics



*

Silnotics

{B1FH) :FF1 SDR k99 K@ DBY AN JCC(BCFH); XCHG
(@CFH: :FF@ ILR Rii K4 NAN JCC(L1FH);

(11FHY :FF1 DR Rez2 (] DEY AN JCR(119H);

(119H) :FFa ILE a9 KL NAN JCC(L39H);

(135K} :FFL DR Ri1 TRW Kia EXT IST DBY AN JZROE;

*

(@14H> FFL SDR o8 IRH (] NCi EXT IsT AN JZRe6; MOV B, (D H)
*

(815H) :FF1 ShR ki1 IRW Ko NC1 EXT 151 AN JZREG; MOV D, (B, H)
*

(B16H) (FFL SLf: k11 IRM K NC1 EXT IsT AN JZRB6; MOY H. (B, D)
*

{B17H: (FF1 <o Fixe ) ko NC2 EXT IsT AN JRB6; MOV G (E,L)
¥

(B1SH) :FFL ShR Fi1 IRW ki NC2 EXT IsT AN JZRe6: MOY E (C, L)
*

(B19H3 FFL SDR Rz2 1RH K NC2 ExXT IsT AN J2rae; MOV L. (C.E?
*

(BYCH) :FF1 LbI REE RN ED1 KD EXT IsT AN JZReE; MOY A, (C,E. L)
*

{B7FH) :FF1 LDI FEE IRW KD EXT IST Al JZree; oV R, (B, D, H)
Rmmmmm mmm mmm mmee e m e e e - —— — ——— ———— - et mmte e me mm— ——— ——— —

* FF@HCZ - TFF - ¢ 1 1 1 ED2 - ¢ MEMR 4 14 1 1 1 1 1 4 1 - 8 1S ; DEFARULTS
b

*

* GROUP 8B: LDA

*

* PROM L7 PROM US FroM U2 PROM US FROM U6 PROM U4

* Y Py TR Y ) vy Y

* g7 E"E'.- 4-1 2-6.5-1 & [ - TR TR 2 -1 8 ?"5; 4, :{.' 2) i 8} 7s 6’ 5 4 3‘1 g 17""1

*

* e e e -— Ses mee mes mme e cee s e

* A0DE FO FI FGF IME RGP DOE IRM ADL FRW EDA KS  IER SWPA NCZ NC1 CCR EXT RRE LD2 SJM ISTDBY €S LD AC 5 COMMENTS
fmmmrm mmm mme m—m mm— mme emms mmm S = ——e o . ——— . ——— —— —— —— —— — —— o e

(B3EH FFL LDI RFF K EXT AN JCC(a3nH); LDA
Jmmm——m e e mmm m - ——— —— —— . e e m—— ——— . —— = ——— —— ——— ——— ———— —— ———_— t——

®#  FFBHZ - IFF - 4 4 4 4 EDZ - L MEMR 1 1 & 1 1 1 1 1 4 - @ 1S ; DEFALTS
#

*

* GROUF B4 XTHL

¥

* FROM U7 PROM LS PROH U2 PROM US FROM Ut PROM U4

* ¥ Yy ¥y ¥y Y Y Y ¥ Y

* -7 65 4-1 8651 & 7 & S5 4 -1 8 = 4 3L 201 & 7. 6 % 4 31 8 —1

%

* e e ——— —— ——— —_— et e e - —— —— — — ——

* ADDRE FO F1 FGP IME RGF DOE IRM ADL FRM EDL KS  IER SWPA NCZ NC1 CCR EXT RRE LD2 SJM IST DBY C5 LD AC % COMMENTS
Fmmmae mem s o e o e e min - - —— o ——— ——— —— —— —— ——— o ——— ——— ——— ———— —

(O3CH) :FFa ILK iz K1 FRE s NN JCC(A3CH); XTHL
(13CH) :FFL LMl 33 IRM ki EXT DBY AN JPX(136H); ROW=13
*

(13BH) NOF FFF H kK1 EXT NAN JCRCL2AH);

(13AH) :FFB LMl Rz HOL KL DBY NAN JPR(136H); ROW=13
{4133H) :FF8 CSR Rz 41 DBY AN JCC{123K);

(12310 TZR Rz KH NCz CCR EXT NAN JCR¢122H);

(122H) :FFa DM R33 AL ke DBY NAN JCR(125H);

(125H) TZR k22 K NCi CCR EXT NN JCR(124H);

(124H) :FFB LHI F33 DOE Ki MEMK NAN JCR(127H);

(427H3 : NOF RFF DOE KL MEM EXT NAN JCR(126H);

(126H) :FF4 D5M k44 DOE ADL ED1 KB MEMH DBY NAN JCR(124H);

(421H) :FFL DM k44 DOE ED1 Ka MEMH CCR EXT DBY AN JCR(126H);

{126H) :FF1 LMI Rd4 K1 NOP DBY AN JCCcagat);

{0gaH) . FFL LHI Fd4 RDL K1 IST DBY AN JZre7;
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Kommmrm e o e - ——— —— —— —— —— — —— ——— o —— —— i — —— — — —— — —

* FF@HCZ - IFF - 1 4 ¢ 1 ED2 - 1 MEMR 14 1 1 1 ¢ & ¢ & 4 - @ 19 ; DEFRWLTS
*

*

¥

*

*

*

* GROUP @D RRC

*

¥ PROM U7 PROM UB PROM U2 PROM US PROM Us PROM U4

* "] v l?| i'l |’| l"] l’] \ll !'J 'V‘ l'l l'I

* S'?s 6‘5.- 4"1 3"6" 5’1 8.' l-"J 6} 5.‘ 4, :’-"1 8, ?“5.! 4: :<J 2.' 1 S.‘ ?; 6: 5: 4, 3"1 8} ?"_1

*

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

* ADDR FO FI FGP IMB RGP DOE IRW ADL FRM EDL ES  IER SWPR NCZ NC1 CCR EXT RRE LD2 SJM ISTDBY CS LD AC % COMMENTS
Kommmm co e e e . —— —— —— — ——— —— —— ———— i ———— ———— ——— — ————— - ——— ——— ——

(@3DHY :FF1 STC SRA FEE ki NCZ HCYL CN JCC(44DH); RRC
{140H) :FFC SRA REE IRW Ki EXT ISE BN JRe6

Pmwimmm o m - e m——— S . ——— ——— —— ——— ———— —— —— —— ————— — —— WA —— an- ——

* FFGHCZ - IFF - 1 1 1 1 ED2 - 4 MEMR ¢ 4 & 1 4 1 4 1 4 - @ 1S ; DEFAILTS
*

* GROUP 6F: MVIR: R=B 0 DE HL

*

* PROM L7 PROM L3 PROM U2 PROM S PROM Ué PROM U4

I e A e vy ¥y vy v

*  ETES418651 8 706 5 4 L8 5 4 3 2 1 & 7 6 5 4318 7—1

*

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

* ADDR FO FI FGP IME RGP DOE IRM ADL FRW ECD KS  IER SWPA NC2 HCL CCR EXT RRE LDZ SIM ISTDBY CS LD AC  * COMMENTS
Kemmmmm me emm e e . ———— - e e mae e e e i e Smeme . —— ——— e Simes  ————— —

(@3FHI:FFL LbI RFF KM EXT s AN JCR(B3EH); MYl
(@3EH) :FF1 LI 44 DL KL DEY AN LD ;(TO O7E OR @7D)
¥

(B7EH) :FF1 SDR R332 IRW K NC1 EXT BRE 18T AN JrRe6  iMWI B.D.H
(B7DH) :FFL SOR F33 IRl ke NC2 EXT FRE 157 AN JZRGE  iMVI CEL
R mme e e mmm S S - - ——— —— ——— ——— . —— —— i - ——— — —— —— o———— ——

* FFGHCZ - IFF - 1 4 1 1 EDZ - 2 MEMR 4 1 1 1 4 ¢t 1 4 1 - 8 15 ; DEFRLTS
*

*

*

*

*

* GROUP 18: CALL

*

* PROM U7 PROM U8 PROM L2 PROM US PROM U6 PROM U4

* Yo Y Y-V ¥ vy Yy V¥ Y

* 8"?: 6341 86,531 8§ 7. 6 5 4 3'1 & 5 4 L 201 8 7 6 3 4, 3-1 & ?”'1

*

* ——— ——— —— —— — — ——— ——— ——— —— — — —— —— ———

* ADDR FO F1 FGP IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA NC2 NCL CCR EXT RRE LD2 SJM ISTDBY CS LD  AC  * COMMENTS
Prmmmemm e e e e e e e e —— —— ——— —— nom—— ——— —— —— o . —— —— ——— ———— a—— ——

{@46H) :FFa ILE Ré4 K1 NAN JCC(1eeH); CALL
{108H) :FFa CSR k44 Kt NAN JCR(183H);

(163H): FS Ré44 4] NCZ CCR EXT NAN JCR(182H);

(182H) :Fra 2] K32 AL Ka DBY NAN JCR(1@4H);

{181H) :Fra LHI R33 Ki NAN JCRCA0FH);

(16FH) F3 R44 KH NC1 CCR EXT NAN JCR(44EH);

(16EH) :FF@ DsM E23 DOE fAbL ke MENK DBY NAN JCC(14EHY;

(11EH) :Fra LHI R332 DOE Kt MEMH EXT NAN JCR(44CH);

(11DH) : NOF RFF DOE ki MEMM EXT NAN JCRCAACH);

(14CH: NOP RFF DOE ADL ED1 K1 MEHH NAN JCR{11BH);

(14BH) :FF1 LM] Fd44  DOE EDL K1 HEMU CCR EXT DEY AN JCR(41AHD;
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(11AH) :FF4 LMI k44 AL ki DBY AN Jre?

