






















































































































































































































































































































































































































































































































































































Z8000-Z8 Interfacing 273 

Figure 13.19 Z8 Protopak package. 

typing version of the Z8611 with all memory external to the chip; the Z8613 
is the 40-pin Protopak version of the Z8611. 

The Z8681 is a "ROMless" version of the Z8 with no program memory 
on board the device. Port 1 is always configured as an address/data bus to 
external memory; port 0 is still nibble-programmable as I/O or additional ad­
dress lines. Therefore, the Z8681 can address up to 64K of program memory 
and 64K of data memory. 

The Z8671 microcomputer is a Z8601 with a BASIC interpreter and de­
bugger already programmed into the 2K bytes of mask-programmable ROM. 
The BASIC language used is a subset of Dartmouth BASIC. 

Z8000-Z8 INTERFACING 

A Z8 microcomputer could be used as another processor in a Z8000-based 
system in distributed processing applications. For example, a Z8 might be 
used as a front-end I/O processor dedicated to data handling and formatting 
for a specific I/O device in the system. 

Z8 's can be interfaced to Z8000 systems in a number of ways. The most 
straightforward method is to treat the Z8 as an I/O device for a Z8000 CPU 
using a Z8036 CIO or Z8038 FlO as the interfacing device (Fig. 13.20). A 
Z8 port with interlocking handshake interfaces directly to the interlocked 
handshake of a CIO or FlO port. The other Z8 ports could be used to inter­
face to I/O devices or access external memory. 

Since the Z8 uses Z-Bus timing for accessing external memory, a Z8 
microcomputer could be used as a bus requestor in a Z8000 system, where 
the Z8 directly accesses one segment of the Z8000's memory. In Fig. 13.21, 
one port 3 output bit is used as the bus request signal to the Z8000 CPU and 
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one port 3 input bit is the bus acknowledge. Ports 0 and 1 are defined as an 
address/data bus to external memory; these are normally held in the tri-state 
mode. When the Z8 gains control of the bus via a bus request, it can make byte 
access to the Z8000's memory using LDC, LDE, PUSH, or POP instructions. 
When the Z8 is not using the Z8000's bus, the Z8 still can be executing from 
its internal ROM. 

UPC ARCHITECTURAL OVERVIEW 

ADDRESSI 
DATA BUS 

The Universal Peripheral Controller (UPC) is a slave microcomputer that can 
be used as an intelligent peripheral controller in Z8000 systems. The UPC is 
a complete microcomputer based on the Z8 architecture with its own CPU, 
memory, and I/O ports on the chip; a Z-Bus interface allows the UPC to act 
as a byte peripheral in a Z8000-based system. A Z8000 CPU can send and re­
ceive byte data from the UPC by reading and writing to the UPC's internal 
registers via I/O operations. Thus the UPC can unburden the master CPU by 
handling tasks such as data translation and formatting, arithmetic, and I/O 
device control. 

The UPC is available in several different product configurations. Figure 
13.22 shows the pin assignments for the Z8090, a 40-pin UPC with 2K bytes 
of mask-programmable ROM on board the chip. The Z8090 has three 8-bit 
parallel ports (ports 1, 2, and 3) a complete Z-Bus peripheral interface (con­
sisting of ADO-AD7, AS, DS, R/W, CS, and WAIT), and a TTL-compatible 

- AD7 P17 -- AD6 P16 -- ADs P1s -- AD4 P14 
PORT 1 - AD3 - AD2 - AD, 

-ADO P10-

TIM~~: J - AS 
AND RESET \ - os Z8090 

Z·UPC ::: - } PORT 3 
f -R/W 

CONTROL I - cs 
WAIT 

{ 

iNT OR P35 

MASTER _ INTACK OR P32 

INTERR~:~ - lEI OR P30 
lEO OR P37 

+5V_ 

PCLK_ 

GND_ 

P3,_ 

P36 

P27_ 

P26-

P2s-

P24_ 

1>23 
PORT 2 

Figure 13.22 Z8090 UPC pin assignments. 
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clock input. Optionally, one-half of port 3 can be used as the interrupt signals 
(INT, INTACK, lEI, and lEO) for the Z-Bus interface. The maximum clock 
frequency is 4 MHz; the UPC's clock does not need to be synchronized to the 
master CPU's clock. 

A block diagram of the Z8090 is given in Fig. 13.23. The Z8090's mem­
ory consists of 2K bytes of mask-programmable ROM and 256 byte registers, 
including 234 general-purpose registers, 19 status and control registers, and 3 
I/O port registers. Ports 1 and 2 are bit-programmable; port 3 consists of 4 
input bits and 4 output bits. Port 3 pins can be used for special control func­
tions, including an interrupt interface to the master CPU, handshakes for ports 
1 and 2, and interrupt request inputs for the UPC. Unlike the Z8, no mech­
anism is provided for in terfacing to memory external to the Z8090. The UPC's 
two programmable counter/timers are identical to those in the Z8. The UPC's 
instruction set also is identical to that of the Z8. 

UPC MEMORY SPACES 

Two different memory address spaces are available in the UPC, program mem­
ory and the registers. 

The Z8090 UPC contains 2K bytes of mask-programmable ROM for pro­
gram memory (that is, memory for holding program code). The UPC's pro­
gram counter is 16 bits long; however, performance at program addresses 
above 2K is not defined. The first 12 bytes of program memory are reserved 
for six 16-bit interrupt vectors (Fig. 13.24). Resetting the UPC forces the pro­
gram counter to location 12, the first program memory location available for 
user's code. 

The UPC's 256-byte register file consists of 234 general-purpose regis­
ters, 3 I/O port registers, and 19 status/control registers (Fig. 13.25). I/O 
ports are accessed via reads and writes to registers 1, 2, and 3. The general-

20 
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Figure 13.24 UPC program mem­
ory. 
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Figure 13.25 UPC register file. 

purpose registers can be used as accumulators, address pointers, data buffers, 
or index registers. The status and control registers are used for configuring 
the UPC's programmable options, controlling the communication between the 
UPC and the master CPU, and storing status information. 

An 8-bit stack pointer is used for addressing the stack; the stack always 
resides in the general-purpose register file. As in the Z8, a register pointer 
addresses the starting point of the 16 working registers. The flag register 
holds the ALU flags: carry, sign, overflow, zero, decimal adjust, and half­
carry. Three registers control the UPC interrupt structure, three others de­
termine the I/O port configuration, and five are used for programming the 
two counter/timers. The Master CPU Interrupt Control register controls the 
interrupts to the master CPU and the Master CPU Interrupt Vector register 
holds the vector that is returned when the master CPU processes an interrupt 
from the UPC. The Data Transfer Control, Limit Count, and Data Indirection 
registers are used to control transactions between the UPC and master CPU, 
as described later. 

UPC I/O PORTS 

The UPC's 24 I/O lines are organized as three 8-bit parallel ports, ports 1, 2, 
and 3. Their configuration is determined by the three I/O port mode registers 
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R248 PIM 
Port 1 Mode Register 

Z-UPC register address (Hex): F8 

1~1~1~I~i~I~I~I~1 

P1o-P17 I/O DEFINITION 
'----- 0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 

R246 P2M 
Port 2 Mode Register 

Z-UPC register address (Hex): F6 

I D71 0 6 1 0 5 1 0 4 1 D31 021 0, I Do I 
I P2o-P27 I/O DEFINITION 
L-. --- 0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 
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R247 P3M 
Port 3 Mode Register 

Z-UPC register address (Hex): F7 

I D71 D61 0 5 1 0 4 1 031 D21 0, I Do I 

II L: : :::: : ::~~::: :::::::: 
1 PORT 1 PULL·UPS ACTIVE 

o P35 = OUTPUT 
1 P35 = INT 
RESERVED 

'--___ 0 P33 = INPUT P34 = OUTPUT 
1 P33 = DAV1/RDY1 P34 = RDY1IDAV1 

'------ ~ ~~: ~ ~:V~iR~~J 

'-----__ ~ ~~~ ~ :~tUT 

'-------- ~ ~~~ ~ :~~~6K 

P36 = OUTPUT (TOUT) 
P36 = RDY2IDAV2 

P37 = OUTPUT 
P37 = lEO 

Figure 13.26 Port Mode registers. 

(Fig. 13.26). Ports 1 and 2 are bit-programmable ports wherein each bit can 
be individually programmed as an input or output. Each bit specified as an 
output can be an active or open-drain output. Optionally, bits 3 and 4 of 
port 3 can be interlocked handshake signals for port 1 and bits 1 and 6 of 
port 3 can be the handshake signals for port 2. 

Port 3 always has 4 input and 4 output bits. Bits 0, 2, 5, and 7 can be 
used as the interrupt interface to the master Z8000 CPU (the lEI, INT ACK, 
INT, and lEO signals, respectively). The other bits in port 3 can be handshake 
lines for ports 1 and 2, external access for the counter/timers, or bits of I/O. 
Input bits 0, 1, and 3 of port 3 can be used as UPC interrupt requests regard­
less of their configuration. 

UPC INTERRUPTS 

The UPC provides for six different interrupts from eight different sources, 
as listed in Table 13.4: three port 3 inputs (bits 0, 1, and 3), the two counter/ 
timers, and three master CPU data transfer status bits called end-of-message 
(EOM), transfer error (XERR), and limit error (LERR). The interrupt mech­
anism is identical to that of the Z8, with three registers controlling the inter­
rupt structure: the Interrupt Priority, Interrupt Mask, and Interrupt Request 
registers. 

CPU-UPC COMMUNICATION 

The UPC is a peripheral for Z8000 systems; the master Z8000 CPU uses I/O 
operations to read or write to the UPC's register file. All communication be-
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TABLE 13.4 UPC INTERRUPT REQUESTS 

Name 

IRQO 

IRQ1 

IRQ2 

IRQ3 
IRQ4 
IRQ5 

Source 

EOM, XERR, 
or LERR 

Port 3, bit 3 

Port 3, bit 1 

Port 3, bit ° 
TO end-of-count 
T1 end-of-count 

Vector location 
in memory 

0, 1 

2,3 

4,5 

6, 7 
8,9 

10, 11 

Comments 

Data Transfer Control register status bits 

Negative-edge triggered; can be port 1 
handshake 

Negative-edge triggered; can be port 2 
handshake or timer in 

Negative-edge triggered; can be lEI signal 

tween the master CPU and the UPC is initiated by the CPU; the CPU can ex­
ecute reads and writes to the UPC but the UPC cannot read or write to the 
master CPU. However, the UPC can issue an interrupt request to gain the 
CPU's attention. 

The master CPU can access the UPC's registers in two ways, direct access 
and block access. Access by the master CPU is controlled by the UPC, though, 
in that the UPC determines when a CPU access is allowed, providing soft­
ware independence between the master CPU and the UPC. The UPC sets 
the transfer enable (EDX) bit in the Master Interrupt Control register (Fig. 
13.27) to enable the CPU to access the UPC register file and resets that bit 
to disable CPU accesses. Only the UPC can write to the EDX bit. When the 
CPU completes a transaction with the UPC, the CPU notifies the UPC by set­
ting the end-of-message (EOM) bit in the same register. 

The master CPU can directly access 19 of the UPC's registers. Three reg­
isters-the Master Interrupt Control, Master Interrupt Vector, and Data Trans­
fer Control registers-are mapped directly into the CPU's I/O address space. 

