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o 7803

C

Z-80 PROCESSOR CARD

This card combines a buffered and fully expandable
Z-80 microprocessor with onboard RAM and PROM
sockets.

The 7803 includes 1K byte of RAM with sockets for
up to 4K bytes and sockets for up to 8K bytes of
ROM or EPROM. An STD BUS system using the
7803 card can be expanded to the full Z-80 memory
and /O capability. The 7803 STD BUS interface
may be disabled for DMA applications.

FEATURES

e Z-80 Processor

® 4096 bytes RAM capacity (2114)

® 1024 bytes RAM included

e 8192 bytes ROM capacity onboard (2716
EPROM)

¢ 3 State Address, Data, Control Bus

¢ Crystal controlled 400 ns clock

Power-on reset or pushbutton reset input

Dynamic RAM refresh control

All IC's socketed

Singie +5V operation

e Use Pro-L.og D1004 1Kx8 memories
(two 2114L's)

3-8TATE
f BUS BUFFERS
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8/
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SECTION TWO - THE STD BUS

The STD BUS standardizes the physical and electrical aspects of modular 8-bit
microprocessor card systems, providing a dedicated, orderly interconnect scheme.
The STD BUS is dedicated to internal communication and power distribution between
cards, with all external communication made via !|/0 connectors which are suitable
to the application. The standardized pinout and 56~pin connector lends itself
to a bussed motherboard that allows any card to work in any slot.

As the system processor and primary system control card, the 7803 is responsible
for maintaining the signal functionality defined by the STD BUS standard.

A complete copy of the STD BUS standard is contained in the SERIES 7000 STD BUS
TECHNICAL MANUAL, available from Pro Log Corporation, 2411 Garden Road, Monterey,
California 93940.

STD BUS Summary

The S56=pin STD BUS is organized into five functional groups of backplane signals:

1. Logic Power Bus pins 1-6

2. Data Bus -pins 7=-14
3. Address Bus pins 15-30
4. control Bus pins 31-52
5. Auxilary Power pins 53-56

Figure 2 shows the organization and pinout of the STD BUS with mnemonic function
and signal flow relative to the 7803 Processor card:

COMPOMENT 3108 CIRCINT 3108
SIGNAL UGKAL
G DESCRIPTION
PIN | MNEMOMIC now M MNEMONMIC fLOW DESCRIPTION
LOGIC 1 +5V in +5 Voits OC (Bussed) 2 -5V in +5 Voits DC 'Bussed)
POWER 3 GNO in Digital Ground (Bussed) 4 GND in Digital Grouna Busseq)
sus H -5V . -5 Voits OC 8 R\ -5 Voits OC
7 03 In/Qut Low Order Data Bus 8 D7 In/Qut High Orger Qata Bus
DATA 9 02 in/Qut Low Order Oata Bus 10 o, ] In/Qut High Order Data Bus
BUS 1 o1 In/Out Low Qrder Data Bus 12 0s In/Qut High Order Data Bus
13 0o In/Out Low Order Dsta Bus 14 D4 In/Qut High Order Data Bus
15 A7 Qut Low Qrder Address Bus 18 AS Out High Qrder Acaress Bus
17 A8 Qut Low Order Address Bus 18 Als Out High Order Agaress Bus
119 AS Qut Low Order Address Bus 20 A3 OQut High Qrder Address Bus
ADDRESS | 21 Ad Qut Low Order Address Bus 2 A12 Out High Order Adaress Sus
BUS 23 A3 Out Low Order Address Bus 24 A1 Out High Order Adaress Bus
25 A2 Qut Low Order Address Bus 8. A10 Out High Order Aaaress Sus
27 Al Qut Low Order Address Bus 28 A9 Qut High Qrder Aadress Bus
29 AQ Out Low Qrder Address Bus 0 A8 Qut High Order Adcrass Bus
k) WR* Qut Write to Memory or 1/0 32 RO* Out Read to0 Memory or 1/Q
1 I0RQ* Out 170 Address Select 34 MEMRQ* Out Memory Adaress Select
38 IOEXP* Out 1/0 Expansion (GND) 36 | MEMEX® Qut Memory Exoansion (GN D)
37 | REFRESH" Qut Refresh Timing 38 | MCSYNC* Out CPU Macnine Cycle Sync
CONTROL | 39 | STATUS 1* Qut CPU Status 40 | STATUS O° CPY Status
BUS 41 BUSAK* Qut Bus Acknowiedge Q2 BUSRQ’ In Bus Request
43 INTAK® Qut Interrupt Acknowiedge 44 INTRQ* in Interrupt Request
45 WAITRQ* n wait Request 46 NMIRQ* n Non-Maskaoie interrupt
47 | SYSRESET® Qut System Reset 48 | PBRESET" In Push Button eset
9 cLoCK® Qut Clock !rom Processor 50 CNTRL* In AUX Timing (EXT CLOCK)
51 PCO Out Prionty Chain Qut 52 pCl n Prionty Chain in
POWER 53 | AUXGNO AUX Ground (Bussed) 54 AUXGNOD AUX Ground Busseq)
sus 8 AUX +V AUX Positive (+12 Voits OC) | 56 AUX -V AUX Negative 12 voits DC)
[ ]
o Lover Actve It FIGURE __2 . The STD BUS
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STD BUS Pin Utilization by 7803

Since the STD BUS standard does not specify timing or require that all available
pins be used, the timing and signal allocation assumes many of the characteristics
of the microprocessor type used. The timing characteristics of the 7803 are those
of its Z80 microprocessor, with LSTTL buffering added to enhance the card's drive
capability.

i

The allocation of STD BUS lines for the 7803 is given below.

1. Logic Power Bus: +5V (pins 1,2) and Logic Ground (Pins 3,4) supply operating
power to the 7803. Pins 5 and 6 are open.

2. Data Bus: Pins 7 through 14 form an 8-bit bidirectional 3-state data bus as
shown in Figure 2 . High level active data flows between the 7803 and its
peripheral cards over this bus. When the 7803 fetches data from its onboard
memory sockets, this data also appears on the STD Data Bus.

Except during Direct Memory Access (DMA) operations, the 7803 controls the
direction of data flow with its MEMRQ*, I10RQ*, RD*, WR*, and INTAK* control
signal outputs. Peripheral cards are required to release the data bus to the
high impedance state except when addressed and directed to drive the data bus
by the 7803.

The 7803 releases the Data Bus when BUSAK* {s active in resoonse to RUSRNX,
as in DMA operations.

3. Address Bus: Pins 15 through 30 form a 16-bit 3-state address bus as shown in
Figure . The 7803 drives high level active 16-bit memory addresses over
these lines, and 8-bit 1/0 port addresses over the eight low-order address
lines (A0 through A7 on pins 15, 17, 19, 21, 23, 25, 27 and 29).

The 7803 releases the Address Bus when BUSAK* is active in response to BUSRQ*,
as in DMA operations.

4, Control Bus: Pins 31 through 52 provide control signals for memory, 1/0,
interrupt, and fundamental system operations. Figure 3 summarizes these
signals and shows how they are derived from Z80 signals.

The 78073 releases the Control Bus during BUSAK* in response to BUSRQ*, except
for the following output signals: MEMEX*, |0EXP*, BUSAK*, PCO, CLOCK*.

5. Auxilary Power Bus: Pins 53 through 56 are not used by the 7803 and are
electrically open.

The 7803 meets all of the signal requirements of the STD BUS standard. Detailed
timing information and specifications are in Section 5 .




MNEMONIC jﬁ PIN IN/OUT \FUNCT!ON — HOW DERIVED— Z80 NAME
WR* 31 Out# Write to memory or [/0 [WR*]
RD* 32 Qut# Read from memory or /0 [RD*]
1 ORQ* 33 Qut# AQ-A7 hold valid /0 address [10RQ*]
MEMRQ* 34 out# A0-Al5 hold valid memory "
' address [MEMRQ*]
{0EXP* 35 Out 1/0 expansion control User-removeable ground
MEMEX* 36 Qut Memory expansion control User-removeable ground
REFRESH* 37 Out# Dynamic RAM refresh control [RFSH*]
MCSYNC* 38 Qut# One pulse per machine cycle [RD*]+[WR*]+
, ((1oRQ*) (M1%)]
STATUS 1% 39 Qut# Active during opcode fetch [M1*]
STATUS 0% 40 - (Not used) Electrically open
BUSAK* 47 Qut Acknowledges BUSRQ* [BUSAK*]
BUSRQ* 42 In Bus request for DMA;
synchronous processor halt and | [BUSRQ*]
3-state driver disable
INTAK* 43 Out# Acknowledges INTRQ* and
- replaces [(RD®-MEMRQ*)] to read | [(10RQ*) (M1%)]
interrupt vector
INTRQ* by In Maskable interrupt reguest [INT*]
WA | TRQ* 45 In Synchronous processor halt [(WAIT*]
NM I RQ* 46 In Nonmaskable interrupt request | [NMI*]
ISYSRESET* L7 Out# System power-on and pushbutton |Onboard one-shot
’ reset output .
PBRESET* 48 In Pushbutton reset input
CLOCK* 49 Qut Time state clock (1/2 crystal |[Onboard oscillator
frequency)
CNTRL* 50 In External clock input (2 times
desired time state frequency)
PCi/PCO 52/51 In/Out| Priority chain PCl shorted to PCO; no
' other 7803 connection
* Low level active
# Output buffer disabled when BUSAK* active
[] Denotes equivalent 280 signal name
FIGURE 3 7803 CONTROL BUS SIGNALS



7803 Processor Status: MCSYNC*, STATUS I*

MCSYNC* and STATUS 1* signals provide status information which is peculiar

to the Z80 microprocessor. These signals are useful for displaying processor
status in logic signal analyzers, and can be used to drive Z80 peripheral

chips and systems designed to work with the Z80 specifically. The use of these
signals is not recommended in systems where microprocessor device-type independence
is a design goal.

MCSYNC* is obtained by ORing the read, write, and interrupt acknowledge signals.
Thus MCSYNC* octurs once in each machine cycle (Section 3 ), and can be used

to allow a logic signal analyzer to select a specific cycle within a multi-cycle
instruction for analysis. The timing of MCSYNC* varies according to machine
cycle type.

STATUS 1* is equivalent to the Z80's M! signal, which denotes the opcode fetch

or interrupt acknowledge cycle (M¥ is ANDed with IORQ* internally to produce INTAK,
and externally gith MEMRQ* to denote opcode fetch), . .
Note that the Z80 has both I-byte and 2-byte opcodes (2-byte opcodes are identified

by a first byte equal to CB, DD, ED, or FD hexadecimal). Accordingly, the
processor asserts STATUS 1* in each opcode byte, or twice per instruction cycle
for these instructions.

Dynamic RAM Control: REFRESH*

The Z80 microprocessor chip is specifically designed for refreshing standard

16-pin dynamic RAM chips with multiplexed address lines

and 4K x 1 or 16K x 1 internal organization. These devices can be refreshed
transnarently Auring the opcode fetch memorv cycle without complex processor

synchronization circuitry and without delaying processor instruction execution
time.

The REFRESH* output signal occurs during T3 and Tk of the opcode fetch cycle,(fig. 8)
and is used to indicate that a memory refresh address is present on the Address Bus.
The address is composed of a presettable, autocounting 7-bit address (A0-A6) which

is the lower seven bits of the Z80's R (Refresh) Register, and an eighth bit (A7)
which is the R Register's most significant bit and is program-settable in the

high or low state.

For more .information on dvnamic RAM refreshing, refer to the
following publications;

Interfacing 16 Pin Dynamic RAMs to the Z80A Microprocessor
available from Zilog, 10460 Bubb Road, Cupertino, CA 95014

280 Dynamic RAM Interfacing Techniques
available from Mostek, 1215 W. Crosby Rd., Carrollton, TX 75006




SECTION 3 - 7803 SPECIFICATIONS ‘ O

Power Requirements

RECOMMENDED OPERATING LIMITS [ ___ABSOLUTE NONOPERATING LIMITS |
P —— e

PARAMETER MIN | TYP | MAX MIN | MAX UNITS

Vce (Note 1) | 4.75| 5.00-15.25 0 5.50 Volts

lcc {Note 2) T 1.15]1.65 - - Ampere

FIGURE L4: 7803 POWER SUPPLY SPECIFICATION
| NOTES: 1. In order to guarantee correct operation, the
following power supply considerations apply:

a. Vec rise must be monotonic, rising from
+0.50 Volt to +4.75 Volts in 10 ms or
less.

b. If Vcc drops below +4.75 Volts at any
time it must be reduced to less than
+0.50 Volt before restoration to the
specified operating range.

