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INTRODUCTION

The D-G Electronic Developmenis Company Model DG-80 is an advanced Central Processing Unit for the Heath H8*
microcomputer. The DG-80 utilizes the powerful Z80 microprocessor and provides the following features and options:

Compatible with Heath H8* hardware and software*

Enhanced Instruction Set — 158 instructions including all 78 instructions of the 8080A
Prowisions for on-board memory up to 8K ROM/EPROM or 4K RAM
Jump-On-Reset to any 1K boundary

Operation uwp 10 4 MHz (2 048 MHz standard)

DiP-switch selectable wat states for any or 2l 8X blocks of system memaory

All 780 interrupt response modes availabie

interrupt Acknowiedge and Dynamic Memory Refresh signais availabie on the bus
Frequently seiected options by DIP-switch or soideriess jumpers

Machined contact goid sockets for on-board memory provide long life and enhanced reliability
Many advanced features for future expansion

* Due to signal differences between the 8080A and the Z80 microprocessors, the DG-80 is not compatible with the single-
step feature offered by the Heath® PAM-8 Panel Monitor and the Heath® Console Debugger. Note however, that other
features of the DG-80 (i e. the jump-on-reset feature and the flexible on-board EPROM capacily) will afiow the sophisticated
user to employ advanced software from vendors other than Heath®. Many vendors supply software which include
software debugging utilities with (DG-80 compatible) single step in addition to assembiers, disassemblers, and monitors.
For the slightly less sophisticated user, D-G Electronic Developments Co. will soon make available products to aliow the
average DG-80 user to utilize much of this available software.

Microprocessor
Computer Interface

Clock Standard
Optional

Interrupts  Standard
Optional

On-Board Memory

Sockets

Swilches

Power Requirements

(Note 1)

Manuals and Documentation

SPECIFICATIONS

Z80A (158 instructions including all 8080A instructions)

Heath H50 Bus {modified). All inputs 1 TTL load or less. Output Buffers-
7415240.

2.048 MHz

Up to 4.000 MHz

Seven, priority vectored

Z80 Mode 1 or Mode 2

2 on-board sockets aliow up to 8K ROM/EPROM or up to 4K RAM
All IC’s socketed

All frequently changed options determined by solderless jumpers or DIP
switches

+78+12VDC at 540 mA
+149+20 VDC at 50 mA
—149-20 VDC at 30 mA

Includes extensive instruction manual and Mostek Z80 Programming Manual

Note 1: Currents given are typical with Heath PAM-8 ROM (2308) on board and may vary according to RAM or ROM used.
The DG-80 does not include the PAM-8 ROM. Maximum currents (U10 and U11 combined) for the ROM sockets are:

+5VDC @ 200mA
+12VDC @ 100mA



INSTALLATION INSTRUCTIONS

Make sure that the H8* power switch is in the OFF position and the computer line cord is unplugged.

1) Remove the top cover and tie bracket from the H8* computer. Remove the 6-32 x %~ screw that holds the bottom of the
CPU board.

2) Disconnect the 5 pin connector (S201) from the Heath® CPU and remove the Heath® CPU board from the computer.

NOTE: In the following step, you will remove the Heath PAM-8 ROM (1C204) from your Heath CPU board. Before
removing the ROM, identify pin 1 so that the ROM will b2 installed properly on the DG-80. Remember that
care should be exercised when MOS devices zre nandied 0 zavoid damage to them.

3) Remove IC204 from your Heath CPU board. Install this ROM at U10 on the DG-80 CPU board. Be sure all of the pins are
straight and pin 1 is aligned properly before pushing the ROM mio the socket.
4) Make sure the following switches and jumpers are positionsd:

WAIT ADDR All switches OFF
MEM ADDR K ON, 2l others OFF
MEM SPACE BK ON, 2l others OFF
Jumper J9 No jumpers instalied
Jumper “A” PIN 18 GND
PIN19 +12v
PIN 21 -5V
Jumper “B"” No jumpers installed

5) Double-check the above jumpers and switches.

6) Install the DG-80 into the H8* computer. Be sure to align Pin 1 of P201 properly and plug S201 (the 5 pin connector) onto

P201.

7) Re-install the tie bracket and computer top cover. Install the 6-32 x %" screw in the bottom of the CPU board.
8) Make sure the H8 power switch is in the “OFF " position and then plug in ti:¢ computer.