R254 MIC 
Master CPU Interrupt Control Register 

z-UPC register address (Hex): FE 

I 07 1 06 1 05 1 0.1 03 1 02 1 D, I Do I 

ug~
o-
1 END OF MESSAGE 

o WAIT ENABLE WHEN WRITE 
1 WAIT DISABLE WHEN WRITE 

o ENABLE LOWER CHAIN 
1 DISABLE LOWER CHAIN 

o DISABLE DATA TRANSFER 
1 ENABLE DATA TRANSFER 

'----- ~ ~~CJ~~Tg~T6~+PUT 
L...-____ ~ ~~S~~~Tg~UCI~~~~1~~~u:~:D~~gING 

L...-_____ ~ ~~~~~~~~u~~DUE~D~~~~~~ICE 

L...-______ ~ :~i~::~~i :~g~~~i ~~S::LL:g 
Figure 13.27 Master Interrupt Con­
trol register. 
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RODTC 
Data Transfer Control Register 

Z-UPC register address (Hex): 00 

I~I~I~I~I~I~I~I~I 

I(EOM) 0 -
1 END OF MESSAGE 

(LERR) 0 NO LIMIT ERROR 
"----'-- 1 LIMIT ERROR 

(XERR) 0 NO TRANSFER ERROR 
1 TRANSFER ERROR 
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,",-(E_DX..;....) ___ 0 DISABLE DATA TRANSFER 
1 ENABLE DATA TRANSFER Figure 13.28 Data Transfer Con-

L:-(IR~P,-) -----1 1/0 REGISTER POINTER trol register. 

In other words, each of these registers has a unique port address in the ZSOOO 
system. The Master Interrupt Control register (Fig. 13.27) contains the inter­
rupt enable (IE), interrupt pending (IP), interrupt under service (IUS), no 
vector (NV), and disable lower chain (DLC) bits that control this interrupt 
source according to the Z-Bus protocols described in Chapter 12. The Master 
Interrupt Vector register holds the vector that is read by the CPU during an 
interrupt acknowledge cycle. The Data Transfer Control register (Fig. 13.2S) 
holds an I/O register pointer and four status bits. 

The other 16 registers that can be directly accessed by the master CPU 
are the 16 contiguous registers designated by the I/O register pointer in the 
upper nibble of the Data Transfer Control register. The I/O register pointer, 
like the Register Pointer, selects a group of 16 contiguous registers in the 
UPC's register file. The actual register address accessed is determined by con­
catenating the 4-bit I/O register pointer with the four least significant bits of 
the port address emitted by the master CPU. Thus these 16 registers each 
have a unique I/O port address in the ZSOOO system. 

The master CPU also can access UPC registers indirectly using the block 
access method. This transfer method is controlled by the Data Indirection 
and Limit Count registers in the UPC (Fig. 13.29). The block access method 
allows the master CPU to access an entire block of UPC registers using one 
port address. The address of the first UPC register in the block to be accessed 
is held in the Data Indirection register and the number of registers in the 
block is in the Limit Count register. After each master CPU read or write using 
block access mode, the contents of the Data Indirection register are incre­
mented automatically (so that it points to the next register in the block) and 
the contents of the Limit Count register are decremented. Thus a ZSOOO 
block I/O instruction can access an entire block of UPC registers. 

If the master CPU attempts to access the UPC's registers when the trans­
fer enable (EDX) bit in the Master Interrupt Control register is reset or if 
the CPU attempts a block access when the Limit Count register is zero, the 
access is not completed. The transfer error (XERR) bit in the Data Transfer 
Control register (Fig. 13.2S) indicates that if a CPU access was attempted 
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interrupt by accessing the UPC, using either the direct access or block access 
method. When this access is completed, the CPU sets the end-of-message bit 
via a write to the Master Interrupt Control register in the UPC. This, in turn, 
interrupts the UPC, thereby informing the UPC that the CPU-UPC transfer is 
completed. 

UPC PRODUCT CONFIGURATIONS 

The UPC is available in five different product configurations (Table 13.5). 
The Z8090 has 2K bytes of mask-programmable ROM on board the chip for 
its program memory, as described previously. A 64-pin version, the Z8091, 
allows the user to prototype the system in hardware without mask-program­
ming the code. The Z8091 is identical in function to the Z8090 except that 
the mask-programmable ROM is removed. The additional 24 pins are used as 
address, data, and control lines to an external ROM, PROM, or EPROM; the 

TABLE 13.5 UPC PRODUCT CONFIGURATIONS 

Part number 

Z8090 
Z8091 

Z8092 

Z8093 

Z8094 

Package 

40-pin 
64-pin 

64-pin 

40-pin Protopak 

40-pin Protopak 

Description 

2K bytes of internal mask-programmable ROM 
No internal ROM; interface to 4K bytes of external 

ROM/PROM 
36 byte internal ROM holds bootstrap program; in­

terface to 4K bytes of external RAM 
No internal ROM; 24-pin socket for 4K bytes of ex­

ternal EPROM 
36 byte internal ROM holds bootstrap program; 24-

pin socket for 4K bytes of external RAM 

FFFH r-------------. 

PROGRAM MEMORY EXTERNAL 
RAM 

;~~ t------------I } 
BOOTSTRAP ROM INTERNAL 

ROM 

~~t-----------~ } 
Z·UPC INTERRUPT EXTERNAL 

VECTORS RAM 

~---------~ 

Figure 13.31 Z8092 UPC RAM 
memory map. 
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Z8091 can access 4K bytes of program memory external to the chip. The 
Z8093 Protopak is a combination of the Z8090 and Z8091-a 40-pin package 
with program memory external to the chip. The Z8093 carries a 24-pin socket 
in "piggyback" manner for an EPROM that holds the program code (Fig. 
13.19). 

The Z8092 is a 64-pin UPC with an interface to 4K bytes of external 
RAM. Thirty-six bytes of ROM are retained on board the chip; this ROM 
contains a program that allows the user to download code from the master 
CPU into the UPC's RAM. The internal ROM occupies addresses OC-2F hexa­
decimal (Fig. 13.31). The Z8094 is a 40-pin protopak version of the Z8092 
wherein the socket for the RAM device is "piggybacked" onto the 40-pin 
package. 

Thus the Z8000 family of components includes processors, memory 
management devices, peripherals, memories, and single-chip microcomputers. 
These components are linked via a set of signals called the Z-Bus, providing 
powerful solutions to a wide variety of applications. 



Absolute 
Maximum 
Ratings 

Standard 
Test 
Conditions 

DC 
Character-
istics 

APPENDIX A 

Z8000 CPU DC and AC 

Electrical Characteristics 

Voltages on all inputs and outputs 
with respect to GND .......... -0.3 V to + 7.0 V 

Operating Ambient 
Temperature .................. 0 °e to + 70 °e 
Storage T ernperature ........ -65 °e to + 150 °e 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer­
enced pin. Standard conditions are as follows: 

• +4.75 V =:; Vee =:; +5.25 V 

• GND = 0 V 
• ooe =:; TA =:; +70oe 

Symbol Parameter Min 

VeH Clock Input High Voltage Vee-O.4 

VeL Clock Input Low Voltage -0.3 

VIH Input High Voltage 2.0 

VIHRESET High Voltage on Reset Pin 2.4 

VIL Input Low Voltage -0.3 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 

IlL Input Leakage 

IILSEGT Input Leakage on Seqt Pin -100 

IOL Output Leakage 

lee Vee Supply Current 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

+sv 

FROMourpur =m". UNDER TEST 

'·"1 ~!~ ~ 
All ac parameters assume a load capacilance of 100 pF max ex 

cept for parameter 6 (50 pI' max). Timing references between two 
output signals assume a load dIfference of 50 pF max. 

Max 

Vee +0.3 

0.45 

Vee+ 0.3 

Vee to 0.3 

0.8 

0.4 

±10 

100 

±10 

300 

Unit 

V 

V 

V 

V 

V 

V 

V 

p.A 

p.A 

p.A 

rnA 

Condition 

Driven by External Clock 
Generator 

Driven by External Clock 
Generator 

IOH = -250 p.A 

IOL = +2.0 rnA 

0.4:s VIN:S +2.4V 

0.4 :s VIN :s + 2.4 V 

Note: Contact Zilog, Inc., for latest information on AC and DC characteristics. 
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COMPOSITE AC TIMING DIAGRAM 
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2.0V 

V 

Low 

O.SV 

O.SV 
O.SV 

±O.5V 
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AC CHARACTERISTICS 
Z8001/Z8002 Z8001 A/Z8002A Z80018/180028 

No. Sy.bul Para.atar Min(ns) Max(na) Min(na) Max(na) Min(na) Max(na) 

TcC Clock Cycle Time 250 2000 165 2000 100 2000 

TwCh Clock Width (High) 105 2000 70 2000 40 

3 lwCl Clock Width (Low) 105 2000 70 2000 40 

4 T fC Clock Fall Time 20 10 10 

5 T rC Clock Rise Time 20 15 10 

6 TdC(SNv) Clock t to Segment Number Valid 130 110 70 
(50 pF load) 

7 TdC(SNn) Clock t to Segment Number Not Valid 20 10 
8 TdC(8z) Clock t to Bus flost 65 55 40 

9 TdC(A) Clock t to Address Valid 100 7S SO 

10 TdC(Az) Clock t to Address float 65 S5 40 

11 TdA(DR) Address Valid to Read Data Required 475 305* 180 

Valid 
12 TsDR(C) Read Data to Clock + Setup Time 30 20 10 

13 TdDS(A) ~ t t a Address Act i ve 80 45 20* 

14 TdC(DW) Clock t to Write Data Valid 100 75 50 

15 ThDR(DS) Read Data to DS t Hold Time 0 0 0 

16 TdDW(DS) Write Data Valid to 55 t Delay 295* 195* 110* 

17 TdA(MR) Address Valid to MREQ +Delay (55)* (}5)* 20* 
18 TdC(MR) Clock + to MREQ + Delay 80 70 40 

19 TwMRh MREQ Width (High) 210* 13 5* 80* 

20 TdMR(A) MREQ t to Address Not Active 70* 35* 20* 
21 TdDW(DSW) Write Data Valid to OS + (Write) Delay 55* 35* 15* 
22 TdMR(DR) mrn + to Read Oats Required Valid 375 230 140* 

23 TdC(MR) Clock + MREQ t Delay 80 60 45 
24 TdC(ASf) Clock t to AS + Delay 60 60 40 

25 TdA(AS) Address Valid to AS t Delay 55* 35* 20* 

26 TdC (ASr) Clock + to AS t De lay 90 80 40 

27 TdAS(DR) AS t to Read Data Required Valid 360 220 140* 
28 TdDS(AS) OS t to AS t Delay 70· 35· 15* 

29 TwAS As Width (Low) 85* 55* 30* 
30 TdAS(A) As t to Address Not Active Delay 70 45 20· 

31 TdAz(DSR) Address float to DS (Read)+ Delay 0 0 0 

32 TdAS(DSR) As t to OS (Read) + Delay 80 55 30* 
D TdDSR(DR) OS (Read) + to Read Data Required Valid 205 130 70* 

34 TdC(DSr) Clock + to OS t Delay 70 65 45 
}5 TdDS(DW) OS t to Write Data Not Valid 75* 45* 2S* 
36 ldA(DSR) Address Valid to OS ( Read') + Delay 180* 110· 65* 

N 37 TdC(DSR) Clock t to DS (Read) + Delay 120 85 60 
00 36 TwDSR Os (Read) Width (Low) 275* 18 S· 110· ...., 