2. lcc specification assumes that all EPROM and
RAM sockets on the 7803 are loaded. Subtract 1:)
75 mA per 2716 EPROM and S0 mA per 2114L RAM
for each device not used.

The 2114L devices require 10 milliseconds minimum after initial

power-on for stabilization of internal bias oscillators. The 7803's power-on
reset one-shot provides adequate stabilization delay only if Vcc risetime is
less than 10 milliseconds.

Drive Capability and Loading

The 7803's STD BUS Edge Connector Pin List (Figure 5 ) gives iloput loading
and output drive capability in LSTTL loads as defined by the SERIES 7000..
TECHNICAL MANUAL.

In general, input lines and disabled 3-state outputs present 5 LSTTL i{nput loads
maximum (one LSTTL or MOS input plus 4.7K pullup resistor). Output lines can drive
a minimum of 50 LSTTL loads. Pins which are unspecified in Figure 5,
are electrically open.
Exceptions to the general loading rules are:

a. PBRESET* input, which is 15 LSTTL loads.

b. CLOCK* output, which can drive 10 LSTTL loads

c. PCl and PCO, which are connected together
but to nothing else on the 7803. 0




EIGURE 5 : 7803 STD BUS EDGE CONNECTOR PINOUT AND LOAD ING

STD/7203 EDGE CONNECTOR PIN LIST

PIN NUMBER PIN NUMBER
OUTPUT (LSTTL DRIVE) OUTPUT (LSTTL DRIVE)
INPUT (LSTTL LOADS) INPUT (LSTTL LOADS)
MNEMONIC "MNEMONIC
+5 VOLTS IN 21 IN | +5 VOLTS
GROUND IN 41| 3 IN | GROUND
-5V 61] s -5V
D7 c ¢ | 81171 s0 s | D3
D6 5 50 |10} 9] 550 | 5 |D2
D5 c e |12} 11] s0 5 | D1
D4 5 ecn |14 1] 13] 50 s | DO
A15 5 c | 16]115] 50 5 | A7
A14 5 g | 181 17] 50 5 A6
A13 5 50 {20]) 19| 50 5 A5
A12 5 so | 221}21] so 5 | A4
A11 5 50 {24]]23| s0| 5 | A3
A10 5 50 |264]25] 50 5 | A2
A9 5 so |28{] 27| so 5 | A1
A8 5 50 |30]1)29| so 5 | AO
RD* 5 s0 {32]131] 5 5 | WR*
MEMRQ* 5 50 {34]]33] 5 5 | 1ORQ"
MEMEX* (GROUND) ouT | 36|]|3s]| out IOEXP*  (GROUND)
MCSYNC* 5 50 |38}§37} 50 5 REFRESH"
STATUS 0" 40|} 39} 50 5 | STATUS 1°
BUSRQ* 5 421141} 50 5 | BUSAK®
INTRQ"® 5 44 || 43| 50 5 | INTAK®
NMIRQ* 5 46 || 45 5 | WAITRQ"
PBRESET" 15 ag||47| 50 5> | SYSRESET®
CNTRL® - EXT CLK IN | 5 501491 10 CLOCK®
PCI IN 521151 |ouUT PCO
AUX GND 54 1] 53 AUX GND
AUX -V 56 || 55 AUX +V

*Designates Active Low Level Logic




Clock Generator

The 7803's clock oscillator serves as the primary timing element in a 7803-based
system. The oscillator's output is divided by two to drive the Z80 microprocessor,
producing the time state clock. The time state clock's period is the shortest
program-related period of interest in the system. Instruction execution times

are computed as whole multiples of the time state clock period (Section 5},

The 7803 is shipped with a crystal installed which sets the system's time state
period. |If desired, the user can substitute a slower crystal or replace the
crystal with a TTL-compatible clock signal generated eisewhere. Details of this
option are given in Appendix A.

CRYSTAL OR RESULTING
EXTERNAL CLOCK TIME STATE
FREQUENCY PERIOD COMMENT
5 MHz 400 ns 7803 time state;
fastest allowable
rate for Z80 device
1 MHz 2000 ns Slowest recommended
rate for 280 device
FIGURE 6 : CLOCK OSCILLATOR FREQUENCY RANGE



Bus Timing Specifications

An understanding of the 7803's signal- timing characteristics is necessary
for the selection of speed-compatible memory devices, /0 functions,
other peripheral STD BUS cards, and for real-time logic analysis of
7803-based STD BUS card systems.

The 7803's timing characteristics are established by its Z80 microprocessor,
with additional delays added by LSTTL buffers. The basic operations performed
by the 7803 and the signals controlling these operations are shown in

Figure 7
SIGNALS OPERAT | ON ~ WAVEFORM
MEMRQ*, RD* Read from memory Figures
AQ-AlS 8 and 9
MEMRQ*, WR* . .
AO-A1S Write to memory Figure 9
I0RQ*, RD#* Read from an input port Figure 10
AQ-A7
I0RQ*, WR% . .
Ao-g7 Write to an output port Figure \O
I NTAK* Read an interrupt instruction vector ] Figure \\

(in response to INTRQ* only)

FIGURE 7 : BASiC 7803 OPERATIONS

The waveforms on the following pages show timing measurements as a 5-letter
code as follows:

First letter is always T for Timing measurement.
Second letter is the abbreviation of the signal which
starts the measurement. (C=Clock)

Third letter is the condition of the start signal. (H=High)
l Fourth letter is the abbreviation of .the signal which
‘ ends the measurement. (A=Address bus)

TCHAVem————eeF [ fth letter is the condition of the end signal. (V=Valid)

For example, TCHAV stands for Time from Clock High until Address Valid.
Specific abbreviations are given in the Legend on each page of the specification.

In the case of the Clock, it is necessary to note which time state is of interest;
refer to figures 8 through 13.




MACHINE CYCLE

| - |

T3 l

T4

= r
CLOCK* -!k_ | \ /
,  a—TCLAV L
| —— TAVOV ———a B g «—TAVML
ADDRESS BUS—
A0-AlS ™ INSTRUCTION ADDRESS REFRESH ADDRESS ><
| |
TMLMH ] —————=| ~— TMLMH2 --—-lt
MEMRQ* - - TAVML | |7 % f
| ;
~@————— TRLRH ——————g—‘ i
RD* - T—TAVRL | | *
| TRLDZ TCLDX
"‘f TDVC L~} -.L-F—
DATA BUS =\ /
p0-07 <0PCODE IN >“<
> < TCLFL TRLFH |
REFRESH* ‘Nk %
“Pt-TSLAY
- TSLSH
.
STATUS 1% T
— NANQSECONDS
LEGEND SYMBOL PARAMETER MIN TYP MAX
Al g
o TAVDV_| Address valid before data valid (access time) 550 | 580
M| MEMRQ* TAVMC | Address valid before MEMRQ* active ’ 75 1
R RD* ’
o —
F ] REFRESH® | | TMLMH | MEMRQ* pulse width ;égp‘;“eh;e“h) 238
S STATUS 1% | b= . . elres
e CLocke | TAVRL || Address valid before RO* active 165
(T Low state TRLRH RD* pulse width 370
R High state TRLOZ Data Bus in high impedance read
: - mode after RD* active 50 | 100
Vi valid —_—— -
Z[ High TDVCL || Data Bus setup time before clock
impedance | | transition ends T2 - 85
X[ Don't care | TCLDX || Data Bus hold time after T2 0
Py ) - | TCLFL REERESH* active after start of T3 - 200
—] 0w activel "TFLFH || REFRESH* pulse width . 770
TSLAV ] STATUS 1* active after address valid 0
TSLSH || STATUS 1* pulse width 800
TCLAY Address valid after start of Tl in any memory or 160
1/0 machine cycle (Figures through )
FIGURE R OPCODE FETCH AND MEMORY REFRESH MACHINE CYCLE
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ot MACHINE CYCLE -

T l T2 l T3 T
ﬁ_—_//'—
CLOCK= 7
ADDRESS BUS \ ' X
~MEMORY ADDRESS
AO-A15 N
CTAVML TMLMH
MEMRQ*
[*TAVRL TRLRH -
RD* 7F
TRLDZ J-A— TDVCH —# -—r' TCHDX
DATA BUS . " DATA “:‘
D0-D7 /
la TAVDV
F——'—TAVWL — TWLWH ——f
WR* ] £
[ TAVWH -
DggAbgus *;ATA ouT
TAVDV —q— TDVWH ———p*‘» TWHDX ,
"_ ! | T NANOSECONDS |}
LEGEND SYMBOL # PARAMETER MIN TYP | MAX
S ;gg:g;s TAVDY | Address valid to data valid (read cycle access time)| 745
M| MEMRQ® TAVWH il Address valid to write high (write cycle access time) 740 i
R RD* TAVML || Address valid to MEMRQ* active i 75
Wl WR% TMLMH i| MEMRQ* pulse width 800
T CLOCK® | _TAVRL || Address valid to RD* active {150
* 1| Low active TRLRH i RD* pulse width 765
Tl Low state |__TRLDZ |l Data Bus in high impedance read mode after RD* low 50 | 100
Hl Hiah state TDVCHiHl Input data setup time before clock high in T3 g5
Vi Valid TCHDX ! Input data hold time after clock high in T3 0
T ian | TAVWL || Address valid to WR* active 2550
- imgedance TWLWH |l WR* pulse width 400
X Don't care TAVDV || Output data valid after .address valid 300
TDVWH J| Output data setup time before WR* rising edge 650
TWHDX || Output data hold time after WR* fising edge 115
FIGURE 4 : MEMORY READ (EXCEPT OPCODE) AND MEMORY WRITE

MACHINE CYCLES

11



Note: In onboard memory read operations (Section o), the Data Bus does. not
enter the high impedance read mode. Instead the 7803 drives data fetched from
the onboard memory sockets onto the STD Data Bus to facilitate logic state
analysis at the motherboard. The access time for onboard memory devices may not
exceed the values shown for TAVDV in Figure 8. The state of the Data 8us

prior to TDVCL is unspecified for an onboard read operation.

12




o

\

Tl !

MACHINE CYCLE L

T™ ’ T3 T1
(cha\

|
cLock*  \ / \ / \ / \ m

ADDRESS BUS 2} K
AO-A7 I\ PORT ADDRESS
- — |
TAVIL - TILIH o~
) |
1ORQ \
<— TAVRL —p| TRLRH _L.
RD=* ‘)\' '7&
T — | «rL_
RLDZ oveH — TCHDX
DATA BUS V—
D0-D7 . [\DATA IN
- TAVDV (- —
t—— TAVWL - TWLWH .
WR*
— TAVDVE) TWHD X
TDVWH
DATA BUS
D0-D7 DATA OUT
- TAVWH >~
_ NANOSECONDS
FL_E?ENDL SYMBOL || PARAMETER MIN | TYP | MAX
g gg:g% TAVDV Address valid to data valid (input cycle) 1100
1T ToRQ* TAVWH || Address valid to WR* high (output cycle) 1530
R Ro= TAVIL [| Address valid to |0RQ* active 300 | 345
SpETE TILIH || 10RQ* pulse width 1000
CI CLocKE | TAVRL Address valid to RD* active 300 355
* T Low activel TRLRH RD* pulse width 1000
Tl Tow state TRLDZ Data Bus in high impedance read mode after RD* Jow 50 100
Wl Aigh stat | TDVCH Input data setup time before clock high in T3 95
vivaiia TCHDX Input data hoid time after clock high in T3 0
T Hiah TAVWL Address valid to WR* active 300 335
lmgedance TWLWH || WR* pulse width 1000
X[ Don't care| | TAVD\Z} Output data valid after address valid 300
TDVWH Qutput data setup time before WR* rising edge 1070
TWHDX Qutput data hold time after WR* rising edge 0
Note: TW (WAIT state) inserted automatically by Z80 in 1/0 cycles.-
FIGURE 1© : INPUT PORT READ AND OUTPUT PORT WRITE MACHINE CYCLES
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L
MACHINE CYCLE
r-i | |
1 A © TwB T3
T T T2 | W I
, TLAST-1 ‘ LAST | ! z ‘
TQLCL —e= ’
=—TCLQL :‘
A |
INTRQ* ) T |
‘ TCHKL = re—
jgr TKLKH >
INTAK* g;{ 61 BX
TDVCL i i
TKLDZ ——I | e
DATA BUS N\ VECTOR oR\
D0-07 |
TIANOSELONDS
LEGEND | SYMBOL {I PARAMETER MIN | TYP | MAX )
% '
g ?hggé* TQLCL INTRQ* setup time prior to last time state in 130
K TINTAKS instruction cycle prior to interrupt 3
D IDATA BUS TCLQL } INTRQ* hold time after clock low 0
* flLow activel . . . . : -
T Miow Tevel TCHKL INTAK* asserted in first TW after clock high 145
H {High level TKLKH INTAK* pulse width ‘ 590
Z ||High . . \
impedance TKLDZ oaf:Tiii ;gwhugh impedance read mode after 35 75
X §jDon't care
TDVCL Data Bus setup time prior to clock low 100
[ICLDX j| Data Bus hold time after clock ‘low Q
(TWA and TWB)
Notes: 1. Two WAIT states / are automatically inserted by
the Z80 to allow for priority chain propagation time.
2. In interrupt mode 1, INTAK* is asserted but the data
bus is ignored.
3. The above time state sequence assumes that the ENI
(enable interrupt) instruction is in effect.
L, INTAK* = [(M1*) (10RQ*)] plus buffer delays.
FIGURE Il : INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