9) Push the H8 power switch to the “ON"" position. The PWR, RUN. MON, and ION LED's should light and the nine LED
displays should indicate random numbers._ I this is not the case, turn the power switch to ““OFF ", unpiug the computer

and recheck this installation procedure.

10) If step 9 is successful, proceed to the Memory Test Routine on page 9 of your HB* operation manual or the H8* Memory
Test given in the H17 or WH 17 Disk System operating manual. The memory test will allow you to check the performance

of your computer system before putting it in use.

NOTE: IF DIFFICULTY IS ENCOUNTERED AT STEP 9, REFER TO APPENDIX A: OPERATING NOTES. This section
discusses operational differences between the Heath 8080 CPU and the DG-80. If this section does not
explain your symptoms refer to the Warranty section of this manual.



INTA
®

M1

WAIT

I/OW

MEMW

RFSH

BUSRQ
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PIN# 0 Gnd PIN#25 BUSAK
PIN# 1 Gnd PIN#26 I/OR
PIN# 2 —18Voits PIN£27 BUSRQ
PIN# 3 INT: PIN#28 MEMR
PIN# 4 INT. PIN#2239 RESET
PIN# 5 INT: PIN#30 A
PIN# 6 INT. PN=31 A
PIN# 7 INT- PN232 A
PIN# 8 INT. PN#33 A
PIN# 9 INT: PIN#32 A
PN#10 Do PIN£35 A
PN£211 D PIN236 A
PN#12 D: PIN#37 A
PIN#13 Ds PIN#38 A
PIN#14 D. PIN#39 A
PIN#15 Ds PIN#40 A
PIN#16 Ds PIN#41 Asx
PIN#17 D: PIN#42 Ax
PIN#18  INTA PIN#43 As
PIN#19 M1 PIN#44 A.
PIN#20 WAIT PIN#45 A
PIN#21 I/OW PIN#46 ROMDISABLE
PN#22 PIN#47  +18Volts
PIN#23 MEMW PIN#48  +8Voits
PIN#24 RFSH PIN#43 +8Volits

DG-80 BUS IDENTIFICATION

ADDRESS BUS — Tri-state output, active low. Provides address to memory (up to 64K words) and
Input/Output Devices (up to 256 devices addressed by Ar-A;) A, is the least significant bit. During refresh
time, Ay-A; contain 2 vaid refresh address

DATA BUS — bidirectional - Input and Output active low. This 8 bit data bus is used for data exchanges with
memory and 1/0 devices.

INTERRUPT REQUEST — Vectored priority interrupt request inputs. active low. The various interrupt modes
available are discussed in the Interrupt Response section of this manual.

INTERRUPT ACKNOWLEDGE — Output active low. Signals that the CPU has accepted an interrupt request.
CPU CLOCK OUTPUT — This signal replaces the @ , clock found on the Heath H50 Bus.

INSTRUCTION FETCH CYCLE — Output active high. Indicates that the current machine cycle is the Op-code
fetch cycle of instruction execution.

WAIT STATE REQUEST — Input active low. Indicates that memory or /0 devices are not ready for data
transfer thus placing the CPU in 2 WAIT state until transfer can be completed. Replaces the READY INPUT
signal on the Heath H50 Bus.

INPUT/OUTPUT WRITE — Active high. Indicates that the current cycle is an 1/0 Write cycle.
MEMORY WRITE — Active high. Indicates that the current cycle is a Memory Write Cycle.

REFRESH — Qutput active high. Indicates that A,-A; contain a valid refresh address for use with dynamic
memory refresh operations.
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BUSAK BUS ACKNOWLEDGE — Output active low. Used by the CPU to indicate to peripheral devices that they may
take control of the system bus. The following bus lines will be tri-stated at this time: A;-A,<. D,-D;. MEMR,
MEMW, I/O R, /O W, INTA, AND M1. Replaces the HOLD ACKNOWLEDGE signal on the Heath H50 Bus.

I/OR INPUT/OUTPUT READ — Output active high. Indicaies that the current cycle is an I/0 Read cycle
MEMR MEMORY READ — Qutput active high_ Indicates that the current cycle is 2 Memory Read Cycie.
RESET RESET — QOutput active low. System Reset output 1o peripherals.

ROMDISABLE ROM DISABLE — Input active low. Aliows peripheral devices to disable memory on the DG-80 CPU board.
See the Heath H8* operation manual for information on power supply specifications.

