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ADg-ADs5 (TO/FROM CPU)
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Figure 11.4 Address/data bus buffering using SN74L.8245 transceivers.

TABLE 11.1 CONTROL SIGNALS FOR ADDRESS/DATA
BUS BUFFERING

BUSACK R/W DS
H H L Enable Receiver
(input Data into CPU)
g II;I g Enable Transmitter
H L L (output Address or Data from CPU)
L X X Disable Transceiver

BUSACK, R/W, and DS CPU outputs, as described in Table 11.1. The trans-
mit function of the driver is enabled normally, the receive function is
enabled during data reads (R/W high, DS low), and the drivers are tri-stated
when BUSACK is active.

The bus control and bus status CPU outputs also are usually propagated
to several memory and I/O controllers and, therefore, must be buffered.
These signals are always CPU outputs, so a unidirectional driver is adequate.
If bus sharing is allowed in the system, the CPU must be able to relinquish
control of these signals as well as the address/data bus. A tri-state driver that
can be disabled when BUSACK is low is required.

An SN741.S365, SN74LS367, or SN74L.S244 tri-state buffer would be
adequate for driving the AS, DS, MREQ, R/W, N/S, and B/W CPU outputs.
Figure 11.5 shows control signal buffering with an SN74L.S365 device.

BUSACK ——-D»—E Ey L5365
Ez

ILERRER

AS _WREG_NIS BIW
DS RW Figure 11.5 Control signal buffer-
TO SYSTEM ing using an SN74LS365 buffer,
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INTERRUPT
STa—-ﬂ Ay o— NI ACKNOWLEDGE
Io— VI

©® PN D AW N SO

JO— DATA MEMORY
k)—— STACK | ACCESS

Figure 11.6 Status decoding with an
ALL OUTPUTS ACTIVE LOW SN74LS42 decoder.

The STO-ST3 status lines typically drive only one circuit—a decoder
that generates the status signals for memory and I/O accesses. A 4-to-16
decoder such as the SN74154 or two 3-to-8 decoders such as the SN74L5138
can be used to decode all 16 possible status conditions. For simple systems
without EPUs, only the first 10 status codes need to be decoded. An SN74-
LS42 1-0f-10 decoder can be used, as in Fig. 11.6. If none of the SN74L.S42
decoder outputs are active during a transaction, a program memory access is
assumed.

If bus sharing is allowed, the ST0-ST3 status signals may originate
from devices other than the CPU. Several decoding schemes are possible.
For example, entirely separate decoders might be used for CPU and DMA
operations, and the BUSACK signal used to enable the appropriate decoder.
Alternatively, the STO-ST3 status signals from the CPU can be driven by a
tri-state buffer that is disabled when BUSACK is active, allowing DMA
devices to control those status lines before they are decoded.

The remaining CPU outputs, BUSACK and MO, need to be buffered if
they are to drive more than one TTL load. Any unidirectional driver is ade-
quate. For the Z8001, the segment number cutputs require a unidirectional
driver that can be tri-stated when BUSACK is low.

ADDRESS LATCHING

Most semiconductor memories demand that their address inputs remain
fixed throughout a memory access; most I/O devices require that their chip
select inputs (which are generated by decoding the address) remain active
throughout an I/O access. As a result, the Z8000 CPU’s address/data bus
must be demultiplexed in most systems. Often, systems will latch the ad-
dress at the beginning of each bus transaction and propagate the latched
address to all the memory and I/O controllers. AS is the obvious choice for
the control of the address latch. The falling edge of AS cannot be used to
clock edge-triggered latches since addresses are not guaranteed to be valid
when AS goes low. The rising edge of AS can be used to latch addresses, but
addresses are valid before AS rises, so this would delay address availability
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ADg-ADys (FROM CPU)

At AN
A_S'—Dtr—— LE
L8373 L8373
BUSACK OE
FrrrrTrl FETTT T Figure 11.7 Address latching with
LAg-LAqs (TO SYSTEM) SN74L.S373 latches.

for memory and I/O controllers. Transparent latches that propagate their in-
puts to their outputs when the control signal is low but hold the outputs
fixed when the control signal goes high are a better choice. The rising edge
of AS could then still be used to signal valid address information at the mem-
ory and I/O controllers themselves.

Figure 11.7 shows two SN74LS373 Octal Transparent Latches used for
address latching. Depending on the system configuration, these latches
might be tri-stated when BUSACK goes low. The latched address (LAO-
LA15) is propagated to all memory and I/O control logic.

MEMORY INTERFACING

Most microprocessor systems use both volatile (RAM) and nonvolatile
(ROM, PROM, or EPROM) memories for program and data storage. Since
the Z8000 CPUs read program status information after a reset from locations
0002, 0004, and (for the Z8001 only) 0006, nonvolatile memory usually
occupies the lowest address locations in the system.

The Z8000 interface to nonvolatile memories is straightforward, as il-
lustrated in Chapter 3. The single-board system of Fig. 11.1 uses 2K X 8
PROMs, addressed by LA1-LA11. LAO can be ignored, since Z8000 systems
always read a full word during memory reads. The upper address bits are
decoded to select particular memory devices using SN74LS138 3-to-8
Decoders or similar devices. LA1b is used to distinguish between the 32K-
byte PROM memory space and the 32K-byte RAM memory space. The ac-
cess time for nonvolatile memories is usually longer than the default memory
access time for a Z8000 CPU, so wait states must be added for each PROM
access.

Dynamic RAMs such as the 4116 16K X 1 RAM can be used for read/
write random-access storage. Most dynamic RAMs use address multiplexing
to reduce the package pin count. For example, standard 16K X 1 dynamic
RAMs require 14 address inputs. The address is input through seven pins on
each memory chip in two steps. First, seven address signals are placed on the
memory’s address inputs and a clocking signal called row address strobe
(RAS) is lowered. Then the other seven address lines are routed to the mem-
ory’s address inputs and a second clocking signal called column address
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Figure 11.8 Address multiplexing for a dynamic RAM interface.

strobe (CAS) is lowered. Memory refresh is implemented with a cycle having
an active RAS but no CAS. An entire row of memory cells (that is, all the
memory locations having seven common address bits) are refreshed by one
refresh operation. Interfacing such devices to Z8000 systems involves multi-
plexing the address and generating the RAS and CAS signals.

For the system of Fig. 11.1, LA1-LA14 are used as the address inputs
to the dynamic RAMs, with LA15 selecting between the PROM and RAM
memory areas. LAO is used only during byte accesses to select one byte of
the addressed word. Two 7T4LS157 Quad 2-to-1 Multiplexors can be used to
route the LA1-L Al14 address lines into the seven address inputs of the RAMs
(Fig. 11.8). MREQ is synchronized with the rising edge of the CPU clock to
provide the control signal to the multiplexor.

The RAS and CAS strobes must be timed carefully with respect to the
latched address and multiplexor control signals. MREQ can be used as RAS
and DS as CAS; this would, however, considerably shorten the memory ac-
cess time. The access time would be the delay between DS going low and
the time that valid data must be valid on the bus in T3 (about 205 ns for a
memory read in a 4-MHz system). To allow a longer access time, some
synchronous TTL logic can be used to generate the strobes.

One possible configuration is given in Fig. 11.9. RAS goes low on the
falling edge of the CPU clock in the middle of T1, after AS goes low. (Ina
4-MHz system, the address emitted by the CPU is guaranteed to be valid
within 100 ns after the start of T1; therefore, the address is valid at least 25
ns before RAS'is active. Of course, delays through intervening latches and
buffers must be taken into consideration in an actual system design to assure
that the address is valid before an active RAS.) RAS is generated from an
SN74LS109 Dual J-K Flip-Flop triggered by an inverted CPU clock signal
and stays low for two clock periods. The CAS is generated by an SN74L.5139
Dual 1-of-4 Decoder. -One decoder is used to produce CAS by ANDing
MUX-S, LA15, and a high R/W line or low DS line. The other decoder con-
trols the routing of CAS to the even or odd byte bank of memory. Both
banks are selected except during byte writes, when LAOQO is used to select
only the even or odd bank. During a read operation, CAS becomes active at
the beginning of T2 when MUX-S goes high (that is, on the risihg edge of the
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Figure 11.9 RAS and CAS signal generation.

clock after MREQ is active). The second seven address lines are routed to
the memory inputs at the same time. During writes, CAS is delayed until DS
goes low, guaranteeing that the data to be output are valid before CAS is
active. The SN74LS74 Flip-Flop stretches CAS during write operations, as
required by slower memories. The timing of RAS and CAS for read and
write operations using this circuit is illustrated in Fig. 11.10. CAS is gener-
ated only during memory accesses (that is, only when MREQ is active).

PERIPHERAL INTERFACING

Z-Bus-compatible peripherals are available for use in Z8000-based systems, as
described in Chapters 12 and 13. However, other peripherals also can be in-
terfaced to the Z-Bus. For example, Z80-family peripherals are easily con-
nected to Z8000 systems with some TTL logic. Z80 peripherals are all byte
peripherals; since they are capable of returning a vector during an interrupt
acknowledge sequence, they are usually connected to the lower half of the
Z-Bus when used in Z8000 systems.

Figure 11.11 shows the timing of Z80 instruction fetch, I/O read, I/O
write, and interrupt acknowledge cycles. An active M1 signal normally indi-
cates an instruction fetch, but when used in conjunction with IORQ (I/O re-
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Figure 11.10 Timing of the RAS and CAS signals for dynamic RAM memory ac-
cesses.
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qest) it indicates an interrupt acknowledge. An active JIORQ signal without
an active M1, indicates an I/O access. RDis used to determine the direction
of a data transfer. Interfacing Z80 peripherals to the Z-Bus involves gener-
ating the M1, IORQ, and RD signals to the peripherals from the Z-Bus
control and status lines. Four different kinds of operations must be
considered: I/O writes, I/O reads, interrupt acknowledges, and interrupt
returns.
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Figure 11.12 Interfacing Z80 peripherals to the Z-Bus.

One possible implementation is shown in Fig. 11.12. An SN74LS138
is used to decode address bits LA3, LA4, and LAb to generate chip selects to
the system’s I/O devices. For the system of Fig. 11.1, six peripherals can be
accessed: the four Z80 peripherals, the switches, and a special port used to
simulate the Z80’s interrupt return process (called the RETI port). If more
peripherals were in the system, the upper bits of the address would be in-
cluded in the I/O port decode logic. LAO cannot be decoded as part of an
I/O address, however; since this system’s peripherals are all byte peripherals
on the lower half of the address/data bus, they must all have odd port ad-
dresses. The I/O chip enable logic is activated only during I/O cycles, as
indicated by standard I/O status from the ST0-ST3 status decoder (IORQ
low, where IORQ is generated by the status decoder in Fig. 11.6).

Read and write operations are straightforward. A write operation to
The peripheral occurs when IORQ' is low and RD is high; a read from the
peripheral occurs when both IORQ@ and RD are low. The I/O status line
from the status decoder (IORQ) is synchronized with the CPU clock and
gated with DS to generate IORQ’ to the Z80 peripheral. The RD signal is
generated from the Z8000 CPU’s R/W status line. (The Z80 peripherals are
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Figure 11.13 Z80 peripheral interfacing read and write timing.

addressed when LADb is low in this example.) The timing diagram for Z80

peripheral reads and writes using this circuit is illustrated in Fig. 11.13.
Some additional logic is needed to make the Z80 peripherals compat-

ible with the Z8000 interrupt structure. The interrupt outputs from the
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peripherals are used to drive a Z8000 CPU interrupt request line; priority
among the peripherals is determined by an IEI-IEO0 hardware daisy chain
similar to that of Z8000 peripherals. The Z80 CPU has no dedicated inter-
rupt acknowledge output. Z80 peripherals are acknowledged when IORQ is
active during an M1 cycle (Fig. 11.11). o

The circuit of Fig. 11.12 generates the M1, IORQ’, and RD signals re-
quired by the Z80 peripherals during an interrupt acknowledge cycle. VIACK
is the appropriate interrupt acknowledge signal from the STO-ST3 status
decoder. A timing diagram for the acknowledge cycle using this circuit is
given in Fig.11.14.

At the end of the service routine for an interrupt generated by a Z80
peripheral, the interrupt-under-service flag in the peripheral must be reset.
The Z80 CPU’s interrupt return instruction (RETI) has an opcode of ED4D
(hex); a Z80 fetch of this instruction takes two consecutive instruction fetch
cycles. A Z80 peripheral will monitor the data bus while under service and
recognize when the RETI instruction is fetched from memory. When the
“ED4D” code is sensed, the interrupt-under-service latch in the peripheral is
reset.

In a Z8000 system with Z80 peripherals, the Z80’s RETI instruction
fetch sequence must be simulated at the end of the peripheral’s service rou-
tine with a combination of hardware and software. The necessary hardware
is part of the circuit of Fig. 11.12. A special I/O port address, the “RETI”’

| Tw | T3

wo L L L LML L L

N

SN0

o \

Figure 11.14 Z-80 peripheral interface interrupt acknowledge timing.
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port, is used to place an “ED” and “4D” code on the peripherals data inputs
while manipulating the MI and RD lines to simulate Z80 instruction fetches.
The software routine is as follows:

DI VI, NVI | disable interrupts !

LLDB RL1, #%ED ! load first byte of RETI opcode |

OUTB RETI, RL1 ! RETI is port address for 1/O port used to simulate Z80 instruc-
tion fetch |

LDB RL1, #%4D ! load second byte of RETI opcode !

OUTB RETI, RL1 ! output second byte and simulate Z80 |-fetch |

El Vi, NVI ! enable interrupts 1

IRET ! end service routine |

The two simulated instruction fetches for the Z80 RETI must be consecutive
operations at the peripheral and, therefore, interrupts of the Z8000 CPU
should be disabled while this sequence is executed, as shown. The timing of
the signals to the Z80 peripherals during this simulated RETI sequence is il-
lustrated in Fig.11.15. (In a system with bus sharing, bus requests also must

=)

o LT, ST L
ADDRESSH “ED" )— _<ADDHESTSH “qaD"

Tw

|

ADO-AD15

|

N

SINSAENT S TV

/ L

Figure 11.15 Z80 peripheral interface return from interrupt (RETT) timing.
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be disabled between the two output operations that simulate the Z80 RETI
sequence. This might require some additional hardware to gate the BUSREQ
input to the CPU.)

The address/data bus can be connected directly to the DO-D7 data lines
of the Z80 peripherals. In the system of Fig.11.1, latched address lines LAl
and LA2 are used as the Port Select (A/B) and Control/Data (C/D) signals
for the PIO and SIO, and as Channel Select (CSO and CS1) for the CTC. The
interrupt outputs are all connected to the appropriate interrupt request in-
put of the Z8000 CPU. The IEI-IEO daisy chain is used to establish inter-
rupt priorities among the Z80 peripherals.

The Z8420 PIO needs an active M1 pulse to enable its internal interrupt
circuitry. ‘This is accomplished by writing 0’s to the “RETI” port used to
simulate the Z80 RETI instruction fetch after the PIO interrupts have been
enabled.

In summary, a small, powerful microcomputer system can be imple-
mented with a Z8000 CPU, memory, peripheral devices, and a small amount
of TTL logic. Buffering of the CPU outputs is necessary in all but the small-
est systems. Interfacing the Z8000 CPU to nonvolatile memory is straight-
forward; interfacing to dynamic RAMs requires the generation of the proper
timing strobes. If peripherals from other microprocessor families are used,
the control signals for those peripherals must be generated from the Z8000
CPU’s bus control and status signals. Z80 family peripherals interface easily
to Z8000 systems, largely due to the similarity in the Z80 and Z8000 inter-
rupt structures.
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28000 Family Devices

The Z8001 and Z8002 CPUs are just two members of a family of devices de-
signed to interact over the Z-Bus. Other members of the Z8000 family include
several Z-Bus-compatible peripherals,a DMA controller, and a Z-Bus memory.

The Z-Bus peripheral chips are powerful, multifunction devices that can
be configured under program control for a particular application. All of the
Z-Bus peripherals share a common interrupt structure and can be used in a
priority interrupt or polled environment. The functions of each device are
controlled by using I/O commands to access the peripheral’s internal registers;
each register has its own I/O port address. The Z8036 Counter/Timer and
Parallel I/O Unit (CIO) contains three parallel ports and three counter/timers;
it also can be used as a priority interrupt controller. The Z8038 FIFO Input/
Output Unit (FIO) is a byte-wide first-in/first-out buffer for interfacing asyn-
chronous devices in a single or multiprocessor system. The buffer depth is
expandable with the Z8060 FIFO Buffer Unit. The Z8030 Serial Communi-
cations Controller (SCC) is a dual-channel serial I/O unit that supports all
popular synchronous and asynchronous communications protocols. The
728065 Burst Error Processor (BEP) provides error correction and detection
capabilities for high-speed data transfers. The Z8068 Data Ciphering Proces-
sor (DCP) encrypts or decrypts data using the National Bureau of Standards
encryption algorithms. The Z8052 CRT Controller (CRTC) can be used to
control a variety of CRT displays. These peripherals each perform compli-
cated interfacing tasks, thereby unburdening the CPU and increasing system
throughput.