14
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WAIT REQUEST

The WAITRQ* input allows the 7803 to enter the WAIT stqte in any memory, t/0

or interrupt acknowledge cycle while a slow memory device responds, or until

a control function such as an analog-to-digital converter finishes, WAITRQ*

can also be used to single-step the 7803. Figure /2 shows the required timing
for the WAITRQ* input.

e MACHINE CYCLE——
I 1 T2 | TWALT i T3
(USER \»SER""-‘))
CLOCK= \ /
TQLCH
2 —-ﬁ —TCHQX ‘
WA | TRQ* 7 ~ ‘ 3‘(
TQHCH -
—» =—TCHQX
NANOSECONDS
ILEGEND SYMBOL |i PARAMETER- MIN
W TWAITRQ* TQLCH
C || CLOCK* WAITRQ* setup time prior to clock high in T2 120
T - TQHCH
= ow active
L}l Low state TCHQX | WAITRQ* hold time after clock high in T2 0
H |l High state
X || Don't care

FIGURE 12 : WAIT STATE INSERTION IN OPCODE FETCH, MEMORY
READ, AND MEMORY WRITE MACHINE CYCLES

WAIT state insertion in all memory cycles is similar to the Opcode Fetch,
Memory Read, and Memory Write cycles shown in Figures$+d. While WAITRQ*
is samplied halfway through time state T2 in these cycles, however, it is
sampled at different times in 1/0 and interrupt acknowledge cycles.

1/0 machine cycles sample WAITRQ* at the rising edge of CLOCK*
during TW, the single wait state inserted automatically: by
the Z80 in 1/0 cycles. User-inserted wait states occur
after TW and prior to T3.

interrupt machine cycles sample WAITRQ* at the rising edge of
CLOCK* during TWB, the second wait state inserted automatically
by the 280 during interrupt acknowledge cycles. User-inserted
wait states occur after TWB and prior to T3.
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BUS REQUEST

The BUSRQ* input and BUSAK* output allow Direct Memory Access (DMA) operations,

giving another system controller card access to the 7803's peripheral cards.
Figure {3 shows the timing for these signals.

. Last evele af current First.cycle of.
instruction - Bus Avai_lab]e »|Next instrytion
‘ T X X Tl
F I TLast-l TLast T ] 1
cLock S AN A
~— TQLCL
| /
| BUSRQ:*
| - ey (s TKLBZ B IQ—TCHKH
BUSAK* f
TCLBZ.._D '<_ -.—d—.j-‘—TKHBD
J Floating lf
BUSSES 4 N\
(note)
NANOSECONDS -
LEGEND SYMBOL | PARAMETER MIN | TYP | MAX
% gbggég TQLCL | BUSRQ* setup time prior to last time state in
BUSRO* in last instruction, last cycle preceding DMA 130
K | BUSAK* TCLKL | BUSAK* active after start of first DMA cycle 185
* | Low active N
T T Low state TJKBZ | Busses float after BUSAK* active 35 65
H | High state TCHKH | BUSAK* inactive after clock rising edge in
Z | Low last DMA cycle 160
. d - :
) ér?je::c:n TKHBD Busses driven after BUSAK* inactive 35 65
NOTE: Busses refers to the Address Bus A0-Al5; the Data Bus D0-D7;

FI1GURE

and the Control Bus lines MEMRQ*, I0QRQ*, RD¥*, WR*, INTAK=,
REFRESH*, MCSYNC*, STATUS 1%, and SYSRESET*. Other Control
Bus lines are not floated.

13 : BUSRQ*/BUSAK* (DMA) MACHINE CYCLES
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nechanical

The 7803 meets all STD BUS mechanical specifications. Refer to the
Series 7000 Technical Manual for outline dimensions.

Environmental

PARAMETER MIN | TYP | MAX | UNITS
Free Air Ambient 0 25 55 °Calsius

Operating Temperature

Absolute Nonoperating

Free Air Ambient -40 75 | °Celsius
Temperature

Relative Humidity,

Noncondensing 5 35 3

Absolute‘Nonoperating
Relative Humidity, 0 100 b4
Noncondensing

FIGURE 14: ENVIRONMENTAL SPECIFICATIONS
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Z80 ARCHITECTURE AND INSTRUCTION SET

SECTION 4
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Z80 Architecture

The 280 architecture (Figure \5 ) consists of a 16-bit Instruction Register,

a 16-bit Program Address Counter, a 16-bit Stack Pointer, two 16-bit lIndex
Registers, an 8-bit Interrupt Page Register, and two bank-selectable sets of
General Purpose Registers plus two bank-selectable Arithmetic/Logical Units (ALUs).
A 6-bit Flag Register (in each ALU bank) holds processor condition code
information. An 8-bit autocounting Refresh Register supports dynamic RAMs.

Instruction Register: The 16-bit Instruction. Register provides storage and
decoding for instruction opcodes as they are received from program memory.

The 280 executes all of the 8080 instructions as a subset of instructions with
8-bit (one byte) opcodes, and adds a large number of additional instructions

of which most have 16-bit (two byte) opcodes. The processor receives the first
opcode byte from memory and decodes it to determine if a second opcode byte
follows. The instructions with 2-byte opcodes are identified by a first byte
equal to hexadecimal CB, DD, ED, or iFD.

The complete instruction word may consist of address or data information in
addition to a l-byte or 2-byte opcode. The full instruction may be up to four
bytes (32 bits) long. Additional words of multi-byte instructions bypass the
instruction register. These words may be be immediate data for registers,

a memory or 1/0 port address for direct addressing, or an offset address for
indexed relative addressing.

Program Address Counter (PC): The 16-bit Program Address Counter keeps track of
the location of the next instruction to be executed from the program memory.

The PC increments automatically for each instruction word unless the instruction
is a jump or subroutine return which modifies the count by loading a new address.

Stack Pointer (SP): A l16-bit auto-counting Stack Pointer provides the address
of the subroutine return address stack location in RAM memory. The SP is used
for controlling subroutines and interrupts, and can also be used to '‘push! and
Y"pull' data in memory at high speed.

Subroutine return addresses are automatically stored on the stack when a
jump-to-subroutine instruction is executed, and are retrieved when a return-
from-subroutine instruction is executed. 280 mode 1 and 2 interrupts are
treated as subroutine jumps, taking advantage of the SP's

return address storage and retrieval ability.

All of the General Purpose Register Pairs and the ALU registers can be stored
and retrieved from memory using the SP as an indirect address register. The
resulting 16-bit data movement and automatic increment/decrement of the SP
offer fast memory data manipulation.

The current memory address in the SP can be brought into the HL Register Pair
for arithmetic manipulation, then restored to the SP by the program.

General Purpose Registers: Two identical banks of General Purpose Registers

are provided in the Z80. Each consists of six 8-bit registers (8,C,D,E,H,L)
which can also be treated as three 16-bit Register Pairs (BC, DE, HL). The
banks can be switched by a single instruction, providing fast interrupt response
by saving the time required to store the register content in memory. Or they
can be used as general fast access data storage in non-interrupt applications.
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The instruction set allows individual 8-bit registers to be loaded from any
other register, loaded and stored in memory indirectly, or loaded immediately
from the second byte of the instruction. All registers can be incremented
and decremented, added to or subtracted from the Accumulator, perform logic
with the Accumulator, shifted or rotated arithmetically or logically. Each
bit in each register can be addressed separately for testing, setting, and
clearing. Register C can be used for indirect |/0 port addressing.

The three 16-bit register pairs can be loaded immediately from the second and
third bytes of the instruction, incremented and decremented, stored directly in
memory, added or subtracted to the HL pair and the Index Registers, and used

as indirect address registers for operations with other 8-bit registers, memory,
and the Accumulator. |In arithmetic operations, carries and borrows are propagated
from the low-order 8-bit register into the high-order register automatically.

Arithmetic/Logical Unit (ALU): The ALU consists of an 8-bit Accumulator Register
(Register A) and a 6-bit condition code or Fhag Register (Register F), plus
arithmetic, logical, shift, and control circuitry needed to execute the program
instructions. The A and F register are treated as the AF Register Pair for

push and pull operations involving the Stack Pointer Register.

The ALU is duplicated in two banks, with bank switching accomplished by a single
instruction similar to the General Purpose Registers. The enabled ALU provides
add and subtract with or without carry; AND, OR, Exclusive OR, compare,
shift, rotate, and byte complement operations. ALU operations are performed

on the Accumulator from other registers or memory, with direct, indirect,
indexed, or immediate addressing. The Accumulator is the primary register for
1/0 communication. The Accumulator can be decimally adjusted and allows 4-bit
nibble swap operations with memory for Binary Coded Decimal (BCD) arithmetic.

Register F contains the following flags:

C - Carry/Borrow from Accumulator bit 7 (arithmetic or rotate)
D - Carry for BCD arithmetic from Accumulator bit 3
N - Specifies whether last operation was subtract,
allowing different algorithm for BCD operations.
Z - Zero resulted from the last Accumulator operation.
S - Sign for signed binary arithmetic (same as Accumulator bit 7)
PV - Parity/Overflow (signed binary arithmetic); dual
function flag, function depending on last instruction
PV shows whether [NTRO* is enabled when tested after the
LDAl instruction (Figure 21),

The C, Z, S, and PV flags can be tested by the conditional jump and subroutine
return instructions. Special instructions allow the C flag to be set, cleared,
and complemented. When pushed/pulled on the Stack via the Stack Pointer as
part of the AF register pair, the F register occupies 8 bits with the state of
bits 3 and 5 unspecified. The states of the six flags can be preset by pulling
program-prepared bits into Register F; the states of the untestable flags (D,N)
can be determined by pushing Register F onto the Stack, then pulling the Stack
data into a General Purpose register.

I ndex Reg{sters (IX and 1Y): The 16-bit Index Registers are used as indirect
memory address registers. The address supplied by IX and 1Y is modified by a
relative offset which is one byte of the multibyte indexed instructions. The
Index Registers address memory to allow memory bytes to take part in the arithmetic




and logical operations described above for the single 8-bit General Purpose Registers.

When modifying the address content of the index Registers, IX and 1Y are/%?ggted
as Register Pairs. The arithmetic, logical, and load/store operations that can
be performed on the General Purpose Register Pairs can generally be performed on
the Index Registers, although fewer instructions apply to IX and Y than to the
BC, DE, and HL pairs.

Input and Output Ports (1/0): 1/0 is mapped independently of memory with
separate control signals and instructions. The OPA instruction writes data
from the Accumulator to output ports, and the IPA instruction reads data from
input ports to the Accumulator. A specific port is specified by the second
byte of the instruction, allowing up to 256 each 8-bit input and output ports.
In the 7803, all 1/0 ports are provided on separate cards.