I\) 
39 TdC(DSW) Clock -t to OS (Write) -t Delay 95 CO 80 60 

CO 40 TwDSW OS- (Write) Width (Low) 185- 110 75-
41 TdDSI(DR) [)"S (I/O) -t to Read Data Required Valid 330 210 120-

42 TdC(DSf) Clock -t to OS (I/O) -t Delay 120 90 60 

43 TwOS Os (I/O) Width (Low) 410- 255- 160-

44 TdAS(DSA) AS t to OS (Acknowledge) -t Delay 1065- 690- 410-

45 TdC(DSA) Clock t to OS (Acknowledge)t Delay 120 85 65 

46 TdDSA(DR) l)S (Acknowledge) -t to Read Data 455 295 165-
Required Delay 

47 TdC(S) Clock t to Status Valid Delay 110 85 60 

48 TdS(AS) Status Valid to AS t Delay 50 30- 10-

49 TsH(C) 'lft'SEf to Clock t Setup Time 180 70 50 

50 ThR(C) Rf SET t 0 C I 0 c k t Hold Time 0 0 0 

51 TwNHI lfM-I Width (Low) 100 70 50 

52 TaNHI(C) NMi to Clock t Setup Time 140 70 50 
53 TsVI(C) VT,NVl to Clock t Setup Time 110 50 40 
54 ThVI(C) Vf,NVI to Clock t Hold Time 0 20 0 
55 TsSGT(C) SEGT to Clock t Setup Time 70 55 40 

56 ThSGT(C) sE];f to Clock t Hold Time 0 0 0 
57 TaHI(C) MY to Clock t Setup Time 180 110 80 
58 ThHl(C) HI to Clock t Hold Time 0 0 0 
59 TdC(HO) Clock t to HO Delay 120 85 70 
60 TsSTP(C) ~ to Clock -t Setup Time 140 80 50 
61 ThSTP(C) STop to Clock -t Hold T iDle 0 0 0 

62 TsW(C) WAIT to Clock -t Setup Time 50 30 20 
63 ThW(C) -WA ITt 0 C I 0 c k -t Hal d Till e 10 10 
64 TaBRQ(C) ~ to Clock t Setup Time 90 80 60 
6') ThBRQ(C) ~ to Clock t Hold T lme 10 10 
66 TdC(BAKr) Clock t to BUSACK t Delay 100 75 60 

67 TdC(BAKf) Clock .,. to EiUSACK -t Delay 100 75 60 

6B TwA Address Valid Width 150- 95- 50· 

69 TdDS(S) ost to STATUS Not Valid BO· 55· JO· 

·Clock-cycle-time-dependent characteristics. See tab Ie on followi ng page. 



CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS 

Z800l/Z8002 Z8U01A/Z8002A l800l8/Z80028 

Hu.ber Sy.bol Equation Equation Equat ion 

11 TdA(OR) 2TcC + TwCh - 130 ns 2TcC + T wCh - 95 ns 2TcC + T wCh - 60 ns 

13 TdDS(A) T wC 1 - 25 ns T WC 1 - 25 ns T wC 1 - 20 ns 

16 TdOW(DS) TcC + T wCh - 60 ns TcC + T wCh - 40 ns TcC + T wCh - 30 ns 

17 TdA(MR) TwCh - 50 ns T wCh - 35 ns TwC h - 20 ns 

19 TwMRh T c C - 40 ns T e C - 30 ns TcC - 20 ns 

20 TdMR(A) TwCl - 35 ns TwCI - 35 ns T wC 1 - 20 ns 

21 TdDW(DSW) TwCh - 50 ns TwCtl - 35 ntl T wCh - 25 ns 

22 TdMR(DR) 2TcC - 130 ns 2TcC - 100 ns 2TcC - 60 ns 

25 TdA(AS) TwCh - 50 ns 1 wCh - 35 ns T wCh - 20 ns 

27 TdAS(DR) 2lcC - 140 ns 2TcC - 110 ns 2TcC - 60 ns 

28 TdDS(AS) TwCI - 35 ns TwCI - 35 ns T wC I - 25 ns 

29 TwAS T wCh - 20 ns T wCh - 15 ns T wCh - 10 ns 

30 TdAS(A) TwCI - 35 ns TwCI - 25 ns T wC 1 - 20 ns 

32 TdAS(DSR) TwC 1 - 25 ns T wC 1 - 15 ns TwC 1 - 10 n8 

n TdDSR(DR) TcC + T wCh - 150 ns TcC + T wCh - 105 n8 TcC + TwCh - 70 ns 

35 TdDS(DW) IwCI - 30 ns TwCl - 25 ns T wC 1 - 15 n8 

36 TdA(DSR) TeC - 70 ns Te C - 55 ns TcC - 35 n& 

38 TwDSR TcC + T wCh - 80 ns TcC + T wCh - 50 ns TcC + T wCh - 30 ns 

40 TwDSW TcC - 65 ns TcC - 55 ns Tc C - 25 ns 

41 TdOSI(DR) 2TcC - 170 ns 2TcC - 120 2TcC - 80 ns 

43 TwOS 2 T c C - 90 ns 2TeC - 75 ns 2TcC - 40 n8 

44 TdAS(DSA) 4TeC + T wC I - 40 ns 4TcC + T wC 1 - 40 ns 4TcC + lwCl - 30 ns 

46 TdDSA(DR) 2TcC + T wCh - 150 ns 2TcC + TwCh - 105 ns 2TcC + TwCh - 75 ns 

48 TdS(AS) TwCh - 55 ns TwCh - 40 ns TwCh - 30 ns 

68 TwA TcC - 90 ns TcC - 70 ns TcC - 50 n8 

69 TdDS(S) TwCl - 25 ns lwCI - 15 ns lwC 1 - 10 n8 
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Glossary 

Access time: The time required to read or write data to a device (memory 
or a peripheral), measured from when the address of the device is avail­
able until when the data are actually read from or written into the device. 

Accumulator: A register within a central processing unit (CPU) that can 
hold the result of an arithmetic or logical operation. 

Acknowledge cycle: A CPU machine cycle entered as a response to an in­
terrupt or trap. The Z8000 CPUs read an identifier word from the 
interrupting device during this cycle. 

Address: A number that identifies a particular register, memory location, 
or peripheral device. 

Address space: A set of addresses that are accessed in a similar manner. 
The Z8000 CPUs can access six memory address spaces (normal-mode 
program, normal-mode data, normal-mode stack, system-mode pro­
gram, system-mode data, and system-mode stack) and two I/O address 
spaces (standard I/O and special I/O). 

Addressing modes: The method used to specify the address of an operand 
within an instruction. 

Applications programs: A program designed to do a task other than con­
trolling the resources within a computer system. Applications programs 
typically run in the normal mode on a Z8000 system. 

Arithmetic and logical unit (ALU): The part of the central processing unit 
that contains the logic for performing arithmetic and logical operations 
on data. 

290 
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Assembler: A computer program that translates assembly language code 
into machine language. An assembler generally translates symbolic 
codes, such as instruction mnemonics, into the opcodes that are ex­
ecuted by the processor. 

Asynchronous: Not related to or dependent on a specific time period or 
clock frequency; having no fixed relationship in time. 

Attribute: A characteristic or feature of a particular entity. The memory 
manager assigns attributes such as read-only or execute-only to memory 
segments. 

Autodecrement: An operand addressing method wherein the contents of a 
specified register are decremented and used as the address of an oper­
and during instruction execution. 

Autoincrement: An operand addressing method wherein the contents of a 
specified register are incremented and used as the address of an operand 
during instruction execution. 

Base address: A number that appears as an address in an instruction, but 
serves as a starting point for an effective address calculation. (See base 
addressing mode, base indexed addressing mode, and indexed address­
ing mode.) 

Base addressing mode: An operand addressing mode wherein the base ad­
dress is held in a register and the displacement is given in the instruc­
tion's opcode. The effective address of the operand is found by adding 
the displacement to the base address. 

Base indexed addressing mode: An operand addressing mode wherein the 
base address and the displacement are held in registers. The effective 
address of the operand is found by adding the displacement to the base 
address. 

Bidirectional: Pertaining to a bus structure wherein a single signal line can 
transmit signals in either direction. For example, the Z8000 CPU's ad­
dress/data bus pins are bidirectional since data can be transmitted or 
received by the CPU. 

Binary-coded decimal (BCD): A notation in which the 10 decimal digits 
(0-9) are encoded in 4-bit binary fields. BCD notation often is used to 
process numbers in base-10 format. 

Bit: A binary digit; one unit of data in binary notation. A bit can have one 
of two values, 0 or 1. 

Bus: A group of signal lines that connect devices in a system; a path over 
which information is transferred. 

Bus master: The device in a system that controls the bus. A bus master 
must be capable of initiating transactions. 

Bus request: A request for control of the bus initiated by a device other 
than the bus master. 
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Bus transaction: (See transaction.) 
Byte: A field of eight contiguous bits that is operated on as a unit. 
Central processing unit (CPU): The primary functioning unit of a com­

puter, consisting of an AL U, control logic for decoding and executing 
instructions and controlling program flow, and registers. 

Comment: An optional field within a statement in a program that contains 
an identification or explanation for a particular step in the program, 
but has no effect on the operation of the computer when the program 
is being executed. Comments are used for documentation purposes 
only. 

Condition code: A specific Boolean function of the ALU flags tested dur­
ing the execution of a conditional instruction. 

Conditional instruction: An instruction that can take more than one action 
based on the current condition of the ALU flags. 

Context switch: A switch from one programming task to another, usually 
as the result of an interrupt or trap condition. 

Cyclic redundancy code (CRC): A code used to check data integrity during 
data transmissions. CRCs typically are used in serial communications. 
The transmitted data bit stream is divided by a polynomial and the re­
mainder transmitted as the check field. The receiver compares the 
transmitted check field with its own computed remainder to verify that 
the data received were valid. 

Daisy chain: A method of propagating signals along a bus wherein the pri­
ority of devices is determined by the physical position of each device 
on the bus. 

Data: Basic elements of information that can be processed by a computer. 

Destination: The register, memory location, or device to which data are to 
be transferred. 

Direct address mode: An operand addressing mode wherein the address of 
the operand is given in the instruction's opcode. 

Direct memory access (DMA): A method of accessing individual memory 
locations without using the CPU. DMA circuits are used in systems that 
require data transfers at faster rates than those obtained by going 
through the CPU. 

Displacement: A number that is added to a base address during an effective 
address calculation. (See base addressing mode, base indexed address­
ing mode, indexed addressing mode, and relative addressing mode.) 

Distributed processing: A design technique in multiprocessor systems 
wherein each processor in the system has its own specific task assigned 
to it. 

Dynamic RAM: A random access memory on which a special operation 
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called a refresh must be performed at periodic intervals to preserve data 
integrity. 

Effective address: The actual address of a data operand. Often, the effec­
tive address is calculated during instruction execution by adding a dis­
placement or index to a base address. 

Exception condition: A condition that causes the CPU to discontinue the 
current programming task (perhaps only temporarily), such as an inter­
rupt, trap, or reset. 

Extended instruction: A special Z8000 instruction intended for use with 
Extended Processor Units. 

Extended instruction trap: A trap that is caused by attempting to execute 
an extended instruction in a system without Extended Processor Units. 

Extended Processor Unit (EPU): A large-scale integrated-circuit chip that 
contains a processor to perform dedicated tasks within a Z8000 system. 