ON-BOARD MEMORY OPTIONS

The DG-80 CPU allows for up to 8K bytes of on-board ROM/EPROM, up to 4K bytes of on-board RAM or combinations of
ROM and RAM up to 4K ROM and 2K RAM. This memory is placed in sockets U10 (Memory A) and U11 (Memory B). The
options associated with this memory are controlled by jumpers “A”", “B"", and J9 as well as the “MEM ADDR"* switch and
the "“MEM SPACE"" switch.

The DG-80 will accept the following memory devices: 2308 (MK30000)-1K x 8 ROM, 2708 (2758)-1K x 8 EPROM, MK
4118-1K x 8 RAM, 2716 (TMS2516)-2K x 8 EPROM, TMS4016-2K = 8 RAM or many other devices which adhere to the
pin-out and function of these devices. All of the above devices have the same pinout with the exception of pins 18, 19, and 21;
therefore the function of these pins is controlied by jumper A" for U10 (Memory A) and jumper ““B" for U11 (Memory B).

The following table summarzes the jumper positions for the above devices.

NOTE: DO NOT INSTALL MORE THAN ONE JUMPER FOR EACH PIN (18, 19 and 21) OF THE DEVICE BEING USED AT U10
AND ONE JUMPER FOR EACH PIN OF THE DEVICE BEING USED AT U11.

JUMPER POSITIONS FOR COMMON MEMORY DEVICES

DEVICE FUNCTION 18" 19 2™
2308 1K x 8ROM GND ~12v -5V
MK30000 1K x 8 ROM GND NC NC

2316" 2K x 8 ROM GND A10 +5V
2708 1K x 8 EPROM GND +12V -5V
TMS2508 1K x 8 EPROM CS NC +5V
2758t 1K x 8 EPROM Cs +5V +5V
2716 (INTEL) 2K x 8 EPROM CS A10 +5V
TMS2516 2K x 8 EPROM CSs A10 +5V
2732 4K x 8 EPROM CS A10 Al
MK4118 1K x 8 RAM CsS +5V MW
TMS4016 2K x 8 RAM CS A10 MW

NC — No Connection

For other memory devices, see the appropriate manufacturer’s data sheets.

* The Intel 2316 ROM has several mask programmed (i.e. factory programmed) CS options. Some of these options may
not be compatible with the DG-80. Consult with the ROM vendor for the options chosen on your ROM.

1 There are two versions of the Intel 2758. Only the 2758-S1865 is compatible with the DG-80.
*«The signais CS and MW labelled on the board are active LOW signals but were not iabelled as such to enhance readability.









8080A INSTRUCTIONS WITH EQUIVALENT Z80 MNEMONICS

INSTRUCTION

ACIi Data
ADC Reg
ADCM
ADD Reg
ADDM

ADI Data
ANA Reg
ANAM

ANI Data
CALL Label
CC Label
CM Label
CMA

CMC

CMP Reg
CMPM
CNC Label
CNZ Labe!
CP Label
CPE Label
CPI Data
CPO Label
CZ Label
DAA
DADRP
DCR Reg
DCRM
DCXRP

DI

cl

HLT

IN Port

INR Reg
INRM
INXRP

JC Label
JM Label
JMP Label
JNC Label
JNZ Labe!
JP Label
JPE Label
JPO Label
JZ Label
LDA Addr
LDAX RP
LHLD Addr
LXI RP, Data 16
MOV Reg, Reg
MOV M, Reg
MOV Reg, M
MVI Reg, Data
MVIM, Data

BYTES CLOCKPERIODS
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Z80
INSTRUCTION

ADC Data
ADC Reg
ADC (HL)
ADD Reg
ADD (HL)
ADD Data
AND Reg
AND (HL)
AND Daztz
CALL Label
CALL C, Label
CALL M, Label
CPL
CCF
CP Reg
CP (HL)
CALL NC, Label
CALL NZ, Label
CALL P, Label
CALL PE, Label
CPData
CALL PO, Label
CALL Z, Label
DAA
ADDHL.RP
DEC Reg
DEC (HL)
DECRP
Di
El
HALT
IN A, Port
INC Reg
INC (HL)
INCRP
JP C, Label
JP M, Label
JP Label
JP NC, Label
JP NZ, Label
JP P, Label
JP PE, Label
JP PO, Label
JP Z, Label
LD A, (Addr)
LDA, (RP)
LD HL, (Addr)
LD RP, Data 16
LD Reg. Reg
LD (HL), Reg
LD Reg, (HL)
LD Reg, Data
LD (HL), Data