Communication with the ports can be direct from memory using HL as an.address pointer
when the Z80's Compound Instructions (below) are used.

Compound Instructions: The ZBO's instruction set contains several compound
instructions which perform multiple functions. with or without automatic looping.
These are implied sequence instructions which execute a fixed sequence of other
instructions in the instruction set. They perform hlock (multipie byte) moyes
within memory, search memory, and input or output to.or from memory fo the /0 ports.
Register C as a port address pointer and HL as a memory address pointer.

One compound instruction performs automatic count and jump functions for

loop control alone.

The compound instructions require approximately as much,ﬁﬁ%&?%goﬂhe instruction
sequences they replace , but offer program memory savings by
eliminating instruction storage for common program functions.

Interrupt: The Z80 offers three interrupt modes:

0 - identical to the 8080 interrupt system

1 - implied vector interrupt (Restart at 0038 always)

2 - supplied vector interrupt, with a single byte
supplied by the interrupting device.

In interrupt mode 2, the content of the interrupt (I) Register s the
vector page address, and the byte supplied by the interrupting device s
the vector Tine address. Together they form a 16-bit memory address which is
the indirect address of the interrupt service routine for that device.

MoRe WTEREUPAT 1aFORMATION 13 GIVEU AT THE BOD Of THIS SECTION,

Refresh Register (R): The Z80 contains an 8-bit Refresh Register which is used

to address dynamic RAM devices external to the 7803 card. In conjunction with
the REFRESH* control signal, the processor can automatically refresh dynam&;
RAMs during the opcode fetch portion of the instruction

cycle. This function is applicable primarily to certain dynamic RAM devices
available from the manufacturers of the 280 chip.
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280 Program Compatibility with 8080, 8085

Both the Z80 and the 8085 include all of the 8080 instructions as a subset,
and these instructions are all machine-language compatible. Programs written
exclusively in 8080 opcodes will execute on the Z80 with

the following considerations:

1.

Execution times of 8080-identical instructions
vary due to the number of time states required
for execution (some more, some less) in the Z80
and 8085, even if the processors are all operated
at the same clock rate. Consequently, programmed
timing (such as count-and-test time delays) will
generally require modifécation.

Flag Register bit 2 is the PV (Parity/oVerflow)

flag in the Z80, and parity only in the 8080/8085.
The added overflow function is for signed binary
arithmetic. Since the parity and overflow functions
are unrelated, occuring at different times in most
programs, incompatibility does not usually result.
However the flag's activity is different overall

and the program should be examined for sensitivity
to the PV flag.

Except for the differences noted, the Z80 resets to 3080 compatibility and
its additional features must be deliberately invoked by the program.
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STD INSTRUCTION MNEMONICS

The STD Instruction Mnemonics are a standard set
ot processor instruction abbreviations suitable tor
use as an assembliy language for writing programs.

These mnemonics are standard in that they do not
change but keep the same meaning regardiess of
the processor they are applied to. They are aiso
standard in that they are derived from a set of easily
understood rules.

The instruction mnemonic is an abbreviated action
statement containing an operator, a locator and a
qualifier plus a suppiemental and separate modifier.

1. The operator is a unique two letter abbreviation
that suggests the action.

2. The locator follows the operator and designates
the operand or data to be operated on. Instruc-
tions without operands ignore the locator.

3. The quaiifier states the addressing mode or
provides further qualitying information tor
compound instructions.

4. The modifier carries detailed support informa-
tion; labets, conditions, addressing and data.

The operator, locator and qualifier letters are strung
together to form the instruction mnemonic. The
modifier, when needed, stands alone either in its
own separate column or separated by spaces of
additional lines in written text.

OPERATOR
LOCATOR
QUALIFIER
MODIFIER
INSTRUCTION DESCRIPTION

RTS RT S Return from Subroutine
CLA cL A Clear A
LDAD LD A D Load A Direct
LDA B LD A B Load A with B
om ool w | 4 [ v [ eo [eminisae
Js uaBey| s (LABEL) | JuTP 10 ft“("g;'e"g

Figure I0 Examples of instruction Mnemonic Structure




The following table lists the STD mnemonic operations, locators, modifiers,

qualifiers, and other notation used in the instruction tables for the 280

in this section.

STANDARD MNEMOMNICS OEFINITIONS

OPERATIONS LOCATORS, MODIFIERS QUALIFIERS
AD (AC) ADD (WITH CARRY) AACC ACCUMULATOR REGISTER f :’"3‘ Js:"."
AN pre-at £xL] GENERAL LaIT REGISTERS o OIRECT ADDAESS, OR DECIMAL
E e e o e
CM  COMPLEMENT - 2dy. 1 x INOEXED ACDRESS
e Sotmeat L T
oc OECREMENT b Sign Fiag T
os OISABLE " Set if Subtrect wF WORD FOAWARD
5':1- 5’::?“ p/v  Parity/Quertiow Flag 8F 8LOCX FORWARD
we WORD SACKWARD
ic INCREMENT 10 Sthde of indicaed Flag 38 BLOCK BACKWARD
» INPUT FROM PORT AF ACCUMULATOR, FLAGS PAIRED A ARITHMETIC
j:, jsx TO INTERRUPY .gg GENERAL AEGISTER PAIRS L LOGICAL
I8 JUMP TO SUBROUTINE HL (16-81T DATA. POINTERS) - MODE ON MULTIPLE
o LOAD x
NV MOVE MEMORY w INOEX REGISTERS ous
MOP  NO OPERATION Pxx  ANY REGISTER PAIN WNSCELLANE
g: %”%‘:’&0 PORT x ANY SINGLE REGISTER
INCLU : un UNCONOITIONAL
mn Rt vesmcx NSRRI M R e
ALAR  AOTATE LEFT. AIGHT wss  wosT TCANT 8IT
RS - RESET 1 INTERRUPY sGNF
RT RETURN VIA STACX " NONMASKASLE INTERRUPT LS8 LEAST SIGNIFICANT BIT
:5 :;;“ s SUBROUTINE cx JUMP CONDITION
TRACT (WITH CAARY) pC PROGRAM COUNTER Py /0 PORT ADORESS
#g e srg:‘r T e s» STACX POINTER ™ MEMORY LINE ADORESS
xc EXCHANGE n REFRESH NEGISTER mm# 16-8iT AOORESS
" RELATIVE OFFSET
os +8I7 DATA
¥  16-8IT DATA

FIGURE 17:

STD Mnemonics
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The Z80 Instruction Set

Figures 18, 19 and 20 show the full Z80 instruction set with STD mnemonics
and hexadecimal operation codes. The tables are grouped by 8-bit register
operations, 16-bit register pair operations, ALU (Accumulator and Carry),
program address control, 1/0, machine control, and compound instructions.

Figure 21 shows the bit organization of the 8-bit and 16-bjt registers,
the effect of the shift and rotate instructions, the allocation of memory
by certain instructions, and the action of the flags (instructions not listed

in the Flag Summary have no effect on the flags). Figure 22 shows relative
addressing constants.

&-BIT LOAD, STORE

e
T A ) [ [ € ) L | wow)| wmax uay) | DIATE OpERATION
DA N 7 ™ ™ 7A ™ 7 ™ 7€ | DOTEn | FOTEm | 3Eoa | LOAD REGISTER A
LD8 ] 47 40 41 Q «Q “ 4 L] DO&ser - FOM 08de LOAD REGISTER 8
Loc M ™ ) o aa - « «© & | DDetm | FDaErr | OEdd | LOAD REGISTERC
oo N ] 50 5 ) 53 s 55 s¢ | OOsarr | FOsSE 186d | LOAD REGISTER D
LDE s s se s A ] s¢ o SE | ODSEr | FDSEr | 1Ed0 | LOAD REGISTER €
LD™ [ 1 [ ] [ )] @ [ &) “ [ [ ] DDearr FOMr 20ad LOAD REGISTER M
LoL x o @ " “ - 3 (%) o | ooesr | roekn 200 | LOAD REGISTER L
STaN ") 77 70 71 i) 7 74 75
STam (1X) | DOTYer | DOTOrr | DOT1rr | DOT2I | DOTIT | DO7ar | DD7Sw | DOTSr STORE REGISTER INDINECT
STaN [(A4] FOT77rr | FOTOrr | FD7%v | FO72rr | FOTev | FOT4rr | FO7Ser | FOTSer
LOM [( 8] L]
LDm! {x) DD3Merad| LOAD MEMORY IMMEDIATE
LOW Yy FO3eerad

BIT ARITHMETIC

ICs L) k5 [ oC L] 1I©c 2 < b 0034 FO34m INCREMENT REGISTER

OCs ~ 30 [ 00 13 10 23 20 38 DO3sr FOISer DECREMENT REGISTER

ADA L [ 1 0 L ] 82 [} ] L ) ] DO&ser FOSO Csoa ADO TO ACC

ACA 1] [ 8 ”» e [ 8C 90 o DO FOBEe CEad ADD w/CARRY TO ACC

UA 5 ” 0 ” ” 2 ] ” ” DOserr | FOSBv Dtee SUB FROM ACC

sCA z L 4 ” ” ™A ] *< 0 " OO FOSEr Ot ee SUS w/BOAROW FROM ACC
81T LOGIC

ANA ] A7 a0 A A2 A3 [ ] As A8 OCAS~ FOAST ({1 0] AND WiTH ACC

XRA 3 AF AS AY AA AB AC AD AE DOAEr FOAEr E€ag EXCLUSIVE OR WITH ACC

OoRa L} 87 80 [ )] [ 14 [ :] [ 1) % [ ] -] [ ] FOBen Flae OR WiTH ACC

CcPaA z oF [ L] [ 1 I [ 13 [ 1] . 8¢ [ 1] 13 DOBEm FOREr FEde COMPARE WITH ACC
ROVATE, SsiFT

ALzA - CBO? | CBOO | CBO1 | CBO2 | CBO3 | CBO4 | CBOS | CBOS | DOCBrTOs | FOCBMOS | nOTATE AEGISTER ARITHMETIC i

RARA~ » CBOF | CBOS | CBO9 | CBOA | CB08 | CBOC | CBOD | CBOE | DOCBOE | FDCBrrOE (8 BIT. SETS FLAGS)

RLsC - CBY7 | CB10 | CB11 | CBI2 | CBI3 | CBY4 | CB1S | CBIS |DOCBrr16 | FOCBIS | aOTATE REGISTER AND CARRY

ARzC - CB1F | CB1s | CB19 | CB1A | C310 | CBIC ) CBID | CBIE | DOCHIE | FOCBmIE | ARITHMETIC (9 8IT: SETS FLAGS)

LA - C827 | CB20 | CB21 | CB22 | C823 | CB2¢ | CB2S | CB2s |OOCBr28 | FOCBNZS

HFY ARITHMET!