The Z8016 Direct Memory Access Transfer Controller (DTC) is both a

206
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Z-Bus requester and a Z-Bus peripheral, The DTC is pregrammed by the CPU
via I/O operations and can interrupt the CPU like a peripheral device, but acts
as a bus master when executing DMA transfers,

The Z6132 Quasi-Static RAM is a 4K X 8 Z-Bus-compatible memory
device that is easily interfaced to Z8000 systems,

[Two other Z-Bus components, the Z8 single-chipmierocomputerand the
Universal Peripheral Controller (UPC), a slave microcomputer, are described
in Chapter 13.]

Z-BUS PERIPHERAL INTERFACE

All of the Z-Bus peripherals are byte peripherals, with the exception of the
78052 CRT controller. Figure 12,1 illustrates the signals used to interface
a byte peripheral to the Z-Bus. One-half of the address/data bus provides up
to 8 bits of address information for directly addressing the peripheral’s inter-
nal registers and an 8-bit data path for data transfers between the peripheral
and the CPU. (Typically, the lower half of the address/data bus is used, since
interrupt vectors must be placed on the lower half of the bus when using vec-
tored interrupts.) Timing of the data transfers is controlled by the address
strobe (AS) and data strobe (DS), and the direction of transfers is determined
by the R/W signal (Fig. 12.2). The chip select (CS) for a peripheral is decoded
from the I/O port address during I/O accesses and is latched internally by the
peripheral on the rising edge of AS, Resets are implemented when both the AS
and DS inputs to the peripheral are low simultaneously. (In normal operation,
AS active and DS active are mutually exclusive events.) The INT, INTACK,
IEI, and IEO signals interface the peripheral to the Z-Bus interrupt structure.

Other signals, such as WAIT, also might be part of the peripheral-to-Z-
Bus interface, depending on the application. Some of the Z-Bus peripherals

8-BIT ADDRESS/DATA < >
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Figure 12.1 Z-Bus peripheral interface signals.
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have a clock input; the peripheral’s clock does not have to be synehronized
with the CPU clock in any way.

(Most of these peripherals also are available in a version that easily inter-
faces to systems with separate, nonmultiplexed address and data buses, such
as Z80-based systems.)

Each Z-Bus peripheral implements several functions and is programmable
for a particular application. A peripheral may have up to 128 internal reg-
isters that can be read or written by the CPU using [/O instructions. Each
register has its own I/O port address; thus each peripheral occupies a block
of port addresses in the system. The address of the register being accessed
is sampled on the peripheral’s address/data bus inputs on the rising edge of
AS. A programmable option allows the user to decide if the least signficant
bit of the register address is on the ADO or AD1 bus line. For byte transfers
in Z8000-based systems, the value of ADO when the CPU emits the address
determines which half of the bus will be used to transfer the byte of data.
For example, byte peripherals connected to the lower half of the bus always
have odd addresses. Therefore, in Z8000 systems, the least significant bit of
the peripheral’s register address should be on the AD1 line, not ADO.



PERIPHERAL INTERRUPT STRUCTURE

If several Z-Bus peripherals share a common interrupt request line to the CPU,
the TEI-IEO daisy chain is used to establish the relative priority of those pe-
ripherals. When one or more peripherals request the CPU’s attention via an
interrupt, the interrupt acknowledge cycle is used to select the peripheral
whose interrupt is to be serviced and to obtain a vector or identifier word,
as described in Chapter 6.

Each of the Z-Bus peripheral devices can have several sources of inter-
rupt internal to that chip. For peripherals with multiple interrupt sources
on one chip, priority is established with an IEI-IEO daisy chain internal to the
device. This prioritization order is fixed and cannot be altered by the user.
Figure 12.3 illustrates the Z-Bus interrupt structure for several peripherals
sharing an interrupt line, and for one peripheral with several sources of inter-
rupts internal to that device.

For every interrupt source on a Z-Bus peripheral there are three bits
within the device’s internal registers that control the interrupt logic. The
Interrupt Enable (IE) bit is set to enable or reset to disable that particular
interrupt source. The Interrupt Pending (IP) bit is set when the device re-
quires servicing and reset when the interrupt is serviced. The Interrupt Under
Service (IUS) bit indicates when the interrupt is being serviced and must be
reset by the programmer upon completion of the service routine.

A Z-Bus peripheral has one or more registers that hold an interrupt vec-
tor that is read by the CPU during the interrupt acknowledge cycle. Each in-
terrupt source on a device is associated with a vector and each vector can have
one or more interrupt sources associated with it. If more than one interrupt
source is associated with a single vector, some bits in the vector can be encoded
to identify which source caused the interrupt. A bit called the Vector Includes
Status (VIS) bit is used to enable or disable this encoding function.

Each peripheral also has three programmable bits that control the inter-
rupt logic for all interrupt sources on the device. The Master Enable (MIE) bit
is used to enable or disable all interrupt sources on the chip. The Disable
Lower Chain (DLC) bit is used to force the peripheral’s IEO output to O,
thereby disabling interrupts from peripherals of lower priority on the daisy
chain. The No Vector (NV) bit is set if a vector is not to be placed on the bus
during the interrupt acknowledge sequence.

Figure 12.4 illustrates the interrupt daisy-chain protocol as it applies
to the Z-Bus peripherals. An interrupt source with an interrupt pending (IP =
1) requests an interrupt by pulling INT low if the IE bit for that source and
the MIE bit for that device are both set, that interrupt source is not already
under service (IUS = 0), no higher-priority device’s interrupt sources are being
serviced (IEI =1), and an interrupt acknowledge cycle is not currently being
executed (INTACK =1). After the CPU samples the active interrupt request,
an interrupt acknowledge cycle is executed, as indicated by INTACK going
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HIGHER PRIORITY Figure 12.4 Peripheral interrupt
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low. When INTACK is active, all interrupt sources with an interrupt pending
(the IP, IE, and MIE bits are all 1’s) or under service (the IUS bit = 1) hold
their IEO outputs low. When DS goes low during the acknowledge cycle,
only the highest-priority interrupt source with an interrupt pending (IP = 1)
should have a high IEI input; this is the interrupt being acknowledged. The
IP bit is reset for that interrupt source, the IUS bit is set, and, if the NV bit =
0, the appropriate vector is placed on the bus to be read by the CPU. If the
NV bit is 1, the peripheral’s ADO-AD7 pins are left floating, allowing external
circuitry to place a vector on the bus, if so desired. While servicing of that
interrupt is in progress, as indicated by IUS = 1, IEO is held low, thereby dis-
abling interrupts from lower-priority devices. When servicing is completed,
the IUS bit must be reset. The CPU resets the IUS bit by an explicit I/O
write to the register in the peripheral that contains the IUS bit; this I/O write
operation usually is executed immediately preceding the interrupt return in
the service routine. (In most cases, the IP bit is not reset automatically during
the acknowledge sequence, and also must be reset via an explicit write to the
appropriate register in the peripheral.)

A polled interrupt scheme can be implemented by disabling interrupts
using the MIE bit in each peripheral. The registers containing the IP bits are
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read by the CPU via I/O read operations to detect pending interrupts. The
IP bits must be reset by writes to the same registers.

Z8036 CIO

The Z8036 Counter/Timer and Parallel I/O Unit (CIO) contains three paral-
lel ports and three programmable counter/timers, satisfying most parallel I/O
and counter/timer needs in Z8000 systems. There are five distinct interrupt
sources in the CIO, and three separate interrupt vectors. The configuration
of the CIO is controlled by 48 directly addressable read/write registers. The
pin assignments for this 40-pin device are given in Fig. 12.5. The CIO oper-
ates from a single +5-V power supply and draws a maximum of 2560 mA. Fig-
ure 12.6 is a block diagram of the CIO.

The CIO’s parallel I/O capabilities consist of two 8-bit general-purpose
ports and one 4-bit special-purpose port. The two 8-bit ports, ports A and B,
can be linked together to form a single 16-bit port. Either port can be con-
figured as a byte port (that is, an entire byte of input or output) or as a bit
port (the direction of each bit is programmable). Figure 12.7 shows a block
diagram of these ports. Optionally, port B pins can be used to provide external
access to counter/timers 1 and 2. With this exception, ports A and B are
identical.

When configured as byte ports, ports A and B can be input, output, or
bidirectional ports. I/O operations can be interrupt driven; both port A and

ADy Pz ap, [ 1 40 [JAD,
ADe Phg | ans[] 2 3g [J AD,
<] ADs PAg | Abe[] 38 [] D,
ADDRESSIDATA | ™| A0+ PAs <> \ norT A Ao, [ 4 a7 [] Ao
<] aD — i
o - ADS ::3 o3[ s 36 [T
: ? imi 35 [Jcs
AD: P GND[] 7 s[4
«|a PAy |
e ° peo[] & 33 [Jrac
BUS TIMING | —| A8 PCy |—= pei [ ¢ a2 [ eay
AND RESET | —»| 55 '
> 28036 PO === | o 0e pB[] 10 28036 3y [pa,
—»|RW Z-Cl0 pC; |«—» B E 1 Z-Clo 0 :IPAn
e 3
CONTROL { —>] CSo PCy | pe. [ 12 20 [ Fraq
— PB; |
oS 7 res[] 13 28 [ ] PAs
INT PBg | pBg[] 14 27 [ eas
——»| iNTACK PBs |—s
INTERRUPT - . pe;[] 15 26 [ ] Par
‘ PORT B pcuk[] 18 25 []INTACK
0 Pes e 17 24 []iNT
P82 ieo[] 18 23[] +5v
PB: pco] 19 22 []PCs
PBy |-w—>
pcy[] 20 21 []Pc,

Pt

PCLK +5V GND

Figure 12.5 Z8036 CIO pin assignments.



28036 CIO 213

INTERRUPT
CONTROL < :; PORT
<I> IS INTERNAL BUS > A
INTERRUPT PORT A

CONTROL o

ADDRESS! @

| DATA BUS |
Z-BUS > PORT
INTERFACE c
COUNTER/ PORT C
1o
CONTROL

TIMER 3

INPUTS @
INTERNAL COUNTER/ PORT
CONTROL TIMER 2 B
LOGIC
PORT B

L[]
COUNTER/
TIMER 1

L

Figure 12.6 Z8036 CIO block diagram,

port B are an interrupt source. Byte ports can be single- or double-buffered,
and the interrupt logic programmed to interrupt for every byte transferred
or for every second byte transferred, accordingly. Optionally, port C signals
can be used as handshake lines to control I/O operations on ports A and B.
Four kinds of handshakes are available: interlocked, strobed, pulsed, and
three-wire (Fig. 12.8). The interlocked, strobed, and pulsed handshakes are
implemented with two signals: acknowledge in (ACKIN) and ready for data
(RFD) for input handshakes, and acknowledge in and data available (DAV)
for output handshakes. The three-wire handshake [data available (DAV),
ready for data (RFD), and data accepted (DAC)] is compatible with the hand-
shake in the IEEE-488 bus specification. For output ports, a programmable
4-bit deskew timer is available for determining the delay between valid data
being output and the falling edge of the DAV handshake line. Outputs can
be programmed as gpen-drain or active signals. Data polarity is programmable
on a bit-by-bit basis.

When port A or port B is used as a bit port, both data direction and data
polarity are programmable on a bit-by-bit basis. Optionally, inputs can be
“one’s catchers” (that is, programmed to remain at a logical 1 level until read
if a low-to-high transition occurs) and outputs can be open-drain or active.

Pattern recognition logic is available for both ports A and B, regardless
of whether they are used as byte or bit ports, allowing interrupt generation
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TQ COUNTER/TIMERS 1 AND 2
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CONTROL A
LAGIC : HANDSHAKE CONTROL

TO PORT C

T T o

Figure 12.7 CIO ports A and B diagram.

when a specific pattern is detected at the port. The pattern can be specified
for each bit as a 1, 0, rising edge, falling edge, or any transition. Individual
bits can be masked if they are not to be included in the pattern match. Three
pattern-match modes are available: AND, OR, and OR-Priority Encoded Vec-
tor. In the AND mode, a pattern match is defined as the simultaneous satis-
faction of all nonmasked bit specifications. In the OR and OR-Priority En-
coded Vector modes, the satisfaction of any one nonmasked bit specification
constitutes a pattern match,

The OR-Priority Encoded Vector mode allows the CIO to be used as an
interrupt priority controller. In this mode, the IP bit is set when a pattern
match occurs and cannot be cleared until a match is no longer present. Ifthe
interrupt vector is allowed to include status information (VIS = 1), the vec-
tor returned during the interrupt acknowledge cycle indicates the highest pri-
ority bit matching its pattern-match specification at the time of the acknowl-
edge; this may or may not be the bit that originally caused the pattern-match
interrupt. Bit 7 has the highest priority and bit 0 the lowest. Thus a CIO
port could accept interrupt inputs from other devices on an input port and
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Figure 12.8 Ports A and B handshakes.

act as an interrupt priority controller for those devices. Forexample,if alow
level indicates an interrupt request from devices #0 through #7 in Fig. 12.9,
the pattern match logic for CIO port A would be set to match on 0’s in OR-
Priority Encoded Vector mode. An active INT from any device would cause
the CIO to interrupt the CPU. The vector returned to the CPU would indi-
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Figure 12.9 CIO as an interrupt controller.

cate the highest-priority device with an active INT signal at the time of the
acknowledge. When desired, interrupts from selected devices could be disabled
by masking the appropriate bits in the CIO’s pattern match logic. Thus the
CIO is used as an interrupt controller. Furthermore, this provides an easy
method for interfacing non-Z8000 family peripherals to the Z-Bus interrupt
structure.

The function of the 4-bit special-purpose port, port C, depends on the
configuration of ports A and B (Table 12.1 and Fig. 12.10). Port C provides
the handshake lines for ports A and B and the data direction line for a bidi-
rectional port. One bit of port C can be programmed as a WAIT signal to the
CPU or a REQUEST signal to a DMA controller, thereby allowing block

TABLE 12.1 CIO PORT C BIT UTILIZATION

Port A /B configuration PC3 PCo PCq PCo

Ports A and B: bit ports Bit I/0 Bit I/O0 Bit I/O Bit I/O

Port A: input or output port RFD or DAV ACKIN REQUEST /WAIT Bit I/O
(interlocked, strobed, or or bit I/O
pulsed handshake)®

Port B: input or output port REQUEST/WAIT  Bit /O RFD or DAV ACKIN
(interlocked, strobed, or or bit I/0
pulsed handshake)?®

Port A or B: input port RFD (output) DAYV (input) REQUEST/WAIT DAC (output)
(three-wire handshake) or bit 1/0

Port A or B: output port DAV (output) DAC (input) REQUEST/WAIT  RFD (input)
(three-wire handshake) or bit 1/O

Port A or B: bidirectional RFD or DAV ACKIN REQUEST /WAIT IN/OUT
port (interlocked or or bit 1/0

strobed handshake)

9Both ports A and B can be specified input or output with interlocked, strobed, or pulsed handshake at the same

time if neither uses REQUEST /WAIT.
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Figure 12.10 CIO port C block diagram.

transfers to or from the CIO. Any port C pins not used for those functions
can be used as I/O lines with programmable data direction and polarity. Op-
tionally, inputs can be ‘“one’s catchers” and outputs can be open-drain or
active. The port C pins also can be used to provide external access to counter/
timer 3.

The three programmable counter/timers are 16-bit down counters (see
Fig. 12.11). Up to four external I/O lines can be used to control each counter/
timer: counter input, gate input, trigger input, and counter/timer output.
These external access lines are provided by port B and port C pins (Table 12.2).
Optionally, the device’s clock input (PCLK/2) can be used to drive any count-
er/timer. If the counter/timer output is routed to an external pin, three out-
put waveforms are available: pulse, one-shot, and square wave (Fig. 12.12).
The end-of-count condition can be used to generate an interrupt. The counter/
timers can be run in single-cycle or continuous modes; if a trigger input is
employed, retriggerable or nonretriggerable operatlon can be specified. The
current count can be read at any time. Typical applications for the counter/
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Figure 12.11 CIO counter/timer block diagram.

timers include event counters, pulse train generators, event duration timers,
watchdog timers, and baud-rate clock generators.

The five interrupt sources for the CIO are, in priority order, counter/
timer 3, port A, counter/timer 2, port B, and counter/timer 1. Each source
has its own IE, IP, and IUS bits to control that interrupt. Three interrupt vec-
tors can be specified: one for port A, one for port B, and one shared by all
three counter/timers. The vectors can be encoded with status information to
identify further the event that caused the interrupt. For polled operations a

TABLE 12.2 CIO COUNTER/TIMER EXTERNAL ACCESS

Function C/T, C/Ty C/T3
Counter/timer output PB 4 PBO PCO
Counter input PB5 PB1 PC1
Trigger input PB6 PB 2 PC 2

Gate input PB 7 PB 3 PC3
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special register, called the current vector register, holds the vector that would
have been returned if hardware interrupts were used.