*

(BCBH> :FFe LMI ka4 K1 EXT NAN JCC(136H); NON-CALL
*  THE ABOVE INSTRUCTION IS EXECUTED FOR R CONDITIONAL CALL IN WHICH THE CONDITION IS NOT MET. (T0 1308 @ GP eR)
Koo mem mme moe mme S Sm— S s S —— ——— —— ————— m—— m— ——— —— —— —- ——— - —— ———— ——

* FFEHCZ - TFF - & ¢t 4 4 ED2 - 1 MEMR ¢ 1 1 &t 4 1 1 4 4 - @8 1S ; DEFAILTS
EJECT;

*

* GROUF £1: JoF

¥

* FROM U7 FROM US FROM UZ PRON UGS FROM Ue FROM U4

* i Y Y TR VoY YY) v

* 3‘?: 6_51 4_1 8'61 5"1 8.' |7.' 6.- 5.' 4_. 3'1 81 ?"5: 4, :(-.' E‘: 1 8: l_"l 6.- 5.! 4r 3'1 8) ?“'1

+

* et Emener e S emem - ——— S —— ———— m— —tmem  Emem— Gmean e

* ADDR FO FI FGP IMB RGP DOE IRM ADL FRM EDL KS  IER SWPA NC2 WC1 CCR EXT RRE LD2 SIM IST DBY CS LD AC  * COMMENTS
K e e o e o i e won o i o e i o o i e o e v nam. o———— —

(841H) :FF1 LCSE Fd4 IRW ki EXT AN JCC(411H); JHP
(114H): NOF FFF IR ki EXT NAN JCR(118H);

(118H) :FFo LMI R4 AOL KIR NC2 NAN JCR(113H);

(113H) :FFa LMI Rd4 IFU kIR NC1 CCR EXT NAN JCR(112H);

(112H) :FFL LMI Rd4 RDL Ki DBY AN JCC(Az2H);

(132H) :FF1 LMl Rd4 IRW KL EXT IST DBY AN Jeree

*

(BCAH} :FF@ LMI P44 ki EXT NAN JCC(131H); NON-JMP
* THE ABOVE INSTRUCTION IS EWECUTED FOR A CONDITIONAL JUMP IN WHICH THE CONDITION IS NOT MET. (T0 131 @ GP &R
Ko com e —— e e e — —— ——— ——— ———— ———— e s i ———  Snmm mome i —— —a——— —

* FFBHZ - IFF - 4 1 1 1 EDZ - 4 MEMR 1 ¢t 14 & 4 & 1 1 4 - 8 1S ; DEFAWLTS
*

*

*

*

*

* GROUP 14: RET

*

* PROM U7 PROM UB PROM U2 PROM US FROM U6 PROM U4

« oy Y Y=t vy v ¥ vy v

* 8‘?: 6'5) 4'1 8'6: 5‘1 8} ?1- 6; 5.' 4; 3"1 8.- ?"‘5: 4) 3: 2.- 1 8.' 7.' 6) 5) 4) 3'1 8) ?—'1

*

%« —— —— — — — — ——— —— —— — — — — — t—

* ADDR FO FI FGP IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA NC2 NCL CCR EXT RRE LD2 SJM ISTDBY CS LD AC  * COMMENTS
Koo mme mmee ma— m—— - ——— mm—— ———— ——— —— ———— ————— ——m—— ———— —— ——— —— —— m—— tm——— e —— asmasas  smin

(B44H) :FF1 LHI 33 K1 EXT DBY AN JCR(B42H); RET
(@43H) NOFP RFF ki EXT NAN JCR(B42HD;

(B42H) :FF1 LMI R ADL ki DEY AN JCR(B41H); (@ GP 11)
*

(@C4H) NOP RFF IRM k1 EXT I5T NAN JZrRB6 i NON-RET
* THE ABOWE INSTRUCTION IS EXECUTED FOR A CONDITIONAL RETURN IN WHICH THE CONDITION IS NOT MET.

Kommmmmt e e - —— e e e mmm n e e o e o mmm mm ——— —— ——— — —

* FFGHCZ - IFF - 4 &1 1 4 ED2 - & WEWR 14 4 4 1 4 ¢ 1 1 4 - @ 15 ; DEFAULTS
*

*

*

*

¥

*

Sifnotics
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* GROUP 13: RAR

* .

# PROM U7 PROM US PROM U2 PROM US PrROM U6 PROM U4
W R vy vy vy v
* 8‘?) 6’5.' 4‘1 3'6: 5"1 89 ?.-" 6.- 5} 4, 3_1 8.' ?-"5.' 4) :<J 2.! 1 8: 7} 6.- S.' 41 3"1 8; ?""'1
*

* —— ——— ——— ———— ——— - ——— - ——— ———— ——— " w——— —e—an  ———

* ADDR FO F1 FGF IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA NCZ NCi CCR EXT RRE LD2 SIM ISTDBY CS LD AC  * COMMENTS

R o e m— e e e e e mmer A mESle  tmmem S s eSn SRS Gheske  Mtman  mamem e e —— ——— ———

{@45H) :FFC STC SRA REE IRH KL EXT IST BN JZRO7  ; RAR

R s e mee e e e - m— —a—— ———. ——— ——— ——— . ———— ——— —— —— —— —— —— ——— ——

* FFEHCZ - IFF - 1 4 1 & EDZ - 1 MEMR ¢ 4 1 4 1 4 & 4 14 - 8 1S ; DEFRWLTS

GROUP 15: PUSH B D. Wi FUSH PSM

¥

*

* PROM L7 PRON U2 PROM L2 PROM LIS FROM U5 PROM U4
oy ¥ Y-t ¥ vy Vv vy v
¥ 8765418651 8 7 6 5 4318 75 4 L 2 1 8 7 6 5 4318 7
*

* —— m— —— w—a—— —— — e mmem - —— —— ———— ——— ——

* RODR FO FI FGF IME RGP DOE IRW ADL FRW ED4 K5 IER SWPA NCZ2 NCL CCR EXT RRE LDZ SJM IST DBY CS LD AC o+ COMMENTS

Ko o s ——m m—— e e e e — e m— — —— e —m - ———

(@46H) FFa ] R33 Ka Lb2 DBY NAN LD (7@ @C6 OR eCD)
* .
(BCEH) FFO ILR R33 Ki FRE NAN JCRCBCIH); * PUSH
(BCOH) :FFa LMI 3z IRM K1 EXT NAN JCRCBCBH); B:D:H
(BCoH) Fra DS kXX DOE AbL K MEMM DBY NAN JCRCBLTHY;

(BCTH) (FF@ LI Rz DOE Ki HEMH EXT NAN JCC(427H); (@ GP 80y
*

(@CDH) :FF1 FCH RCB IRM ki EXT NAN JCRCBCCH); PUSH PSH
(BCCH) :FFa LMI R33 ki NOF NAN JCR(BCBH);

Kormmmm e mmm e o ——— — — —— i i = e e i o i oo - — o o

* FF@HZ - IFF - 4 4 4 4 ED2 - 4+ MEMR ¢ ¢ 4 1 1 14 4 4 4 - @8 1S ; DEFRILTS
*

*

*

*

*

*

* GROUP 17: NI M

*

* PROM U?  PROM UR FROM U2 PROM US PROM U PROM U4

kY ¥ Yot Y vy vy vy v

* 8"?} 6"55 4“1 8"6; 5‘1 8: ?.' 6.’ 5.' 4! 3"1 8 ?--SJ 4; ZJ 2) i 8.- ?) 6} 5; 4, Z"‘i Ba ?""1

*

* - ——— o e e - e e e —— —— —— ——— —

* ADDR FO FI FGP IMB RGP DOE IRM ADL FRW EDL KS  IER SWPA MCZ NC1 CCR EXT RRE LD2 SJM ISTDBY CS LD AC  * COMMENTS

Ko e e . e e - e —eE mEe e E——— e ——— e - e e - o —— —— ——— ——

(B47H) :FFO LMl R22 Ki NAN JCC(L17H): MYI M
(417H) :FFL LbI RFF IrH KIR EXT AN JCR(116H);
(116H) :FF@ DSht F44  DOE ADL Eld K@ MEMH DBY NAN JCR(11BH); (8 GP 18)