SAzA - CB2F | CB20 | CB29 | CB2A | CB28 | CB2C | CB2D | CB2E | DOCSn2E | FOCB2E S eTic

SRut. - CBIF | CBI | CBI® | CB3A | CBIS | CBIC | CBID | CBIE |DOCHNIE | FOCBNIE | SHIFT RIGKT LOGICAL
mFOR x M IN INSTR. MODIFHER WILL BE EITHER (ML): (1X)sv: OR (IV).v

FIGURE 18 : Z80 INSTRUCTION SET
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BIT MANIFULATION

INSTR OPERATION
a 1 » c ) € » » x v
) 2 Coa7 | CBen | CBa1 | CBaz | CBa3 | CBas CBa8 | 0OCBes | FOCBIres
™ & Jcoer| cses | coes | CcBaa | CBaB | CBAC | CBaD | CBeE | OOCBeE | FOCBME
™ s CBS7 | Coso | CBS1 | Cas2 | CBS3 | CBse | CBSS | CBSS | DOCSss | FOCBerss | TEST ';T
183 v  casr | case | cass | casa | case | cuSC | CBSO | CBSE | DOCESE | FOCBITSE | [ e ecsected it - .
T34 R cse7 | Coeo | cmev | caez | Cae3 | C3ee | CBeS | CBes | DOCBres | FOCBIES | clear the Z Nag
TS s CBGF | CBES | CBED | CBGA | CBEB | CBeC | CB4D | CBEE | DOCBIEE | FOCBE “'“ ":'h'“z"r“ oit = 0,
TS ' corr | caro | cant | car2 | cars | care | cars | cars | oocanrs | rocaers e
TS7 z csTe | cars | cary | cara | cave | carc | ca7o | csve | oocarre | Focsere
RSe 2 CE87 | CBSO | CBSt | CBE2 | CBE3 | CBS4 | GBSS | CBaSS | DDCBeres | FOCBres
) M CBoF | CBeS | CBO8 | CBeA | CBSB | CBEC | C38D | CBeE | DDCBIEE | FOCBreE
ns2 "a. |cmer | caw | cam | cam | CBS3 | CHOS | CBOS | CHOS | OOCEIeS | FOCBNIS | Lo
rs3 t coor | case | cam | casa | CBWS | cBIC | C390 | C%E | DOCBIE | FOCBMIE | g a0
Asa s CSAT | CBAG | CBAY | CBAZ | CBAS | CBA4 | CBAS | CBAG | DDCBIAS | FOCSITAG | Clear the seiected bit
nss |« csar | c3as | Csas | c3aA | c3as | c3ac | ¢BAD | CBAE | DOCBAE | FOCBMAE
rss . ces7 | c3e0 | cas1 | Ces2 | CB383 | cBB4 | CaSS | C3Bs | DOCSwes | FOCBr8S
AS? v Jcasr| caes | case | cama | cass | casc | c380 | c38E | 0oCameE | FOCBrEE
SE0 I CBC7 | CBCO | GBC1 | GBC2 | CBC3 | CBC4 | CBCS | CACS | DDCBWCS | FOCBNCS
s&y 1 cscr | cacs | ¢ace | caca | cacs | cacc | cmep | cacE | nocswcE | FocancE .
s&2 s cs07 | csoo | c301 | cBD2 | cBD3 | c306 | C30s | C308 | DOCBnOE | FOCENOS
) 2 {csoe | caos | caoe | caoa | caose | csoc | csoo | caoe | aocswoe | rocsroe | SET BT
sEe M CaET | caE0 | CmEY | CBE2 | CBE3 [ CBE4 | CBES | CBES | ODCIwES | £ Set the ot
s&s 1 CBEF | CBEs | CBEY | CBEA | C3EM | CBEC | CBED | CBEE | DOCBnEE | FOCBrEE
sz x cerr | caro | cusr | casa | cas3 | cara | cars | cafe | Docanse | FOCBRFS
&7 s core | cars | caey | caFa { C3FB | cBFC | CBFD | CBFE | DOCBeFE | FOCHIFE
16-81T MEGISTER PAIR
HOOPER
NSTR QPERATION
AF 8.C [- X3 LT [ d X w
ADP iz L ] 19 b, ] 3 P ADD PAIR TO THE M L PAIR
AC? Wize EDeA £DSA EDeA ED7A ADD PAIR w/CARRY TO H L ,
scp [ £Da2 tos2 082 eo72 SUBTRACT PAIR w/CARRY FROM H L
- s Do0e Dot oo ooz ADO PAIR TO INOEX AEGISTER I1X
AOP .an 009 D19 FO3Y £029 ADD PAIR TO INDEX REGISTER IY
cP - Tl ) 13 2] 3 D023 023 INCREMENT AEGISTER PAIR
oce = o8 18 ) b 0028 FO28 DECREMENT AEGISTER PAIR
LDAN - oA A T LOAD ACC INOIRECT
STAN u 02 12 n STORE ACC INDIRECT
LOM " 0oL oM 1101 g aLon J1aLan 0021dLaH | FD21dLaM | LOAD PAIR IMMEDIATE
LoPO = ED@mMLMP | EDSBmLMP | 2AMLMP | EDTBmLmP | DDZAMLMP | FOAMLMP | LOAD PAIR OIRECT FAOM MEMORY
STPO 1 £D4ImLmP | EDSImLmA | 22mimP | EO7ImLmA | 0022mume | FO22mume | STORE PAIR DIAECT IN MEMORY
PSP ™) ) cs 05 7] DOES FOES PUSH PAIR. STACK -2
"o 1 1 3] 01 3] oot FOEY PULL PAIR. STACK 2
[T 08 SANK SELECT REGISTEAS A F
ssp 0 BANK SELECT REG PAINS BC.OE. ML
1CP oL £ EXCHANGE PAIR OE WITH ML
Loe ®.as [ oory FOFY LOAD STACK POINTER WiTH PAIR
xcoY = ) [ £] coel [1-13] EXCHANGE PAIR WITH TOP OF STACX
JUMP INDIRECT JUMP TO INTERAUPT
INSTR MO0 HL X w OPERATION \ w00 JUMP TO ADORESS IN MEMORY PAGE 00
Pn x= €9 | ODES | rOEY | JUMP NOIRECT SRR NESN BENK. ]
(x3)———e=pC a s Jer|crlor|oe|er|er| ] e
PROGAAM ACORESS CONTAOL
ot = = woowrEn OPERATION
e 000 + =9 < ove — | amrrHmETIC
20 co Vo 0 2 cr PVt 1 LOGICAL
j:. Gz | Camime| C2mime | O2mme | E2mims | F2mim® | CAmLMA | OAMLMO| EAmLM® | FAMLI® | JUMP QM CONDITION TO mime
cs 1000 200 20 Lo 3Wer JUMP RELATIVE TO PC »
i Ca | COMLMA| Camim® | Damimd | Edmim® | Famim® | CCmLme | OCmUmP| ECmume .
ATS cx cs o 00 © . oc €C, FCmim® | SUBRQUTINE ON CONOITION AT mLme
0 cs os e« re RETURN FROM SUSAOUTINE

FIGURE 19 : 780 INSTRUCTION SET
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ACCUMULATOR, CARRY CONTROL

MACHINE CONTROL INSTRUCTIONS

INSTR ["TeTo] CODE OPERATION INSTR MOD | CODE OPERATION

CLAC AF CLEAR ACC, CARRY ENI F8 ENABLE INTERRUPT

cLc 87 CLEAR CARRY FLAG DSI F3 OISABLE INTERAUPT

SEC 37 SET CARRY FLAG SEiIM [ ED4S INTERRUPT MODE 0

CMC W COMPLEMENT CARRY SEiM ) EDSE INTERRUPT MODE 1

CMAL 2F COMPLEMENT ACC LOGICAL SEIM 2 EDSE INTERRUPT MODE 2

CMAA EDa4 COMPLEMENT ACC ARITHMETIC LDA ' EDS? LOAD ACC FROM INTERRUPT REG
AJAD 27 ADJUST ACC DECIMALLY LD# A EDa7 LOAD INTERRUPT REG FROM ACC
RLA 07 ROTATE ACC ATI ED4D RETURN FROM INTRQ

RRA OF (8 BIT) ATN EDAS RETURN FROM NMIRQ

RLAC 17 ROTATE ACC AND CARRY NOP 00 NO OPERATION

RRAAC 1¥ (9 8IT) HLT 76 HALT

RLAM (M) ED&F ROTATE ACC MULTIPLE LDA R EDSF LOAD ACC F-RO“ RE}-RESH REG
RRAM (HL) ED67 WITH MEMORY LDR A EDeF LOAD REFRESH REG FROM ACC
LDA R EDSF LOAD ACC FROM REFSH

LDR A ED4F STORE ACC IN REFSH

LDAD 3AmLmP| LOAD ACC DIRECT

STAD 32mimP | STORE ACC DIRECT

NSTR | wOD | A [ c o T f " v OPERATION
1A » | D®pe INPUT DIRECT FROM PORT P1 TO ACC.
N (©s | e078 | £0ac | EDas| eDso| €0ss | ED70 | EDGO | EDSS | BUT INDIRECT FROM PORT DEFINED BY (C) TO AEGISTER NAMED.
ora ” D3ve ou g A
OPxn | (Clx | EDYY | €041 | EDes | tOS1 | tOW €081 | £D88 | OUTPUT INOIRECT FROM REGISTER NAMED TO PORT DEFINED BY (C).
COMPOUND INSTRUCTIONS
QUALIFIER
WORD | SLOCK WORD sLoCK
INSTR | MOD | ronwaRD | FORWARD | BACKWARD | BACKWARD OPERATION
Wk 1:BF 1 We =2:88
MOVE MEMORY WORD FROM (HL) TO (DE):
Mvas .77 £080 £DAS eDss INCREMENT FORWARD OR DECREMENT BACXWARD DE AND HL:
DECREMENT (COUNT) BC; If BLOCX. REPEAT UNTIL (8C) - O
COMPARE ACC WITH (ML). RESULT TO F;
crm DAt toet £DAS oo INCREMENT FORWARD OR DECREMENT BACKWARD ML:
DECREMENT (COUNT) BC: i BLOCK. REFEAT UNTIL ACC : (ML) OR BC : 0.
INPUT FROM PORT DEFINED SY (C), STORE I (ML:
o EDA2 ton ©0as mea NCREMENT FORWARD OR OECREMENT BACKWARD ML
DECREMENT COUNT B: I SLOCK REPEAT UNTR. 5 - &
OUTPUT DATA FROM (ML) TO PORT DEFINED 8Y (Ck:
oFm £DA3 £oes €Das toes INCREMENT FORWARD OR DECREMENT BACKWARD ML
DECREMENT B: I BLOCK. AEPEAT UNTIL B - 0.
[ seeT | 1 1oy [ oecREMENT &, IF E /0. JUMS TO (PCom). 1
FIGURE 20 : 280 INSTRUCTION SET
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AUTOMATIC MEMORY OPERATIONS

SHIFT, ROTATE SUMMARY

MSTRUCTION | DATA FLOW COMMENT INSTRUCTION SHIFT DIRECTION 0
di. Js. mP-am(SP-1) ALzA.ARZA
ANY o (88-2) $P-2 AFTER ALA.RRA R L X
INTERRUPT . 8 81T ROTATE o7 ot A b0
LA
ANY RET s(:::-.m. aPe2 AFTER
(3Pe1)-e>mp ALIC.ARXC t
LOAD/STORE, [aL-o—e-mimP | dL-REGISTERS F.C.E.L RLAC.ARAC R_L ‘
PLA/PSP Jtea—armimPe1| aH=REGISTERS A. B, D, N 9 8T ROTATE b7 <. A»> a0 )
ANY REGISTER el L R )
PAIR by
IN MEMORY SLzA
ARITHMETIC !:F-—ﬁb' b3 bo
SMIET LEFT 1‘_1.
NOTE: This table shows how the processor =
allocates memory automatically when certain Py
instructions are executed. For example, ARITHMETIC 7 R 20 }——{C]
the PLP instruction pulls a line address or SHIFT RIGHT
low-order register (C,E,F,L); increments
the SP, then pulls a page address or high- ey
order register (A,B,D,H); and increments -LOGIC L—"“l"' Re sa}——{c]
. . SMIFT RIGHT
the SP again, leaving the SP two counts =
higher than its initial value.
RRAM
RLAM R
FLAG SUMMARY :otwc AD7 ba[b3 b0l b7 aaln3  vojinL)
e
INSTRUCTION s|z]e|lojelrw|Nn]c WITH MEMORY -— -
ADA, ACA s |z o v N e LEFT/RIGHT
SUA, SCA, CPA, CMAA s}z 0 vinm]e
ANA s|z o1 P |Nojca
ORA. XRA, CLC s|z 00 P|nojco
cuc sa| 21 0o P1|No|co
TSa ol z D1 e |nNo
iCx k] 4 0 v | NO
o sz o v | N1 REGISTER ORGANIZATION
LOA L LDA R s|z o0 1Fe | NO —usa LSB— 8 LS8
AdA s|z o » c :
o1 N1 rlelsfafafa]i]o r{elsfalslal1]o
cMc ) nol c A.8.C.0.EH.L.IA. Ports S{Z|e|D]e|PVIN
s£C oo NO | €1 ;
ALA, RRA, RLAC, RRAC Do noj ¢
AlzA. RRxA, ALIC,RR2C | 8 | 2 oo P N
SLaA, SRIA, SRal s 2 oo P | Ne =MSB= =~ABOMH = = = op w = = =F CEL= =~ LSB—
1P, 1PAN s|z2 oo P : 1s{1a]13fs2{11f10f o [a {7 [s [sTal3T2]1]0
Aoe ® ¢ AEGISTERS AC, 5P, IX, I
ACP s| z ° v neic AEGISTER PAIRS AF. BC, OE. HL
scp s|z ° ving]e
IPWE, IPWB, OPWE, OPWS | ® | 2 ° e | Nt
IPOF. P88, OPBF.OP88 | ® | 21 ° ‘o | N1
MVYWE, MVWS L] [ ] 0o CTR{ NO
MVBF, MVES LI 06 Pvo| NO
CPWE. CPwWB, CPeF. CPea | @ | 2 o cral N1
NOTES: FIGURE 21 : SUPPLIMENTARY INSTRUCTION