Figure 12.13 shows all 48 CIO registers. Programming the CIO involves
loading the registers with the appropriate bit pattern to implement the desired
operation. Addressing of the registers is determined by the Right Justify Ad-
dress (RJA) bit in the Master Interrupt Control register. If RJA is O, the ad-
dress bits on AD1-AD6 during AS active in an I/O cycle are decoded as the
register address if the CIO is chip selected. When RJA is 1, the register address
is decoded on ADO-AD5. The 6-bit register addresses are given in Fig. 12.13.

A typical Z-Bus to CIO interface is diagrammed in Fig.12.14. The CIO’s
address/data pins are connected to the lower half of the Z-Bus address/data
bus. The address bit on ADO should always be a 1 for byte transfers on the
lower half of the bus, so the RJA bit should be a 0 and AD1-AD6 provide
the register addresses. AD7-AD15 are decoded to provide chip selects during
I/O transactions (with I/O STATUS decoded from the ST0-ST3 lines). The
CIO is chip selected by I/O port address %FF80 to %FFFF; however, only
odd addresses are used and only 48 of those addresses actually access a CIO
register. An active RESET signal resets the CIO by pulling AS and DS low
simultaneously.

28038 FIO

The Z8038 FIFO Input/Output Interface Unit (FIO) contains a 128-byte first-
in/first-out buffer that provides an asynchronous CPU-to-CPU or CPU-to-pe-
ripheral interface. One side of the FIO, the port 1 side, can be configured as
a Z-bus or general-purpose nonmultiplexed bus interface to a microprocessor;
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Figure 12.13 Z8036 CIO registers.
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Data Path Polarity Registers Data Direction Registers
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Figure 12.18 Continued
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Interrupt Vector Register Current Vector Register
Addresses: 000010 Port A Address: 011111
000011 Port B (Read Only)
000100 Counter/Timers
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Interrupt Vector Registers

Figure 12.18 Continued

the other side (port 2 side) can be configured as a Z-Bus interface, nonmulti-
plexed bus interface, two-wire handshake I/O interface, or three-wire hand-
shake I/O interface. Thus dissimilar CPUs or CPUs and peripherals running
with different speeds or protocols can be linked, allowing asynchronous data
transfers and improving I/O overhead. The FIO is a 40-pin device that requires
a single +5-V supply and draws a maximum of 250 mA.

A block diagram of the FIO is given in Fig. 12.15. The port 1 side is
always a processor interface and can be configured as a Z-Bus interface (con-
nected to either the lower or upper half of the bus) or a nonmultiplexed bus
interface. The nonmultiplexed bus is a general-purpose microprocessor inter-
face with eight data lines, chip enable (CE), read (RD), write (WR), and con-
trol/data (C/D) signals. The timing for data transfers on this bus is illustrated
in Fig. 12.16. The C/D signal determines if the current bus transfer involves
a control register in the FIO or the FIFO data buffer itself. This bus config-
uration easily interfaces to microprocessors with separate, nonmultiplexed
address and data buses, such as the Z80, 8080, and 6800. The configuration
of the port 1 side is determined by the condition of two pins, MO and M1
(Table 12.3). The port 2 side can be a Z-Bus, nonmultiplexed bus, two-wire
handshake, or three-wire handshake interface, as determined by two bits (BO
and B1) in an internal register that is programmed from the port 1 side. Fig-
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Counter/Timer Command and Status Registers
Addresses: 001010 Counter/Timer 1
001011 Counter/Timer 2
001100 Counter/Timer 3
(Read/Partial Write)

[0- [0s [s [0 Joa o2 Jou oo |
INTERRUPT UNDER SERVICE (1US) ——| L COUNT IN PROGRESS (CIP)

(READ ONLY)

TRIGGER COMMAND BIT (TCB)
(WRITE ONLY - READ RETURNS 0)

INTERRUPT PENDING (IP} GATE COMMAND BIT (GCB)

INTERRUPT ENABLE (IE)

IUS, IE, AND (P ARE WRITTEN USING

READ COUNTER CONTROL (RCC)
THE FOLLOWING CODE:

(READ/SET ONLY —
CLEARED BY READING CCR LSB)

NULLCODE (0|00
CLEARIP&IUS |00 |1
SETIWUS [o|1]0
CLEARIUS (0|11
SET IP 1{0]0

CLEAR IP 1/0]1

SET IE 1]11]0

CLEAR IE 1111

INTERRUPT ERROR (ERR)
(READ ONLY)

Counter/Timer Mode Specification Registers
Addresses: 011100 Counter/Timer 1
011101 Counter/Timer 2
011110 Counter/Timer 3
(Read/Write)

Elo oo e o5
CONTINUOUS SIN- —, —E OUTPUT DUTY CYCLE

GLE CYCLE (CI5C) SELECTS (DCS)
EXTERNAL OUTPUT DCS1DCSP .
ENABLE (EOE) G 0 PULSE OUTPU
0 1 ONE-SHOT OUTPUT
1 0 SQUARE-WAVE OUTPUT
EXTERNAL COUNT
ENABLE (ECE) 1 1 DO NOT SPECIFY
EXTERNAL TRIGGER RETRIGGER ENABLE BIT (REB)
ENABLE (ETE)

EXTERNAL GATE ENABLE (EGE)

Figure 12.13 Continued
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ure 12.17 shows the pin-out of the FIO and Table 12.4 describes the pin assign-

ment for each possible type of interface.

Pattern recognition logic is included for both sides of the FIO and is
capable of generating an interrupt when a specific data pattern is written to
or read from the FIFO buffer. The pattern can be specified for each bitasal

or a 0; individual bits can be masked off, if so desired.

Special message registers, also called mailbox registers, can be used to
pass information between CPUs if the FIO is used as a CPU-to-CPU interface.



Counter/Timer Current Count Registers
Addresses: 010000 Counter/Timer 1's MSB
010001 Counter/Timer 1's LSB
010010 Counter/Timer 2's MSB
010011 Counter/Timer 2's LSB
010100 Counter/Timer 3's MSB
010101 Counter/Timer 3's L.SB

(Read Only)
[2/]sos [0, [0y o2 04 Toa [ 0r [0 [0 D4 05 [0, [0 00 ]
MOST -————]7 I———— LEAST

SIGNIFICANT SIGNIFICANT
BYTE BYTE

Counter/Timer Time Constant Registers
Addresses: 010110 Counter/Timer 1's MSB
010111 Counter/Timer 1's LSB
011000 Counter/Timer 2's MSB
011001 Counter/Timer 2's LSB
011010 Counter/Timer 3's MSB
011011 Counter/Timer 3's LSB

(Read/Write)

[T [ox o [o2 ox o0 o: o o [oe o [ox o: [o0]

MOST *——I ‘* LEAST

SIGNIFICANT SIGNIFICANT
BYTE BYTE

Counter/Timer Registers

Figure 12.18 Continued

TABLE 12.3 Z8038 FIO OPERATING MODES

Mode M, M, By Bo Port 1 Port 2

0 0 0 0 0 Z-Bus low byte Z-Bus low byte
1 0 0 0 1 Z-Bus low byte Non-Z-Bus
2 0 0 1 0 Z-Bus low byte Three-wire handshake
3 0 0 1 1 Z-Bus low byte Two-wire handshake
4 0 1 0 0 Z-Bus high byte Z-Bus high byte
5 0 1 0 1 Z-Bus high byte Non-Z-Bus
6 0 1 1 0 Z-Bus high byte Three-wire handshake
7 0 1 1 1 Z-Bus high byte Two-wire handshake
8 1 0 0 0 Non-Z-Bus Z-Bus low byte
9 1 0 0 1 Non-Z-Bus Non-Z-Bus

10 1 0 1 0 Non-Z-Bus Three-wire handshake

11 1 0 1 1 Non-Z-Bus Two-wire handshake
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Z-BUS SIGNALS

AD15
AD14
AD13

AD12
AD11
AD10

AD9
AD8

AD7
AD6
ADS
AD4
AD3
AD2

RESET

DS

RIW
INT
INTACK
IEl

IE0

+5V

.

CPU
INTERFACE

DATA
BUS

cst PA7|—
cso PAG |—
PAS |—
AD? PAdt—
ADG PA3f—
AD5 PA2|—
AD4 Pa1|—
AD3 PAO}—
AD2 28036
AD1 cio PB7 }—
ADO PB6 —
PBS |—
AS PB4 f—
DS PB3 |—
PB2 |~
RIW PBY |—
PBO |—
INT
INTACK PC3fp—
IEl PC2p—
IEO pctf—
PCo |—
PCLK +5V GND

L

Figure 12.14 Typical Z-Bus to CIO

interface.

81
CONTROL AND CONTROL AND
INTERFACE INTERFACE
LoaIC Bo LoGIC
— DMA DMA —
<« Loaic L06IC  Je——
[: INTERRUPT ] messace INTERRUPT
Loaic —1 REGISTERS Loaic
L] PaTTERN STATUS LOGIC PATTERN | |
MATCH AND REGISTERS MATCH
—] Loaic LoGic |
L o ) - [
BUFFER 128 X 8 BUFFER
|REGISTER : FIFO BUFFER t REGISTER
PORT 1 SIDE | PORT 2 SIDE

Figure 12.15 Z8038 FIO block diagram.

CPU
INTERFACE
OR

110 PORT

DATA
BUS
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cib X X

~

—
\ /

Non-Z-BUS Read Cycle Timing

X
O Frow oru —
p—

Non-Z-BUS Write Cycle Timing

wmiox "\ /S~
o S
,

_ /—"__

Non-Z-BUS Interrupt Acknowledge Cycle

-

Figure 12.16 Nonmultiplexed bus interface timing.

These mailbox registers allow control information to be transferred between
the CPUs without using or affecting the FIFO buffer. The transmitting CPU
can interrupt the receiving CPU by loading a byte into the mailbox register.
The data transfer logic of the FIO has been specially designed to work
with DMA controllers for high-speed data transfers between the FIFO buffer
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-] |J : E‘ —_— D,E 18 | 23| ]De
=M | mi[] 19 I 22 []0;
> Mo : GND[] 20 : 21 [ ™Mo
+5V GND
Control
Signal Z-BUS Z-BUS Interlocked 3-Wire
Pins Low Byte High Byte Non-Z-BUS HS Port* HS Port*
[a] REQ/WT REQ/WT  REQ/WT RFD/DAV RFD/DAV
DMASTB DMASTB DACK ACKIN DAV/DAC
DS Ds RD FULL DAC/RFD
[p] R/'W R/W WR EMPTY EMPTY
[E] cs cs CE CLEAR CLEAR
[F] AS AS c/d DATADIR  DATA DIR
[G] INTACK  Ag INTACK  INg INg
@ IEO Ay IEO OouTy ouT,
1] IEI A IEI OE OE
1] INT A3 INT OUT3 OUT3
*2 side only.

Figure 12.17 Z8038 FIO pin assignments.

and the system’s memory. A special control register, the Byte Count Com-
parison register, can be used to send a request to the DMA device when a
given number of bytes is in the FIFO buffer. For the input side of the FIFO
buffer, the request (REQ) signal to the DMA controller becomes active when
the number of bytes in the FIFO buffer is equal in value to the Byte Count
Comparison register and stays active until the buffer is full (Fig. 12.18). For
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TABLE 12.4 Z8038 FIO PIN FUNCTIONS

Pin
Pin signals names Pin numbers Mode Signal description
Pins Common to Both Sides
My Mo 21 M; and Mg program port 1 side CPU interface
M, M, 19
+5 V de +5 Vde 40 Dc power source
GND Gnd 20 Dc power ground
Z-Bus Low-Byte Mode
Port 1 Port 2
ADy-AD4 Dgy-Dy 11-18 29~-22 Multiplexed bidirectional address/data lines,
(address/data) Z-Bus compatible
REQ/WAIT A 1 39 Output, active low, REQUEST (ready) line for
(request/wait) DMA transfer; WAIT line (open-drain) out-
put for synchronized CPU and FIO data
transfers
DMASTB (direct B 2 38 Input, active low; strobes DMA data to and
memory access from the FIFO buffer
strobe)
DS (data strobe) C 3 37 Input, active low; provides timing for data
transfer to or from FIO
R/W (read/write) D 4 36 Input: active high signals CPU read from FIO;
active low signals CPU write to FIO
CS (chip select) E 5 35 Input, active low; enables FIO; latched on the
rising edge of AS
AS (address strobe) F 6 34 Input, active low; addresses, CS and INTACK
sampled while AS low
INTACK G 7 33 Input, active low; acknowledges an interrupt;
(interrupt acknowledge) latched on the rising edge of AS
IEO (interrupt H 8 32 Output, active high; sends interrupt enable to
enable out) lower priority device IEI pin
IEI (interrupt I 9 31 Input, active high; receives interrupt enable
enable in) from higher-priority-device IEO signal
INT (interrupt) J 10 30 Output, open drain, active low; signals FIO in-

terrupt request to CPU
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ADy-AD~
(address/data)

REQ/WAIT
(request/wait)

DMASTB (direct
memory access
strobe)

DS (data strobe)

R/W (read/write)

CS (chip select)

AS (address strobe)

A (address bit 0)

A, (address bit 1)

A, (address bit 2)

Ag (address Bit 3)

DO—D7 (data)
REQ/WT (request/wait)

DACK (DMA
acknowledge)

RD (read)

DO_D7

Do-D7

11-18

10

11-18
1

Z-Bus High-Byte Mode
29-22

39

38

37

36

35

34

33

32

31

30

Non-Z-Bus Mode
29-22

39

38

37

Multiplexed bidirectional address/data lines,
Z-Bus compatible

Output, active low, REQUEST (ready) line for
DMA transfer; WAIT line (open-drain) out-
put for synchronized CPU and FIO data
transfers

Input, active low; strobes DMA data to and
from the FIFO buffer

Input, active low; provides timing for transfer
of data to or from FIO

Input active high; signals CPU read from FIO;
active low signals CPU write to FIO

Input, active low; enables FIO; latched on the
rising edge of AS

Input, active low; addresses CS and INTACK
are sampled while AS is low

Input, active high; with A;, Ag, and Ag, ad-
dresses FIO internal registers

Input, active high; with Ay, Ag, and Ag, ad-
dresses FIO internal registers

Input, active high; with Ay, Aq, and Ag, ad-
dresses FIO internal registers

Input, active high; with Ay, Ay, and A, ad-
dresses FIO internal registers

Bidirectional data bus

Output, active low, REQUEST (ready) line for
DMA transfer; WAIT line (open-drain) out-
put for synchronized CPU and FIO data
transfer

Input, active low; DMA acknowledge

Input, active low; signals CPU read from FIO
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TABLE 124 78038 FIO PIN FUNCTIONS Continued

Pin
Pin signals names Pin numbers Mode Signal description
Non-Z-Bus Mode Continued
WR (write) D 4 36 Input, active low; signals CPU write to FIO
CE (chip select) E 5 35 Input, active low; used to select FIO
C/D (control/data) F 6 34 Input, active high; identifies control byte on
Dg-D7; active low identifies data byte on
Do-D7
INTACK (interrupt G 7 33 Input, active low; acknowledges an interrupt
acknowledge)
IEO (interrupt H 8 32 Output, active high; sends interrupt enable to
enable out) lower priority device IEI pin
IEI (interrupt I 9 31 Input, active high; receives interrupt enable
enable in) from higher-priority-device IEO signal
INT (interrupt) J 10 30 Output, open drain, active low; signals FIO in-
terrupt to CPU
Port 2—I/0 Port Mode
Do-D5 (data) Do-D4 29-22 Two-wire HS? Bidirectional data bus
Three-wire HS
RFD/DAV (ready for A 39 Two-wire HS Output, RFD active high; signals peripherals
data/data available) Three-wire HS that FIO is ready to receive data; DAV ac-
tive low signals that FIO is ready to send
data to peripherals
ACKIN (acknowledge B 38 Two-wire HS Input, active low; signals FIO that output data
input) are received by peripherals or that input
data is valid
DAV/DAC (data B 38 Three-wire HS Input: DAV (active low) signals that data are
available/data valid on bus; DAC (active high) signals that
accepted) output data are accepted by peripherals
FULL C 37 Two-wire HS Output, open drain, active high; signals that
FIO buffer is full
DAC/RFD (data C 37 Three-wire HS Direction controlled by internal programming;

accepted/ready for
data)

both active high: DAC (an output) signals
that FIO has received data from peripheral;
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RFD (an input) signals that the listeners are
ready for data

EMPTY 36 Two-wire HS Output, open drain, active high; signals that
Three-wire HS FIFO buffer is empty
CLEAR 35 Two-wire HS Programmable input or output, active low;
Three-wire HS clears all data from FIFO buffer
DATA DIR 34 Two-wire HS Programmable input or output: active high sig-
(data direction) Three-wire HS nals data input to Port 2; low signals data
output from Port 2
INg 33 Two-wire HS Input line to Dy of control register 3
Three-wire HS
ouT, 32 Two-wire HS Output line from D; of control register 3
Three-wire HS
OE (output enable) 31 Two-wire HS Input, active low; when low, enables bus
Three-wire HS drivers; when high, floats bus drivers at high
impedance
OUT3 30 Two-wire HS Output line from D3 of control register 3
Three-wire HS
%HS, handshake.
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REQ
ACTIVE o g @
A [
INACTIVE ‘ -« P NUMBER OF BYTES IN FIFO
EMPTY FULL
NUMBER IN BYTE COUNT COMPARISON REGISTER
NOTES:

1. FIFO empty.

[N YR N

. REQUEST enabled, FIO requests DMA transfer.