R mm mm e e m—— mm— — —— ——— —— —— —— ———— ————— on —t—  mmeae  ———— —im—— —— e momen  omrm mv———- —

* FFeHCZ - IFF - 4 4 1 & EDZ - 4 MEMR 1 4 1 & 1 4 %1 1 1 - 8 15 ; DEFAILTS

"
*:
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EJECT;

¥

* GROUP 18: NOF

t

* PEOM U7 FROM US PROM UZ FROM LS PROM Ut PROM U4

* Yemmmmeem Y Ym—mil Y Wy VY Y ¥

* 2-7,6-5.4-1 -6, 5-1 & 76 W 4 :"1 be -5 4 & 2 1 3: F TR T -1 8 ?"—'1

*

* ——— ——— —— —— —— _— - e e e ——— ——— —— —— ———

* ADDK FO F1 FGP IMB RGF DOE IRM ADL FRW ED1 K5 IER SWPR NC2 NC1 CCR EXT RRE LDZ SJM IST DBY CS LD AC % COMMENTS
Koo mme e mm i e B e e e e s e —mmm mm— mme e e me. m—— —— ——— ——— —— ——

(B43H? NOF kFF IRM k1 EXT 15T N JZRB6 5 NOP
R e mm - mmow e e e e e = e . —— . m— ——— —— —— ———— ——— — ——— —

* FF@HCZ - IFF - 4 1 1 & ED2 - & MEMR 4 ¢ ¢ 4 1 1 4 4 1 - 8 1S ; DEFAWLTS
*

*

*

*

®

*

* GROUP 1% LI B, Dy H, SP

*

* PROM P FROM Ug FROM U2 FROM US FROM U6 PROM U4

£ Y Yemmmny Y vy vy vy v

* 3"?.' 6‘5.- 4-1 8'6,' 5‘1 8: ?: 8 5; 4: 3"1 :.j-) ?"'5 41 3} 21 1 BJ ?: 6} 5! 4: 3“1 8! ?""i

%

¥ —— e ——— ———— -— ——— ——— ——— —— —— —— et ———

# ADDR FO FI FGP IMB RGP DOE IRW ADL FRW EDL KS  IER SWPA NC2Z NC1 CCR EXT RRE LDZ SJM IST DBY CS (D AC  * COMMENTS
Pommmmm mmm mmm e e mm me e e e e e e mm— e e v ——— —— - —— —— —— —

{B49H) :FF@ CSR k32 ¥i RRE DBY NAN JCC(@ASH); LXI B, D,
* (T0BAI €GP 28) H SP
fmmmmm cme m m e e = e S e ——— mmm ———— - ——— ——— —— —— ——— —— i - a—— aam— ——

* FFAHZ - IFF - 14 t 4 1 ED2 - ¢+ MEMR 4 1 1 1 ¢ 4 & 1 1 - 6 1S ; DEFRULTS
EJECT;

*

*

*

*

*

* GROUP 1R: RST

ES

* FROM U7 PROM US PrOM U2 PROM US PROM UE PROM U4

£y Y emmeny Y vy vy vy

* E:‘?: E-_Eb 4_1 E:"Ss 5'1 E:.‘ |7.- 6.' 5.' 4‘ 3‘1 S‘- T"“E’.- 4) :1 2‘- l 8) ?.‘ 6.' 5: 41 3'1 8.- ?""1

#

* ——— e e ——— _— e . ——— — —— — —— — ——

* RDDR FO FI FGP IME RGP DOE IRW ADL FRW EDL KS  IER SWPR NC2 NCA CCR EXT RRE LD2 SJM IST DBY CS LD ARC  * COMMENTS
Rmmmmm e e e e . . ——— ——— . e me o ——— —— ———— —— ——— —— ——— —

(84RH) :FFa bSH FiZ K@ DBY NAN JCC(48AH); RST
(18RH: :FFa LMI 33 K1 NAN JCRC407H);

{167H) :FFa LBl RFF kD EXT DeY NAN JCR(186H);

(1@eH) -FFg ALR Fd4 K NSTRT DBY NAN JCR(16CH);

(16CH) :FFa DN Ex2 DOE ADL KD MEMW DBY NAN JCR(1@BH);

(18EH) :FFa LMI k2 DOE ki MEMU NAN JCRC189H);

(1@9H) :FF1 LD ICF RFF DOE kIR HEMMW NC1 CCR EXT N JCR(488H);

(108H) :FFL SR k44 DOE ADL Ebt K1 HEMMW AN JCR(185H);

(165H) :FFa LMI Rdd DOE A MEMU EXT Cs1 JCR(4@4H);

SiNOLES

93



(194H) :FFa LMI Rd4 Kb NSTRT NC2 NAN JFL(112H); (@ GP 11)
R e e e e . ———— ——— —— —— ——— — ——— —— o e —— . - it ——— —amt— ———— o

* FFéWCZ - IFF - 1 4 1 4 ED2 - 4 MMR 1 & 4 1 1 ¢ 1 & & - 8 1S ; DEFAWTS
+

*

*

* GROUP 1E: MOY R.A; RLC: RAL:  STRX WOY oA ADL ACL: SUL: SBL ANL ¥RL ORL CPLL MVI A

*

#* FROM U7 PROM UB FROM U2 FROM U3 FROM Ue PROM U4

* ¥ SO Y Y 3 Yoy TRV y

* BT eG4l 26,51 B 7. 6 5 4 318 -5 4 o 1 8 6 L4018 71

¥

® —— e —— e ——— _— —m e e - —— ——

+ ADDR FO FI FGP IMB RGP DOE IRW ADL FRW EDL €5 IER SWPA NC2 NCL CCR ERT RRE LDZ2 SJM IST DBY CS LD AC % COMMENTS

R ———

(B4EHY :FFL ILR RCC K1 NAN LD MOV R.R: ARITH I
*

(B12H) :FFe 5TC ALR FCC Ka AN JCC(BC2H); RLC
(BC2HY FFC ILR RCC IRM K1 EXT 15T AN JRBE

*

(@13H) .FFC STC ALE FCL IRH Ka EXT 15T fiN -JZR@7 5 RAL
*

(BLEH) FFa LMI R33 IRH ki EXT RRE HAN JCC42EH); STAX,
¥ MOY M.A
(B61H) :FF@ =CZ AIA FEE KM CCR ERT N JCR(@B6BH); AD1
{@eaH) FFa ILK RCC ADL k1 NAN JZRe8: (BELOK)

*

(B63H) :FFC SCZ RIA REE KM CCR EXT AN JCR¢BE2H); ACI
(B62H) :FFa ILR RCC ADL K1 NN JZRB8; (BELOW)

*

(Ba5H) :FFa SCZ RIA REE KNM CCR EXT NCN JCR(B64H); SUI
{@k4H FFa ILR FCC ADL Ki NAN JZR88; (BELOW)

*

(@67H) .FFC SCZ AIR FEE KNH CCR EXT NCN JCR<@EEH); SBI
{@EcH) FFa ILR RCC ADL ki NAN JZR@S; (BELOW)

*

LBE9HY (FFa 5072 ANI REE 4] CCR EXT Cs1 JCR(BE8H); ANI
(Bo8H) FFa ILE RiC ADL Ki NAN JZR@8; (BELOW)

*

(BEBH) (FFa SC2 #NI REE KHM CCR EXT C51 JCR(BEARH); XRI
(@5AH: :FFa ILE RiC AL Ki NAN JZR88; (BELOK)

*

(B6DH) :FFa 5CZ ORI REE K CCR EXT £51 JCR(BECH); ORI
(@hCHY :FFa ILR N AbL K1 NAN JZRE8; (BELOK)

*

{BEFH) FFa IR RCC IRM K1 EXT NAN JCR(B6EH); CPI
(B6EH> :FF1 SCZ AIA RFF ADL KHIR NCN JZR883; (BELOW)

%

{BaGH) :FF1 LML F44 IRM KD EXT IST DBY AN J2RB6;

*

(B7FHY .FFL LD FEE IR KD EXT IS8T AN JRG6 i MYI A
*—_—.—_ B Tt e e T T e T e PR ——

* FF@HCZ - IFF - 1 1 1 % EDZ - 1 MEWR 4 4 ¢ 1 1 1 1 1 & - 8 1S ; DEFAWTS
9
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EJECT;

*
*

*

%

*

*

*

* GROUP 4C; MOV MR MWHERE R = A B . D E H L

* PROM U7 FRON U FROM L2 FROM US PROM U6 FRON U4

* i TRt Ty 3oy Wy Y Y

¥ BTES418651 & T 06 % 431 B 75 4 3 2 1 & 7 6 5 4 318 7

*

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

* ADDR FO FI FGF IME RGP OOE IRW ADL FRW EDL K5 IER SWPR NCZ NCL CCR EXT RRE LD2 SIM IST DBY CS LD AC  * COMMENTS
B m—— e crom o . mm—— mm i mmm . mmr e e e e e —mw —m— e e e e e