$.Z.0, P, V. C: FLAG CHANGES ACCORDING TO OPERATION RESULT
FLAG ASSUMES SPECIFIC LOGIC STATE SHOWN
PV FLAG - 1 IF ENI IN EFFECT, ELSE ' 0

PV FLAG : 1 IF COUNTER (BC) : 0, ELSE - 0

[ A H

[ 2 H

CTR:

[ 3 FLAG UNOEFINED
SLANK: NO CHANGE
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FORWARD RELATIVE OFFSET

T .
0]00]16| 10| 32[]20{48] 30|64| 40| 80|50 96§ 60][112] 70
1ot {17 11]33)]21|40) 31 {es| 41|81 ]|51|97] 6t f{n3lmn
2|ojw| 12| m|22|s50) 32}66| 42|82 | 52] 08| 62} 14| 72
3] w@|3fas|22{s1]|33|67| 43|83 |53|098}63[115{73
4] 04| 20f{ 14} 36|24]52] 34| 68) 44| 84| 54100 84| 116( 74
s{os]21]15{37]25153] 35| ep| 45| 85| 55]|101]| as | 17| 75
6] 08|22{ 16| 38| 28] 54]| 36| 70| 46| 86| 58]|102| 66 | 118| 76
7jorj2alr| el2r|ss]| 37| 7| ar) 67| 571103| 67 | 119f 77
s8jo8f2a|18)|wjmjsel 28| 72| 8] a8s] s8]104] 68| 120| 78
9foe|2s|19] a1} 20|s7| 39|73 «0fse| s9|105| 68| 121] 79
10]0af 26 |1A]| 4228058 | 3a[74] 4at 90 | SA|108| 6A | 122] 7A
njosl2i|Bj4w|m|swj3d|7s] 48]0 |s8Bj107]| 68 |123]| 78
12|0cf2B{1cjaal2ac|eofac]|r6e]ac)| 92|sciios|sc]r2efrc
13|oc|2|0js{20le61|2w]|77} 40| sa]sp}r09] 801 125( 70
14| 0E| 30 |1€| 46| 2| 62| 3E| 78] 4] o4 | SE}110]| 8E| 128] 7E
1S{OFI 31 | IF| 47| 2F| 63] 3F | 79| 4F | 95} 5F 11| oF | 127] 7F

e COUNTZERO AT SEGOND ADORESS AFTER TOMe wwENONE [

BACKWARD RELATIVE OFFSET

— ey ‘OESfoRommumcowTs
1| FFl 17| EF{ 33 |DF[ 49| CF| 65| BF | 81 | AF] 97| oF | 13| oF
2|FEj8|EE|{ 3 |DE| S| CE|66]BE| 82| AE| 98] 9€ | 114| BE
3|FOj19)ED| 35 |oD|S1|cO|67|BD ) 83 {AD| 99] 90| 115] 8D
4alrFCl20jEC|I|DC|S2]CC|68]|BC]| 84 |AC]i00] 95C | 118] 8C
s|FB|21|EB|37|oB|S3jcB|ea|[BB|as|ABl10v| 98] 117] 88
6| FA| 22 {EA| 38 |DA| 54 | CA| 70 [ BA} 88 | AA}102| 94 | 18] 8A
7| Fe|23|ER| 3 s5)co|7|Bojer| anfi03] 99]119| 89
s|Fs|24{Ea|le|DB]|SE 72| 88] 88 | A8[104] 98] 120| a8
9| Fr|2s|Er|a |D7|S7jCT|7a)87]|89] A7{t05{ o7 ]121] 87
W0 |Fe| 26 jes|42]06|s8]cCs|[74]| B8] 90| A6ft106| 98 |122| a6
" Fsl2rjes|«a3|os|se|cCcs{7s| 85| o] as|ior| 95]|123| as
12 | Fa| 28 |E4 | 4a |Daj 60| Ca{76]| Ba| 92| ad|108] 9¢ |24 a4
B3|F|29|e3las|o3ajer|caf{r7invalaa]aszjlon] s3}izsf s
14§ F2| 30 % 82| c2| 78| 82| 94] A2{110f 92 {126} 82
sFi|3t|E1|a7jor|e3fCi|refB1}os|at]1] or{i27] &
16| FO| 32 |E0| 48 {00|6s}lcCo|o0)Bof 9 | AD|112] 901128} 80

e S— S_— — — st bacaameunad S—
COUNT ONE AT FIRST ADDRESS AFTER JUMP MNEMONIC

FIGURE 22 : DECIMAL/HEXADECIMAL RELATIVE OFFSET TABLES
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!nterrugts

The 7803 has two interrupt request inputs which are accessable at the STD BUS
backplane: NMIRQ* (pin 46) and INTRQ* (pin 44). The characteristics of these
interrupts are:

NMIRQ* - Nonmaskable interrupt request cannot be disabled by the program.

The processor stores the address of the
next instruction in its program on the Stack using the SP as a memory pointer,
then jumps to memory address location 0066 hexadecimal. Any return-from-sub-
routine instruction may be used to resume the interrupted program, but a special
RTN (Return from nonmaskable interrupt) instruction is included to inform any
280 peripheral chips in the system that the interrupt is over.

INTRQ* - Maskable interrupt request can be disabled and enabled by the program,
and can operate in one of three modes:

1. Mode 0 is identical to the 8080 interrupt system.
The processor issues INTAK* (interrupt acknowledge),
which is used as an enable signal by the interrupting
device. During INTAK* the interrupting device places
an instruction opcode on the 7803 Data Bus, which the
processor will execute. Either a l-byte or 2-byte
opcode may be used. If the opcode i§ part of a multi-
byte instruction, one or two additional bytes must be
placed on the Bus following the opcode (for example,
a jump instruction consists of a l-byte opcode and
two addional bytes of jump-address information).

Note: The 280 will execute one interrupt acknowledge
cycle and issue one INTAK* pulse for a one-byte
opcode, or two cycles with two INTAK* pulses for a
2-byte opcode. However, it will not generate INTAK*
during any subsequent cycles that may be required
by the specific instruction being executed.

2. Mode | is the implied vector mode, with the implied
vector address equal to 0038 hexadecimal. In Mode 1,
any INTRQ* results in a subroutine jump ‘to 0038.

3. Mode 2 is the supplied vector mode. The user preloads
Register I with the page address of an interrupt vector
lookup table which is part of the program. When the
interrupt is acknowledged by the processor, a single
INTAK* pulse is issued which causes the interrupting
devic e to place the correct memory line number of the
interrupt vector lookup table onto the STD Data Bus.
The processor will then go to the lookup table at the
address supplied by the peripheral; read a 16-bit memory
address from two sequential entries in the table (line
address followed by page address);and jump to that
location in memory.
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” INTRQ* is enabled by the ENI instruction, and disabled by any of the following:

a. Power-on or reset

b. The DSI instruction

c. Previous response to INTRQ*
d. Previous response to NMIRQ*

Z80 Peripheral Chip Considerations: When used with Z80 peripheral chips, such
as the P10 or Si0, these considerations and others may apply:

a. In Mode 2, the 1-byte vector supplied by the interrupting device
must be an even number with bit 0 = 0. This is a requirement of
the peripheral chips, not the 7803 which will accept odd or even
vectors.

b. In Mode 0 with either JS or J! instructions inserted, and in Modes
1 and 2, the interrupt routine should be terminated with RTI (for
INTRQ*) or RTN (for NMIRQ*) instructions. These execute like RTS
in the 7803, but the special opcodes inform the peripheral chips
that the interrupt routine is over. The peripheral chips then
respond by restoring the state of the serial Priority Chain.

It is recommended that the user thoroughlp acquaint himself with all the
characteristics of any peripheral chipgfkefore attempting the program design.
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SECTION 5 - PROGRAM INSTRUCTION TIMING
Introduction

The execution of a program instruction is a sequential process. The time state
clock is used to step the Z80 through a specific sequence for
each instruction type. The execution time for each instruction is the total of
the time states needed by the instruction, with the time state period set by the
processor's clock oscillator.

An understanding of the Z80's instruction execution timing is important

in real time programming, where the program's execution rate is precisely matched
to the speed requirements of the application. When using a signal or logic
analyzer, a knowledge of the time state sequence makes it possible to

predict the data and control states present on the STD BUS backp}ane and at the
280 chip pins at any given instant in the execution of a program (Ftgure 31),

Machine Cycles

Each transaction between the Z80 and its memory and 1/0 ports requires a distinct
time period called a machine cycle. Machine cycles are composed in turn of

time states, with specific activity occurring in each time state. Although the
number of time states and machine cycles vary among different types of instructions,
they are precisely predictable for any given instruction.

Figure 23 is a timing diagram for the STAD (STore Accumulator Direct) instruction.
This instruction requires four machine cycles (Ml through M4) with a total of 13 ‘:)
time states. Four machine cycles are necessary because the instruction accesses

memory four times.

- INSTRUCTION CYCLE
MACHINE - _ w2 us e
CYCLE
n ™ 3
TIMESTATE | T 2 ™ T4 ™ ) ™ ™ 12 ™
CLOCK=* L__
MACHINE CYCLE MEMORY READ MEMORY READ MEMORY READ MEMORY WRITE
TME ADDRESS (CONTENTS OF THE | THE ADDRESS (PC + 1) THE ADORESS (°PC . 2) THE ADORESS I THE
T Gam COUNTER) POINTS TO | POINTS TO THE SECOND | POINTS TO THE OIRECT ADORESS
ADDRESS 8US | _o2incT BYTE (OPCODE) OF THE | BYTE OF THE BVTE OF THE
INSTRUCTION INSTRUCTION conrers o e
NSTR Low U HIGH ORDER BYTE OF ACCUMULATOR
OATABUS | INSTRUCTION OPCODE (MEX3D) | L% CoeR o o TWE DIRECT AODRESS  |OUTPUT tO memory

FIGURE 23 : PROCESSOR TIMING FOR STAD INSTRUCTION
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The first machine cycle in the instruction (Ml in Figure &3 ) is used to read
and decode the operation code (opcode) from program memory. M1 is called the
opcode fetch cycle, and can be identified by an active pulse on the STATUS 1%
output from the 7803 (also at the M1* pin on the Z80 chip).

Many Z80 instructions use 2-byte opcodes. |(f the first byte has a hexadecimal
value of CB, DD, ED, or FD, a second byte is required. The Program Counter

is incremented and the Ml cycle is repeated to read the rest of the opcode.
STATUS 1* is asserted a second time.

Each Ml cycle requires a minimum of four time states (Tl through T4 in Figure 23),
but this may be stretched to up to 11 time states in some instructions, allowing
time for the instruction to fully execute if no additional machine cycles are
needed. The shortest instructions use one machine cycle with four time states;
the longest require six machine-cycles (two Ml opcode fetches plus M2 through M5
for additional memory accesses) with a total of 23 time states.

When the Z80 interprets the first opcode byte during MI, it will add additional
machine cycles to the instruction if it finds that:

a. The instruction has a 2-byte opcode; and/or

b. The instruction has 1 or 2 additional bytes of data,
memory address, port address, or relative offset appended
to the opcode; and/or

c. The instruction requires the processor to access memory
or an 1/0 port as part of the function performed by the
instruction.

For example, the STAD instruction in Figure &3 is a 3-byte instruction (l-byte
opcode plus 16-bit memory address in the two bytes appended to the opcode), and
STAD is an instruction whose function is to store data in memory: Therefore
STAD requires 4 machine cycles with Ml used to read the opcode, M2 and M3 used
to read the specified memory address, and ML used to perform the operation of
storing data in memory.