First-in-first-out (FIFO) buffer: A data buffer in which the data are read 
from the buffer in the same order as they were written to the buffer. 
The first element of data to be written to the buffer is the first element 
to be read out. 

Flag: One bit of information used to indicate that some particular condi­
tion occurred. For example, the Z8000's zero flag indicates when an 
ALU operation yields a zero for a result. 

Flag and control word (FCW): A register in the Z8000 CPU that contains 
the ALU flags and control bits that determine the processor's operating 
modes. 

Full duplex: A method of data transmission wherein each end can simulta­
neously transmit and receive. 

Handshake: A sequence of signals that provide a protocol for transferring 
data between devices. Typically, handshakes are used for asynchronous 
interfaces where each signal requires a response in order to complete a 
data transfer. 

Identifier word: A status word that is pushed onto the stack when the 
Z8000 CPU processes an interrupt or trap. For internal events (traps 
other than the segmentation trap), the identifier word is the first word 
of the instruction that caused the trap. For external events (interrupts 
and segmentation traps), the identifier word is the status word read 
from the interrupting device during the acknowledge cycle. 

Immediate addressing mode: An operand addressing mode wherein the 
operand is given within the instruction's opcode itself. 

Implied stack pointer: In Z8000 systems, the stack pointer used when 
saving program status during exception processing and subroutine calls. 
R15 is the implied stack pointer for nonsegmented-mode operation; 
RR14 is the implied stack pointer for segmented-mode operation. 
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Index: A number used to identify a particular element in an array or table. 
The index, also called the displacement, is added to the base address to 
determine the effective address of an operand. (See base indexed ad­
dressing mode and indexed addressing mode.) 

Indexed addressing mode: An operand addressing mode wherein the oper­
and address is calculated by adding the index, which is the contents of a 
register, to a base address given in the instruction's opcode. 

Indirect register addressing mode: An operand addressing mode wherein 
the address of the operand is the contents of the register specified in 
the instruction's opcode. 

Input: The process of reading data from a peripheral device. 
Input/output (I/O) device: (See peripheral.) 
Input/output (I/O) transaction: A transaction that transfers data between 

the CPU and a peripheral device. 
Instruction: The specification of an operation to be performed by a com­

puter and the operands for that operation. 
Instruction fetch: A memory read operation wherein the data read from 

memory comprise the opcode of an instruction that is to be executed. 
Instruction pre-fetch: A processor timing scheme wherein the opcode for 

the next instruction is fetched while the previous instruction is still 
being executed. 

Instruction set: The set of all instructions that can be executed by a given 
processor. 

Interlocked handshake: A handshake protocol for transferring data be­
tween two devices using two control signals. A change in level of one 
control signal requires the appropriate response on the other signal for 
the transfer to be completed. 

Internal operation cycle: A Z8000 machine cycle during which the pro­
cessor performs an operation internal to the CPU and no data transfer 
occurs on the bus. 

Interrupt: An event that changes the normal flow of instruction execution 
due to a signal generated external to the CPU. The flow of instruction 
execution is broken in a manner that allows it to be resumed from that 
point at a later time. Interrupts provide a means for peripheral devices 
to gain the CPU's attention. 

Interrupt acknowledge cycle: (See acknowledge cycle.) 
Interrupt service routine: (See service routine.) 
Interrupt-under-service daisy chain: A method of determining priority 

among peripherals sharing an interrupt request line wherein the service 
routine for a device cannot be interrupted by an interrupt request from 
a lower-priority device. 
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Interrupt vector: Data read from the interrupting device during an ac­
knowledge cycle that determine the location of the service routine. 
(See vectored interrupts.) 

Label: An optional field within a statement in a program that allows a 
symbolic name (the label) to be associated with the memory address of 
the code generated by that statement. 

Logical address: A memory address that is manipulated by the programmer, 
used in instructions, and output by the CPU during program execution. 

Long offset address: A segmented address given in an instruction that oc­
cupies two words in the instruction's opcode, one word for the segment 
number and one word for the offset. 

Long word: A field of 32 contiguous bits that is operated on as a unit. 
Machine cycle: One basic CPU operation involving a single transaction on 

the bus. For Z8000 CPUs, one machine cycle is the time from the fall­
ing edge of AS to the next falling edge of AS. 

Machine language: Binary code that can be read directly and used by a 
computer. 

Main memory: Memory within a system that can be directly accessed using 
memory access cycles. Main memory is typically made up of semicon­
ductor memories such as ROMs and RAMs. 

Mask-programmable ROM: Read-only memory whose contents are deter­
mined by a photolithographic mask used to manufacture the part. 

Memory: A device into which information can be written and then re­
trieved at a later time; an information storage device. 

Memory access time: (See access time.) 
Memory cycle time: The time between the start of one memory access and 

the start of the next memory access. 
Memory management: The process of controlling memory allocation and 

protection by mapping physical addresses to logical addresses and per­
forming attribute checking. 

Memory manager: The hardware and software in a system that controls 
memory management. 

Memory-mapped I/O: A technique that allows peripheral devices to be ac­
cessed as if they were memory locations in main memory. 

Memory refresh cycle: A CPU machine cycle dedicated to performing a re­
fresh operation on dynamic RAMs. 

Memory segment: (See segment.) 
Memory transaction: A transaction involving a transfer of data between 

the CPU and main memory. 
Microprocessor: A central processing unit built with large-scale integrated 

circuits and usually contained on one chip. 



296 Appendix B 

Mnemonic: An abbreviation or acronym. Mnemonics often are used to 
represent assembly language instructions when writing programs. 

Modem: Acronym for modulator/demodulator. A modem is a device that 
converts data from the digital form used by computers to an analog 
form used for data transmission, and vice versa. 

Multiprocessing: Using two or more processors in a computer system. 
Multitasking: The ability of a computer system to handle multiple pro­

gramming tasks simultaneously by overlapping or interleaving their exe­
cution, as in a time-sharing system (also called multiprogramming). 

Nibble: A field of four contiguous bits operated on as a unit. 
Nonmaskable interrupt: An interrupt that cannot be disabled internal to 

the CPU. 
Nonsegmented mode: An operating mode of the Z8000 CPUs in which 

memory addresses are treated as I6-bit fields. For the Z8001, all mem­
ory accesses are made with the same segment number while in nonseg­
mented mode. 

Nonvectored interrupt: An interrupt with only one possible service routine 
whose location is not dependent on the identifier word read from the 
interrrupting device. (See vectored interrupts.) 

Normal mode: An operating mode of the Z8000 CPUs in which certain in­
structions, called privileged instructions, cannot be executed. Applica­
tions programs typically run in normal mode. 

Offset: In Z800I systems, the portion of a memory address that appears 
on the I6-bit address/data bus during a memory access. 

Opcode: Acronym for operation code; an instruction written in machine 
language. Opcodes are read from memory during instruction fetches. 

Operand: An item of data to be operated on during instruction execution. 
Operating mode: The method or manner of operation within a Z8000 

CPU. The Z8000 CPUs can execute in system mode or normal mode. 
The Z800I also can operate in segmented mode or nonsegmented 
mode. 

Operating system: Software in a system dedicated to controlling the sys­
tem's resources in a manner that permits applications programs to inter­
face with the hardware in an efficient and safe manner. For Z8000 
systems, operating system software typically is executed while in system 
mode. 

Output: The process of transferring data to a peripheral device. 
Page: A fixed-size block of memory. Memory is divided into pages to facil­

itate memory management in virtual memory systems. 
Peripheral: A device used to read data into or write data out of a computer 

system. Line printers, CRT terminals, and card readers are all examples 
of peripherals. 
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Physical Address: The address used to access a particular memory location; 
the address seen at the memory device. 

PLZ/ASM: A programming language developed at Zilog, Inc., that allows 
the use of structured programming techniques when writing assembly 
language programs. 

Priority interrupt controller: A device that determines the relative priority 
for servicing peripherals when they send interrupt requests to the CPU. 

Privileged instruction: A Z8000 instruction that cannot be executed in the 
normal mode. Privileged instructions are instructions that change the 
processor state or perform I/O transactions. 

Privileged instruction trap: A trap that is caused by attempting to execute 
a privileged instruction during normal-mode operation. 

/ 

Processor: A device capable of receiving data, performing arithmetic and 
logical operations on the data, and storing the results. A CPU is a type 
of processor. 

Program: A set of instructions that performs a particular function when 
executed on a computer. 

Program counter (PC):, A CPU control register that holds the memory ad­
dress of the next instruction to be executed. 

Program status area: An area of memory in a Z8000 system that holds the 
values that are loaded into the program status registers in order to exe­
cute the appropriate interrupt or trap service routine during exception 
processing. 

Program status area pointer (PSAP): A CPU control register that holds the 
starting address in memory of the program status area. 

Program status registers: The CPU control registers that define the running 
environment of the processor. For the Z8000 CPUs, the program status 
registers are the program counter (PC) and flag-and-control word (FCW). 

Programming task: One program operating on its data. 

Protocol: The rules or conventions used between devices and processes for 
exchanging information. 

Protopak: A type of package for an integrated circuit wherein a socket for 
another chip is embedded onto the package. 

Pulsed handshake: A handshake protocol for transferring data between 
two devices using two control signals. Long pulses on the two control 
signals are used to control the data transfer. 

Quad word: A field of 64 contiguous bits that is operated on as a unit. 

Quasi-static RAM: A dynamic RAM chip that contains its own refresh 
logic on the integrated circuit chip with the RAM. (Also called pseudo­
static RAM.) 
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Quiescent: Inactive or dormant. For example, a quiescent peripheral de­
vice is one that is not asserting an interrupt or undergoing service from 
the CPU. 

Refresh: To restore information that fades away if left alone. 
ample, dynamic memories must be refreshed periodically in 
retain their contents. 

Refresh cycle: (See memory refresh cycle.) 

For ex­
order to 

Refresh register: A CPU control register whose contents determine if and 
how often memory refresh cycles occur. 

Register: A storage location within a CPU. 
Register addressing mode: An operand addressing mode wherein the oper­

and is the contents of the register specified in the instruction's opcode. 
Register pair: In the Z8000 CPUs, one of eight pairs of general-purpose 

word registers; a 32-bit register. 
Relative address mode: An operand addressing mode wherein the effective 

address of the operand is found by adding a displacement given in the 
instruction's opcode to the current program counter contents. 

Request: A signal or message used by a device to indicate the need for 
some action or resource. 

Reset: To return a device to an initial state. For the Z8000 CPUs, a reset 
operation initializes the program status registers. 

Resource: An asset or device within a computer system that can be allo­
cated to a particular task. 

Resource request: A request by a particular processor to use a resource 
shared by several processors in a multiprocessor system. 

Secondary storage: Storage devices that are not directly addressable using 
memory access cycles. Disks and cartridge tapes are examples of sec­
ondary storage devices. 

Segment: A block of memory that can be assigned common attributes by 
the memory manager. In Z8001 systems, memory segments can be up 
to 64K bytes long. 

Segmentation: The process of dividing memory into distinct areas, called 
segments, where each area can be assigned its own attributes and is 
referred to by its own segment number. 

Segmentation trap: A trap that is initiated by the memory manager when a 
memory violation is detected. 

Segmented address: In Z8001 CPUs, a 23-bit memory address that consists 
of a 7-bit segment number and a 16-bit offset, where the segment num­
ber and offset are distinct parts of the memory address. 