. DMA transfers data into the FIO.

. FIFO full, REQUEST inactive.

. The FIFO empties from the opposite port until the number

of bytes in the FIFO buffer is the same as the number pro-
grammed in the Byte Count Comparison register.

Z8000 Family Devices Chap. 12

Figure 12,18 DMA-controlled
writes to a FIO.

the output side of the FIO, the REQ pin is inactive until the number of bytes
in the FIFO buffer equals the value in the Byte Count Comparison register.
REQ then goes active and stays active until the buffer is empty (Fig. 12.19).
A WAIT signal can be programmed to synchronize CPU-controlled block
transfers.
Special control signals can be used to clear the FIFO buffer or change
the direction of data flow in the buffer. The clear and data direction functions
are controlled by the port 1 side as a default, but control of these functions
can be passed to the port 2 side if desired. For CPU-to-CPU interfaces, if the
controlling CPU changes the direction of the buffer, the other CPU is notified
via an interrupt.

ACTIVE - -

©, ®
b
EMPTY FULL

INACTIVE

NUMBER IN BYTE COUNT COMPARISON REGISTER

NOTES:
1. FIFO empty.
2. CPU/DMA fills FIFO buffer from the opposite port.
3. Number of bytes in FIFO buffer is the same as the number
of bytes programmed in the Byte Count Comparison register.
4. REQUEST goes active.
5. DMA transfers data out of FIFO until it is empty.

Figure 12.19 DMA-controlled
reads from an FIO,
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Each side of the FIO has seven sources of interrupt. They are, in pri-
ority order, the mailbox register, change in data direction, pattern match,
status match (number of bytes in the FIFO buffer equals the value in the
Byte Count Comparison register), overflow/underflow error, buffer full, and
buffer empty. Each interrupt source has its own IE, IP, and IUS bits for con-
trolling that interrupt. Each side of the FIO has one interrupt vector; that
vector can include encoded status information identifying the interrupt
source.

Each side of the FIO has 16 addressable read/write registers. One of
these, Control Register 2, is not used on the port 2 side. The RJA bit in
Control Register 0 determines how the registers are addressed. When RJA = 0,
address bus bits AD1-AD4 are used for register addressing; when RJA =1,
address bus bits ADO-AD3 are used. Figure 12.20 shows all the FIO registers.

Control Register 2*

Address: 0000
(Read/Write)

ID7'DB D; D, D3 D, Dy Dg

L 1 = RESET
1 = RT. JUST. ADDRESS (RJA)

(B4) (BDD

=3

1 NON-Z-BUS CPU

wonon

0
10

1 1 = INTERLOCKED HS

1 = VECTOR INCLUDES STATUS (VIS)

1 = NO VECTOR ON INTERRUPT (NV)

1 = DISABLE LOWER DAISY CHAIN (DLC)
1 = INTERRUPTS ENABLED (MIE)

“READ ONLY FROM
PORT 2 SIDE

Control Register 1
Address: 0001
(Read/Write)

DD, D, 031D, [D,]

NOT USED (MUST BE PROGRAMMED 0)
“READ-ONLY BITS

Address: 1001
(Read/Write)

ZBus oy PROGRAMS
3-WIRE HS 110 PORT 2 MODE

BODDBRR

1=PORT 2 SIDE ENABLED

1=PORT 2 SIDE ENABLE HANDSHAKE
BITS 2-7 NOT USED

MUST BE PROGRAMMED 0

*THIS REGISTER READS ALL

0’S FROM PORT 2 SIDE

Control Register 3
Address: 1010
(Read/Write)

[0 [oe [os Jou s [0, Tos T )

7
1 = REQUEST/WAIT ENABLED
o = WAIT
1 = REQUEST
1 = START DMA ON BYTE COUNT
1 = STOP DMA ON PATTERN MATCH
1 = MESSAGE MAILBOX REGISTER UNDER SERVICE*
————— 1 = MESSAGE MAILBOX REGISTER FULL*
1 = FREEZE STATUS REGISTER COUNT

l L PORT 2 SIDE-INPUT LINE" (PIN 33)**
PORT 2 SIDE-OUTPUT LINE (PIN 32)**

NOT USED (MUST BE PROGRAMMED 0)
PORT 2 SIDE-OUTPUT LINE (PN 30)**

DATA DIRECTION BIT
1=INPUT TO CPI
0=0UTPUT FROM CPy
0=PORT 1 SIDE CONTROLS DATA DIRECTION
1=PORT 2 SIDE CONTROLS
0=CLEAR FIFO BUFFER

0=PORT 1 SIDE CONTROLS CLEAR
1=PORT 2 SIDE CONTROLS

*READ-ONLY BITS
**ONLY WHEN PORT 2 IS AN /O PORT

Control Registers

Figure 12,20 Z8038 FIO registers.
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Interrupt Status Register 0

Addres
(Read/

s: 0010
Write)

[piosTos o,
16, 0s

A

j D, D,

0,0, [0, [0,

T woruse

(MUST BE PROGRAMMED 0)

———————————— MESSAGE INTERRUPT PENDING (iP)

MESSAGE INTERRUPT ENABLE (IE)

~lalo|ofa|=]|o|e
sjoj=lolalojalo

alala|lslo|efe|e

MESSAGE INTERRUPT UNDER SERVICE (1US)

1US, IE, AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND:

NULL CODE
CLEAR IP & lUS
SET IUS
CLEAR IUS
SET IP

CLEAR IP

SET IE

CLEAR IE

Interrupt Status Register 1

DATA DIRECTION CHANGE INTERRUPT
UNDER SERVICE (IUS)

DATA DIRECTION CHANGE INTERRUPT
ENABLE (IE)

DATA DIRECTION CHANGE INTERRUPT
PENDING (IP)

IUS, IE, AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND:

NULL CODE
CLEAR IP & IUS
SET tUS
CLEAR IUS
SET P

CLEAR IP

SET tE

CLEAR IE

FIFO BUFFER EXPANSION

Address: 0011
(Read/Write)

- -
[0 D5 D, "Dy D3 D, D, D]

I [

1 = PATTERN MATCH FLAG*
PATTERN MATCH INTERRUPT PENDING (iP)
PATTERN MATCH INTERRUPT ENABLED (IE)

PATTERN MATCH INTERRUPT
UNDER SERVICE (1US)

NOT USED
(MUST BE PROGRAMMED 0}

1US, IE, AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND:

NULL CODE
CLEAR IP & IUS
SET IUS

CLEAR tUS
SET IP

CLEAR IP

SET IE

CLEAR IE

alafafwjo]o]olo

slolajola|ofale

2|l=lo|lo|=|=lolo

~lalalafolole]o
alajo|lol<|=<|e]o

wlo|=|lola]lofa]ol

*READ-ONLY BITS

Figure 12.20 Continued

Chap. 12

Both the depth and width of FIFO buffers in a system can be expanded easily
with the Z8038 FIO and an auxiliary part, the Z8060 FIFO. The Z8060 FIFO
is a 128 X 8 FIFO buffer with a two-wire interlocked handshake interface on
both sides of the buffer (Fig. 12.21).
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Interrupt Status Register 2
Address: 0100
(Read/Write)

107506105I04;D3 D"ZD‘JD"I
BYTE COUNT COMPARE INTERRUPT | L unoererow ennors
UNDER SERVICE (US) ! ERROR INTERRUPT PENDING (ID)
1

1
BYTE COUNT COMPARE INTERRUPT ERROR INTERRUPT ENABLED (IE)
ENABLE(E) ' !
1

1 1
BYTE COUNT COMPARE INTERRUPT ! T ERROR INTERRUPT UNDER SERVICE (IUS)
PENDING (IP) OVERFLOW ERROR"

1US, IE, AND P ARE WRITTEN USING | l IUS, IE, AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND: THE FOLLOWING COMMAND:
NULLCODE {0010 0]0 ] 0} NULL CODE
CLEARIP&IUS |0 |0 |1 010 |1} CLEARIP & IUS
SETIUS [0 |1 }]0 0j1]0]|SETIUS
CLEARIUS [O [ 1 |1 011 [CLEARIUS
SETIP 1 1]0 )0 11010 [SETIP
CLEARIP [ 10 |1 1]0]1 | CLEARIP
SETIE[1]|1]0 11110 ] SETIE
CLEARIE { 1[1[|1 1]1]1]CLEARIE

*READ-ONLY BITS

Interrupt Status Register 3
Address: 0101
(Read/Write)

D, D.D5 Dy Dy D, Dy Dy
L i L I |

| |— BUFFER EMPTY*
EMPTY INTERRUPT PENDING (IP)
EMPTY INTERRUPT ENABLE (IE)

EMPTY INTERRUPT UNDER SERVICE (IUS)
BUFFER FULL*

FULL INTERRUPT UNDER SERVICE (IUS)
FULL INTERRUPT ENABLE (IE)
FULL INTERRUPT PENDING (IP)

IUS, IE, AND |P ARE WRITTEN USING
THE FOLLOWING COMMAND:

IL_

1
1
NULL CODE [0 |0 |0 | | 1US, IE, AND IP ARE WRITTEN USING
CLEARIP&WUS [0 |0 |1 THE FOLLOWING COMMAND:
SETws [0]1]o0 ofo]o]NuLL cooe
CLEARIUS [0 1 [ 1 0o |1]|CLEARIP & IUS
seTiP[1 o]0 of[11o0]serws
cLear P [1]o |1 of1]1]cLEARIUS
SETIE{1[1]0 1lo]o]serie
CLEARIE | 1| 1] 1]0] 1] cLear P
1[1]o0]|serie
1]1]1] CLEARIE

*READ-ONLY BITS

Interrupt Status Registers

Figure 12.20 Continued

The buffer depthis expanded by cascading Z8038 FIOs and Z8060 FIFOs.
Communication between these devices is via the two-wire interlocked hand-
shake. For example, Fig. 12.22 illustrates a 512-byte CPU-to-CPU FIFO buf-
fer interface consisting of two Z8038’s and two Z8060’s.



Byte Count Register
Address: 0111
(Read Only)

e ]
NN

REFLECTS NUMBER OF BYTES IN BUFFER

Pattern Match Register
Address: 1101

(Read/Write)
Gl lseo]e]
Lttt

STORES BYTE COMPARED WITH
BYTE I* DATA BUFFER REGISTER

Data Buffer Register
Address: 1111
(Read/Write)

[or [0 ]2s [2. s [or [o: oo |
LIl

CONTAINS THE BYTE TRANSFERRED
TO OR FROM FIFO BUFFER RAM

Message Out Register
Address: 1011
(Read/Write)

BB
LIl LL]

STORES MESSAGE SENT TO MESSAGE
IN REGISTER ON OPPOSITE PORT OF FIO
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Interrupt Vector Register
Address: 0110
(Read/Write)

BODRBDHD]

111 1

NO INTERRUPTS PENDING
BUFFER EMPTY

BUFFER FULL
OVER/UNDERFLOW ERROR
BYTE COUNT MATCH
PATTERN MATCH

DATA DIRECTION CHANGE
MAILBOX MESSAGE

VECTOR STATUS

alalslalelolole
alalolal=|a|o|e
wlol=x|o|=|o|a]e

Pattern Mask Register
Address: 1110
(Read/Write)

BRI

[Pl

IF SET, BITS 0-7 MASK BITS 0.7
IN PATTERN MATCH REGISTER.
MATCH OCCURS WHEN ALL
NON-MASKED BITS AGREE.

Byte Count Comparison Register
Address: 1000
(Read/Write)

BB
NN

CONTAINS VALUE COMPARED TO BYTE COUNT
REGISTER TO ISSUE INTERRUPTS ON MATCH
{BIT 7 ALWAYS 0:)

Message In Register
Address: 1100
(Read Only)

Jo: s [0s [0 T0s [0, [ Dy [ s |
Tt dd

STORES MESSAGE RECEIVED FROM MESSAGE
OUT REGISTER ON OPPOSITE PORT OF CPU

Figure 12.20 Continued
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— ——
|
~-—»{ D Dy fet—am H
7 l 4 RFD/DAV, 1 | 28[ ] 5V
~—>|Ds | Ds [e—» ACKIN | RFD/DAV,
-ln; L, | g Ds e A E 2 | 27} (]
|
DATA | <D, | o, [+ | paTa FutL L {3 | 28[] AckiNg
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1D, | D, |+ D, E 6 | 23 :] QEg
=Dy | Do [+ D 7 | 2 ]9
o __ ) 78060
—| ACKIN ACKIN je— D, 8 FFO [0y
J— — 1
CONTROL ~——] RFD/IDAV | RFD/DAV | CONTROL D D,
OUTPUT | OUTPUT = ¢ l 2] %s
T T|ENABLE | ENABLES T oo | 1900
—| aBIN D [ 11 | 18] ] P
COMMON | <—bf ruL o 2 | [T 0w
CONTROL )} ]l empry O0n [] | D
oA 13 16 ] Dig
—] CLEAR |
anp []1a | 15[ ] P

ot

+5V GND

Figure 12.21 Z8060 FIFO pin assignments.

Buffer width is expanded using multiple Z8038 FIOs, as in Fig. 12.23.
Two Z8038’s are connected to a 16-bit microprocessor bus to implement a
16-bit wide FIFO buffer. If a CPU-to-peripheral word buffer is desired, some
external logic will be necessary to synchronize the handshake signals from both
78038’s.

Z8030 SCC

The Z8030 Serial Communications Controller (SCC) is a dual-channel pro-
grammable data communications device that supports a wide variety of serial
communication protocols. The SCC controls two independent full-duplex
serial channels (called channel A and channel B) with data transfer rates up

PORT PORT PORT PORT
28060

FIFO

i

ACKIN
RFDIDAV

RFDIDAV ACKIN [l — — RFDIDAV
RF

ACKIN

TO 2-BUS
OR GENERAL

TO Z-BUS
5 OR GENERAL

PORT PORT PORT PORT
(N K P e (o2
28060 -
5

Z8038 Z8038

FlOo

MICROPROCESSOR

) (e

BUS BUS

CONTROL CONTROL
FIO CONTROL 4

K IN/OUT CONTROL 4 >

INTERRUPT INTERRUPT

Figure 12.22 512-byte buffer using Z8038’s and Z8060’s.
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cc

]

M1 MO
ADB-15 AD8-15
8038
FIO
(B0=0)
(B1=0)
AD1-4 AD1-4
(5 ¢
FROM FROM
CHIP CHIP
SELECT SELECT
LOGIC LOGIC
—_— "
cs cs
AD0-15 _
8038 ADO-15
FIO
ADO-7 (80-0) ADO-7
(B1=0)
M1 MO

!

Figure 12.23 16-bit-wide buffer between two Z-Bus processors using
Z8038’s.

to 1 megabit/second. Each channel has its own crystal oscillator, baud rate
generator, and digital phase-lockeddoop circuitry for clock generation and re-
covery. Asynchronous, byte-oriented synchronous, and bit-oriented synchro-
nous protocols are supported. Facilities are included for data integrity check-
ing and modem controls. Thus the SCC is suitable for virtually any serial
data communications application. The SCC is a 40-pin device that requires a
single +5-V power supply and draws a maximum of 250 mA (Fig. 12.24 and
12.25).

When used for asynchronous communications, the SCC can be program-
med for anywhere from 5 to 8 data bits per character (plus, optionally, a par-
ity bit). The transmitter can supply one, one-and-a-half, or two stop bits per
character and can provide a break output at any time. Automatic odd- or even-
parity generation and checking can be specified. Framing and overrun errors
are automatically detected. The transmit and receive clocks need not be
symmetric, and data rates of 1, 75 , 35, or g5 of the clock rate are allowed.