(Rd4CH? FFa LHI Rz ki SJH NAN JCCC12CH); MOV MR
(12CH) :FFa ILE RxZ IRM K1l EXT RRE NAN JPX(126H);

{12FH: NOF RFF IRW EXT NAN JCR(AZEH); R=C. &, L. A
{12EH) (FFL D=M k44 DGOE HOL ED4 K@ MEMU DBY HAN JCR(1214H); (@ GP 80)
(12BH): NOF RFF kM ki EXT HAN JCR(126H); R=B,D:H
(12AH :FF1 b=M Fd4d DOE AL ki HEMW DBY NAN JCR(129H);

(129H) :FF1 boH k44 DOE Ka MEMK CCR EXT DBY AN JCR(128H);

(128H) (FFL LMI F44 K1 HSTAT DEY AN JCC(BBEH);

{B88H) :FF1 LHI R44 ADL K1 IST DBY M Jere?;

Fmmmmm mmi e e e e e e i ——— ——— —— —— —— —— ——— ———— —— —— ——— —

*  FFBHZ - IFF - 4 1 1 4 EDZ - 4 MEMR 4 1 4 1 4 4 4 4 1 - @ 4’S ; DEFAULTS
¥

*

*

*

*

%

* GROUP 1D: MO RLR2: WHERE R =B D. Hi PANDE2 =C E L

*

* FROM U7 PROM U2 FROM U FROM US PROM U PROM U4

* i (Y RV I TV Yy Y

* -7 6-5.4-18651 & 7 & 5 431 8 -5 4 3 21 & 7 & % 4 318 71

*

* —— . — — e - —— ——— ——— o —— w— ————

* AR FO FI FGP IME RGP DOE IRM ADL FRW EDL KS  IER SWPA NCZ2 NCL COR EXT PRE LD2 SIM ISTDBY C5 LD AC » COMMENTS
K Smm e ——— m—— ——— —— ——— —— ——— — —— ———— ——— —— ——— —— ——— —— ———— ———— ——— ——— —— ——

(@dDH) :FF@  CSRILE  R33 k1 RRE NAN JCCC4@DH);

(160H) FS F3z IFH E0d KD NC1 EXT RRE IsT NAN JRBE

o m mme mm e mm . . mmm e ——— ———— . ——— ————— — — e — ——— e e —— —— ——

* FFOHCZ - IFF - ¢ 1 14 1 EDZ - 4 MEMR ¢+ 1 1 ¢ 4 1 1 4 1 - @ 1S ; DEFALTS

m

#*:

Siletics
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EJECT;
¥
*
*
¥
*
*
* GROUP 4E: EI (ENARBLE INTERRUFTZ)
*
* FROM U7 PROM Ug PROM U2 FROM US PROM U6 PROM U4
* Y Y i 4oy TV Yy . Ty v
* 8'?! 6'51 4'1 3'61 5"1 8.' ?.' 61 51 4.' :('1 8.' ?"5‘- 4.- :<.v 2.' 1 8' ?) 6’ 5" 4* 3_1 8-‘ ?--1
*
* —— e ——— ma—— ————— — - —— ——— —— mtm e v —— —e——
* ADDR FO F1 FGF IMB RGP DOE IRM ADL FRW EDL K5 IER SWPA NC2 NC1 CCR EXT RRE LD2 SJM ISTDBY CS LD AC % COMMENTS
B o e e e e —— —— —— —— . ——— —————— ———— o —— i —— i —— —— ——— —— ——t ——
(B4EH) :FFO NOP RFF IRW K1 IER EXT NAN JCCC43EH); (@ GP 1F)
R o ——— ——— —— - —— o ———— —— —— ————— a———— m—r~ m—— ——— ———— = - w—— tm—e - -
* FF@HCZ - IFF - 14 ¢ 4 1 EDZ - ¢ MEMR 1 14 1 %& & 1 1 2 1 - 8 1S ; DEFAWLTS
*
*
*
*
*
*
* GROUR 1F: DI <DISRELE INTERRUPTS)
*
¥ FROM U7  PROM UR PROM U2 PROM US FROM U6 PROM U4
oy Y Y Y vy vy vy v
* 3’?}6'5)4‘1 8’6:5‘1 S} ?: 6: 5; 4; 3'1 8} ?"5; 4) 3; 2; i 8J ?J 6: 5) 4, 3‘1 8} ?"'1
*
* ——— ——— —— —— — ——— —— i mm —— - o —— ——— ———
* ADDR FO FI FGF IMB RGP DOE IRW ADL FRM ECL KS  [ER SWPA NC2 NC1 CCR EXT RRE LD2 SJM ISTDBY (5 LD  AC  * COMMENTS
R e e e v e - ——— ——— m—— —— —— ——_— i —— m———— e e - e i - e ——
(84FH) (FF1 NOF RFF IRMW KL IER EXT £se JCC(13FH); DI
(13FH3 NOF RFF IRH Ki ENT NAN JCRCAZEH);
(13EH) :FFL LMI Rd4 AOL ki Sm DBY AN LD JPX ;
© % PREVIOUS 2 INST. ARE A FETCH IDENTICAL TO @87 AND @86, EXCEFT FOR THE ABSENCE OF "IST® TO PREVENT INTERRUPTS.
R cmm e s mee e e - —— —— —— —— e m——— ——— . S s emin  mieim  emen  mimin e e e
* FFOHCZ - IFF -~ ¢4 1 1 4 ED2 - 1 MEMR { 4 1 14 & 1 4 1 4 - @ 1S ; DEFRILTS
¥
* GROUP 26: DAR <DECIMAL RDJUST RCCUMULATOR)
*
* PROM U7 FROH U2 PROR U2 PROM UG FROM UE PrOM U4
I Y yoment Y ¥y vy vy v
¥ 765415651 & 7 6 5 4 1 % 5 4 L L L & 7 6 3% 4 318 71
*
* P T pp— PE— e Gh e, A Eraeen  meNRan e e Smam s -
* ADDR FO FI FGF IMB RGP DOE IRM ADL FRW EDL K5  IER SWPA NCZ NCL CCR EXT RRE LDZ SJM IST DBY CS LD AC  * COMMENTS
P e e e e - — —— — —— ——— . . . e i —— - —— ——— ——— e
(@3@Hy .FF1  ILRACH RLB K1 NAN JCC<endH); DAR
(BABH: :FFO SCZ RIA 199 RFF K HCL AN JCC{8BaH);
(BBOH) :FF@ R FEE ke L2 se JCR(BBLH);
(BB1H» -FFB SC2 ILR RCE EDL K1 NC1 SM AN JCECBALH);
(BALHY :FF1 LDI IBE RFF ] NC2 AN LD (7O 828 @ GP 81>
Koo oo e - m—— ——— o ——— e ot e o e e o m——— — e e e m——— ——
* FFBHCZ - IFF - 1 1 1 1 EDZ - 4 MEMR 4 4 1 4 4 & & 4 ¢ - 8 1S ; DEFRULTS
96 Sifinetics



GROUP &4: CMC CCOMPLIMENT CRRRY:

FROM U7 PROM L2 PROM L2 PROM US PROM U6 PROM 4

y Y Y=y ¥ vy vy vy v

&7 -5, 4-1 3-6.5-1 & FOR TR T % :\'1 & 57"5; 4. 31 2: i 3) ?I 61 5) 4, 3‘1 85 7'_—1
* —— i —— — — _— ——— ——— ——— — —— — — — —
* AUDR FO FI FGF IME RGP DUE IRW ADL FRW ED1 KS  IER SWPA NCZ NCL CCR EXT RRE LDZ SJM ISTDBY C5 LD  AC  * COMMENTS
Jmmmmm e - ——— —— —— . —— —— ——— —— —— ———— ————— i ——— ——— ——— ———- ——— —— —— ———
(851H) :FFC CRS RFF K1 NAN JCC(151H); CMC
(151H) STC SRA FFF IRM ki EXT 18T NAN JRO?
fmmmm e o i ma e M e S e e — e e mm e e mem e e e ——— e ———— o
* FF@HCZ - IFF - 1 1 & 1 ED2Z - 1 MEWR ¢ 1 1 ¢ 1 14 1 1 1 - @8 1S ; DEFAWLTS
EJECT
*
* GROUF 22 ADD M. ADC M, SUE M. SEB M. ANAM, MRAM. ORA M. CMF M
*
* FROM U7 PROM U2 FROM U2 PROM US FROM U6 PROM U4
t Y ¥ mmmeny vy ¥V ==y ¥ v
* F-TE-Sd4-1 B-65-1 2 T 6 % 4031 08 75 4 oL 1 8 76 5 4318 7
&
* e . ——— o —— — e e ——— e ——— ——— —— —_—————
* ADDR FO FI FoP IME RGP COE IRM RDL FRM EDY KS  IER SWPA MC2 NCL CCR EXT RRE LD2 SJW IST DBY CS LD AC * COMMENTS
Hmmmm i e e e e e e e e e . m m— —— e —— —— —— ——— —
(B52H) FFa =M Fdd ke DBY NN JPX(BS5H); ARITH M
(BSSHY FFa LMl k22 IRY K1 EXT NAN JCR(B54H);
(B34H FFL LHI k44 ADL k1 [BY NeM JCC(B94H);
CB94H FFa ILF FCC ki NAN JPR(BE@H); (ROK = E)
{BELHY FF@ SCZ AIA RFF ki (LR ENT AN JCR¢BEBH); ADD M
{BEAH) (FFL SR FCC FRH 4 NSTAT 187 AN JZRE6;
{BE3H} :FFC SCZ AIA RFF KM CCR EXT AN JCR(BE2H): ADC M
CBEZH) FFL SDR FLL FRW K@ NCTAT IsT AN JZRB6;
(BESHY :FFa SCZ AIA RFF FHM CCR EXT NCN JCR(BE4H); SUB M
(BE4H) :FF1 SDR RCC FRH ki 15T AN JZr@6;
(@ESH? :FFC 5CZ RIA FFF KN CCR EXT NCN JCR(BEBH); SBB M
(@EEH) :FFL DR RCE FRu Ka NSTRT IsT N JZR06;
(BE7H) :FF@ SCZ F5 FFF KM CCR EXT cs1 JCRCBEEH); ANA M
(BEEHY (FFL SDR RCE FrH Ka NSTRT IsT AN JZR86;
(BEBH) :FFa SCZ2 ANI RFF KnM CCR EXT Cs1 JCR(BERH); XRA M
(@EAHY (FFL SOk RCE FRi Ka NSTAT IST N JZRE6;
{BEDH :FF@ 5CZ Fe FFF KM CCR EXT €1 JCRCBECH); ORA M
(AECH) :FF1 SDR: RCC FRUW ke NSTRT 187 AN JZRes;
(BEFH) :FF& =CZ AIA FFF il CCR EXT NCN JCR(BEEH); CMP M
(BEEH) :FF1 NOF o] FRH ki N5TAT IsT AN JZRB6;

SiNOtiCs



Rommam mee m—— e e e mmmm = - — — ——— ———— ——

* FF@HCZ - IFF - 14 14 1 4 ED2Z - 1 MEMR 4 ¢ 1 £ 4 1 1 1 1 - @ 1S ; DEFAULTS
EJECT:

R

* GROUP 23: LDAM. MOV A M

*

¥ PROM U7 FROM LB PROM U2 FROM U3 FROM U - PROM U4

L A vy vy vy y

* E"'?.' 6‘5.- 4“1 S“S» \.‘1 8.‘ ?z 6.- 5.- 4; 3"1 8.- F"S’ 4; :(-.- ;:- 1 S.' i 6; 5.\ 4: 3'1 8.' ?"""1

*

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

* HDDR FO FI FGF IME RGP DOE [RM ADL FRM ED4 KS  IER SWPA NCZ NCL CCR EXT RRE LD2 SJM IST DBY C5 LD AC  * COMMENTS
Frormmme e i - ——— —— i = e i m——— o s o m—— ——— m— —— e —— —— e

(833H) :Fria LHI R33 IRH k1 EXT FRE NAN JCCCRF3H);

(BF3H) NOP FFF IRH K1 EXT NAN JCRCOF2H);

(BF2H) -FFa ] R44 AOL k@ DBY NAN JCR(@F1H);

(@FiH) FFL LOI REE KM EXT AN JCR(BFEH);

(BFGH) -FF1 LHI kd4 ki NSTAT IST DBY AN JZrB6;

Koo i e mmm mmm mo e . m— —— —— —— — ———— ——— ——— ——— — —r ———~  ovem e e m——— -

* FF@WCZ - IFF - 1 ¢ 1 1 ED2 - 1 MEMR 1 1 1 1 1 1 1 2 1 - @ 1S ; DEFAULTS
*

*

*

*

*

*

® GROUP 27: HLT (HALTY

*

* PROM U7 PROM U PROM L2 FROM US FROM U6 FROM U4

£y Y Yy ¥y vy vy v

* 8‘?.‘ 65 4'1 E:"E-; 5‘1 8.- 7s 6: S.' 4, 3‘1 8.: 7“"5: 4, 3; 2; 1 8} 7 6 5; 4, 3‘1 8 ?""1

*

E'3 —— —— - —— — R — - e - —— ———— o—t——

* ADDR FO FI FGP IME RGP DOE IRW ADL FRM EDL KS  IER SWPA NCZ NCA CCR EXT RRE LD2 SIM IST DBY CS LD AC  * COMMENTS

Hmmme e mmm mom et e mmm e . . ——— —— ——— ——

(@57H) NP REF K1 EXT NN JCRCBSHY; HLT
(B5EH): NP RFF K HLTA IST NN JZREL

Ko mmmm i - m—— —— —— ——— v —— = ——— . o o —— —— S o —— ————

x  FFGHZ - IFF - 1 1 4 1 ED2 - 4 MM 4 1 1 1 1 1 1 1 1 - B 15 ; DEFAWLTS
*

* GROUF 28: IN 0T,

*

# PROM U7 PROM Ug PROM U2 PROM U5 PRONM U6 - PROM U4

oy ¥ Yememy vy vy y v v

¥ BTES41EESl B T 6 5 43 8 75 4 3 o2 1 & % 6 5 43 B 7

«

* ——— i —— ——— —— —_— ——— —— —— — — ——— ————— ——

* RODR FO FI FGF IMB RGP OCE IRM AL FRM EDL KS  IER SWPR NCZ NCL CCR EXT RRE LDZ SIM ISTDBY €5 LD RC % COMMENTS
R e e mme e e e e — —— m—— —— ——— —— = mamim e e - e e e e —— ——

(@SEH):FFL CSR R99 Kt Loz AN LD i IN OUT
. (T8 @F (R 0B9)

98
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= e e e e ———

CABFH) :FFa LMI F29 KM CCR EXT NAN JCR(@BEHY; IN
(ABEH) :FFi bsM Fd4 AL kB TR DBY NAN JCR(BBBH);
(BBEH) :FF1 LHI Fdd4 ki 10F DBY AN JCR(BBDH);
(BBOHY :FF1 LDI FEE il Lok EXT AN JCR(BBCH);
(BBCHY FF1 LMI k44 AL ki DEY AN JZRE7;

(@B9H) :FF@ LMI R33 KH LCR EXT NN JCR(ABBHY; OUT
{BREHY :FFA ILE RCC K1 HSTAT NAN JCR(BBAH);
CBEAH) :FFa DEH k44 [OE AL ke i [DEY NAN JCR(BB7H);
(BBTHY :FF1 LMI Rad DOE K1 oM CCR EXT DBY AN JCR(BBEH);

" (BBGH) FF1 LMI Rd4 RDL 4 DBY AN JZr@7;

P M e - —— ——— ——— i —— ——— ——— i i i e e e e m—— e —— —

*  FFAHZ - IFF - 1 4 4 L ED2 - L MR 4 1 1 1 1 1 4 1 1 - 8 1S ; DEFAWTS
*

*

*

*

*

*

* GROUP 29 SHLD (STORE H & L DIRECT), STA (STORE A DIRECT

*

* PROW U7 PROM U2 PROM U2 PROM U PROM UE PROM U4

* Y i Yoy ¥y Yy Yy Y

* 3765418651 & 7 6 3 4318 75 4 L o2 1 & 7 & 5 43418 71

Ed

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

& ADDR FO FI FGF IMB RGP DOE IRW ADL FRM EDL K5 IEF SWPR NCZ NCL CCR EXT RRE LDZ SJM ISTDBY CS LD RC  # COMMENTS

(859H: :FFa ILk R33 k1 RRE NAN JCC(BF9H); SHLD, STR
(BFSH) :FF1 LSk F99 IR Ki EXT AN JCR(BFSH);

CBFSH) (FF@ LMI F23 AOL KIE NC2 NAN JCR(BFBH);
(BFBH:FFG  LMI k93 KH NCi CCR EXT NAN JCRCBFRHD;

(BFAH) (FFL LMI R%3 DOE fibL E0 ¥4 HEMH DEY AN JRLCBFCHY; (ROW = F)
* (70 OFD OR @FF)
(BFDH) :FFa LHI k93 [OE EDL K1 MEMY EXT NAN JCR(BFCHY; SHLD
{@FCH) HAF RFF  [OE ADL ki MEMU NAN JCR(BFSH);

(BFSH) :FFL LMl Fd4d DOE ki HEMM CCR EXT DEY NAN JCR(BF4H);

(BF4H) :FF1 LMI 44 AL DBY AN JZR@Y?;

(BFFHY FF1 LMI k44 DOE ED1 Ki CER EXT DBy AN JCR(BFEH); STA
(BFEH) (FF1 LMI Fd4 DL ki DEY AN JZRE7;