Segmented mode: An operating mode of the Z8001 CPU in which memory 
addresses are treated as 23-bit segmented addresses. 
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Segment number: In Z8001 CPUs, the portion of the memory address that 
is output on the SNO-SN6 lines during a memory access. Each segment 
number specifies a particular memory segment. 

Semaphore: A storage location used as a Boolean variable to synchronize 
the use of resources among multiple programming tasks. A semaphore 
ensures that a shared resource is allocated to only one task at any given 
time. 

Service routine: Program code that is executed in response to an interrupt 
or trap. 

Short offset address: A segmented address given within an instruction that 
occupies only one word in the instruction's opcode. Short offset ad­
dresses can be used to access the first 256 bytes of a memory segment. 

Single-chip microcomputer: An entire computer including CPU, memory, 
and I/O devices on a single integrated-circuit chip. 

Source: The register, memory location, or device from which data are 
being read. 

Stack: An area of memory used for temporary storage and subroutine link­
ages. A stack uses the first-in-Iast-out method for storing and retrieving 
data; the last data written onto the stack will be the first data read from 
the stack. 

Stack pointer: A register that holds the address of the top of the stack. 

Static RAM: Random access memory that retains its contents without the 
need for refresh cycles. 

Stop request: A request made by activating the STOP line to a Z8000 in 
order to suspend CPU activity. 

Strobed handshake: A handshake protocol for transferring data between 
two devices using two control signals. Short pulses on the two signals 
are used to control the data transfer. 

Synchronous: Related to or dependent on a specific clock signal; having a 
fixed relationship in time. 

System call trap: A trap that is caused by the execution of a System Call 
instruction. 

System mode: An operating mode of the Z8000 CPUs in which all instruc­
tions, including privileged instructions, can be executed. Operating sys­
tems software typically runs in system mode. 

Task: (See programming task.) 

Three-wire handshake: A handshake protocol for transferring data between 
two or more devices using three control signals. A change in level on 
one signal requires the appropriate response on the other signals for the 
transfer to be completed. 
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Time-multiplexed: A bus structure wherein the same signal lines serve 
more than one purpose at different times. For example, the Z8000 
CPU's address/data bus pins hold addresses at some times and data at 
other times. 

Transaction: A basic bus operation involving the transfer of one byte or 
word of data between the CPU and a memory or peripheral device. 

Trap: A condition that occurs at the end of a Z8000 instruction that 
caused an illegal operation, similar to an interrupt. (See extended in­
struction trap, privileged instruction trap, segmentation trap, and sys­
tem call trap.) 

Tri-state: An output mode of a logic device wherein the output is held in a 
high-impedance state and does not affect the logic level on the line. 
Tri-state outputs are useful when several devices are connected to the 
same signal line but only one device controls the logic level on that line 
at a given time. 

Unidirectional: Pertaining to a bus structure wherein a single conductor 
transmits signals in only one direction. For example, the Z8000 CPU's 
status lines are unidirectional since the status information is always a 
CPU output. 

Vector: (See interrupt vector.) 
Vectored interrupt: An interrupt with several possible service routines. 

The service routine executed as a result of a particular vectored inter­
rupt request depends on the value of the interrupt vector read from the 
interrupting device during the acknowledge cycle. 

Violation: An error condition detected by the memory manager when an 
illegal memory access is attempted, such as an attempted write to a 
memory segment with the read -only attribute. 

Virtual memory system: A system in which the logical memory address 
space is larger than the physical memory address space. In virtual mem­
ory systems, secondary storage devices are used as an extension of main 
memory, thus giving the appearance to the user of a larger main mem­
ory area than actually exists. 

Wait state: A clock period that is added to a memory or I/O transaction 
due to an active WAIT signal. Wait states are used to prolong memory 
and I/O transactions to devices with long access times. 

Word: A field of 16 contiguous bits that is operated on as a unit. 
Write warning: A condition that is detected by the memory manager 

when the amount of available space in a stack area of memory goes 
below a certain limit. Write warnings signal a potential memory alloca­
tion pro~lem. 

Z-Bus: The logical definition of the set of signals needed to interconnect the 
components in the Z8000 family within a computer system. 
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Index 

Accumulator, 25, 26 
Acknowledge in (ACKIN), 

213,215,216,230 
Add instructions: 

Z8 microcomputer (ADD), 
271 

Z8000 CPU (ADD, ADDB, 
ADDDL), 128, 129 

Add with Carry instructions: 
Z8 microcomputer (ADC), 

271 
Z8000 CPU (ADC, ADCB), 

128, 129 
Address clock (AC), 41-45 
Address/data bus,9-11,38-40 

address latching, 195-96 
buffering, 192-95 
bus requests, 102 
bus transaction timing: 

Extended Processor Units, 
185-87 

input/output, 51, 63-64 
internal operation, 65 
memory, 38-40, 58-62, 

69-70 
memory refresh, 66 

interrupts, 90 
Memory Management Unit, 

159-61 
resets, 96, 97 
Z-bus-peripheral interface, 

207-8, 210 
Z8038 FlO, 228, 229 
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Addressing modes: 
Z8 microcomputer, 269-71 
Z8000 CPU: 

base address, 121-22 
base indexed, 122-23 
direct address, 116, 

118-19 
immediate, 119 
implied, 124 
indexed, 116, 120-21 
indirect register, 119-20 
instructions supporting 

(see Instructions: 
Z8000 CPU) 

register, 117-18 
relative, 123-24 
use of, 124 

Address latching, 195-96 
Address strobe (AS), 10-12 

address latching, 195-96 
bus requests, 102, 103 
bus transaction timing, 57, 

68 
input/output, 51-53, 

63-64 
internal operation, 65, 66 
memory, 37-39, 41, 43-

47,59-62,69-71 
Memory Management 

Unit, 162 
memory refresh, 67 

interrupts, 86-91 
resets, 96, 97 

Z-bus-peripheral interface, 
207-8,210 

Z8 microcomputers, 255, 
256, 263-64 

Z8038 FlO, 228, 229 
Address translation (Memory 

Management Unit), 
168-70 

And instructions (AND, 
ANDB),131 

AND mode, 214 
ADO-AD15 (see Address/data 

bus) 
Arithmetic and logic unit 

(ALU), 5,8 
Arithmetic instructions: 

Z8 microcomputers, 271 
Z8000 CPU, 128-30 

AS (see Address strobe) 
Assembly language instruc-

tions (see Instructions) 
Auto Echo, 239 

BAI (see Bus acknowledge in) 
BAa (see Bus acknowledge 

out) 
Base address, 120-23, 161 
Base address mode addressing, 

117,121-22 
Base indexed mode address­

ing, 122-23 
Batch operating systems, 3 
Binary notation, 114-15 



Index 

Bisync, 239 
Bit manipulation instructions: 

Z8 microcomputers, 271 
Z8000 CPU, 132-33 

Bit path definition registers 
(Z8036 CIa), 221 

Bit Test instructions (BIT, 
BITB), 132 

Block compare instructions, 
140-42 

Block move instructions, 
139-40 

Block transfer instructions, 
270, 271 

Block translate instructions, 
142-45 

BUSACK (see Bus acknowl­
edge) 

Bus acknowledge (BUSACK), 
15, 21, 102-5 

address/data bus buffering, 
192-95 

Extended Processor Units, 
186 

resets, 96, 97 
Bus acknowledge in (BAI), 

104-5, 250 
Bus acknowledge out (BAa), 

104-5, 250 
Bus contention problems, 193 
Bus control signals, 10, 15 

(see also Bus acknowl­
edge; Bus request) 

Bus cycle status register, 172 
Bus-disconnect state, 21 
Bus master, 5, 6 
BUSREQ (see Bus requests) 
Bus request daisy chain, 

103-6 
Bus requests (BUSREQ), 6, 

15,21,101-6,250 
Bus timing signals, 10-12 (see 

also Address strobe; 
Data stro be; Memory 
requests) 

Bus transactions, 57-67 
defined, 57-58 
dynamic RAMs, 196-99 
input/output cycles, 62-65 
internal operation cycles, 

65-66 
memory cycles, 58-62 
memory refresh cycles, 

66-67 
Z-bus-compatible 

peripherals, 207-8 
Z80-family peripherals, 

198-205 
BUSY, 41-45 

B/W (see Byte/word line) 
Byte Count Comparison 

register (Z803 8 FlO), 
227,232,233,236 

Byte Count register (Z8038 
FlO), 233, 236 

Byte instructions (see 
Addressing modes) 

Byte registers, 24-26, 115 
Byte/word line (B/W), 12 

bus requests, 102 
bus transaction timing: 

input/output, 51-53, 
63-65 

internal operation, 65-66 
memory, 37-41,44-46, 

58, 59, 61, 62 
memory refresh, 67 

Extended Processor Units, 
195 

interrupts, 90 
resets, 96, 97 

Call instruction (CALL): 
Z8 microcomputer, 270, 

271 
Z8000 CPU, 121, 137, 138 

Call Relative instruction 
(CALR), 123, 124, 137, 
138 

Carry flag (C), 26, 27, 125, 
133, 134 (see also Flag 
and control word) 

Central processing unit (CPU) 
(see Z8000 CPU) 

Chain Block Cipher, 247 
Changed bit (CHG), 166 
Chip enable (CE), 222, 228, 

229 
Chip select (CS), 41-45, 70 

Memory Management Unit, 
159, 160, 162 

Z-bus-peripheral interface, 
207-8, 210 

Z8038 FlO, 228, 229 
Cipher Feedback, 247 
Clear instructions (CLR, 

CLRB), 126, 127 
Clock cycles: 

bus requests, 102, 103 
defined, 57 
dynamic RAMs, 196-99 
Extended Processor Units, 

186-89 
HALT instruction, 95-96 
input/output, 62-65 
instruction execution, 125 
interrupt processing, 92-93 
internal operation, 65-66 

memory, 58-62, 69-71 
memory refresh, 66-67 
resets, 96-98 
Z-bus-compatible 

peripherals, 207-8 
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Z8 microcomputers, 263-65 
Z80-family peripherals, 

198-205 
Clock driver-circuit, 22-23 
Clock requirements, 22-23, 

190, 192 
Column address strobe 

(CAS), 196-99 
Commands (Memory Manage­

ment Unit), 160,174-78 
Compare, Decrement and 

Repeat instructions 
(CPDR, CPDRB), 141, 
142 

Compare, Increment and 
Repeat instructions 
(CPIR, CPIRB), 141 ,142 

Compare and Decrement 
instructions (CPD, 
CPDB), 141, 142 

Compare and Increment 
instructions (CPI, 
CPIB), 141, 142 

Compare instructions: 
Z8 microcomputer (CP),271 
Z8000 CPU (CP, CPB, 

CPL), 128, 129 
Compare String, Decrement 

and Repeat instructions 
(CPSDR, CPSDRB), 
141, 142 

Compare String, Increment 
and Repeat instructions 
(CPSIR, CPSIRB), 141, 
142 

Compare String and Decre­
ment instructions 
(CPSD, CPSDB), 141, 
142 

Compare String and Incre­
ment instructions 
(CPSI, CPSIB), 141, 142 

Complement Carry Flag in­
struction (CCF), 271 

Com plemen t instructions: 
Z8 microcomputer (COM), 

271 
Z8000 CPU (COM, COMB), 

131 
Complement Flag instruction 

(COMFLG), 147, 149 
Condition codes: 

Z8 microcomputer, 270 
Z8000 CPU, 125-26 
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Context switches, 93-94, 
99-100 