For synchronous communications, both byte-oriented and bit-oriented
protocols are supported. Cyclic Redundancy Codes (CRC) are used for error
detection to assure data integrity. Both the CRC-16 (x'¢ + x'5 +x* + 1)
and CRC-CCITT (x'¢ + x!2 + x% + 1) error-checking polynomials are sup-
ported. The CRC generator (for transmit operations) and CRC checker (for
receive operations) may be preset to all 1’s or all 0’s.
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«—| AD; TXDA }— | SERIAL AD 1 40 L] AD
a—»] ADg RxDA J«—— | DATA ADI O 39 AD0
2
<«—»| AD; TRxCA <—>}cmmuz|. A[,3 3 38 :|AD2
5 4
<] AD, RTxCA |«— | CLOCKS
ADDRESS/ AD 4 37 [ Ap
DATA BUS | «—»| AD; SYNCA Jw— CH-A m; 5 ] <
<] AD; WIREQA |—= | CHANNEL o [ o =
| AD, DTRIREGA |—» | CONTROLS =H e
o e FOR MODEM, e 7 34 ] ri
<] a0 — | omA, OR iNTACK [ & s3] csg
TIMBI::(s; f—=]7° CTSA |=— | OTHER +5v o sz ] Cso
_ _ il
anp ReseT | —| BS_ DCDA J—o WREGA [ 10 28030 3 M gnp
Y Tx0B ———»} SERIAL sWeA 11 T 3| wreos
coNTRoL | —=]| cs RxDB f«— | DATA ATxcA [ 12 29 ['] synce
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Figure 12.24 Z8030 SCC pin assignments.

Byte-oriented protocols, such as Monosync and Bisync, can have charac-
ter synchronization with a 6-bit, 8-bit, 12-bit, or 16-bit synchronization pat-
tern or an external synchronization signal. Leading synchronization characters
are automatically deleted from the data stream without interrupting the CPU.

Bit-oriented protocols, such as SDLC and HDLC, are supported by fea-
tures including automatic flag sending, automatic zero insertion and deletion,
and abort sequence generation and checking. At the end of a message, the
SCC automatically transmits the CRC code and trailing flags when the trans-
mitter underruns. Address field recognition also is provided; the receiver can
be programmed to respond for frames addresses by a byte, or 4 bits within a
byte, or a user-selected address, or a global broadcast address. The number of
address bytes can be extended under software control. At the end of a trans-
mission, the status of the received frame is available in a status register. SDLC
loop mode operations also are supported by the SCC; the SCC can perform
the functions of a controller or secondary station in an SDLC loop.

The SCC has two special modes useful for system debugging called Auto
Echo and Local Loopback. In Auto Echo mode, received data are automati-
cally routed to the transmit data line; thus the SCC continuously transmits
what it receives. In Local Loopback mode, transmitted data are automatically
routed to the receive data line; thus the SCC reads the data it is transmitting.

Data may be encoded in any of four ways using the SCC: FMO (biphase
space), FM1 (biphase mark), NRZ, or NRZI encoding (see Fig. 12.26). For
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Figure 12.26 Data encoding in the SCC.

FMO and FM1 encoding, a transition occurs at the beginning of every bit cell.
In FMO encoding, a O is represented by another transition at the center of
the cell and a 1 is represented by no additional transfers in the cell. FM1 en-
coding is the inverse; a 1 is represented by another transition at the center of
the cell and a 0 is represented by no further transitions in the cell. For NRZ
encoding, a 1 is represented by a high level and a O by alow level. In NRZI en-
coding, a 1 is represented by no change in level and a 0 by a change in level.
In addition, the SCC can decode Manchester (biphase level) encoded data.
Manchester data encoding always produces a transition in the center of the
cell, If the transition is from 0 to 1, the bit is a 0, if the transition is from 1
to 0, the bitisa 1.

Each channel has its own baud rate generator consisting of a 16-bit pro-
grammable down counter. The output of the baud rate generator can be used
as a transmit clock, receive clock, or the input to the phase-locked-loop circuit.
The digital phase-locked-loop circuitry can be used to recover clock informa-
tion from NRZI, FMO, or FM1 encoded data. This clock can then be used as
a transmit or receive clock.

Each SCC channel has three sources of interrupts: receive interrupts,
transmit interrupts, and external/status condition interrupts (in that priority
order). Channel A interrupts have priority over channel B interrupts. Each
interrupt has its own IP, IUS, and IE control bits. One interrupt vector is pro-
vided; that vector can be encoded with status information to identify the
interrupt source. A receiver can interrupt the CPU in three ways: interrupt
on the first received character or special receive conditions, interrupt on all
received characters or special receive conditions, or interrupt only on special
receive conditions. The special receive conditions include overrun, parity,
and framing errors and the end-of-frame condition (SDLC mode). The trans-
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mit interrupt is activated when the transmit buffer becomes empty. External/
status interrupts are caused by active levels on the CTS, DCD, or SYNC pins,
transmit underruns, a break condition (asynchronous modes), an abort se-
quence (SDLC mode), an end-of-poll sequence (SDLC loop mode), or a zero
count in the baud rate generator. Support is provided for DMA or CPU-con-
trolled high-speed data transfers.

Receive data are routed through a 3-byte FIFO buffer, providing ad-
ditional time for the CPU to service a receive interrupt. For each character
received, status information indicating if an error was detected while receiv-
ing that character is available; this status information is stored in its own 3-
byte FIFO. The transmit buffer is 20 bits long.

The SCC contains 14 write registers and nine read registers per channel.
Two other write registers are shared by both channels. The register configu-
rations are given in Fig. 12.27.

28065 BEP

The Z8065 Burst Error Processor (BEP) provides error correction and de-
tection for applications involving high-speed data transfers, such as high-per-
formance disk systems. The BEP can detect errors in data streams up to 585K
bits long and at data rates up to 20 megabits/second. The pin assignments for
the BEP are given in Fig. 12.28.

The BEP uses any one of four different cyclic redundancy codes, called
Fire codes, to detect and locate errors (Table 12.5). Three different operations
can be performed: writing data, reading data, and correcting data. During
writes, the BEP computes a check word by dividing the data stream by the
selected polynomial; the remainder is a check code that is appended to the
data stream. When reading, the stream of data and check bytes is divided by
the polynomial to get a syndrome. If the syndrome is not 0, an error is de-
tected. Two read modes are provided, normal and high speed; the read mode
determines the correction methodology if an error is found. For all but the
48-bit polynomial, an error in the data stream can be located using one of two
methods, the “full-period clock around’ method (normal reads) or the ‘Chi-
nese remainder theorem’ method (high-speed reads). The ‘“reciprocal poly-

TABLE 12,5 POLYNOMIALS SUPPORTED BY THE Z8065 BEP

Number of Maximum data Correctable burst
Polynomial check bits length (bits) error length
56-bit 56 585,442 11
32-bit 32 42,987 11
35-bit 35 94,185 12

48-bit 48 13 X (235 -1) 7




Write Register 0

Addresses: 10000 Part A

[DI|061D5|D4IDQ|DZIDIW 00000 Part B
0 g NULL CODE
0 | 1 | NULL CODE
1 (0 | SELECT SHIFT LEFT MODE*
1 | 1 | SELECT SHIFT RIGHT MODE*
0
0010 NULL CODE
00 ) 1| NULLCODE
0|10 | RESET EXT/STATUS INTERRUPTS
0111 | SEND ABORT
110 /0 | ENABLE,/NT ON NEXT Rx CHARACTER
110 | 1| RESET Tx INT PENDING
1|10 | ERROR RESET
1§11 RESET HIGHEST IUS
0} 0 | NULL CODE
0 [ 1 [ RESET Rx CRC CHECKER
1] 0 | RESET Tx CRC GENERATOR
1] 1 | RESET Tx UNDERRUN/EOM LATCH

" B CHANNEL ONLY

Write Register 1
[0 [0s [0, D [0o]

L EXT INT ENABLE
Tx INT ENABLE

PARITY IS SPECIAL CONDITION

Addrasses: 10001 Part A

00001 Part B

Rx INT DISABLE

Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION
INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION
Rx INT ON SPECIAL CONDITION ONLY

alalofle
sjeofalo

WAIT/DMA REQUEST ON RECEIVE/TRANSM

*———————————— WAIT/DMA REQUEST FUNCTION
{_———‘ WAIT/DMA REQUEST ENABLE

Write Register 2
[o7[ D6 ps [4 f03 [0, [0 [0 |

10010 Part A
00010 Part B

Addrasses:

INTERRUPT VECTOR

Write Register 6

BRI

-

SYNG7 SYNCs  SYNC4  SYNCy
SYNC, svnco SYNCs  SYNC4  SYNC3
SYNC;  SYNCg  SYNCs  SYNCq  SYNCy
SYNC;  SYNC;  SYNC,  SYNGp 1
ADRy ADRg ADRg ADR4 ADR3
ADRy ADRg ADRg ADR4 X

SYNC2

SYNC2

SYNC2
1

ADR:
x

Write Register 3
e

L Rx ENABLE
SYNC CHARACTER LOAD INHIBIT

ADDRESS SEARCH MODE (SDLC)
Rx CRC ENABLE

ENTER HUNT MODE

AUTO ENABLES

Addresses: 10011 Part A

00011 Part B

EBIIIE

Rx 5 BITS/ICHARACTER
Rx 7 BITS/ICHARACTER
Rx 6 BITS/ICHARACTER
Rx 8 BITS/ICHARACTER

alalo]o
“lolslo

Write Register 4

D; | Dg | Ds Dy

Addresses: 10100 Part £

00100 Part B

D,

. [ Do
l— PARITY ENABLE
PARITY EVEN/ODD
SYNG MODES ENABLE
1 STOP BITICHARACTER

1% STOP BITS/ICHARACTER
2 STOP BITS/CHARACTER

aflalole
alel-]o

8 BIT SYNC CHARACTER

16 BIT SYNC CHARACTER
SDLC MODE (01111110 FLAG)
EXTERNAL SYNC MODE

al=]o|e
~|lof-{o

X1 CLOCK MODE
X16 CLOCK MODE
X32 CLOCK MODE
X84 CLOCK MODE

N )
slolale

Write Register 5
[o: 04 [o: [04]0: [0, [0, [5o]

|—L Tx CRC ENABLE

RTS
SDLCICRC-18
Tx ENABLE
SEND BREAK

Addresses: 10101 Part A

00101 Part B

0 [0 ] Tx5 BITS (OR LESS)/CHARACTER
0 1| Tx7 BITSICHARACTER
110 | Tx6BITSICHARACTER
1] 1| Tx8 BITS/ICHARACTER
DTR
Addresses: 10110 Part A
00111 Part 8
SYNCy SYNC;  MONOSYNC, 8 BITS
SYNC, SYNCo  MONOSYNC, 6 BITS
SYNC, SYNCy  BISYNC, 16 BITS
1 1 BISYNC, 12 BITS
ADR4 ADRg LC
x x SDLC (ADDRESS RANGE)

Figure 12.27 Z8030 SCC registers.
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Write Register 7 Addresses: 10111 Part A

00111 Part B
DIADIADICIA
SYNC7 SYNCe SYNCs SYNCa SYNC, SYNC2 SYNC1 SYNCg; MONOSYNC, 8 BITS
SYNCs. SYNC, SYNC3 SYNC2 SYNCy SYNCp 3 x MONOSYNC, 6 BITS
SYNCys SYNC1a SYNCy3  SYNCyiz  SYNCyy SYNC1o SYNCo SYNCg  BISYNC, 16 BITS
SYNCq1 SYNCyo SYNCy SYNCs SYNC; SYNCs SYNCs SYNC4  BISYNC, 12 BITS
o 1 1 1 1 1 1 o soLC

Write Register 9 Addresses: 11001 Part A Write Register 12 Addresses: 11100 Part A

T 01001 Part B
Og D, D,.D; D, Dy O, " [0, 5 [0s | D, |0 01100 Part B

L[: vis |~L TCo
NV TCH
bLC TC2
MiE TCa \ LowER BYTE OF
STATUS HIGHISTATUS LOW Tca { TIME CONSTANT
0 TCs
TCs
[0 Jo] noReser o
[0 | 1] cHaNNEL ReseT B
[ 1] o] cHaNNEL RESET A
| 1 | 1] Force HaRDwaARE RESET Write Register 13 Addresses: 11101 Part A

mmmmmmm 01101 Part B

TCe
TCe
TC1o

Ten f UPPER BYTE OF

Write Register 10

\—‘— 6 BIT/8 BIT SYNC

LOOP MODE
ABORT/FLAG ON UNDERRUN
MARK/FLAG IDLE
GO ACTIVE ON POLL

[0 o] nez
(o[ ] naz Write Register 14

[ 110 | Fm1(TRansiTION = 1) Addressos: 11110 Part A
[ 1]1] Fmo rRansiTiON = o) [0, D [0 D, | 01 ]y 01110 Part B

CRC PRESET 10

Addresses: 11010 Part A
01010 Part B

TC12 { TIME CONSTANT
TC13
TCu
TC1s

B

BR GENERATOR ENABLE
BR GENERATOR SOURCE
DTR/REQUEST FUNCTION

Write Register 11

Addresses: 11011 Part A
01011 Part B

=

AUTO ECHO
LOCAL LOOPBACK
TRXC OUT = XTAL OUTRUT oJo]o] NuLL commano
TRXC OUT = TRANSMIT CLOCK o (o[ 1] enTer searcH MODE
TRxC OUT = BR GENERATOR OUTPUT o[ 1|0 Reser missiNG cLOCK
TRXC OUT = DPLL OUTPUT 0|11 | oisaBLE DPLL
TRAC Off 1]ofo] sersounce = R aeneRaToR
1[0} 1] seTsource = ATxe
[0 T o] tRansmiT cLocK = RTxC PIN T [1]0] seremmone
[o [ 1] transmiT cLock = Thxc PIN 1] 1] 1] sernmzimooE
TRANSMIT CLOCK = BR GENERATOR OUTPUT
[1 1] rransmiT cLock = oeLL outPuT
write Rogls'er 15 Addresses: 11111 Part A
i - 01111 Part B
0 [ 0 | RECEIVE cLOCK =-ATXC PIN 106 0s [0, 0, [o. [0, 0o |
o [ 1] Receive cLock = TRxE PIN L
1 | o | RecEIVE cLOCK = BR GENERATOR OUTPUT 0
111 ]Receve cLock = DPLL OUTPUT ZERO COUNT IE
— 0
RTxC XTAL/NO XTAL DCD IE
SYNCIHUNT IE
CTS IE
™ M IE

BREAK/ABORT IE

NOTE: WRITE/READ REGISTER 8 IS THE DATA REGISTER.

Figure 12.27 Continued
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n.ud negiater 0 Addresses: 10000 Part A

00000 Part B
[0: o 05 Jou Joa o o, Too "

L Rx CHARACTER AVAILABLE
ZERO COUNT
Tx BUFFER EMPTY

ocp

SYNCIHUNT

cTS

Tx UNL M
BREAK/ABORT

Read Register 1

l—- ALL SENT
RESIDUE CODE 2
RESIDUE CODE 1

RESIDUE CODE 0
PARITY ERROR

Rx O ERROR
CRC/FRAMING ERROR
END OF FRAME (SDLC)

Addresses: 10001 Part A
00001 Part B

Head negiSter 2 Addresses: 10010 Part A

00010 Part B
[: 04 ]os Jou Jos [0 o oo -

=

INTERRUPT VECTOR *

*MODIFIED IN B CHANNEL

Road BegiSter 3 Addresses: 10011 Part A

mmmmmm 00011 Part B

L CHANNEL B EXT/STAT Ip*
CHANNEL B Tx IP*
CHANNEL B Rx IP*

CHANNEL A EXT/STAT Ip*
CHANNEL A Tx IP*
CHANNEL A Rx IP*
o
o

“ALWAYS 0 IN B CHANNEL

Read Register 10
[0: [0 Tos [ou [os [0 [, o

Addresses: 11010 Part A
01010 Part B

0

ON LOOP

0

0

LooOP

0

TWO CLOCKS MISSING
ONE CLOCK

=

Read Register 12

Addresses: 11100 Part A
01100 Part B

LOWER BYTE OF
TCa TIME CONSTANT

Reqd RegiSter la Addresses: 11101 Part A

mmmmmmm 01101 Part B

TCs
TCs
TC1o
T\ yPPER BYTE OF
TCiz [ TIME CONSTANT
TC1a
TCa
TCis

I=

Read RegiSIOI 15 Addresses: 11111 Part A
-mmmmmmm 01111 Part B

o

ZERO COUNT IE

0

OCD IE

SYNC/HUNT IE

CTSIE

Tx oM E
ORT IE

=

NOTE: WRITE/READ REGISTER 8 IS THE DATA REGISTER.

Figure 12.27 Continued

nomial” error-correction method is used with the 48-bit Fire code. These
correction algorithms extract the error pattern in the data stream for external
correction.

The major sections of the BEP are illustrated in Fig. 12.29. Data are input
to the BEP one byte at a time and divided by the appropriate polynomial in
the Polynomial Divide Matrix. The Register Array contains 56 flip-flops used
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Figure 12.28 Z8065 BEP pin assignments.
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ERROR PATTERN DETECTOR

f———— ERROR PATTERN (EP)

PATTERN MATCH MONITORS

3 PATTERN MATCH (PM4-PM2)

CONTROL [
LOGIC

POLYNOMIAL
DIVIDE MATRIX

SELECTABLE POLYNOMIAL
DIVIDERS

|
P DATA OUT
| (@7-Qo)
ARRAY
| PATTERN (LP3-LPqo)
|

Figure 12.29 Z8065 BEP block diagram.
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for check bit computation and error pattern extraction. The Control Logic
contains the timing, gating, and reset circuitry for the device.