Rmammmm e e e e e meh e e e C mm —r e e mm e i = ——— - . —— ———— ——

* FFo Mz - IFF - 14 & L 1 EDZ - 1 MWEWR 1 ¢ 1 1 1 ¢ 4 1 4 - @8 45 ; DEFAWRTS
EJECT:

*

3

* GROUF 2A: ML CMULTIFLY) OF-CODE = ED CHEXS

¥ SETUR CONDITIONS RESULTANT CONDITIONS

¥ e

* MULTIFLIER IN A-REG 16-EIT RESLLT IN B & C REGS (LSB IN ©)

¥ MULTIPLICAND IN E-REG CARRY FLAG <CY) CONTRINS MSE OF RESULT

* HALF CARRY FLAG (HC) IS INDETERMINATE

¥

* PrROM U7 PROM US FROM U2 PROM US PROM U6 PROM U4

* i Yoy Y Yoy VY YY) v

* B"?.‘ 6"5: 4"‘1 E:'E\.' 5'1 8.' i EJ 5» 4, 3‘1 8.- 57“‘5.- 4, 3) 21 1 E:J F; 6.- 5: 41 3"1 8) 7""‘1

¥

sifnotics
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*

# ADDR FO FI FGP IME RGP DDE IRM ADL FRW EDL KS IER SHPR NC2 NC1 CCR EXT RRE LD2 SIM ISTDBY €S LD AC % COMMENTS
K e e e e e —— — ——— o ——— —— ——— e mmm m—— o — = - —— —— ——

(B5AH):FFL 1Lk RoB k1~ NN JCCCASAHD; ML
(15RH):FFL IR ROE K1 NN JCRCLSBH);
(ASBH):FFL R RCC 1 NCL AN JCR(LSDH)
(1SDH):FFG STZ SRR PEE  IRM K1 CCR EXT DBY CN  JCRCASCH);

(15CH) :FFB STC AIA 162 REE KD NSTRT NGt PN JCRCASEH);

CASEH) FFC STC SRR REE K1 NSTRT DBY CN  JCRCLSFH);

(15FH) :FFB STC AIA 162 REE kD NSTAT  NCL AN JCCCAGFH);

(16FH) :FFC STC SRA REE <1 NSTAT DBY CN  JOR(LGEH);
(16EH):FF® STC AIA 102 REE KD NSTAT  NCL BN JCRCAEDH):

(16DH) (FFC STC SRR REE K NSTAT DBY N JCRCI6CH);

(16CH) :FFB STC RIA 162 REE KD NSTAT  NC1 AN JCRC16BH);
(16BH):FFC STC SRA REE Kt NSTAT DBY CN  JCRCI6AH);
(16AH):FFB STC AIA 182 REE KD NSTAT  NC1 AN JCRC69H);

(169H) (FFC STC SRR REE Kt NSTAT DBY CN  JCCCASOH):

(159H) :FF@ STC RIA 182 REE KD NSTRT  Net AN JCRCLSBH);
(158H):FFC STC SRR REE ki NSTAT DBY CN  JCC(L18H);

(148H) :FF@ STC AIA 162 REE kD NETAT  NCL AN JCRCL14H);

(114H) (FFC STC SRR REE K NSTAT DBY CN  JCC(A34H);

(134H) :FF@ STC AIA 162 REE KD NETAT  NCL A JCC(L44H);

(144H) FFC STC SRR REE ki NETRT DBY CN  JCR(145H);
(145HFFL SOR RS9 K NSTRT AN JCR(146H);
(46HFFL IR RIE K NSTAT NI JCRCL47H):
(147H):FFL SR RED ke NETAT BN JCROL48H);
(4BHIFFL IR R99 K NSTAT NN JCRCL4RH):
(148H):FFL LD REE L KD NSTAT IST AN JZReE;

*_---_ ——— e mmen  memo e mmaat e amemm  emmeEe  men e AmEn  Gumae S eratemee b Smamre  Smmmen  Smemem  memee e s mmemem AR e—e——

¥ FFAWZ - IFF - 1 1 1 4 EDZ - 4 MM L 1 1 1 1 1 4 4 1 - @& 4'S ; DEFALTS
*

* GROUP 28: LMLD (LORD H & L DIRECT).  LDA (LORD A DIRECT)

*

* PROM U7 PROM S PROM U2 FROM U5 FROM U6 PROM U4

£y ¥ Yemey Y vy vy vy v

¥ B765418651 & 7 6 5 431 8 75 4 3 2 1 & 7 6 5 431 & 7

*

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

* ADDR FO FI FGF IME RGP DOE IRM ADL FRW EDL KS  IER SWPR NC2 NCL CCR EXT RRE LDZ SIM ISTDBY C5 LD AC  * COMMENTS
B cm e e e e e e e e e e e e e e e e ——— e = e —— —— —

(BSBH):FFL  CSR R3Z 31 FRE NAN  JCCCBABH); LHLD, LDA
(GRBH):FFL DI RFF K EXT AN JCRCBRRH);
(BRAH)FFL LML ROD ADL K1 NN JCR(GADH);
(BRDH):FFL LM IFF RER KM ML EXT ST NN JCRCGACH);
(BRCHY:FFL LM DD ADL K DBY AN JPX(BABH); (ROW = A)
* (T0 @RE OR BA3)
(BREH):FFL LM ROD K DBY AN JCRCBASH); LHLD
(BROH): 5 R KM NCZ  CCR EXT RRE NN JCRCOAGH);
(BRBHICFFL  LMI R#d AL K1 DBY AN JCR(GAFH);
(BRFH):FFL LDI RFF KM EXT S AN JCCCB3FH); (@ GP oF)
(BRI FFL  LDI  REE K EXT AN JOR(BAH); LDA
(BRZH) FFL LNl Red ADL K1 DBY AN JCC(132H); (R GP BA)
*———-—_ e e e S e te  AGs e RS EhEmim G M MG e MG GARAR S e SRR MnEae  hERE R AR GmemA e e e

*  FFEHZ - IFF - 1 4 4 4 ED2 - 4 MM 1 1 1 1 4 1 1 4 1 - & 15 ; DEFAUTS
*

*

¥

*

*
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EJECT:

k3

* GPOUP 20 FOF B, POP D, FOF H. POF PSM

*

* FROM U7 PROM L2 FrOM U2 PROM US FROM Us PROM U4

£y Yt Y vy vy Y Yoy

* E:'?.- 6-3 4-1 :.:.:‘Eu ':-l"l E:.l ?} 6: S‘ 4, 3_1 E:a ?"‘4.‘ 4, 3.’ 2} 1 8) ?I 6.' 5! 41 3'1 8; ?"“1

*

® ——— —— —— — ——— _— e e - —— ——— ——— ——— —— ——

# ADDR FO F1 FGF IME RGP DOE IRM ADL FRM EDL ES  IER SWPR NC2 NCL CCR EXT RRE LD2 SJM IST DBY CS LD AC  * COMMENTS
fmmmme mmm e e e e e e e ——— ——— ——— ——— mmm mm e - m—— o = e

(BSCHI:FFL DM P44 Ka SiM DBY NAN  JCC(BICH); POP
CBSCHY FFL LM} K32 IR ki EXT DBY AN JPX(@B5H); (T8 883
{BB3H NOF FFF IRM k1 EXT NAN JCR(@B4H);

(BB4H> (FFL LMI F33 ALL K1 DBY AN JCR(BB3H);

(BE3H) (FFL LbI FFF kH EXT AN JCR<@B2H);

(ABzHY FFL LMI F44 HEL k1 DEY AN JLL(BA4H); (ROW = R)
* (TO 8A5 R 8A7)
(BASHY (FFL LDI FFF kM HCL EXT N JCR(@A4H); POP B, D, H
{BA4H) - NaF RFF ki NETAT NAN JPR(BBBH); (RO = 8)
#* (70 884, @85 OR 686)
{8B4Hs FFL DR Fog ra HETAT IST DBY AN JRes ;PP B
(BESHY FFL DR ki1 ke NSTAT IST DBY AN JRe6 i POPD
(B3EH FFL DR keg ko NSTRT IST DBY AN JRG6  ; POPH

* NOTE:  THE AROYE I INSTRUCTIONS COULD BE COMBINED INTO 4 BY USING "RRE" AND RGP = "R23", AND BY PROGRAMMING PROM U-38
* FOR FOF B, POP D, AND POF H OP-CODES. REGISTERS “R@@", "R11", AND "R22" RESPECTIVELY:

* INST. HE®. 128 L-2a ARREAY 4 ARRAY 2

* MHEMONIC OPCODE ADDRESS  CONTENT REGISTER  REGISTER

*

* FiP E £1 I ] 8 & a

* FiF D bi ZE 3 1M 1 ()

* FOF H EL iE A 2 (H 2w

(BAPHY (FF1 SCZ LDI FEE FRI KM EXT AN JCE(BA7H); POP PSW
* (JCE ENRBLES PRL FOR POP PSW.)
(HAEH NOF RFF K1 H5TAT IsT NAN JZRB6