Control/data signal (C/D) 
(Z8038 FlO), 222, 
228,229 

Control logic, 5 
input/output, 53-54 
memory, 36-47 

Control registers: 
Z8 microcomputers, 262 
Z8000 CPU, 8, 26-31 
Z8010 Memory Manage-

ment Unit, 162-63, 
166-68 

Z8016 DTL, 251 
Z8038 FlO, 233 

Coun ter /Timer registers: 
Z8 microcomputers, 265-67 
Z8036 CIO, 223-24 

CPU bus buffering, 192-95 
CPU control instructions: 

Z8 microcomputer, 271 
Z8000 CPU, 147, 149-51 

CPU control signals, 14-15, 
37 (see also STOP; 
WAIT) 

CPU-inhibit bit (CPUI), 164 
CPU-inhibit violation flag 

(CPUIV), 170, 171 
CS (see Chip select) 
Current Vector registers 

(Z8036 CIO), 222 
Cyclic Redundancy Codes 

(CRC),238 

Daisy chain: 
bus request, 103-6 
interrupt, 85-88, 209-11 

Data accepted (DAC), 213, 
215, 216, 230 

Data available (DAV), 213, 
215, 216, 230 

Data Buffer register (Z8038 
FIO),236 

Data Indirection register 
(Universal Peripheral 
Controller), 278, 281, 
282 

Data memory address space, 
13-14 

Data memory reference status 
code, 13 

Data movement instructions, 
126-28 

Data strobe (DS), 10-12 
address/data bus buffering, 

193-94 
bus requests, 102 
bus transaction timing, 57, 

68,69 
internal operation, 65, 66 

input/output, 51-53, 
63-65 

memory, 37-39, 41-47, 
59-62,69,70 

Memory Management 
Unit, 162 

memory refresh, 67 
Extended Processor Units, 

185 
interrupts, 87-92 
resets, 96, 97 
Z-bus-peripheral interface, 

207-9, 210 
Z8 microcomputers, 255, 

256, 264 
Z8038 FlO, 228, 229 

Data Transfer Control register 
(Universal Peripheral 
Controller), 278, 280, 
281 

Data transfers, 5 
Debugging, 4 
Decimal Adjust Byte instruc­

tion (DAB), 27, 128-30 
Decimal Adjust instruction 

(DA), 270, 271 
Decimal adjust flag (D), 27 
Decimal notation, 114 
Decoders, 195,196,197 
Decrement and Jump if Not 

Zero instructions: 
Z8 microcomputers 

(DJNZ), 271 
Z8000 CPU (DJNZ, 

DBJNZ), 123, 137-39 
Decrement instructions: 

Z8 microcomputers (DEC), 
271 

Z8000 CPU (DEC, DECB), 
129, 130 

Decrement Word instructions 
(DECW),271 

Dedicated register, 25-26 
Default bus master, 101 
Descriptor Selection Counter 

register (DSC), 163, 168 
Direct address mode address­

ing: 
Z8 microcomputer, 270 
Z8000 CPU, 116, 118-19 

Direction and warning flag 
(DIRW),165-66 

Direct memory access devices 
(DMA), 101-2, 105-6 

Direct memory access inhibit 
bit (DMAI), 165 

Direct memory access strobe 
(DMASTB), 228, 229 

Direct memory access syn­
chronization strobe 
(DMASYNC), 159, 160, 
162 

Index 

Direct memory access viola­
tions, 171 

Disable Interrupts instruction 
(DI): 

Z8 microcomputer, 271 
Z8000 CPU, 99, 147-49 

Divide instructions (DIV, 
DIVL), 129, 130 

DS (see Data strobe) 
Dynamic RAMs, 196-99 

Effective address, 11 7 
Electronic Code Book, 247 
Enable bit, 27, 28,48, 185 
Enable Interrupts instruction 

(EI): 
Z8 microcomputer, 271 
Z8000 CPU, 99, 149 

End-of-process (EOP), 250 
Erasable programmable read­

only memories 
(EPROMs),47 

Exception conditions (see In­
terrupts; Resets; Traps) 

Exception handling control, 8 
Exchange instructions (EX, 

EXB), 126, 127 
Exclusive-Or instructions 

(XOR, XORB), 131 
Execute-only bit (EXC), 164 
Execute-only violation flag 

(EXCV), 170, 171 
Extended instruction traps, 

76,77,80,92 
Extended processor archi­

tecture enable bit 
(EPA), 27, 28, 185 

Extended Processor Units 
(EPUs), 2, 6, 14, 76, 
183-89 

Extend Sign instructions 
(EXTS, EXTSB, 
EXTSL), 129, 130 

Fatal flag (F ATL), 171 
Fire codes, 242, 245 
Flag and control word (FCW), 

8,9,20-21 
condition codes, 125-26 
context switches, 99-100 
Extended Processor Units, 

185 
interrupts and traps, 78-84 
resets, 96, 98 
Z8001, 29-30 
Z8002,26-28 

Flip-Flops, 192, 197-98 

General-purpose registers: 
Z8 microcomputers, 261-62 
Z8000 CPU, 8, 24-31, 33, 

115-16 



Index 

Half-carry flag (H)t 27 
HALTt 67 t 95-96 
Handshakest 213t 215t 216t 

224 
Hexadecimal notationt 114 
HDLCt 239 

Identification code (ID code)t 
166 

Identifierst 114 
Immediate mode addressing: 

Z8 microcomputert 270 
Z8000 CPUt 119 

Implied mode addressingt 124 
Implied register t 25-26 
Implied stack pointerst 26t 

28-31 t 94 t 98-99 
Increment instructions: 

Z8 microcomputer (INC)t 
271 

Z8000 CPU (INCt INCB)t 
129t 130 

Indext 117t 120-23 
Indexed mode addressing: 

Z8 microcomputert 27G 
Z8000 CPUt 116t 120-~,1 

Indirect register mode 
addressing: 

Z8 microcomputert 270 
Z8000 CPUt 119-20 

Initialization routinest 98-99 
Inputt Decrement and Repeat 

instructions (INDRt 
INDRB)t 145t 146 

Inputt Increment and Repeat 
instructions (INIRt 
INIRB)t 145t 146 

Input and Decrement instruc-
tions (INDt INDB)t 
145t 146 

Input and Increment instruc­
tions (INIt INIB)t 145t 
146 

Input instructions (INt INB)t 
145t 146 

Input/output (110): 
Universal Peripheral Con­

troller t 278-79 
Z8 microcomputerst 257-

59t 262-65 
Z80-family peripheralst 

198-205 
Z8000 CPUt 2t 4 t 6 t 13t 

50-55 t 62-65 (see also 
Interfacing: timing) 

Input/output address space, 
50-51 

Input/output cycles: 
Z80-family peripherals, 

198-202 
Z8000 CPU, 62-65 

Input/output instructions, 
145-47 

special, 147, 148 
Input/output request 

(IORQ),198-204 
Instruction buffer, 8 
Instruction execution con­

trol, 8 
Instruction fetch, 58 
Instruction fetch status 

code, 13 
Instruction prefetch, 56-57 
Instructions: 

addressing modes (see 
Addressing modes) 

Z8 microcomputers, 269-
72 

Z8000 CPU, 21, 113-21 
arithmetict 128-30 
bit manipulation, 132-33 
block compare, 140-42 
block move, 139-40 
block translate, 142-45 
conventions, 113-15 
CPU control, 147,149-51 
data movement, 126-28 
exception conditions (see 

Interrupts; Resets; 
Traps) 

Extended Processor 
Unitst 183-89 

general-purpose CPU 
register usage, 115-16 

input/output, 145-47 
interface timing (see 

Interfacing: timing) 
logical, 130-31 
long and short offset 

addresses, 116-1 7 
program control, 137-39 
rotate, 133-36 
shift, 133, 135-37 
special input/output, 147, 

148 
INT (see Interrupts) 
INTACK (see Interrupt 

acknowledge) 
Interfacing: 

to input/output devices: 
Z8 microcomputers, 257-

59 
Z80-family peripherals, 

198-205 
Z8000 CPU, 2, 4, 6, 13, 

50-55 
to memory: 

Z8 microcomputers, 257-
59, 262-65 

Z8000 CPU, 32-49, 69-
71, 196-98 

timing, 56-73 
AC characteristics, 68-71 
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bus transactions (see Bus 
transactions) 

clock cycles (see Clock 
cycles) 

machine cycles (see Ma­
chine cycles) 

memory interface ex-
ample, 69-71 

wait states, 71-73 
Z6132 RAM, 41-43 
Z8 microcomputers, 263-

65 
Interlocked handshakes, 213, 

215 
Internal data bus, 8 
Internal operation cycles, 65-

66 
Interrupt acknowledge 

(INTACK), 55, 87,88 
Universal Peripheral Con­

troller, 277, 279 
Z-bus-compatible per­

ipherals, 207, 209-11 
Z8036 CIO, 216 
Z8038 FlO, 228, 230 

Interrupt acknowledge cycle, 
78,88-92,198-205 

Interrupt daisy chain, 85-88, 
209-11 

Interrupt Enable bit (IE), 
209-11, 218 

Interrupt Enable In (lEI), 
55,85-88 

Universal Peripheral Con­
troller, 277, 279 

Z-bus-compatible pe­
ripherals, 207, 209-11 

Z8036 CIO, 216 
Z8038 FlO, 228t 230 

Interrupt Enable Out (lEO), 
55,85-88 

Universal Peripheral Con­
troller, 277, 279 

Z-bus-compatible per­
ipherals, 207, 209-11 

Z8036 CIO, 216 
Z8038 FlO, 228, 230 

Interrupt Pending bit (IP), 
209-12, 218 

Interrupt requests: 
Z-bus-compatible pe­

ripherals, 209 
Z8 microcomputers, 267, 

268 
Z8000 CPU, 6, 78, 85 

(see also Interrupts) 
Interrupt Return instruction 

(IRET): 
Z8 microcomputer, 269, 

270,271 
Z8000 CPU, 84-85, 94, 

138,139 



306 

Interrupts: 
Universal Peripheral Con­

troller, 277, 279, 280 
Z-bus-compatible per­

ipherals, 207, 209-12 
Z8030 SCC, 241-42 
Z8036 CIO, 213-16, 

218-19 
Z8038 FlO, 228, 230, 

232-35 
Z8 microcomputers, 267- 69 
Z8000 CPU, 4,15,55 

defined, 74-75 
HALT instruction. 95- 96 
handling, 77 
initialization routines, 

98-99 
new program status, 80-

84 
priorities of exceptions, 

78 
saving program status, 

78-80 
service routines, 94-95 

Interrupt-under-service (IUS), 
88, 209-11, 218 

Interrupt Vector register 
(Z8038 FlO), 233, 236 

Inverting Transceiver, 193-94 

Jump instruction (JP): 
Z8 microcomputer, 270, 

271 
Z8000 CPU, 121, 125, 

138,139 
Jump Relative instruction (JR): 