Z8068 DCP

The Z8068 Data Ciphering Processor (DCP) is a data encryption/decryption
device that conforms to the National Bureau of Standards Data Encryption
Standard (Federal Information Processing Standards Publication 46). Data
rates up to 1 megabyte/second can be obtained. The pin assignments for this
40-pin device are shown in Fig. 12.30.

The DCP provides three ciphering options: Electronic Code Book, Chain
Block Cipher, and Cipher Feedback. Electronic Code Book is a relatively
straightforward cipher used for disk systems and similar applications. Chain
Block Cipher encryption involves a feedback step wherein the ciphering of a
data block is dependent on the previous data block and is commonly used in
high-speed telecommunications applications. Cipher Feedback encryption
involves both a feedback path and a pseudo-random binary stream that is ex-
clusive-ORed to the text to be encrypted; it is used in low-speed byte-oriented
applications.

Three separate 8-bit ports can be used for the cypher key, clear data, and
encrypted data (Fig.12.31). The DCP can be used as an encrypting or decrypt-

— . N\
—» MCS MPo ft—— +5VE 1 20 ] GND
I Ty MP1 ft—n spo[] 2 39 []sPs
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Figure 12.30 Z8068 DCP pin assignments.
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Figure 12.31 Z8068 DCP block diagram.

ing device in a single-port configuration (the master port is used for both clear
and encrypted data) or a dual-port configuration (the master port is used for
clear data and the slave port for encrypted data, or vice versa). Input, output,
and ciphering of data are performed concurrently, thereby maximizing data
throughput. The input and output registers each hold 8 bytes and data are
encrypted or decrypted in 64-bit blocks.

28052 CRTC

The Z8052 CRT Controller (CRTC) is a general-purpose controller for raster-
scan CRT displays. The CRTC is a word peripheral with an on-board DMA
controller capable of addressing up to 64K bytes of the system’s memory.
The CRTC is a 48-pin device that operates from a single 5-V supply.
Designed to interface the Z8000 to a wide variety of CRT displays, the
78052 includes numerous advanced features such as vertical and horizontal
split-screen capability, multiple cursors, blinking cursors or characters with
programmable blink rates, character vertical shifting (subscripts and super-
scripts), variable number of scan lines per row, and variable row lengths. Fif-
teen character attributes are specified on a character-by-character basis; char-
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acters and their attributes are stored ina 132 X 22buffer. Simple line graphics
also can be implemented with the line attributes provided. The CRTC can be
operated in a slave mode that allows expansion of the character buffer using
multiple CRTCs.

28016 DTC

The Z8016 Direct Memory Access Transfer Controller (DTC) is a high-speed
dual-channel DMA controller that interfaces to the Z-Bus as both a bus re-
questor and a programmable peripheral device. Each of the DTC’s two chan-
nels can transfer data blocks between memory and a peripheral, two memory
areas, or two peripherals. Memory-to-memory transfer rates up to 2 mega-
bytes/second and memory-to-peripheral or peripheral-to-peripheral transfer
rates up to 1.3 megabytes/second are possible. The DTC is housed in a 48-pin
package and requires a single 5-V power supply (Fig. 12.32).

The segment number lines, address/data bus, and associated status and
control signals are bidirectional at the DTC. These signals are inputs to the
DTC when the CPU has control of the bus so that the DTC can be pro-
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apts[ |20 20 |sNo

SN6 [_j 21 28| Jsni

sNs[ 22 27| ] SN7/MMU SYNC
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sna[ ] 2 25 sn2 Figure 12.32 Z8016 DTC pin as-

signments.
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grammed via I/O commands from the CPU; these signals are outputs when the
DTC has control of the bus so that the DTC can control data transfers on the
bus. The BAI, BAO, and BUSRQ signals are used to interface the DTC to a
bus request daisy chain, as described in Chapter 7. IEI, IEO, and INT signals
are available for attaching to an interrupt daisy chain;interrupt acknowledges
are decoded internally from the STO-ST3 inputs. The DMA request signals
(DREQ1 and DREQZ2, one for each channel) are inputs that can be used to
initiate a DMA operation with an external signal. The DMA acknowledge sig-
nals (DACK1 and DACKZ2) indicate when a channel is performing a DMA op-
eration. The end-of-process (EOP) signal is a bidirectional line that the DTC
uses to signal the end of a DMA operation. An external device (such as the
MMU’s SUP signal) also can terminate a DMA operation by pulling the EOP
line low. The CS/WAIT pin is used as a chip select when the DTC does not
control the bus for sending commands to the DTC. When the DTC does con-
trol the bus, this pin is a WAIT input for controlling the timing of memory
and I/O accesses initiated by the DTC.

In a system containing Z8010 MMUs, the Z8016 DTC can be used in two
different manners. The DTC can be connected directly to the memory con-
trol logic and deal with physical memory addresses (Fig. 12.33) or the DTC
can be interfaced to memory through the MMUs and use logical memory ad-
dresses (Fig. 12.34). For logical addresses, the DTC uses the SNO-SN6 and
ADO0-AD15 lines for the 23-bit logical address; the MMU Sync signal is sent

CPU ) MMU

A MEMORY

DTC

Figure 12.33 System with the DTC
using physical memory addresses.

CPU

MMU MEMORY

Iy
|

DTC

Figure 12.34 System with the DTC
using logical memory addresses.
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to the MMU’s DMA Sync input to allow the MMU to differentiate between
CPU- and DTC-controlled memory accesses. For physical addresses, the ADO-
AD15 lines hold the 16 least significant bits and the SNO-SN7 lines hold the
8 most significant bits of the physical memory address.

DTC-controlled data transfers can be byte or word oriented. The DTC
can be programmed to perform byte/word funneling for transfers between
byte or word peripherals and/or memory. For transfers between a byte source
and a word destination, two bytes are read in consecutive accesses from the
source and sent as a word to the destination. For transfers between a word
source and a byte destination, the word is read from the source and sent to
the destination with two consecutive byte writes.

Pattern match capability is included in the Z8016, allowing search and
transfer-and-search operations. Search operations read data from the source
until a match to the specified pattern is found. Transfer-and-search operations
transfer data between a source and destination until the specified data pattern
is encountered.

The DTC provides for wait states during transactions with slow memories
or peripherals under both hardware and software control. In addition to the
hardware WAIT signal, the DTC can be programmed to automatically insert
zero, one, two, or four wait states when accessing a particular source or des-
tination device.

‘The Z8016 contains 20 status and control registers in each DMA chan-
nel. Three additional registers are used to control the overall operation of the
device. To minimize CPU overhead, the DTC can be programmed to load
many of its own registers from memory via DMA operations; the CPU only
has to load the memory address of the control parameter table and issue a
command to start this operation. This operation also can be performed at the
end of some other DMA process, allowing the DTC to automatically chain its
own operations without CPU intervention. Alternatively, the DTC can be
programmed to interrupt the CPU at the termination of a DMA operation.

26132 RAM

The Z6132 Quasi-Static Random-Access Memory is a Z-Bus-compatible 4K
X 8 dynamic RAM with on-board self-refresh capability. External refresh
circuitry is not needed; thus the Z6132 combines the convenience of a static
RAM with the density and low-power consumption of a dynamic RAM. The
RAM is packaged as a 28-pin device and is pin-compatible with 2716/2732-
type EPROMs (Fig. 12.35).

The Z6132 is organized as two separate blocks of memory with indepen-
dent row address buffers and decoders but common column address decoders
and data lines (Fig. 12.36). The row address decoders are addressed by either
the A1-A7 address lines or an internal 7-bit refresh counter. During memory
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Figure 12.35 Z6132 Quasi-Static RAM pin assignments.

accesses, address input AO selects one of the two blocks; meanwhile, the other
block is refreshed using the refresh counter.

The timing of Z6132 memory accesses is described briefly in Chapter 3.
A memory cycle starts on the rising edge of address clock (AC); this edge
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Figure 12.36 Z6132 RAM block diagram.
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latches the chip select (CS), write enable (WE), and AO signals. If the chip is
not selected (CS high), all other inputs are ignored for the remainder of the
cycle and both memory blocks in the chip are refreshed using the 7-bit refresh
counter. If the chip is selected (CS low), the AO-A11 inputs are latched in-
ternally, where AO determines the block addresses by A1-A11. If WE is high,
indicating a read cycle, a subsegent low level on the data strobe (DS) input
activates the DO-D7 data outputs after a specified delay from the rising edge
of AC or falling edge of DS, whichever comes later. Thus DS is used as an
output enable during read operations. If WE is low, indicating a write cycle,
the falling edge of DS loads the data on the DO-D7 inputs into the addressed
memory location (Figure 12.37).

Every dynamic memory cell in the Z6132 must be refreshed at least
every 2 ms. Each of the two memory blocks contains 16,384 cells and requires

N DATA OUT
TRI-STATED. ﬂ:——)—

Z6132 READ TIMING

o -
__/

26132 WRITE TIMING Figure 12.37 Z6132 timing.
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128 refresh cycles to completely refresh the block. Two user-selectable refresh
modes are provided, the long-cycle-time mode and the short-cycle-time mode.

The long-cycle-time mode is selected by pulling the BUSY pin low. In
this mode, every memory cycle is followed by a refresh operation on both
blocks of memory in the Z6132. There must be at least 128 address clock
(AC) signals in any 2-ms period. The long-cycle-time mode is most practical
in applications where the cycle time exceeds 700 ns.

The short-cycle-time refresh mode is selected by pulling the BUSY pin
high through a pull-up resistor. In this mode, the Z6132 performs a refresh
operation on the memory block that is not being accessed. If the chip is not
selected (CS high), both blocks are refreshed. If the chip is selected, only the
block that is not addressed by AO is refreshed; the refresh occurs simulta-
neously with the access of the other block. This scheme takes advantage of the
sequential nature of most memory addressing; normally, this odd/even refresh
scheme will provide 128 refresh operations to each block within 2 ms. Inthe
unlikely event of 17 consecutive all odd (A0 =1) or all even (A0 = 0) acces-
ses, the refresh operation will automatically request one long memory cycle
to append a refresh operation to the appropriate block. The BUSY line is
pulled low during this cycle; the BUSY pins from all the system’s Z6132’s
can be OR-tied together and fed into the CPU’s WAIT input. This is the re-
fresh method appropriate for most Z8000-based systems.

Thus the 26132 is well suited for microprocessor applications where its
byte-wide organization, self-refresh capability, and Z-Bus interface logic serve
to simplify design and reduce system’s parts count.
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Z-Bus Microcomputers

A single-chip microcomputer is an entire computer (CPU, memory, and I/O)
incorporated on a single integrated-circuit chip. The Z8 family of microcom-
puters are stand-alone single-chip microcomputers that can access memory
external to the chip via a Z-Bus interface. Thus the Z8 can be interfaced easily
to a Z8000 system in a distributed processing application. The Universal Pe-
ripheral Controller (UPC) is an intelligent peripheral controller for Z8000
systems based on the Z8 architecture. The Z8 and UPC architectures provide
powerful processing features, including fast execution times, efficient memory
usage, sophisticated interrupt structures, I/O and bit manipulation capabilities,
and powerful instruction set.

Z8 ARCHITECTURAL OVERVIEW

Figure 13.1 shows the pin-out of the Z8601, one member of the Z8 family of
single-chip microcomputers. The Z8601 has four 8-bit I/O ports (ports 0, 1,
2, and 3), address strobe (AS), data strobe (DS), and read /write (R /W signals
for interfacing to memory external to the Z8, and two pins (XTAL1 and
XTALZ2) for connecting a series-resonant crystal or single-phase clock (8 MHz
maximum) to an on-chip oscillator. The processor runs at one-half the speed
of the external crystal or clock (that is, 4-MHz maximum internal clock).

A block diagram of the Z8601 is given in Fig. 13.2. On-board memory
consists of 2K bytes of mask-programmable ROM and 144 byte registers,
including 124 general-purpose registers, 4 I/O port registers, and 16 status
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and control registers. The Z8 can be interfaced to up to 124K bytes of external
memory as a programmable option. Memory addresses are 16 bits long, regis-
ter addresses are 8 bits long, and data transfers are always 8-bit (byte) trans-
fers. The Z8’s programmable options can be configured for a particular ap-
plication by writing to the status/control registers. Port 1 can be used as a
byte-programmable I/O port or as an 8-bit multiplexed address/data bus to
external memory. Port O is a nibble-programmable I/O port or additional ad-
dress bits for interfacing to external memory. Port 2 is a bit-programmable
I/O port. Port 3 is always 4 bits of input and 4 bits of output; port 3 pins can
be used for several control functions, including handshake signals for the
other ports, interrupt request inputs, serial I/O lines, and external access to
the Z8’s counter/timers. An on-board full duplex UART (universal asynchro-
nous receiver/transmitter) provides serial I/O capability. Two programmable
counter/timers with several user-selectable modes also are provided.

Since the same port 0 and port 1 pins can be used as I/O ports or as an
interface to memory external to the Z8, a Z8 system can have several differ-
ent configurations. For an I/O intensive application with a relatively short
program, all four ports are used as I/O ports, thereby providing 32 bits of I/O
(Fig. 13.3). The program code resides in the 2K bytes of on-board ROM and
data resides in the general-purpose registers. If slightly more memory is
needed, port 1 can be configured as an 8-bit multiplexed address/data bus to
memory external to the Z8; thus 256 bytes of additional memory can be ac-
cessed (Fig. 13.4). Ports 0, 2, and 3 still are available for I/O in this configur-
ation. At the expense of using one bit of port 8 as a status line called data
memory select (DM), separate program and data memory areas can be defined
in external memory. Therefore, this configuration could have 256 bytes of
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program memory and 256 bytes of data memory external to the Z8. For a
more memory intensive application, the lower 4 bits of port 0 can provide 4
more bits of address to external memory; when combined with port 1, 12
address lines to external memory allow an interface to 4K bytes of program
memory and 4K bytes of data memory external to the Z8 (Fig. 13.5). Ports
2, 3, and one-half of port 0 are still available as I/O pins. In a very memory
intensive application, all of ports 0 and 1 can be used to access external mem-
ory. This results in 16-bit addresses to external memory, allowing 62K bytes
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of program memory and 62K bytes of data memory external to the Z8 (Fig.
13.6). (The first 2K of addresses, 0 to 7FF hexadecimal, are reserved for the
on-board ROM.) Thus the Z8 can handle a wide range of both memory-
intensive and I/O-intensive applications.

Z8 MEMORY SPACES

Three different memory address spaces are available in Z8 systems: program
memory, data memory, and the registers.

Program memory is memory that can be accessed during instruction
fetches. The Z8’s 16-bit program counter can address 64K bytes of program
memory. The first 2048 bytes of the Z8061’s program memory resides in
the mask-programmable ROM on the chip (Fig. 13.7). Up to 62K bytes of
external program memory can be added to a Z8601-based system provided
that ports 1 and 0 are configured to act as an address/data bus to external
memory.

The first 12 bytes of program memory are used to hold six 16-bit inter-
rupt vectors, where each vector corresponds to an interrupt source. When an
interrupt occurs, program control is passed to the service routine whose start-
ing address is stored in the appropriate vector location. Resetting the Z8
forces the program counter to location 12 (OC hexadecimal), the first pro-
gram memory location available for user’s code.

External program memory can be implemented in any combination of
ROM and RAM. Program memory can be used to hold data as well as program
code and is accessed by the Load Control (L.DC) instruction.
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Figure 13.7 Z8 program memory.

Data memory, on the other hand, can hold only data; instruction fetches
access only program memory. Data memory is always external to the Z8 chip
(Fig. 13.8); up to 62K bytes of data memory can be included in a system,
depending on the configuration of ports 1 and 0. Separate program and data
areas in external memory are implemented by programming bit 4 of port 3 to
be the data memory select (DM) signal. When the line is low, data memory
is being accessed ; when DM is high, program memory is being accessed. Thus
the DM signal can be used as part of the chip select logic to external memory
to segregate the program and data memory areas (Fig 13.9). The state of the
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2047
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Figure 13.8 Z8 data memory.
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DM signal when accessing a data operand during instruction execution de-
pends on the instruction being executed; the Load Control (LDC) instruction
accesses program memory and the Load External (LDE) instruction accesses
data memory. In other words, the instruction used determines which memory
space is being accessed.

The 144-byte register file includes 4 I/O port registers (R0O-R3), 16
status and control registers (R240-R255), and 124 general-purpose registers
(R4-R127), as illustrated in Fig. 13.10. I/O ports O to 3 are accessed by reads
and writes to registers O to 3, respectively. Thus there are no explicit I/O in-
structions in the Z8 instruction set; any instruction that acts on a register
also can act on an I/O port. The general-purpose registers can be used as ac-
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Figure 13.10 Z8 registers.
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cumulators, address pointers, or index registers. The status and control regis-
ters are used to configure the Z8’s programmable options and to hold status
information, such as the state of the ALU flags.