WAIT States

Although the minimum number of time states in any given machine cycle is fixed,

the user can insert one or more WAIT states in the cycle. WAIT states are added
by driving the 7803's WAITRQ* line active during the T2 time state in the machine
cycle where the WAIT state is desired (Section 3 for timing). The WAIT state

is a do-nothing time period that can be used to interface slow memorjes to the
7803, or to cause the processor to pause while a slow system function (such as an
analog-to-digital converter or arithmetic processor) completes its task. The
effect of holding WAITRQ* active indefinitely is to halt the processor; when
WAITRQ* is reieased, the processor resumes operation with no change in its internal
data or control states.

Note that the Z80 adds one WAIT state to all 1/0 access machine cycles automatically.
Additional WAIT states can be added by the user if desired.

Natura!ly the addition of WAIT states must be included in the computation of program
execution time in real-time control applications. Each WAIT state requires one
full time state clock period.
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DMA Mode

Direct Memory Access (DMA) operations are controlled by driving the 7803's
BUSRQ* line active when sampled at the end of any time state. The processor
will complete the current instruction, then float its Data Bus, Address Bus,
and many Control Bus lines (Figure 3 ). BUSAK* then goes active.

The BUSAK* output signifies that the 7803's 3-state bus drivers are in the

OFF condition, allowing an alternate system controller card to operate the 7803's
memory, 1/0, and other peripheral cards. Internally, the Z80 is halted in a manner
similar to the WAIT state, with internal data and control states unaffected by

the DMA operation. BUSRQ* can be held active indefinitely, but the dynamic RAM
refresh operation is halted during DMA operations.

Note: the 7803's onboard memory sockets are not accessable in DMA mode, and
the processor can't be interrupted by INTRQ* or NMIRQ*.

Instruction Timing Table

The table in Figure 24 shows the actual number of memory bytes, machine cycles and
time states required for all of the Z80 instructions. , Two time state periods

are included for convenience with the full execution time of the instructions

shown for each.
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INSTRUCTION DESCRIPTION BYTES | CYCLES | STATES | Odus | 025us
LOAD REGISTER TO REGISTER 1 1 [ 16 100
STORE IMMEDIATE TO REGISTER 2 2 r 28 (41
ACCUMULATOR TO OR FROM MEMORY DIRECT 3 ‘ 13 52 328
ACCUMULATOR TO OR FROM MEMORY INDIRECT (BC) (DE} (ML) ' 2 7 28 178
REGISTER TO OR FROM MEMOAY INDIRECT (ML) 1 2 7 28 178
IMMEDIATE TO MEMORY INDIRECT (ML) 2 3 10 ‘0 2.50
REGISTER TO OR FROM MEMORY INDEXED (iX) OR (IY) 3 s 19 76 r'R13
IMMEDIATE TO MEMORY INDEXED (1X) OR (1Y) . 5 19 76 ars
ACCUMULATOR TO OR FROM INTERRUPT OR REFRESH 2 2 [ 26 2.28
ACCUMULATOR. | AJAD, CMAL. CLAC. CLC. SEC 1 1 . 16 1.00
CARRY CMAA 2 2 32 2.00
< ADD. REGISTER 1 1 N 16 1.00
SUBTRACT. IMMEDIA 2 2 7 28 1.78
p= | LOGICAL Diave
< MEMORY INDIRECT (ML) 1 2 7 28 178
o MEMORY INDEXED (IX) OR (IY) 3 s 19 78 .5
= ecrement AEGISTER 1 1 ‘. 1.6 1.00
(0 | DECREMENT MEMORY INCIRECT (HL) 1 3 " . 278
D MEMORY INDEXED (IX) OR (1Y) 3 ] 23 2.2 5.78
TEST BT REGISTER 2 2 ] 32 2.00
MEMORY INDIRECT (ML) 2 3 12 a8 3.00
MEMORY INDEXED (IX) OR (1Y) 4 s 20 (X .00
SET. CLEAR 8IT NEGISTER 2 2 s 32 2.00
MEMORY INDIRECT (HL) 2 4 15 .0 178
MEMORY INDEXED (IX) OR (1Y) 4 . 23 2.2 .78
SHIFT, ACCUMULATOR 1 1 4 14 1.00
ROTATE AEGISTER ] 2 s 3.2 .00
ACCUMULATOR MULTIPLE WITH MEMORY (ML) 2 s 18 1.2 as0
MEMORY INDIRECT (ML) 2 ‘ 15 8.0 178
MEMORY INDEXED (1X) OR (1Y) 4 s 3 3.2 $.78
ADD ADD TO ML 1 ] " .. an
SUBTRACT ADD. SUSTRACT WITH CARRY TO HL 2 a4 15 .0 37
ADO TO IX OR I¥ F ‘ 15 60 378
INCREMENT INCREMENT, DECREMENT PAIR EXCEPT IX OR 1Y 1 1 [} 24 1.50
OfCREMENT INCREMENT, DECREMENT IX OR IY 2 2 10 .0 2.0
LOAD LOAD IMMEDIATE TO 8C. DE, ML, 3P 3 3 10 4.0 250
< LOAD IMMEDIATE TO IX OR IY ¢ . 1 5.6 1.50
- LOAD ML TO OR FROM MEMORY DIRECT 3 s 1. 6.4 4.00
< LOAD BC. DE. 3P, IX OR IY TO OR FROM MEMORY DIRECT 4 1 20 2.0 s.00
aQ LOAD SP WITH ML 1 1 3 2.4 1.50
- LOAD SP WITH IX OR iY 2 2 10 4.0 2.50
-
g pUSH PUSH AF, BC. OF. ML 1 3 n ) 278
g PUSH IX OR 1Y 2 . 1s .0 ars
PULL PULL AF, BC, DE. ML 1 3 10 .0 2.50
PULL IX OR 1Y 2 . N 5.8 150
BANK SELECT REGISTER BANK AF OR BC/DE/ML 1 1 . 16 1.00
EXCHANGE DE WITH WL 1 1 ‘. 16 1.00
TOP OF STACK WITH WL 1 ] 19 X .1
TOP OF STACK WITH IX OR IY 2 N 23 3.2 578
O | meur WPUT OR OUTPUT DIRECT 2 3 1" . 278
~ | ouTPuT
> INPUT OR OUTPUT INDINECT (C) H 3 12 . 1.00

FIGURE24 A: 780 INSTRUCTION TIMING SUMMARY
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INSTRUCTION DESCAIPTION BYTES | CYCLES | STATES | 0.4us | 0.25ue |
ume INOINECT: LOAD PC WITH HL 1 1 s 18 1.00
LOAQ #C WITH IX OR IY 2 2 ] 12 200
JUMP TO INTERRUPY 1 3 1 . 278
(72} DINECT, ANY CONOITION 3 3 10 4.0 250
7] UN 2 3 12 4.8 100
¥ neLaTIvVE conamon: [ wer 2 3 1 |
a NOT MET 2 2 7 13 1.78
a UN 3 5 17 . 4.25
b~ SUBROUTINE CONDITION: | MET 3 s 17 Y <25
NOT MET 3 3 10 4.0 2.50
un 1 3 19 40 230
RETURN CONDITION: | MET 1 3 1 .4 273
NOY MET 1 Y 5 20 1.28
x| woor DCBRY 8 o 2 U 32 200
- ¢ 870 2 3 13 2 .29
N .
2 | swocx MOVE WORD 2 4 18 (X .08
== | 040 MEMORY sLOCK ¥ 8C_ 0 2 ) . Y] .00
= ¥ 8C 7 0 2 s K3 [x] s.23
2
8 sLocx compant WORD 2 a4 16 [ 400
a SEARCH MEMORY sLoCX FEC - 0ORA - M 2 “ 16 Y 400
= ¥BC/00RA /M 2 s n .. .25
8 sLocx INPUT OR OUTPYT WORD 2 . 18 %4 4.00
INPUT/QUTPUT TO MEMORY l sLocK ¢80 2 ) 6 5.4 .00
LA XX 2 $ 21 .4 5.28
INTERRUPT ENASLE/DISABLE INTERRUPT 1 1 4 18 1.00
w SET INTERRUPT MOOE 12 2 s 32 200
g RETUAN FROM INTERRUPTS 2 N 1 ss 1%
T LOAD INTERAUPT REGISTER TO OR FROM ACCUMULATOR 2 2 s 1. 229
Q
< | wsc. NOP 1 1 s 1.8 1.00
=2 ALY . 1 1 4 1.8 1.00
LOAD REFRESH AEGISTER TO OR FROM ACCUMULATON 2 2 ’ E) 22

FIGURE 24 8:

280 INSTRUCTION TIMING SUMMARY
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Instruction Timing Example

The execution time for any routine or program segment is found by totalling all
of the time states in all of the instructions executed. The factors affecting the
execution time of a program segment are:

a. The clock frequency, which determines
the time state period (Section 3 ).

b. The specific instructions used, which
determine. the number of time states in
the segment (Figure 24 ).

c. The instantaneous Flag (Register F) bit
states which summarize processor candiitions
when the conditional instructions (jump,
jump=-to-subroutine, return-from=-subroutine)
are executed (Figure 2l ).

d. The number of instruction loops within
the instruction sequence, and the number of
times each loop is executed (ioop iterations).

e. If the program segment has more than one
entrance or exit, every combination of routes
through the segment that are used by the
program should be considered.

The following example shows how to compute execution times in a program segment.
The Z80 is programmed to generate a series of five short pulses at an output
port bit line. Determine the overall execution time of the program segment and
the period of the pulses generated (the output port bit lines are low when the
segment i§ entered; only the bit 7 line is of interest).

B VARVAR VAR VAR VAR

WAVEFORM GENERATED

. DA z .?_-r 2008 COUNT =5
1 o:

PULSE Mg‘ﬁ 2 L0008 448 - SET QT LYT PoRZ 00 B/FS 8 iow
3 oP4 T

LINE ONee 2 T

“ ] LDAZL. SET QUIPY T PaRr on Ai7m P2 NG
y g0 T
’ Qo |
L 2087 00 X
) 2e3 TEST FOR Gald
A 2 2o 1
) c00m !
¢ - L1
2 QLAC, SNISUTDR - CEJVE OIOT YT FoR> BT840 |

t -y I
[ -~ LRA8T 2Q ¥

FIGURE 25 : INSTRUCTION SEGMENT TIMING EXAMPLE
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In the example in Figure

, six of the program segment's nine instructions are

within the loop and are executed five times each. Three of the instructions
(LDBI, CLAC, OPA) are outside the loop and executed only once.
FLOW DIAGRAM TIMES TIME EXECUTION TIME (N
FUNCTION  |-PERFORMED INSTRUCTIONS | ocrates | 400 NS 7803 SYSTEM
Set loop Once LDBI 7 2.8 us
count = 5§ 05
Pulse output Five CLAC 4 1.6 us
line once times 0PA 1 b.b us
PORT 00
LDAI 7 2.8 us
80
Lo OP
oPA 11 4.4 us
I S PORT Q0
Test for Five DC8 1.6 us
end times JP 20 10 4.0 us
LooP
Leave Once CLAC 4 1.6 us
‘]’gf‘p”t line 0PA 1 .4 us
PORT 00
,FIGURE b SAMPLE TIMING CALCULATION

The total execution time for the instructions performed once, outside the loop, is

2.8

+ 1.6 +4.4=

One pass through the loop requires
1.6 + 4.4 +2.8 « 4.4 4+ 1.6+ 4.0=18.8 us.

The loop. is repeated five times, so the total execution time for the program

segment is

The period of the pulses is found by adding the time the pulse is low

time the pulse is high. The pulse is low from the end of the first OPA

8.8 us.

8.8 + [(5)(18.8)] = 102.8 us.

instruction to the end of the second:

2.8 + 4.4 =

7.2 us.

to the

The pulse is high from the end of the second OPA instruction until the end of
the first (around the loop) or until the end of the third OPA (the fifth time
through the loop):

1.6 + 4,0 +1.6 + 4.4 = 11.6 us.