Z8 microcomputer, 270, 
271 

Z8000 CPU, 123, 124, 138, 
139 

Latched address lines (LA1-
LA11),47 

Limit Count register, 278, 
281,282 

Load, Decrement and Repeat 
instructions (LDDR, 
LDDRB),140 

Load Address Relative in­
struction (LDAR), 123 

Load and Decrement instruc­
tions (LDD, LDDB), 
139. 140 

Load and Increment instruc­
tion:; (LDI, LDIB), 
139·-40 

Load Con ~rol Byte instruc­
tion (LDCTLB), 147, 
149 

Load Con ~rol instruction 
(LDCTL), 9, 48, 49, 
80, ;~4, 99, 149-50 

Load instructions (LD): 
Z8 microcomputers, 270 
Z8000 CPU, 121, 123, 124, 

126-28 
Load Multiple instruction 

(LDM),94 
Load Program Status instruc­

tion (LDPS), 99-100, 
149, 150 

Load Relative instructions 
(LDR, LDRB, LDRL), 
123, 127, 128 

LocruLoopback, 239 
Logical addresses, 18-19, 

152-53 (see also Z8010 
Memory Management 
Unit) 

Logical AND instruction 
(AND),271 

Logical Exclusive OR instruc­
tion (XOR), 271 

Logical instructions: 
Z8 microcomputers, 271 
Z8000 CPU, 130-31 

Logical OR instruction (OR), 
271 

Long offset addressing, 116 
(see also Addressing 
modes) 

Long-word instructions (see 
Addressing modes) 

Long-word registers, 24-25, 
115 

Long words, 34-36, 40 
Lower Chain bit (DLC), 209, 

210 

Machine cyles, 57 -6 7 
defined,58 
dynamic RAMs, 196-99 
input/output, 62-65 
internal operation, 65-66 
memory, 58-62 
memory refresh, 66-67 
Z-bus-compatible per-

ipherals, 207-8 
Z8 microcomputers, 263-

65 
Z80-family peripherals, 

198-205 
Mailbox register, 223, 226 
Master Control registers 

(Z8036 CIO), 220 
Master CPU Interrupt Con­

trol register (Universal 
Peripheral Controller), 
278,280-83 

Master enable bit (MSEN), 
166,167,209-11 

MBIT (see Multi-Micro Bit 
instruction) 

Memory addressing, 8, 17-20, 

Index 

117,153-58 (see also 
Addressing modes; 
Z8010 Memory Man­
agement Unit) 

Memory address spaces: 
Universal Peripheral Con­

troller, 277-78 
Z8 microcomputers, 259-

62 
Z8000 CPU, 13-14, 16-20, 

32-34 
Memory allocation, 4 
Memory attribute checking, 

157,159 
Memory cycles, 58-62 
Memory interfacing: 

Z8 microcomputers, 257-
59, 262-65 

Z8000 CPU, 32-49, 69-71, 
196-98 

Memory management, 17-20 
(see also Z8010 Mem­
ory Management Unit) 

Memory read cycles, 58-61 
Memory refresh, 6, 47-49,197 
Memory refresh cycles, 66-67 
Memory refresh status code, 

13 
Memory request (MREQ), 10, 

11,12,37,43,67,197, 
198 

bus requests, 102 
bus transaction timing, 68 

input/output, 63, 64 
internal operation, 65, 66 
memory, 59, 61, 62 
memory refresh, 67 

interrupts, 90 
resets, 96, 97 

Memory write cycles, 60-62 
MI (see Multi-Micro In in­

struction) 
MMAI (see Multi-Micro 

Acknowledge In in­
struction) 

MMAO (see Multi-Micro 
Acknowledge Out 
instruction) 

MMRQ (see Multi-Micro Re­
quest instruction) 

MMST (see Multi-Micro 
Status instruction) 

MMU (see Z8010 Memory 
Management Unit) 

Mode register, 162 
Monosync, 239 
MREQ (see Memory 

request) 
MRES (see Multi-Micro 

Reset instruction) 
MSET (see Multi-Micro Set 

instruction) 
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Multi-Micro Acknowledge 
In instruction (MMAI), 
106-11 

Multi-Micro Acknowledge 
Out instruction 
(MMAO),106-11 

Multi-Micro Bit Test instruc­
tion(MBIT),110, 
149,150 

Multi-Micro In instruction 
(MI),108-12 

Multi-Micro Out instruction 
(MO),108-12 

Multi-Micro Request instruc­
tion (MMRQ), 106-12, 
149, 150 

Multi-Micro Reset instruc­
tion (MRES), 110, 149, 
150 

Multi-Micro Set instruction 
(MSET), 110,149,150 

Multi-Micro Status instruc­
tion (MMST), 106-11 

Multiple programming tasks, 
2-4 

Multiple segment table bit 
(MST), 166-68 

Multiply instructions (MULT, 
MULTL), 129, 130 

Negate instructions (NEG, 
NEGB), 129, 130 

Nonmaskable interrupts 
(NMI), 15, 75, 85, 89-
91,99 

Nonsegmented addressing, 
17,20,30-31,115, 
116 (see also Address­
ing modes) 

Nonvectored interrupts 
(NVI), 15, 75, 85, 89-
91 

No operation instruction 
(NOP): 

Z8 microcomputer, 271 
Z8000 CPU, 149, 151 

Normal mode, 9, 30, 32-34 
Normal-mode select bit 

(NMS), 166, 167 
Normal-mode stack pointer, 

26, 30 
Normal/system signal (N /S), 

12,37,38 
bus requests, 102 
bus transaction timing: 

input/output, 63, 64 
internal operation, 65 
memory, 58 
memory refresh, 67 

Memory Management Unit, 
160 

resets, 96, 97 

No vector bit (NV), 209, 
210 

N/S (see Normal/system 
signal) 

Octal notation, 114-15 
Octal transparent latches, 196 
Offset addresses, 116-17, 

154-55 
"One's catchers" 213 
Operands, 11 7 <,see also 

Addressing modes) 
Operating modes, 9 
Operating states, 20-21 
Operating systems, 2-4 
Operation code (opcode), 

117 
Or instructions (OR, ORB), 

131 
OR mode, 214 
OR-Priority Encoded Vector, 

214 
Output, Decrement and Re­

peat instructions 
(OTDR, OTDRB), 145, 
146 

Output, Increment and 
Repeat instructions 
(OTIR, OTIRB), 145, 
146 

Output and Decrement in­
structions (OUTD, 
OUTDB), 145, 146 

Output and Increment 
instructions (OUTI, 
OUTIB), 145, 146 

Output enable (OE), 231 
Output instructions (OUT, 

OUTB), 145, 146 
Overflow/parity flag, 27, 

125,128,130 
(see also Flag and con­
trol word) 

Pages, 182 
Pattern definition registers: 

Z8036 CIO, 221 
Z8038 FlO, 236 

Parity / overflow flag (see 
Overflow/parity flag) 

PC (see Program counter) 
Physical memory addresses, 

18 
Pin configuration: 

Z-bus-compatible 
peripherals: 

Z6132 RAM, 252 
Z8016 DTC, 249 
Z8030 SCC, 239 
Z8036 CIO, 212 
Z8038 FlO, 227 
Z8060 FIFO, 237 

Z8065 BEP, 246 
Z8068 DCP, 247 

Z6132 RAM, 42 
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Z8 microcomputers, 256 
Z8001 CPU, 15-16, 22 
Z8002 CPU, 9-15, 22 
Z8010 MMU, 159-60 
Z8090 UPC, 275 

PLZ/ASM assembler, 113-16 
Polled interrupt systems, 269 
Pop instructions: 

Z8 microcomputer (POP), 
270, 271 

Z8000 CPU (POP, POPL), 
127,128 

Primary write warning flag 
(PWW),171 

Privileged instruction traps, 
76,77,80,92 

Program control instructions: 
Z8 microcomputers, 271 
Z8000 CPU, 137-39 

Program counter (PC), 8, 20 
context switches, 99-100 
interrupts and traps, 78-84 
resets, 98 
Z8001 CPU, 29, 30 
Z8002 CPU, 26, 27 

Programming tasks, 2- 4 
Program memory address 

space, 14 
Program status area, 80-84,99 
Program status area pointer 

(PSAP), 8, 9, 27, 28, 
30,31,80,81,99 

Program status registers, 8, 
26-30 (see also Flag 
and control word; Pro­
gram counter; Reserved 
word) 

Pulsed handshake, 213, 214 
PSAP (see Program status 

area pointer) 
Push instructions: 

Z8 microcomputer (PUSH), 
270, 271 

Z8000 CPU (PUSH, 
PUSHL), 127, 128 

Quad registers, 25, 115 

Rate counter, 48,66-67 
Read-only bit (RD), 164 
Read-only violation flag 

(RDV), 170, 171 
Read/write signal (R/W), 11, 

12 
address/data bus buffering, 

193-94 
bus requests, 102 
bus transaction timing: 

input/output, 51-53, 
63-65 
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Read/write signal (cont.) 
internal operation, 65 
memory, 37-41, 44-47, 

69, 70 
memory refresh, 67 

Extended Processor Units, 
185 

interrupts, 90 
Memory Management Unit, 

160 
resets, 96, 97 
Z-bus-peripheral interface, 

207-8, 210 
Z8 microcomputers, 255, 

256 
Z8038 FlO, 228, 229 

Ready for data (RFD), 213, 
215,216,230 

Referenced flag (REF), 166 
Refresh registers, 8, 9, 27, 

28,31,48 
Register mode addressing: 

Z8 microcomputer, 270 
Z8000 CPU, 117-18 

Registers: 
Memory Management Unit: 

control, 162-63, 166-68 
segment descriptor, 161-

66 
status, 163, 170-72 

Universal Peripheral Con­
troller, 277-83 

Z-bus-compatible 
peripherals: 

Z8016 DTC, 251 
Z8030 SCC, 243-45 
Z8036 CIa, 220-24 
Z8038 FlO, 233-35 
Z8065 BEP, 245-46 
Z8068 DCP, 248 

Z8 microcomputers, 
261-69 

Z8000 CPU: 
control, 8, 26-31 
general-purpose, 8, 24-31 

Relative mode addressing: 
Z8 microcomputer, 270 
Z8000 CPU, 123-24 

Requests, Z-bus (see Z-bus 
requests) 

Reserved word, 29, 30 
RESET (see Resets) 
Reset Bit instructions (RES, 

RESB),132 
Reset Carry Flag instruction 

(RCF),271 
Reset Flag instruction 

(RESFLG), 147, 149 
Rese~, 22,51, 52,67,96-98 

Memory Management Unit, 
178 

Z-bus-peripheral interface, 
207-8, 210 

Z8036 CIa, 219 
Resource requests, 6, 106-12 
Return instruction (RET); 

Z8 microcomputer, 271 
Z8000 CPU, 137, 138 

Right Justify Address bit 
(RJA),219 

Rotate instructions: 
Z8 microcomputers, 271 
Z8000 CPU, 133-36 

Rotate Left Digit instruction 
(RLDB), 133, 135 

Rotate Left instructions (RL, 
RLB), 133-35 

Rotate Left through Carry 
instructions (RLC, 
RLCB), 133-35 

Rotate Right Digit instruc-
tion (RRDB), 133,135 

Rotate Right instructions 
(RR, RRB), 133-135 

Rotate Right through Carry 
instructions (RRC, 
RRCB),133-35 

Row address strobe (RAS), 
196-99 

Row counter, 48 
Running state, 20-21 
R/W (see Read/write signal) 

SDLC, 239 
Secondary write warning flag 

(SWW),171 
Segment address register 

(SAR), 163, 168 
Segmentation trap (SEGT), 

16,76-79,90,159, 
160,162,170,172-74 

Segment descriptor registers, 
161-66 

Segmented addressing, 17-20, 
30,115-17,153-58 
(see also Addressing 
modes) 