7.8 registers can be accessed directly or indirectly using 8-bit register ad-
dresses. However, one of the control registers (R253, the Register Pointer) al-
lows 4-bit register addresses, resulting in shorter and faster instructions. The
registers are divided into nine groups of 16 registers each (Fig. 13.11). The Reg-
ister Pointer holds the starting address of one of these nine groups; the 16
registers in the specified group are called ‘““working registers’’ and can be ac-
cessed with 4-bit register addresses.

Either the internal register file or external data memory can be used to
hold the Z8’s stack. An 8-bit stack pointer (R255) is used if the stack is in
the registers; a 16-bit stack pointer (R254 and R255) is used if the stack is in
data memory.

The Z8’s flags consist of carry, zero, sign, overflow, half-carry, and deci-
mal-adjust flags, just as in the Z8000. These flags are held in register R252.

PORTS

The Z8’s 32 I/O lines are configured as four 8-bit parallel I/O ports, called
ports 0, 1, 2, and 3. The ports also can be programmed to provide an inter-
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face to external memory, serial I/O, handshakes for parallel I/O, status sig-
nals, access to the counter/timers, or interrupt request inputs.

Port 1 can be configured as a byte I/O port or as a time-multiplexed
address/data bus to external memory. As an I/O port, port 1 canbeabyte of
input or a byte of output. Optionally, transfers with this port can be con-
trolled by a two-wire interlocked handshake; bits 3 and 4 of port 3 provide
the handshake signals. The port is accessed viareads and writes to register R1.

To interface to external memory, port 1 must be configured as an 8-bit
time-multiplexed address/data bus. The AS, DS, and R /W signals are used to
control data transfers on this bus. Port 1 and these control signals can be
placed in a high-impedance state to allow bus sharing in Z8 systems.

Port O can be used as a nibble-programmable I/O port or as additional
address lines for interfacing to external memory. When configured as an 1/O
port, the two nibbles of port 0 can be independently programmed as inputs
or outputs. Optionally, bits 2 and 5 of port 3 can provide an interlocked
handshake for port 0 I/O operations; the direction of the handshake is the di-
rection of port 0’s upper nibble.

For external memory interfacing, port 0 can provide four additional ad-
dress lines (lower nibble only) or eight address lines (both nibbles). If only
the lower nibble is required for memory addressing, the upper nibble still can
be used for I/O. The port O lines defined as address bits can be placed in the
high-impedance state along with the port 1 pins for bus-sharing applications.

The configuration of ports 0 and 1 is controlled by register R248, the
Port 0-1 Mode register (Fig. 13.12).

When external memory is included in a Z8 system, ports 1 and O are con-
figured to provide the desired number of address bits. The timing for external
memory accesses is the standard Z-Bus timing, as illustrated in Fig.13.13. The
clock shown is the external clock (8 MHz maximum); the processor runs at
one-half that speed. During T1, the address is emitted and AS is pulsed; the

R248 POIM
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(F8y; Write Only)

{2 1oe] 05 [04 [0y [0, ] D, [Ds |
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App-Ags = 1X 1X = Ag-Aqy
EXTERNAL MEMORY TIMING STACK SELECTION
NORMAL = 0 0 = EXTERNAL
EXTENDED = 1 1 = INTERNAL
P1,-P1; MODE
00 = BYTE OUTPUT
01 = BYTE INPUT
10 = AD,-AD,

11 = HIGH-IMPEDANCE ADo-AD7,
AS, DS, RIW, Ag-A11, A12-Ass
IF SELECTED

Figure 13.12 Port 0-1 mode register.
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address and R/W signal are guaranteed valid on the rising edge of AS. During
T2, the multiplexed portion of the bus (the port 1 pins) is cleared of the ad-
dress. For reads, DS is lowered in anticipation of receiving data from mem-
ory; for writes, the data are emitted before DS goes active. During T3, the
data are read into the CPU or the write is completed. The rising edge of DS
marks the end of the data transfer. For a 4-MHz system, the worst-case mem-
ory access time would be 320 ns. As an option, extended memory timing can
be selected by setting bit 5 of the Port 0-1 Mode register. With extended mem-
ory timing, one wait state is inserted between T2 and T3 of each external
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memory access, thereby increasing the access time by a full clock period of
the internal processor clock.

Port 2 is always a bit-programmable I/O port wherein each bit can be in-
dividually programmed as an input or output line using R246, the Port 2
Mode register (Fig. 13.14). Any pins defined as outputs can be active or open-
drain outputs. Optionally, bits 1 and 6 of port 3 can provide an interlocked
handshake for port 2; the direction of the handshake is the direction of bit
7 in port 2.

Port 3 consists of four input pins (bits 0-3) and four output pins (bits
4-7). These pins can be used as I/O lines or control signals, as determined by
R247, the Port 3 Mode register (Fig. 13.15). Port 3 pins can provide the hand-
shake signals for the other ports, serial I/O lines (bit O for serial in, bit 7 for
serial out), timer input and output signals, four external interrupt requests,
and the data memory select (DM) signal.

Z8 COUNTER/TIMERS
The Z8 has two independent 8-bit programmable counter/timers, TO and T1.

Each counter/timer has a programmable prescaler and count register; one mode
register controls the configuration of both counter/timers (Fig. 13.16). TO is
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Figure 13.16 Counter/timer control and status registers.

driven by the internal processor clock divided by 4 (that is, a 1-MHz clock if
an 8-MHz external crystal is used); T1 can be driven by this internal clock or
an external signal from port 3, bit 1. Bit 1 of port 3 can be used as a gate or trig-
ger for T1, also. Either counter/timer can generate an interrupt at the end-of-
count condition and/or have its output routed to bit 6 of port 3, which tog-
gles at the end-of-count. Thus the counter/timers can be used for a variety
of applications, including event counters, watch-dog timers, delay timers, and
square-wave generators.

The 6-bit prescaler is a clock divider that can divide the input clock to
the counter/timer by any value from 1 to 64. The output of the prescaler
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drives the down-counter, decrementing the count. The current count can be
read at any time without disturbing the counting process. Either single-cycle
mode (counter stops upon reaching zero) or modulo-n mode (the counter
reloads the initial count value upon reaching end-of-count) can be specified.

Z8 SERIAL 1/0O

The Z8 contains a full-duplex serial asynchronous receiver/transmitter that is
enabled by setting bit 6 of the Port 3 Mode register. If this serial I/O device
is used, counter/timer TO must be used as the baud rate clock generator. Data
rates up to 62.5K bits/second are possible. Bit O of port 3 acts as the serial-
in line and bit 7 of port 3 is the serial-out line. Received data are read from
register R240 and data to be transmitted are written to register R240. Op-
tionally, an odd-parity generator and checker is available.

The Z8 transmits 8-bit characters with one start bit and two stop bits.
If parity is enabled, the eighth bit will be replaced by an odd-parity bit. Re-
ceived data must be formatted as 8-bit characters with a start bit and at least
one stop bit. If parity is enabled, the eighth bit of a received character is re-
placed by a parity error flag. Separate interrupt requests may be generated
upon transmitting or receiving a character. The transmitter is single-buffered
and the receiver is double-buffered with no overwrite protection provided in
the hardware.

Z8 INTERRUPTS

The Z8 provides for six different interrupts from eight possible sources: the
four port 3 inputs, the two counter/timers, the UART’s receiver, and the
UART’s transmitter (Table 13.1). Three registers control the interrupt
structure: the Interrupt Priority, Interrupt Request, and Interrupt Mask reg-
isters (Fig. 13.17). The Interrupt Mask register globally or individually enables
or disables the six interrupt requests. When more than one interrupt is pend-
ing, the contents of the Interrupt Priority register determines which interrupt
request is serviced first.

The Z8’s interrupt processing mechanism is diagrammed in Fig. 13.18.
The appropriate bit in the Interrupt Request register is set when the event
corresponding to that interrupt request occurs. If that interrupt is enabled
in the Interrupt Mask register, interrupt processing begins at the end of the
current instruction’s execution. The Interrupt Priority register is used to de-
termine priority in the case of simultaneous requests. The current program
counter and flags (R252) are pushed onto the stack, interrupts are disabled,
and the service routine pointed to by the appropriate interrupt vector is exe-
cuted. The six interrupt vectors are in the first 12 bytes of program memory.



TABLE 13.1 Z8 INTERRUPT REQUESTS

Vector location

Name Source in program memory Comments
IRQO Port 3, bit 2 0,1 Negative-edge triggered; can be port
0 handshake
IRQ1 Port 3, bit 3 2,3 Negative-edge triggered; can be port
1 handshake
IRQ2 Port 3, bit 1 4,5 Negative-edge triggered; can be port
2 handshake or timer in signal
IRQ3 Port 3, bit O 6,7 Negative-edge triggered if port 3
or serial in input
IRQ4 TO end-of-count 8,9
or serial out
IRQ5 T1 end-of-count 10, 11

R249 IPR
Interrupt Priority Register
(F9y; Write Only)

[o[0e[2s [0 ]0s 2201 [00]

RESERVED I INTERRUPT GROUP PRIORITY
RESERVED = 000
IRQ3, IRQS PRIORITY (GROUP A) C>A>8B -~ 001
- IRQ5 > IRG3 A>B>C =010
12 1R63 2 Inas A>C>B =011
B>C>A - 100
IR0, IRC2 PRIORITY (GROUP B) c>B oA 101
- IRQ2 > IRQO B>A>C =110
§ 7 iRao - iRa2 RESERVED = 111

IRQ1, IRQ4 PRIORITY (GROUP C)
0 = IRQ1 > IRQ4 ]

1 = IRQ4 > IRQ1

R250 IRQ
Interrupt Request Register
(FAy; Read/Write)

BB
RESERVED —I L—- IRQO = P3y INPUT (Do = IRQO)

IRQ1 = P33 INPUT

IRQ2 = P34 INPUT

IRQ3.= P3; INPUT, SERIAL INPUT
IRQ4 = Tg, SERIAL OUTPUT

IRQ5 = Ty

R251 IMR
Interrupt Mask Register
(FBy; Read/Write)

BRI

I 1 ENABLES IRQO-IRQS
(Do = IRQO)
RESERVED

1 ENABLES INTERRUPTS
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Figure 13.17 Interrupt control and
status registers.
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INTERRUPT SOURCES

IRQ3 IRQ4
IRQ1 IRQ2 (P3,, To IRQ5
(P3y) (P3)) INf our)  (Th)

b

INTERRUPT REQUEST REGISTER I

[ INTERRUPT PRIORITY REGISTER l

r—
IRQO
(P3,)
|
|
|
.
L

INTERRUPT PRIORITY
LOGIC |
|

INTERRUPT MASK REGISTER I

Z8 INTERRUPT LOGIC|

64K

SELECT
INTERRUPT
VECTOR

INTERRUPT
<—4—— SERVICE
ROUTINE

PUSH PC AND FLAGS ON
STACK; RESET INTERRUPT
REQUEST; RESET ENABLE
INTERRUPT BIT

INTERRUPT
VECTOR
TABLE

0
Z8 PROGRAM MEMORY

Figure 13.18 Z8 interrupt processing.
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Nested interrupts are possible by reenabling interrupts within the service

routine.

The Interrupt Return (IRET) instruction restores the program

counter and flags of the interrupted program upon the completion of the ser-

vice routine.

- Polled interrupt systems also are supported. In a polled system, the inter-
rupts to be polled are disabled in the Interrupt Mask register. The Interrupt
Request register is read at predetermined intervals to determine which inter-
rupt requests require servicing.

Z8 INSTRUCTION SET

The Z8’s assembly language instruction set is optimized for high code den-
sity and fast execution time. The Z8 features 43 instruction types and six
operand addressing modes.
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The operand addressing modes include register, indirect register, direct
address, relative address, indexed, and immediate modes. In register mode,
the operand value is the contents of the register specified in the instruction.
Registers can be used in pairs to hold 16-bit values or memory addresses.
Indirect register addressing means that a register or register pair holds the ad-
dress of the location whose contents is to be used as the operand. Both the
registers and memory can be accessed using indirect register mode. In fact,
data operands in program or data memory can be accessed only with indirect
register mode. Direct addressing is used by the Jump and Call instructions
to designate the address to be loaded into the program counter; in this mode,
the destination address is given in the instruction itself. Relative addressing
means that an offset is specified in the instruction; this offset is added to the
current program counter contents to form the destination address. An indexed
address consists of a register address offset by the contents of a designated
working register (the index). Indexing is allowed only within the registers
and is supported only by the Load instruction. Forimmediate mode, the oper-
and value is supplied in the instruction itself. These addressing modes are very
similar in operation to the corresponding addressing modes in the Z8000
CPUs (see Chapter 8).

Table 13.2 is a list of the Z8 assembly language instruction set. The Z8’s
Jump and Jump Relative instructions use the same set of condition codes as
the Z8000 (See Table 8.3). The Z8 is aregister-oriented processor; arithmetic
and logical operations can be performed only on data in registers. Three dif-
ferent load instructions are provided. Load (LD) is a register-to-register or
immediate-to-register load. Load Constant (LDC) is for data transfers between
a register and program memory. Load External (LDE) is for data transfers
between a register and data memory. The block transfer instructions (LDCI
and LDEI) are used within program loops to move entire blocks of data be-
tween the registers and program or data memory. LDC, LDE, LDCI, and LDEI
all use indirect register addressing to access memory. The Pop and Push instruc-
tions might access the registers or external data memory, depending on the
location of the stack. Similarly, the Call and Interrupt Return instructions
access either the registers or data memory when pushing or popping status
information. All other instructions operate on the registers only. The Test Un-
der Mask (TM) and Test Complement Under Mask (TCM) instructions allow
bit testing of register contents. The Decimal Adjust (DA) instruction is used

TABLE 13.2 Z8 INSTRUCTION SET

Instruction Operand(s) Name of instruction
Load

CLR dst Clear

LD dst, sre Load

LDC dst, src Load Constant

LDE dst, sre Load External Data



TABLE 13.2 Z8 Instruction Set (Continued)

Instruction Operand(s) Name of instruction
POP dst Pop
PUSH sre Push
Arithmetic
ADC dst, src Add with Carry
ADD dst, src Add
CP dst, src Compare
DA dst Decimal Adjust
DEC dst Decrement
DECW dst Decrement Word
INC dst Increment
INCW dst Increment Word
SBC dst, src Subtract with Carry
SUB dst, sre Subtract
Logical
AND dst, src Logical And
COM dst Complement
OR dst, src Logical Or
XOR dst, sre Logical Exclusive Or
Program control
CALL dst Call Procedure
DJINZ r, dst Decrement and Jump if Nonzero
IRET Interrupt Return
JP cc, dst Jump
JR cc, dst Jump Relative
RET Return
Bit manipulation
TCM dst, src Test Complement under Mask
T™ dst, src Test under Mask
Block transfer
LDCI dst, src Load Constant Autoincrement
LDEI dst, src Load External Data Autoincrement
Rotate and Shift
RL dst Rotate Left
RLC dst Rotate Left through Carry
RR dst Rotate Right
RRC dst Rotate Right through Carry
SRA dst Shift Right Arithmetic
SWAP dst Swap Nibbles
CPU control
CCF Complement Carry Flag
DI Disable Interrupts
EI Enable Interrupts
NOP No Operation
RCF Reset Carry Flag
SCF Set Carry Flag
SRP src Set Register Pointer

271
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to perform arithmetic on binary-coded-decimal data, in the same manner as
the Z8000’s DAB instruction.

Z8 CONFIGURATIONS

Several different product configurations are available within the Z8 family
(Table 13.3). The Z8601 is a 40-pin device with 2K bytes of mask-program-
mable ROM, as previously described. The Z8602 is a 64-pin development
version of the Z8601 that allows the user to prototype the system in hardware
without mask-programming the code. The Z8602 is identical in function to
the Z8601 except that the 2K bytes of internal ROM are removed, the ROM
address and data lines are brought out to the additional pins, and control sig-
nals for accessing the first 2K bytes of program memory external to the chip
have been added. Thus the program memory is implemented external to the
78602 with an EPROM or PROM. The Z8603 is a combination of the Z8601
and Z8602 wherein the first 2K bytes of program memory are external to
the device. The Z8603 Protopak is a 40-pin chip that is pin-compatible with
the Z8601; the Z8603 carries a 24-pin socket in ‘““‘piggyback’ manner for the
EPROM that holds the first 2K bytes of program memory (Fig. 13.19). Thus
the Z8603 allows the user to design a printed circuit board for the 40-pin
mask-programmable Z8601 and use the Z8603 Protopak to build prototype
and pilot production units.