Z80
CLOCK PERIODS



8080A 8080A Z80 280

INSTRUCTION BYTES CLOCK PERIODS INSTRUCTION CLOCK PERIODS
ORA Reg 1 K OR Reg 4
ORAM 1 7 OR (HL) 7
ORI Data 2 7 OR Data 7
OUT Port 2 10 OUT PORT, A 11
PCHL 1 3 JP (HL) 4
POP RP 1 10 POP PR 10
PUSH RP 1 11 PUSHPR 11
RAL 1 4 RLA 4
RAR 1 - RRA 2
RC 1 Sor11 RETC Sor11
RET 1 10 RET 10
RLC 1 < RLCA 4
RM 1 Sor 11 RETM Sor 11
RNC 1 Sor11 RETNC 50r 11
RNZ 1 Sor11 RETZ S5or11
RP 1 Sor11 RETP Sorit
RPE 1 Sor1 RETPE Sor 11
RPO 1 Sor11 RET PO 50r11
RRC 1 4 RRCA 4
RSTN 1 1 RSTN 1
RZ 1 Sor11 RETZ Sor11
SBB Reg 1 B SBC Reg 4
SBBM 1 7 SBC (HL) 7
SBI Data 2 7 SBC Data 7
SHLD Addr 3 16 LD (Addr), HL 16
SPHL 1 5 LD SP, HL 6
STA Addr 3 13 LD (Addr). A 13
STAXRP 1 7 LD(RP), A 7
STC 1 4 SCF 4
SUB Reg 1 4 SUB Reg 4
SUBM 1 7 SUB (HL) 7
SUI Data 2 7 SUB Data 7
XCHG 1 K EXDE.HL 4
XRA Reg 1 - XOR Reg 4
XRAM 1 7 XOR (HL) 7
XRI Data 2 7 XOR Data 7
XTHL 1 18 EX (SP), HL 19

Refer to the appropriate programming manual for an explanation of the symbols and abbreviations used in this table.

NOTE: If you are writing assembly language programs and intend to use the Heath assembler, you must only use 8080A
instructions. The Heath assembler (and many other assemblers availabie) will not handle the added Z80 instructions and are
not compatible with the Z80 mnemonics given in the Z80 PROGRAMMING MANUAL.



2.0 Z80-CPU ARCHITECHURE

A block diagram of the internal architecture of the Z80-CPU is shown in Figure 2.0-1
The diagram shows 3i! of the major elements in the CPU and it should be referred to

throughout the following description.

Z80-CPU BLOCK DIAGRAM
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2.1 CPU REGISTERS

The ZB0-CPU contains 208 bits of R/W memory that are accessible to the programmer.
Figure 2.0-2 illustrates how this memory is configured into eighteen 8-bit registers and
four 16-bit registers. All Z80 registers are impiemented using static RAM. The registers
include two sets of six general purpose registers that may be used individually as 8-bit
registers or in pairs as 16-bit registers. There are also two sets of accumulator and flag
registers.

Special Purpose Registers

1. Program Counter (PC). The program counter holds the 16-bit address of the current
instruction being fetched from memory. The PC is automatically incremented after
its contents have been transferred to the address lines. When a program jump occurs
the new value is automatically placed in the PC, overriding the incrementer.

2. Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of
a stack located anywhere in external system RAM memory. The external stack
memory is organized as a last-in first-out (LIFQ) file. Data can be pushed onto the
stack from specific CPU registers or popped off of the stack into specific CPU regis-
ters through the execution of PUSH and POP instructions. The data popped from the
stack is always the last data pushed onto it. The stack allows simple implementation
of multiple level interrupts, unlimited subroutine nesting and simplification of many
types of data manipulation.

The following pages (numbered 11-25) are reprinted with permission of Mostek Corporation. 1980 Mostek Corporation.



Z80-CPU REGISTER CONFIGURATION

12

MAIN REG SET ALTERNATE REG SET
I\
”~ ~ .
Acwwuroﬂ FLAGS ACTOUMNULATOR | FLAGS
A £ a £
C) c | B c
- GENERAL
o £ D 3 PURPOSE
! REGISTERS
L] L - L
i
-
L INTERARLST WEWCE Y
VECTOR REFRESH

WNOEX REGISTER X

PECIAL
PURPOSE

WOEX RECISTER 1Y Ao I8

STACK POSNTER SP

PROGRAM COUNTER #C | |

3. WO INCeX Hegisters (1A & 1Y). iNé WO iNgepenaent INgex registers noia a 1o-bit
base address that is used in indexed addressing modes. In this mode, an index register
is used as a base to point to a region in memory from which data is to be stored or
retrieved. An additional byte is inciuded in indexed instructions to specify a dis-
placement from this base. This displacement is specified as a two’s complement
signed integer. This mode of addressing greatly simplifies many types of programs,
especially where tables of data are used.