Segment-length violation flag 
(SLV), 170, 171 

Segment number, 16, 37 
bus requests, 102 
bus transaction timing, 58-

62 
interrupts and traps, 79,85 
Memory Management Unit, 

159-62, 168-70, 180 
PLZ/ ASM notation, 115 

SEGT (see Segmentation trap) 
SELECT, 54 
Service routines, 94-95 
Set Bit instructions (SET, 

SETB),132 

Index 

Set Carry Flag instruction 
(SCF),271 

Set Flag instruction 
(SETFLG), 147, 149 

Set Register Pointer instruc­
tion (SRP), 271 

Shared resource requests, 
106-12 

Shift Left Arithmetic instruc­
tions (SLA, SLAB, 
SLAL), 135, 137 

Shift Dynamic Arithmetic 
instructions (SDA, 
SDAB, SDAL), 135,137 

Shift Dynamic Logical 
instructions (SDL, 
SDLB, SDLL), 135,137 

Shift instructions: 
Z8 microcomputers, 271 
Z8000 CPU, 133, 135-37 

Shift Left Logical 
instructions (SLL, 
SLLB, SLLL), 135, 137 

Shift Right Arithmetic 
instructions (SRA, 
SRAB, SRAL), 135,137 

Shift Right Logical 
instructions (SRL, 
SRLB, SRLL), 135,137 

Short offset address, 116-1 7 
Sign flag (S), 27, 125, 133 

(see also Flag and con­
trol word) 

SN74LS42-1-of-10 decoder, 
195 

SN74LS74 Flip-Flop, 198 
SN7 4LS1 09 Dual J-K Flip­

Flop, 197 
SN74LS138 decoder, 195, 

196,201 
SN74LS243 Quad Non­

Inverting Transceiver, 
193, 194 

SN74LS244 tri-state buffer, 
194 

SN74LS365 tri-state buffer, 
194 

SN74LS367 tri-state buffer, 
194 

Special Input instruction 
(SIN), 147, 148 

Special Input/Output address 
space, 50, 51 

Special Input/Output status 
code, 13 

Special Output instruction 
(SOUT), 147, 148 

Stack memory reference 
status code, 13 

Stack pointers, 9, 26, 28-31, 
278 
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Standard Input/Output 
address space, 50, 51 

Standard Input/Output status 
code, 13 

Status registers: 
Memory Management Unit, 

163,170-73 
Z8 microcomputers, 262, 

266,267,268 
Z8016 DTC, 251 

Status signals (see Byte/word 
line; Normal/system 
signal; STO-ST3 lines) 

STOP, 6, 14-15, 21, 67, 184, 
186-89 

Storage devices, 5 
Strobed handshakes, 213,215 
STO-ST3 lines, 12-13, 37, 38 

bus requests, 102, 103 
bus transaction timing: 

input/output, 51, 54, 62-
64 

internal operation, 65 
memory, 58, 59, 61, 62 
memory refresh, 66, 67 

Extended Processor Units, 
185-86 

interrupts, 86, 90 
Memory Management Unit, 

160 
resets, 96, 97 
status decoding, 195 

Subtract instructions: 
Z8 microcomputers (SUB), 

271 
Z8000 CPU (SUB, SUBB, 

SUBL), 128, 129 
Subtract with Carry instruc­

tions: 
Z8 microcomputer (SBC), 

271 
Z8000 CPU (SBC, SBCB), 

128, 129 
Suppress signal (SUP), 160, 

162,170,172-74 
System Call instruction (SC), 

9,76,93-94 
System call trap, 76, 77, 80, 

92,93-94 
System inputs, 22 
System mode, 9, 30, 32-34, 

79 
System-mode stack pointer, 

26, 30, 79 
System/normal bit (SN), 

27-28 
System-only bit (SYS), 164 
System Return instruction 

(SC), 138, 139 
System violation flag 

(SYSV), 170, 171 

Task synchronization, 4 
Test and Set instruction 

(TSET),132-33 
Test Complement Under 

Mask instruction 
(TCM), 270, 271 

Test Condition Code 
instructions (TCC, 
TCCB),131 

Test instructions (TEST, 
TESTB, TESTL), 131 

Test Under Mask instruction 
(TM), 270, 271 

Three-wire handshake, 213, 
215, 224 

Time-sharing systems, 3 
Transactions, z-bus (see Bus 

transactions) 
Transistor-transistor logic 

(TTL),6 
Translate, Decrement and 

Repeat instruction 
(TRDRB), 143, 144 

Translate, Test, Decrement 
and Repeat instruction 
(TRTDRB), 143, 145 

Translate, Test, Increment 
and Repeat instruction 
(TRTIRB), 143, 145 

Translate, Test and Decre­
ment instruction 
(TRTDB), 143, 144 

Translate, Test and Increment 
instruction (TR TIB), 
143, 144 

Translate and Decrement 
instruction (TRDB), 
143, 144 

Translate and Increment 
instruction (TRIB), 
143, 144 

Translate bit (TRNS), 166, 
167 

Trap acknowledge cycle, 88-
92 

Traps, 50 
defined, 75-77 
HALT instruction, 95-96 
handling, 77 
initialization routines, 

98-99 
Memory Management Unit, 

170,172-74 
new program status, 80-84 
priorities of exceptions, 

77-78 
saving program status, 

78-80 
service routines, 94-95 
system call, 93-94 

Tri-state buffers, 194 
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T-state (see Clock cycles) 
TTL counter chips, 192 
TTL-generated clock signal, 

22, 23 
2716's, interfacing to, 46-47 
Two-wire handshakes, 224 

Universal Peripheral 
Controller (UPC), 275-
84 

architectural overview, 275-
77 

-CPU communication, 
279-83 

input/output ports, 278-79 
interrupts, 277, 279, 280 
memory address spaces, 

277-78 
product configurations, 

283-84 
Upper range select bit 

(URS), 166, 167 
User's tasks, 3 

Vectored interrupt enable bit 
(VIE), 27, 28 

Vectored interrupts (VI), 15, 
55,75,85,89-91 

Vector Included Status bit 
(VIS),209 

Violation-type register 
(VTR), 170-72 

Virtual memory systems, 19, 
180-82 

WAIT, 10, 14, 37, 38 
bus transaction timing: 

generation, 71-73 
input/output, 51-53, 

63-65 
internal operation, 65, 66 
memory, 47,59-62 

interrupts, 90-91 
Z8016 DTC, 250, 251 
Z8036 CIO, 216 
Z8038 FlO, 228, 229, 232 

Wait states, 71-73 (see also 
WAIT) 

Word instructions (see 
Addressing modes) 

Word registers, 24-26, 115 
Words, 34-36 
Write enable (WE), 41-45 

Z-bus, 4-6, 8 
components, 6 
CPU (see Z8000 CPU) 
operations on, 5-6 
(see also Interfacing; Pin 

configuration) 
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Z-bus-compatible peripherals, 
206-54 

interface, 207-8 
interrupt structure, 209-12 
Z6132 RAM, 6, 41-46, 

69-71,251-54 
Z8016 DTC, 6, 249-51 
Z8030 SCC, 237-45 
Z8036 CIO, 6, 212-25, 

273,274 
Z8038 FlO, 6, 219, 222-

37,273,274 
Z8052 CRTC, 248-49 
Z8065 BEP, 242, 245-47 
Z8068 DCP, 247-48 

Z-bus memory devices, 6 
Z-bus microcomputers (see 

Universal Peripheral 
Controller; Z8 
microcomputers) 

Z-bus request daisy chain, 
103-5 

Z-bus requests, 6 (see also 
Bus requests; Interrupt 
requests; Resource 
requests; STOP) 

Z-bus transactions (see Bus 
transacti ons) 

Zero flag (Z), 26-27, 125 
(see also Flag and 
control word) 

Z6132 Quasi-Static Random 
Access Memory (RAM), 
6,41-46,69-71,251-
54 

Z8 microcomputers, 255-75 
architectural overview, 

255-59 
configurations, 272-73 
counter/timers, 265-67 
input/output ports, 262-65 
instruction set, 269-72 
interrupts, 267-69 
memory address spaces, 

259-62 
serial input/output, 267 
-Z8000 CPU interfacing, 

273-75 
Z80-family peripherals, 190, 

191,198-205 
Z8000 CPU, 1-23 

architecture, 7-8 
clock requirements, 22-23 
DC and AC electrical char-

acteristics, 285-89 
design example, 190-205 
Extended Processor Units, 

188-89 

general description, 1-2 
interfacing (see Input/ 

output; Interfacing; 
Memory interfacing) 

memory management, 17-
20 (see also Z8010 
Memory Management 
Unit) 

nonsegmented addressing, 
17,20,30-31,115,116 

operating modes, 9 
operating states, 20-21 
operating systems, 2- 4 
pin configuration, 9-16, 22 
registers: 

control, 8, 26-31 
general-purpose, 8, 24-31 

segmented addressing, 
17-20,30,115-17, 
153-58 

system inputs, 22 
versions of (see Z8001 

CPU; Z8002 CPU) 
Z-bus (see Z-bus) 

Z8001 CPU: 
architecture, 8 
general description, 1 
pin configuration, 15-16, 

22 
(see also Z8000 CPU) 

Z8002 CPU, 190, 191 
architecture, 8 
general description, 1-2 
pin configuration, 9-15 
(see also Z8000 CPU) 

Z8010 Memory Management 
Unit (MMU), 2, 20,33-
34, 51, 59-60, 77, 152-
82 

address translation, 168-70 
architecture, 158-63 
commands, 160, 174-78 
control registers, 162-63, 

166-68 
memory access time, 180 
memory allocation, 152-

53 
memory protection, 

156-58 
multiple systems, 178-80 
resets, 178 
segmentation, 153-58 
segment descriptor 

registers, 161-66 
status registers, 163, 170-

72 
traps and suppresses, 172-

74 

Index 

violation types, 170-72 
virtual memories, 180-82 

Z8015 Paged MMU (PMMU), 
182 

Z8016 Direct Memory Access 
Transfer Controller 
(DTC), 6, 249-51 

Z8030 Serial Communica­
tions Controller (SCC), 
237-45 

Z8036 Counter Input/Output 
Circuit (CIO), 6, 
212-25,273,274 

Z8038 FIFO Input/Output 
Interface Unit (FlO), 6, 
219,222-37,273,274 

Z8052 CRT Controller 
(CRTC),248-49 

Z8060 FIFO, 234, 237 
Z8065 Burst Error Processor 

(BEP), 242, 245-47 
Z8068 Data Ciphering Pro­

cessor (DCP), 247-48 
Z8090 Universal Peripheral 

Controller (UPC), 275-
77,283 

Z8091 Universal Peripheral 
Controller (UPC), 
283-84 

Z8092 Universal Peripheral 
Controller Random 
Access Memory 
(UPC RAM), 283, 284 

Z8093 Universal Peripheral 
Controller (UPC), 
283,284 

Z8094 Universal Peripheral 
Controller (UPC), 283, 
284 

Z8420 Parallel I/O 
Controllers (PIOs), 
190,191 

Z8430 Counter/Timer Circuit 
(CTC), 190, 191 

Z8601 microcomputer, 272 
Z8602 microcomputer, 272 
Z8603 microcomputer, 272 
Z8611 microcomputer, 272 
Z8612 microcomputer, 272-

73 
Z8613 microcomputer, 272, 

273 
Z8671 microcomputer, 272, 

273 
Z8681 microcomputer, 272, 

273 
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