The total period of each pulse is

7.2+ 11.6 = 18.8 us.
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m SECTION { - MEMORY AND !/0 MAPPING AND CONTROL

Memory Addressing

The 7803's 16-bit Address Bus can directly address a 65,536-byte (64K) memory.
A specific memory location is addressed when these conditions are met:

a. The Address Bus contains the specific address of
the memory location (0000 through FFFF hexadecimal);

b. MEMRQ* (memory request) and RD* (read) or WR* (write)
control signals are active;

c. MEMEX* (memory expansion) is active.
Other factors affecting the 7803's control of its memory are:

3. In the Interrupt Acknowledge Cycle ,
the 7803 issues INTAK* in plage of the memory enable
signals, when responding to INTRQ*. This causes the
interrupting device to provide an imstruction or vector to the 7803
over the STD Data Bus.
b. The 7803 can pause to wait for a Slow memory-mapped
device,or be single-stepped,by inserting WAIT states
in memory access machine cycles. See WAITRQ*, Section

¢. The 7803 can disconnect from the STD BUS and enter the
w WAIT state while Direct Memory Access (DMA) operations
are conducted by an alternate system controller card.
DMA is controlled .by the BUSRQ*/BUSAK* (Bus Request/
Bus Acknowledge) signals. :
A typical memory implementation iscshown in Figure 2%

]2K-Byte Onboard Memory

The 7803 card has a combined EPRLA/ROM and RAM memory on the card which is large
enough to store the program and variable data required in many applications, without
the neeu for additional external memory cards. The card is shipped with 1K of RAM:-
and sockets which allow the user to add up to 8K of EPROM or masked OM devices and 1
expand the RAM to LK. The onboard memory sockets have addressing restrictions
(Figure 27 ) and are not accessatle in OMA operations.

The onboard memory is organized as follows:

a. EPROM/ROM sockets: provide capacity for four 2716 or equivalent
single +5V supply EPROM devices which can be mixed in any combination
with 2316E or equivalent masked ROMs. Each device is a 2048-byte (2K)
read-only memory for a total capacity of 8192 (8K) bytes. All of
these devices are supplied by the user.

b. RAM and RAM Sockets: provides two 2114L or equivalent RAM devices
organized as a 102b-byte (1K) memory, and sockets for six additional
user-supplied 2114 RAMs. The 2114 is a 1024xk device and two chips
are required for each K of RAM added to the card. The total RAM
capacity of the 7803 with all sockets loaded is 4096 (4K) bytes.

Figure 2771 summarizes the addressing options for each of the memory chip sockets.
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MEMORY DEVICE

FULL HEXADEC IMAL ADDRESS FIELD

DES IGNATION AS SHIPPED USER OPTION (Note 1)
= ROM O 0000 - Q7FF C000 ~ C7FF
o 3| ROM 1 0800 - OFFF C800 - CFFF
x| ROM 2 1000 - 17FF D000 - D7FF
| RoM 3 1800 - IFFF D800 - DFFF
‘a| RAM U20,U2k 2000 - 23FF (Note 2) E000 - E3FF
25 RAM U19,U23 2400 - 27FF 400 - ETFF
= 3| raM u18,u22 2800 - 2BFF E800 - EBFF
™ Z] raM 17,021 2€00 - 2FFF ECO0 - EFFF
UNUSABLE 3000 - 3FFF FOO0 - FFFF

(Note 3)
Notes: 1. Refer to Appendix A for remapping option,

2. 1K of RAM (two 2114L devices) mapped in
addresses 2000-23FF are supplied with the
7803.

3. Maximum 7803 addressing range is 60K (12K onboard
memory plus 48K on external memory cards) when
the 7803 onboard memory is used. If the onboard
memory is disabled (Appendix A ), maximum system
memory size without bank selection is 64K and no
mapping restrictions are imposed by the 7803.

FIGURE 27

7803 ONBOARD MEMORY SOCKETS ADDRESS MAPPINGB
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Input/Output (1/0) Port Addressing

The 7803 can address up to 256 each input ports and output ports.

address appears on the low-order half of the Address Bus (A0-A7) and is

repeated on the high-order half of the Address Bus (A8-AlS5).
1/0 port is addressed when the following conditions are met:

A specific

a. The Address Bus (A0-A7) contains the specific address

of the 1/0 port (00 through FF hexadecimal);

b. I0RQ* (1/0 Request) is active

c. I0EXP* (1/0 Expansion) is active

d. RD* (read) is active to select an input port, or
WR* (write) is active to select an output port.

The port

The 8-bit input ports provide a means for reading data or status lines into
The 8-bit output ports
provide a means for outputting program-generated data or control states.

‘the processor to take part in programmed operations.

input and output port circuits are shown in Figure 29
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SECTION ‘7 - PROGRAM AND HARDWARE DEBUGGING : (:)

Microprocessor Logic State Analysis

An attempt at monitoring the execution of a microprocessor program in real time
using a conventional multitrace oscilloscope will be found to be impossible for
practical purposes. The capacity of the scope and the operator will be quickly
exhausted by the following characteristics:

a. P 1 d addr Data is transferred as byte-parallel

information (the address bus is 2 bytes wide). Individual bits on

these busses have little meaning in program debugging. It is neces-
sary to see the full content of both busses at once, and a hexadecimal
display of numeric values is much more meaningful than binary waveforms.

b. Display Trigger Qualification. As many as 20 signals (combined
address and control signals) may be used simultaneously to qualify
the enabling of a peripheral memory card, for example. In order
to capture this event, the test instrumentation must aiso be
trigger-qualified by the same group of signals, Conventional
oscilloscopes lack the number of trigger channels and operating
modes needed to interface with a processor system such as the 7803,

¢. Data Bus Voltage Levels and Timing. The 7803 and all of its peripheral
cards in a given system will drive the Data Bus at different times, and
will do so with a variety of logic high and logic low levels, all of
which are different but within specification.

This presents two problems: ' ﬂ:)

1. The operator will find it difficult to identify the source of any
given waveform on the scope display.

2. in order to see a specific data segment on the Data Bus, the operator
will find it necessary to synchronize the display with the processor's
software program rather than with the voltage output of any one element
of system hardware.

The logic state analyzer solves these problems by displaying formatted
high/low or numeric logic states rather than analog waveforms, and by
offering enough trigger channels andcoincedence logic to allow literal
program/display synchronization.

A logic state analyzer is considered an essential troubleshooting aid for both
program development and system maintenance in any 7803-based system where the
needs of the Manufagturing Test and Field Service organizations are important
considerations.

The logic state analyzer performs these basic functions:

a. Tracks the actual instruction sequence as the program executes,
facilitating program debugging. )
b. Monitors control states and data passing between the processor and
the system it controls,allowing the system external to the processor
card to be observed at the same time as the program flow, using the
same display.
c. Provides a multi-quaiified trigger to a conventional oscilloscope when
analog measurements are unavoidable (e.g. propagation delay through a
suspected memory device). : ‘:ﬁ
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Instruction Diagnostic Tables

The Instruction Diagnostic Tables on the following pages are used

with a logic signal analyzer. They show the type of data on the

Data Bus for time states T1, T2, and T3 within each machine cycle, and the
machine cycles within any given instruction.

This information is useful when debugging a program or troubleshooting the
7803 or any hardware under the 7803's control.

In addition to expected data and processor status for Tl, T2, and T3, the

TIME STATES column in each machine cycle shows the total number of time

states for that cycle. |If there are one or more time states after T3, the
processor is performing an internal operation; the signals at the

Z80 chip pins are either unchanged from T3 or undefined, with no new information
available until the next T

Because of the size of the Z80 instruction set, the Instruction Diagnostic
Tables are separated into the following sheets by instruction type:

T TNSTRUCTION CATEGORY | INSTRUCTION TYPE FI1GURE
8-Bit Load/Store 31A
Register & Accumulator &

Memory Carry 31A

Data Arithmetic &

Logical 31A
~Increment &

Decrement 318

Bit Test/Set/Clear] 31B

Shift & Rotate 318

16-Bit Add & Subtract 31¢
Register & Increment &

Memory Decrement 31C

Data Load & Store 31¢C

Push & Pull 31C

Bank Select 31C

Exchange 3¢

1/0 Input & Output 31D

Address Jump & Return 31D

Compound Loop 31D
Block Memory

Move & Search 310

Block 1/0 31D,E
Machine Control Interrupt 31E
Halt, NOP 31E

FIGURE - 30 : INSTRUCTION DIAGNOSTIC TABLES INDEX
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Pro Log M824 System Analyzer

The M824 is a logic signal analyzer designed specifically for program debugging
and hardware troubleshooting in Z80-based systems such as the 7803 Processor.

Figure 32 below summarizes the ability of the M824 to capture, format, and display
the information available from all the time states within a Z80 machine cycle at

any instruction step in the program. The M82L4 operates in dynamic, single-step, and
breakpoint modes; tracks interrupts and DMA operations; can pick instructions out

of nested loops for display; and can trigger other test equipment with

program instruction synchronization.

The M82L4 is portable and clips onto the Z80 on the 7803, eliminating the need for
test probes and a long setup procedure.
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APPENDIX A =~ 7803 USER STRAPPING OPTIONS

In new 7803 applications, system characteristics such as memory mapping are
often arbitrary. The as-shipped configuration of the 7803 is recommended to
minimize system assembly costs as well as field service and repair documentation
efforts. Most other Pro-Log Series 7000 cards can be used with the 7803 without
any jumper changes.

Jumper-wire strapping options are provided on the 7803 to allow processor upgrading
in existing applications, firmware, and compatibility with similar cards from
other manufacturers.

The strapping options for the 7803 are identified by the letters A through F
on the Schematic (Pro Log document #103218), Assembly Diagram (#103219) and by
silkscreened letters on the 7803 circuit card. The options include:

a. Clock (jumpers A and F): output clock to STD BUS, or input
external clock signal in place of the 7803's crystal.

b. Mapping and Bank Control (jumpers B-E): remap or disable the
onboard RAM and EPROM memory sockets, and allow external
control of 1/0 and memory bank selection (I0EXP* and MEMEX*
lines).

Clock (Figure 33)

Qutput: Some devices and instruments require access to the system clock. Jumper A
(Figure ) places the system clock on STD BUS pin 43. Note that the clock output
driver is not floated during DMA operations.

Input: an external clock can be used, to drive the 7803's clock oscillator.

This should be a TTL-compatible signal in the range of 1 to 5 MHz with a 25% to
75% duty cycle. The 7803's clock circuit will divide this signal's frequency in
half, producing time states in the range 2000 ns to 400 ns.

The external clock input signal is assigned STD BUS pin 50 (CNTRL*), Remove the
following components from the 7803: Crystal Y!; 2.2K resistors R3 and R4; 1000 pF
capacitor C5. Replhace C5 with a wire jumper. Add wire jumper F.

Figure shows the clock circuit before and after theiiexternal clock input
modification.

Mapping (Figure 34)

The 7803's onboard memory sockets can occupy the lower quadrant of memory (0000-
3FFF hexadecimal, as shipped) or the upper quadrant (COO0-FFFF), or be disabled.

Figure summarizey these selections and shows the jumpers required to obtain
them.

Bank Selection (Figure 33)

Jumpers D and E hold MEMEX* and IQEXP*, respectively, active by connecting the
bus traces to ground on the 7803 card. At least one additional 64K memory bank
and one 256-1/0 port bank could be enabled on the same motherboard by employing
memory and 1/0 cards which regard MEMEX* and ILEXP* as high level active signals.
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Schematic
coordinates

B6,7,8

e

R3

cs 32.&%

1
00OPF 0o

R8

3 178a

[.1%n

33pPF

N384 IR6
3.

CLOCK#(49)

22 o ':f CR!
INSR8

TEFEEERF FFFFFRFPREle

Internal clock with clock output on STD BUS n

~ ]

CLOCK®(49

+5v

-

A

O

BEEEERT FPTFFFFE PRk le

F External clock drive with clock output removed from STD BUS

Jumper pad locations

Dt JUMPERS N CARD wikine SIDE,
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FIGURE 33

Jumper options for external
clock drive and clock output

Note: Some 7803 versions
prior to May 1980 use
E1,E2,E3...jumper notation
instead of A,B,C....




FIGURE 34 :

, MEMORY ADDRESS ASSIGNMENT | JUMPER WIRES

EPROM__ | Ran UNUSABLE |8 c

0000- 1 FFF | 2000-2FFF | 3000-3FFF | OPEN JUMPER

C000-DFFF | E000-EFFF | FOO0-FFFF || JUMPER OPEN

DISABLED | DISABLED NONE OPEN OPEN
741L532

Schematic coordinates 84,5

Jumper shown in C (as-
shipped) position.

ONBOARD MEMORY MAPPING QPTIONS
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APPENDIX B: DOCUMENTATION
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