Fommmme s cm mom mm e e oo e e mr e . mm . ——— o —— ——— ——— —— —

* FFGHCZ - IFF - 1 1 1t 4 ED2Z - 4 MEWR 1 1 & 4 1 ¢ 14 4 4 - 8 4 ; DEFAWTS
%

*

*

*

%

# GROUP 2D 5TC (SET CARRY)

*

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

oy ¥ Y vy vy vy

* g-7 6-9,4-1 36,51 & 7of % 4 03108 -3 04 3 o204 & 7 6 5 4, -1 & s §

*

* - —— ——— —— ——— e e e e e s ———

# AODR FI FI FGP IME RGP DOE IRW ADL FRW ED4 KS  IER SWPA NC2 HCL CCR EXT RRE LD2 SJM ISTDBY CS LD AC ~ + COMMENTS
fimmmmm mem s mmm e e e e e e e e e e —me e e e e e - —— — ——— ——

{@I0HY STC NOP RFF IRM 41 EXT 157 Cse Jre? 5 SIC
frmmmmm mm e e e e e e e e m— e m———— m——— —— —— —— —— = ———— ——— — —— —

* FF@HCZ - IFF - 4 1 1 1 EDZ - 1 MEMR 4 ¢ 1 1 14 4 1 4 1 - & 1S ; DEFALLTS
#:

sifaetics
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+

NE

* GROUF 2E: INR M DCRM MOVRM WHERER =B C D, E H L
¥
* FROM U7 PROM US FROM U2 PROM US PROM U PROM U4
¥ ¥ Wy 4oy Yoy Wy LY A v
* 8‘?.- 6‘54 4'1 3"6; 5’1 3.- F.- (8 3 4.- ."'1 8 ?"‘5.- 4, 3; 2; 1 3: ?: 6: 5: 4' 3‘1 8.- ?‘—‘1
*
¥ e —— —— n—— _— ——— m———— ——— —— ——— ——— —————

- # ADDR FO FI FGP IMB RGP DOE IRW ADL FRW EDL KS  IER SHPA NCZ NCL COR EXT RRE LDZ SIM ISTDBY CS LD AC  * COMMENTS
Krmmme mmm e e e e . —— —— — — —— ———— ——— ——i ——— —— —— t—— —— —— —— — —r
(B3EH) :FF1 ¥5M R4 k8 SJH DEY NAN JCC(BCEH);
(BCEH) FF1 LK1 ke 1kM Ki EXT NAN JPX(BCBH); (ROK = )
(BCEH? NOF RFF IRMW k1 EXT NAN JCR(BCAH); INR/DCR M
(BCHHY (FF1 LMI k44 AL ki DEY AN JPR(ADBH); (ROW = D)
* (T0 DD OR @DF)
CabDH) (FFL LDI RFF KM EXT AN JCRCBDCHY; INR M
(BDCHY :FFL 572 ILR ROD K1 AN JCRCBDEH); (DOWN 2)
(BDFHY :FFB STZ LDI RFF KM EXT AN JCRCODEH); DCR M
(BDEH) : NOF RFF DOE FRW ki MEMH NAN JLL(BF4H); (TO OF7)
CBF7HY (FFL LHI k44 DCE (4 MEMK EXT DEY AN JCR(BFEH);
(BFEH) (FFL LMI Rd4 ADL ki DBY AN J2RA?;
(B0AHY FF1 LDl RFF kM EXT N JCR(BDEH); MOY B M
(@DBH) :FFL SDE kea k@ NETAT NC1 IsT N JZree;
CaDvH: (FFL Lol RFF kM EXT AN JCR(BDEH); MOV C M
(BDEH) (FFL DR Rt ke NSTAT NC2 15T AN JZR86;
(B03H) FFL LDI RFF KM EXT fiN JCR(BD2H); MOV D M
(@D2H) FF1 SDR ki1 K@ NSTAT NC1 18T AN JZRAG;
CODIH) FFL LI RFF KM EXT AN JCR(BDEH); MOV E M
{8DEH) FFL SDR: ki1 Ke NSTRT NCZ2 15T AN JZRa6;
(DSHY FF1 LbI RFF KH EXT AN JCRCBD4H); MOV H M
CBD4H? FF1 SOk rze ki HSTAT NC1 IsT AN JZRO6;
CADEH: (FFL LI FFF KM EXT N JCRCBDAHY; MOY L M
(EDAHY (FF1 SOR R2e ke NSTAT NC2 157 AN JZRBE:
* NOTE: SEE NOTE FOR GROUF 2C.  IT ALSD AFPLIES HERE IN TWO CRSES.
Mmoo cmm e e —— e . . —— ——— —— —— ——— ——— o~ som—— —— o —— ot —— o—— —
* FFEHZ - IFF - 4 1 1 1 ED2 - 41 MWEMR 4 ¢t 1 4 4 1 1 4 4 - 8 1S ; DEFALTS
#
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EJELT

3

*

% GROUP 2F: CMA (COMPLIMENT RCCUMULATOR?

*

. PROM U7 PROM LS FROM U2 PROM LIS PROM U PROM U4

* Y Y Y-ty vy vy vy v

¥ 8‘?» 6'51 4"1 3'6: 3'1 £ ?.- Eu 5.' 4.- :_l E:.x 1_‘5.‘ 4.' :I c-.J 1 BJ ?J 6 5' 4' 3-1 8’ ?---1

* '

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

* ADDR FO FI FGF IMB RGP DOE IRW ADL FRW EDL KS  IER SHPR NC2 NCL CCR EXT RRE LD2 SJM IST DBY CS LD AC * COMMENTS
Kmmmeme mom e e e e e o o  m——— o b e i i e o i

(B5FH) :FFB CMA REE IR k1 EXT 15T NAN JR86  ; CMA
o e e e —m e —— i —— —— — —— ——— —— — —— —— - — e m—— ——— a—— ——

*  FFBHCZ - IFF - 4 1 1 1 ED® - 1 MEWR 1 4 4 1 1 4 1 1 1 - 8 15 ; DEFAWTS
*

*

*

*

*

*

* GROUP 41: DIV <DIVIDEY OP-CODE = FD CHES)

*

# SETUP CONDITIONS RESULTANT CONDITIONS

x eeeescesee————

* DIYISOR IN A-REG GUOTIENT IN C-REG

* DIYIDEND IN C-FEG REMAINDER IN B-REG

* DIVISOR. IN A-REG (UNCHANGED)

* CARRY FLAG (CY) CONTRINS LSB OF GUOTIENT

* HALF CARRY FLAG (HC) CONTRINS 1

*

* PROM U7 PROM UG FROW U2 PROM U3 PROM U6 PROM U4

* Y WY L Y Y Yy Y ¥ )

* S'F} 6‘5.- 4"1 5‘6.- 5'1 S.l F.l 6.- E’! 4, 3"1 3) ?“‘5.- 4) 3: 2) 1 8.! ?l 6) 5.' 4} 3“1 81 ?_—1

¥

¥* ——— —— —— —— — — —— —— . —— —— ———— ——— —— ———

* ADDR FO FI FGF IME RGP DOE IRW ADL FRW EDL K5  IER SWPA NC2 NCL CCR EXT RRE LDZ SJM IST DBY CS LD AC  + COMMENTS
fmmmmm mme e e e mm e e e me e e e e e ——— e = e e ——— rm————— —

CB7iHY (FFL LDI IBF REE ke NC2 AN JCC(471H); DIV
(171H) :FF1 CSR R IR K1 NC1 EXT fiN JCR(178H);

{178H) (FF@ SCZ OMR FCE ki NSTRT NCi AN JCR(474H);

(474H) :FFa ILR Fae (41 NSTAT NAN JCR(A72H); (SHIFT)
{172R2 FFC ALR kg K@ NSTART bBY BN JCRCATSHY;

{175H :FFL STC ALR RLC k9 NSTAT WCZ MCL AN JZF(162H); (ROW=16)
* (T0 162 R 163
(162Hy :FFa 5T2 SkA REE Ki HSTAT NC2 CN JFL(172H); (ROW=17)
* (T0 172 OR 172)
€173H) :FFB ILE RCC Ki NSTAT AN JCR(L76H);

(476H: FFL ADR Faé ke NSTHT NC1 fin JCRCA74HY; (TO 174)
(163H3 FFC ALE Fiaa 25 HETAT W2 AN JCR(164H);

(164H3 FF@ ILF FEC k1 NSTAT NAN JCF(152H); (ROW=13)
* v (10 152 OR 153)
(453H) . FFL RDR: Fiad ka NSTAT NC1 AN JCR(452H);

{152H :FFL LbI REE END STAT IsT FN JZREG;

e mmm e e e e e e e e e e e ame e mm— ——— —— —— e ——

* FF@HCZ - IFF - ¢+ 1 & 1 EDZ - 1 #EMR ¢ &+ 1 1 1 1 1 1t &t - @ 1S ; DEFRULTS

F <
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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
CALIFOHHIA

Inglew

Phune (213 670-1101
Irvine

Phonel (714) 833-8980
213) 924 1668

$San 0

Phone (714) 560-0242
Sunnyvale

Phone: (408) 736-7565
COLORADO

Parker

Phone: (303) 841-3274
FLORIDA

Pompano 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
Woodb

Pnone (516) 3649100
OHIO

Worthington
Phone: (6‘4) 888-7143

TEXAS

Dallas
Phone: (214) 661-1296

REPRESENTATIVES

ARIZONA

Pheenix

Chaparral-Dorton

Phone: (602) 263-0414

CALIFORNIA

$San Diego

Mesa Engineering

Phone: (714) 278-8021

Sherman Oaks

Astralonics

Phone: (213) 990-5903

CANADA

Calgary, Alberia

Philips Electronics
Industires Ltd.