4. Interrupt Page Address Register (l). The Z80-CPU can be operated in a mode where
an indirect call t@ any memory location can be achieved in response to an interrupt.
The | Register is used for this purpose to store the high order 8-bits of the indirect
address while the interrupting device provides the lower 8-bits of the address. This
feature allows interrupt routines to be dynamically located anywhere in memory with
absolute minimal access time to the routine.

5. Memory Refresh Register (R). The Z80-CPU contains a memory refresh counter to
enable dynamic memories to be used with the same ease as static memories. This 7-bit
register is automatically incremented after each instruction fetch. The data in the
refresh counter is sent out on the lower portion of the address bus along with a
refresh control signal while the CPU is decoding and executing the fetched instruc-
tion. This mode of refresh is totally transparent to the programmer and does not
slow down the CPU operation. The programmer can load the R register for testing
purposes, but this register is normally not used by the programmer.

Accumulator and Flag Registers

The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers.
The accumulator holds the results of 8-bit arithmetic or logical operations while the flag
register indicates specific conditions for 8 or 16-bit operations, such as indicating whether
or not the result of an operation is equal to zero. The programmer selects the accumulator
and flag pair that he wishes to work with with a single exchange instruction so that he may
easily work with either pair.









INSTRUCTION FETCH

Figure 4.0-1 shows the timing during an M1 cycle (OP code fetch). Notice that the PC is
placed on the address bus at the beginning of the M1 cycie. One half clock time later the
MREQ signal goes active. At this time the address 10 the memory has had time to stabilize
so that the falling edge of MREQ can be used directly as 2 chip enable clock to dynamic
memaories. The BD line also goes active to indicate that the memory read data should be
enabled onto the CPU data bus. The CPU samples the data from the memory on the data
bus with the rising edge of the clock of state T3 and this same edge is used by the CPU
to wrn off the RD and MREQ signals. Thus the data has already been sampled by the CPU
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FIGURE 4.0-1

Figure 4.0-1A illustrates how the fetch cycle is delayed if the memory activates the WATT
line. During T2 and every subsequent Tw, the CPU samples the WAIT line with the falling
edge of . If the WAIT line is active at this time, another wait state will be entered during



more the WR signal goes inactive one half T state before the address and data bus contents
are changed so that the overiap requirements for virtually any type of semiconductor
memory type will be met.

MEMORY READ OR WRITE CYCLES
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INPUT OR OUTPUT CYCLES

Figure 4.0-3 illustrates an 1/0 read or 1/O write operation. Notice that during I/0 operations
a single wait state is automatically inserted. The reason for this is that during 1/O operations,
the time from when the IORQ signal goes active until the CPU must sample the WAIT line
is very short and without this extra state sufficient time does not exist for an 1/0 port to
decode its address and activate the WAIT line if a wait is required. Also, without this wait
state it is difficult to design MOS 1/O devices that can operate at full CPU speed. During
this wait state time the WAIT request signal is sampled. During a read /O operation, the
RD line is used to enable the addressed port onto the data bus just as in the case of a
memory read. For 1/O write operations, the WR line is used as a clock to the 1/0 port, again
with sufficient overlap timing automatically provided so that the rising edge may be used as
a data clock.

Figure 4.0-3A illustrates how additional wait states may be added with the WAIT line.
The operation is identical to that previously described.

3US REQUEST/ACKNOWLEDGE CYCLE

Figure 4.04 illustrates the timing for a Bus Reguest/Acknowledge cycle. The BUSRQ
signal is sampled by the CPU with the rising edge of the last clock period of any machine
cycle. If the BUSRQ signal is active, the CPU will set its address, data and tri-state control
signals to the high impedance state with the rising edge of the next clock pulse. At that
time any external device can control the buses to transfer data between memory and 1/0
devices. (This is generally known as Direct Memory Access [DMA] using cycle stealing).
The maximum time for the CPU to respond to a bus request is the length of a machine
cycle and the external controller can maintain control of the bus for as many clock cycles
as is desired. Note, however, that if very long DMA cycles are used, and dynamic memories
are beina used. the external controller must also perform the refresh function. This situation



FIGURE 4.0-3

INPUT OR OUTPUT CYCLES WITH WAIT STATES
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