Phone: (403) 243-7737

104

Montreal. Quebec
Philips Electronics
Industries Ltd.
Phone: (514) 342-9180
Ottawa, Ontario
Philips Electronics
Industries Ltd.
Phone: (613) 237-3131
Scarborough, Ontario
Philips Electronics
Industries Ltd.
Phone: (416} 292-5161
Vancouver, B.C.
Philips Electronics
Industries Ltd,
Phone: (604) 435-4411

COLORADO
Denver

Barnhill Five, Inc.
Phone: (303) 426-0222

CONNECTICUT
Newlown

Kanan Associates
Phone: (203) 426-8157
FLORIDA

Altamonte Sprlngs
Semtronic A

TEXAS

Dalias

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 inc.

Phone: (312) 286-1500
KANSAS

Lenexa

Hamilton/Avnet Electronics
Phone (205) 533-1170
ARIZONA

Phoenix

Hamitton/Avnet Electronics
Phone: (602) 275-7851
Liberty Electronics

Phone: (602) 257-1272
CALIFORNIA

Ogsta Masa
Cosia Mesa

Phone: (913) 492-8470
MARYLAND
Glen Burni
Microcomp. inc
Phone: (301) 761-4600
MASSACHUSETTS
Reading
Kanan Associates
Phone: (617) 944-8484
MICHIGAN
Bloomfieid Hills
&co Marketing

one: (313) 642-0203
MINNESOTA
Edina
Mel Foster Tech. Assoc.
Phone: (612) 835-2254
MISSOURI
8t. Charles
Buckman & Associates
Phone: (314} 724-6690
NEW JERSEY

Haddonfield
Thomas Assoc., Inc.
Phone: (609) 854-3011

NEW MEXICO
Albuguerque

The Staley Company, Inc.

Phone: (505) 821-4310/11
NEW YORK

Ithaca

Bob Dean, Inc.

Phone: (607) 272-2187
NORTH CAROLINA

Cary

Montgomery Marketing
Phone: (919) 467-6319
OHIO

Centerville

Norm Case Associates
Phone: (513) 433-0966
Fairview Park

Norm Case Associates
Phone: (216) 333-4120
OREGON

Portland

Western Technical Sales
Phane: (503) 297-1711

Electronics

Denver

Hamilton/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

Ft. Lauderdale

Arrow Electronics

Phone: (305) 776-7790
Hamilton/Avnet Electronics
Phone: (305) 971-2800
Hollywood

Schweber Electronics
Phone: (305) 922-4506
Orlando

Hammond Electronics
Phone: (305) 241-6601
GEORGIA

Atlanta

Schweber Electronics
Phone: {404) 449-9170
Norcross

Hamitton/Avnet Electronics
Phone: (404) 448-0800
ILLINOIS

Elk Grove

Schweber Eiectronics
Phone: (312) 593-2740
Fimhurst

Semiconductor Specialists

Phone: (714) 556-3880-Culver City Phone: (312) 279-1000

Hamilton Electro Sales
Phone: (213) 558-2173

El Segundo

Liberty Electronics

Phone: (213) 322-8100
Mountain View

Elmar Electronics

Phone: (415) 961-3611
Hamilton/Avnet Electronics
Phone: {415) 961-7000

San Diego

Hamilton/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
Montrea!, 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
Hamiiton/Avnet Electronics
Phone: (514) 331-6443
COLORADG

Commerce City

Elmar Electronics

Phone: (303} 287-9611

Schieler Park
. Hamilton/Avnet Electronics
Phone: (312) 671-6082
INDIANA

Indianapalis

Semiconductor Specialists
Phone: (317) 243-8271
KANSAS

Lenexa

Hamilton/Avnet Electronics
Phene: (913) 888-8900
MARYLAND

Baltimore

Arrow Electronics

Phone: (301) 247-5200
faithersburg

Pioneer Washington

Electronics

Phone: (301) 948-0710
Hanover

Hamilton/Avnet Electronics
Phone: (301) 796-5000
Rockville

Schweber Electronics
Phone: (301) 881-2970
MASSACHUSETTS

Waltham

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

TEXAS

Dalfas
Component Specialists
Phone: (214) 357-6511

Phone: (612) 8548841
MISSOURt

Hazelwood

Hamilton/Avnet Electronics
Phone: (314) 731-1144

NEW MEXICO

Albuguerque
Hamifton/Avnet Electronics
Phone: (505) 765-1500

NEW YORK

Buffale

Summit Distributors
Phone: (716) 884-3450

East Syracuse
Hamilton/Avnet Electronics
Phone: (315) 437-2642
Farmingdale, L.1.

Arrow Electronics

Phone: (516) 694-6800
Johnson City

Wilshire Electronics

Phone: (607) 797-1236
Rochester

Hamitton/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, N.J.

Hamilton/ Avnet Electronics
Phane: (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

Greenshoro

Hammond Electronics
Phone: (319) 275-6391
Pioneer Electronics

Phone: (919) 273-4441

DHID

Beechwood

Schweber Electronics
Phone: (216) 464-2970
Cleveland

Arrow Electronics

Phone: (216) 464-2000
Hamilton/Avnet Electronics
Phone: (216) 461-1400
Pioneer Standard Electronics
Phone: (216) 537-3600
Dayton

. Arrow Electronics

Phone: (513) 253-9176
Hamilton/Avnet Etectronics
Phone: (513) 433-0610
Pioneer Standard Electronics
Phone: (513) 236-9900

Hamitton/Avnet Electromcs
Phone (214) 661-820:
Schweber Electronlcs
Phone: (214) 661-5010
Houston

Component Specialists
Phone: (713) 771-7237
Hamilton/Avnet Electronics
Phane: (713) 780-1771
Schweber Electronics
Phone: (713) 784-3600

UTAH

Sait Lake City

Alta Electronics

Phone: (801) 486-7227
Hamiiton/Avnet Eiectronics
Phone: (801) 262-8451
WASHINGTON

Bellevue

Hamilton/Avnet Electronics
Phone: (206) 746-8750
Seattle

Liberty Electronics

Phone: (206) 763-8200

FOR SIGNETICS PRODUCTS
WORLDWIDE

ARGENTINA

Fapesa 1.y.C.
Buenos-Aires

Phone: 652-7438/7478

AUSTRIA
ﬂstarrslchlsche Pmlms

Phone 9326 11
AUSTRALIA

Philips Industries-ELCOMA
Lane-Cove N.S,
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

Philips Chilena S.A.
Santiago

Phone: 39-4001
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

Rapac Electronics, Lid.

el Aviv
Phone: 477115-6-7
ITALY

Philips S.p.A.
Milano
Phone: 2-6994
JAPAN

* Signetics Japan, Ltd.

okyo
Phone: (03) 230-1521
KOREA
Philips Electronics Korea, Ltd.
Seoul
Phone: 44-4202
MEXICO
Electronica S.A. de C.V.
Mexico D.F.
Phone: 533-1180
NETHERLANDS
Philips Nederland 8.V.
Eindhoven
Phone: (040) 79 33 33
NEW ZEALAND
EDAC. Lid.
Wellington
Phone: 873-153
NORWAY
Electronica A.S.
Oslo
Phone: (02) 1505 90
PHILIPPINES
Philips Industrial Dev., Inc.
Makata-Rizal
Phone: 868951-9
SINGAPORE/MALAYSIA
Philips Singapore Pie., Ltd.
Toa Payoh
Phone: 538811
SOUTH AFRICA
EDAC. (PTY). Ltd.
Johannesburg
Phone: 24-6701-3
SPAIN
Copresa S.A.
Barcelona
Phone: 329 63 12
SWEDEN
Elcoma A.B.
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/LADS
Saeng Thanu Radio, Lid.
Bangkol
Phone: 527195 519763
UNITED KINGDOM
Mullard. Ltd.
London
Phone: 01-580 6633
UNITED STATES
Signetics International Corp.
Sunnyvale, California
Phone: (408) 739-7700
VENEZUELA, PANAMA.
ARUBA, TRINIDAD

Industrais Venezolanas Philips S.A.

Caracas
Phone: 360511/363011

March 1977



Sinotics
asubsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
Sunnyvale, California 94086
Telephone 408/739-7700
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