The Z8611 is identical to the Z8601 except that 4K bytes of mask-
programmable ROM is provided on the chip. Up to 60K bytes of program
memory and 60K bytes of data memory can be accessed external to the Z8611
if ports 0 and 1 are configured appropriately. The Z8612 is the 64-pin proto-

TABLE 13.3 Z8 PRODUCT CONFIGURATIONS

Part number Package Description

Z8601 40-pin 2K bytes of internal mask-programmable ROM

78602 64-pin No internal ROM; interface to 2K bytes of external
ROM/PROM

78603 40-pin Protopak No internal ROM; 24-pin socket for 2K bytes of ex-
ternal EPROM

Z8611 40-pin 4K bytes of internal mask-programmable ROM

78612 64-pin No internal ROM; interface to 4K bytes of external
ROM/PROM

78613 40-pin Protopak No internal ROM; 24-pin socket for 4K bytes of ex-
ternal EPROM

78681 40-pin No internal ROM; port 1 pins an interface to external
memory

728671 40-pin 78601 with a BASIC debugger/interpreter
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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 O 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 FIO as the interfacing device (Fig. 13.20). A
Z8 port with interlocking handshake interfaces directly to the interlocked
handshake of a CIO or FIO 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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Figure 13.20 Z8000-to-Z8 interface with a CIO or FIO.
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Figure 13.21 Z8000/Z8 bus sharing.
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one port 3 input bit is the bus acknowledge. Ports O 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

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 AD0-AD7, AS, DS, R/W, CS, and WAIT), and a TTL-compatible

~-«—»1 AD7 P17 j—»
~«t—»| ADg Plg j—»
+5V[J1 4[] p3,
~—»-1 ADg P15 i
pcLk[J2 39 P3
ADDRESS/ ) ~<—>|A0. Pl \ pont 1 IEC OR P3,[a ss[]r2
DATA BUS | «—»|ap, Pig | ym L] P2,
IEl OR P3
~«—»| AD, P1g |—> = o] 4 a7l ] P2
INT OR P35 ] 5 3s[ ] P2s
| AD¢ P1q ft— JR—
INTACK OR P36 35 P2y
~«—»] ADg P1o |—»
BUS . bS]z 3a[]p2;
[ ——a{ AS P33 jt——o ey
TIMING i 55 28090 5y RW[]8 as[]p2,
— | 14— —
AND RESET > z.upe PORT 3 as(]se s2[ P2
—| RIW P3y [-— = Z8090
CONTROL I R 5 D ces[Jo  zype P2
| Pz‘ GND [ 11 0[] P3,
~-—— WAIT -—
INF OB P pz; WAIT 12 29[ p3,
prm—— -
INT OR Ps ap;[13 28[] P17
MASTER | — | INTACK OR P3; P2g|j-—»
cPU P2 apg[]14 27[]P1e
INTERRUPT > '€ OR P3o 4 PORT 2 aps 15 26 P15
~«— IEO OR P37 P2y [—n
o Ap«[]16 5[] P,
[
: apg[117 2a[]P1y
+5V i P24 a—
ot ap, 18 23 P,
— P2oje—» aD 19 22{] P1y
GND ——1 ADo[J20 21[]P1o

Figure 13.22 Z8090 UPC pin assignments.



9L¢C

Z-BUS TO
MASTER
CPU

HOST CPU
INTERFACE 2-UPC MICROCOMPUTER -
' -~
! PROGRAM PROGRAM PORT -
INTERFACE | MEMORY COUNTER ? > o
ADy-AD; REGISTERS | 2K x 8 AND CONTROL |«—
(PART OF REGISTER | -
FILE)
| CONTROL HANDSHAKE -~
| uNIT IR — | «—
a1 3
INTERNAL INSTRUCTION BUS
| |
| -
— | |-
As | RP PORT -
ps —»{ BUS 2 1o
= TIMING { -
W AND IRP
&5 ——=| CONTROL | [
e —>
WAIT <——] |
2 TIMERS REGISTER ¢
FILE
| 256 x 8
| T HANDSHAKE
|
| — P33 jt———
112 P34 p—>
b - —— pORT ¢ o
— 3 P3t fe——o
INT <— P35 INTERNAL DATA BUS oo
INTACK 112 —
—
INTACK P3, PORT | ! I ! !
IEl ~—] P3g 3 |
1E0 <«——] P3; Z-BUS ALY UPC
INTERRUPT | AND INTERRUPT
LOGIC I FLAGS LOGIC
(/O FUNCTION 1 f f
IS OPTIONAL)

+5V GND PCLK
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clock input. Optionally, one-half of port 3 can be used as the interrupt signals
(INT, INTACK, IEI, and IEO) 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 interfacing 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). 1/0
ports are accessed via reads and writes to registers 1, 2, and 3. The general-

2047
Looamon . usen
INSTRUCTION
EXECUTED AFTER N
RESET
12 N
1 IRQ5 LOWER BYTE
10 IRQ5 UPPER BYTE
9 IRQ4 LOWER BYTE
[ IRQ4 UPPER BYTE
7 IRQ3 LOWER BYTE
6 IRQ3 UPPER BYTE
5 IRQ2 LOWER BYTE
4 IRQ2 UPPER BYTE
3 IRQ1 LOWER BYTE
2 IRQ1 UPPER BYTE
1 IRQ0 LOWER BYTE Figure 13.24 UPC program mem-
0 TRQO UPPER BYTE ory.
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(DENTIFIER

LOCATION (UPC side)
FFH STACK POINTER sP
FEH MASTER CPU INTERRUPT CONTROL MiC
FDH REGISTER POINTER RP
FCH PROGRAM CONTROL FLAGS FLAGS
FBH UPC INTERRUPT MASK REGISTER IMR
FAH UPC INTERRUPT REQUEST REGISTER IRQ
F9H UPC INTERRUPT PRIORITY REGISTER IPR
F8H PORT 1 MODE P1M
F7H PORT 3 MODE P3M
F6H PORT 2 MODE P2M
F5H To PRESCALER PREO
F4H TIMER/COUNTER 0 To
F3H Ty PRESCALER PRE1
F2H TIMER/COUNTER 1 T
F1H TIMER MODE T™MR
FOH MASTER CPU INTERRUPT VECTOR REG. Miv
EFH

GENERAL-PURPOSE REGISTERS
6H
5H DATA INDIRECTION REGISTER DIND
4H LIMIT COUNT REGISTER Lc
3H PORT 3 P3
2H PORT 2 P2
1H PORT 1 P1
OH DATA TRANSFER CONTROL REGISTER DTC Figure 13.25 UuPC 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 1/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 P1IM
Port 1 Mode Register
Z-UPC register address (Hex): 8

BDDRBDED]
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R247 PSM

Port 3 Mode Register
Z-UPC register address (Hex): F7

BRI

L 0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE

P10-P17 11O DEFINITION
0 DEFINES BIT AS OUTPUT

1 DEFINES BIT AS INPUT
0 PORT 1 PULL-UPS OPEN DRAIN
1 PORT 1 PULL-UPS ACTIVE

R246 P2M 0 :ig = Qureur
Port 2 Mode Register RESERVED
Z-UPC register address (Hex): F6 0 Pg3 = INPUT P3s = OUTPUT

1 P33 = DAVI/RDY1 P34 = RDYUDAVI
[2:Toe[os Jou Jos [0z Jou [ )

0 Par = INPUT (Tin)  Pag = OUTPUT (Tou)
P2g-P27 1/0 DEFINITION 0 P3op = INPUT P37 = OUTPUT
0 DEFINES BIT AS OUTPUT T T 1iPn=IE P37 = IEO

1 P31 = DAV2/IRDY2 P3g = RDY2/DAV2
1 DEFINES BIT AS INPUT

0 P32 = INPUT
1 P32 = INTACK

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 IEI, INTACK,
INT, and IEO 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

Vector location

Name Source in memory Comments
IRQO EOM, XERR, 0,1 Data Transfer Control register status bits
or LERR

IRQ1 Port 3, bit 3 2,3 Negative-edge triggered; can be port 1
handshake

IRQ2 Port 3, bit 1 4,5 Negative-edge triggered; can be port 2
handshake or timer in

IRQ3 Port 3, bit 0 6,7 Negative-edge triggered; can be IEI signal

IRQ4 TO end-of-count 8,9

IRQ5 T1 end-of-count 10, 11

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

[o-]e]os o [os [oa o, [0 |

Lo-
1 END OF MESSAGE
0 WAIT ENABLE WHEN WRITE
1 WAIT DISABLE WHEN WRITE
0 ENABLE LOWER CHAIN
1 DISABLE LOWER CHAIN
0 DISABLE DATA TRANSFER
1 ENABLE DATA TRANSFER
0 VECTOR OUTPUT
1 NO VECTOR OUTPUT
0 NO MASTER CPU INTERRUPT PENDING
1 MASTER CPU INTERRUPT PENDING
0 NO INTERRUPT UNDER SERVICE
1 INTERRUPT UNDER SERVICE Figure 13.27 Master Interrupt Con-

0 INTERRUPT REQUEST DISABLED .
1 INTERRUPT REQUEST ENABLED trol register.
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RO DTC
Data Transfer Control Register
Z-UPC register address (Hex): 00

[o:]os]ox [ou oo [oa 0 [0 |

{(EOM) o —
END OF MESSAGE

NO LIMIT ERROR
LIMIT ERROR

(LERR)

TRANSFER ERROR

DISABLE DATA TRANSFER .
ENABLE DATATRANSFER  Figure 13.28 Data Transfer Con-

(RP) 1/0 REGISTER POINTER trol register.

1
0
1
0 NO TRANSFER ERROR
1
0
1
1

In other words, each of these registers has a unique port address in the Z8000
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. 13.28)
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 Z8000 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 Z8000
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. 13.28) indicates that if a CPU access was attempted
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R4 LC
Limit Count Register
Z-UPC register address (Hex): 04

(0: [0 [0 [ou]osTos o, oo ]

| LIMIT COUNT VALUE
(RANGE: 0-255 DECIMAL

00-FF HEX)

RS DIND
Data Indirection Register
Z-UPC register address (Hex): 05

BRRRBRRE

Figure 13.29 Data Indirection and
l INDIRECTION ADDRESS 2 -
(Do = LSB) Limit Count registers.

while transfers were disabled (EDX = 0); the limit error (LERR) bit in the
same register is set if a block access was attempted while the Limit Count reg-
ister contained 0. The end-of-message (EOM) and transfer enable (EDX) bits
in the Data Transfer Control register are status bits indicating the state of the
corresponding control bits in the Master Interrupt Control registers. The set-
ting of the XERR, LERR, or EOM bits in the Data Transfer Control register
generates an interrupt request to the UPC.

A typical master CPU-to-UPC data transfer protocol is diagrammed in
Fig. 13.30. When the UPC is prepared for a CPU access, the UPC sets the
transfer enable bit in the Master Interrupt Control register. The UPC can gain
the CPU’s attention via an interrupt request by setting the interrupt pending
(IP) bit in that same register. Sometime later, the master CPU services the

UPC ACTIVITY CPU ACTIVITY
PREPARE FOR DATA TRANSFER
SET EDX BIT
SEras ENABLE INTERRUPTS
INTERRUPTS
CPU

T

ACKNOWLEDGE INTERRUPT
SERVICE BY READING OR WRITING
TO THE UPC

SET EOM

/

INTERRUPTS
uPC

/

PREPARE FOR NEXT TRANSFER

Figure 13.30 Typical master CPU-UPC data transfer protocol.
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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 Package Description

Z8090 40-pin 2K bytes of internal mask-programmable ROM

Z8091 64-pin No internal ROM,; interface to 4K bytes of external
ROM/PROM

78092 64-pin 36 byte internal ROM holds bootstrap program; in-
terface to 4K bytes of external RAM

728093 40-pin Protopak No internal ROM; 24-pin socket for 4K bytes of ex-
ternal EPROM

78094 40-pin Protopak 36 byte internal ROM holds bootstrap program; 24-

pin socket for 4K bytes of external RAM

FFFH

EXTERNAL

PROGRAM MEMORY
RAM

30H
2FH

INTERNAL
BOOTSTRAP ROM

O R. (o] ROM
CH
BH

EXTERNAL
RAM

Z-UPC INTERRUPT

VECTORS Figure 13.31 Z8092 UPC RAM

0 memory map.
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78091 can access 4K bytes of program memory external to the chip. The
78093 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 0C-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.
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28000 CPU DC and AC

Electrical Characteristics

Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respect to GND.......... _0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Rati This is a stress rating only; operation of the device at any
atings Operating Ambient condition above those indicated in the operational sections
Temperature. . ................ 0°Cto +70°C of these specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
Storage Temperature........ -65°Cto +150°C device reliability.
Standard The characteristics below apply for the o
Test following standard test conditions, unless 21K
Conditions otherwise noted. All voltages are referenced to FRom oureyt
GND. Positive current flows into the refer-
enced pin. Standard conditions are as follows: wo0pr 20
m +475V = V.. =< +528V I
n GND = O V = = =
All ac parameters assume a load capacitance of 100 pF max. ex
m0°C < TA =< +70°C cept for parameter 6 (50 pF max). Timing references between two
output signals assume a load diflerence of 50 pF max.
gﬁ’ Symbol Parameter Min Max Unit Condition
aracter-
isti VeH Clock Input High Voltage Vee-0.4 Vee+0.3 v Driven by External Clock
islics Generator
Voo Clock Input Low Voltage -0.3 0.45 N Driven by External Clock
Generator
Vin Input High Voltage 2.0 Vee+0.3 v
Viyreser  High Voltage on Reset Pin 2.4 Voo to 0.3 \
Vi Input Low Voltage -0.3 0.8 v
Vou Qutput High Voltage 2.4 v Ioy = -250 pA
VoL Output Low Voltage 0.4 \Y IoL = +2.0 mA
I Input Leakage +10 rA 0.4 Vs +24V
IILSEGT Input Leakage on Segt Pin - 100 100 whA
IoL Output Leakage +10 rA 04=s VNS +24V
Icc Vce Supply Current 300 mA

Note: Contact Zilog, Inc., for latest information on AC and DC characteristics.
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AC CHARACTERISTICS

(- N S L

RN
- 0O 0 D~

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Syesbol

TcC

TwCh
TwCl

TfC

TrC

TdC (SNv)

TdC(SNn)
Tdc(Bz)
TdC(A)
TdC(Az)
TdA(DR)

TsDR(C)
TdDS(A)
TdC(DW)
ThDR(DS)
TdDW(DS)
TdA(MR)
TdC (MR)
TwMRh
TAMR(A)
TdDW(DSW)
TdMR (DR)
TdC(MR)
TdC(AST)
TdA(AS)
TdC(AST)
TdAS(DR)
TdDS(AS)
TwAS
TdAS(A)
TdAz(DSR)
TdAS(DSR)
TdDSR(DR)
TdC(DSr)
TdDS(DW)
TdA(DSR)
TdC(DSR)
TwDSR

Parameter

Clock Cycle Time
Clock Width (High)
Clock Width (Low)
Clock fall Time
Clock Rise Time
Clock * to Segment Number valid
(50 pf load)
Clock t to Segment Number Not Valid
Clock * to Bus Float
Clock t+ to Address Valid
Clock 1 to Address float
Address Valid to Read Data Required
valid
Read Data to Clock + Setup Time
DS + to Address Active
Clock t to Write Data Valid
Read Data to D5 + Hold Time
Write Data Valid to DS t Delay
Address Valid to MREQ + Delay
Clock ¥ to MREQ ¥ Delay
MREQ Width (High)
ﬁﬁfﬁ ¥+ to Address Nat Active
Write Data Velid to DS + (Write) Delay
FWREG ¥ to Read Data Required Valid
Clock ¥ MREQ t Delay
Clock * to AS ¥ Delay
Address Valid to AS 1 Delay
Clock ¥ to AS *t Delay
AS 4 to Read Data Required Valid
5 t to AS ¥ Delay
AS Width (Low)
AS t to Address Not Active Delay
Address Float to DS (Read)+ Delay
AS * to DS (Read) ¥ Delay
DS (Read) + to Read Data Required Valid
Clock + to DS 1 pelay
DS 4 to Write Data Not Valid
Address Valid to DS (Read) + Delay
Clock + to DS (Read) + Delay
DS (Read) Width (Low)

78001/28002
Min(ns) Max(ns)
250 2000
105 2000
105 2000

20
20
130
20
65
100
65
475
30
80
100
1]
295%*
(55)*
80
210%
70%
55%
375
80
80
55%
90
360
70%
85
70
9]
80
205
70
75%
180*
120
275%

Z8001A/28002A
Min(ns) Max(ns)
165 2000
70 2000
70 2000

10
15
110
10
55
75
55
305*%
20
45
75
0
195%
(35)+
70
135%
35
35+
230
60
60
35%
80
220
35%
55¢%
45
0
55
130
65
45%
110+
85
185+

280018/280028B
Min(ns) Max(ns)
100 2000
40
40
10
10
70
5
40
50
40
180
10
20+
50
0
110*
20*
40
80#*
20*
15+
140*
45
40
20%
40
140%
15%
30%
20+
0
30%
70+
45
25%
65%
60
110%
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39
40
41
42
43
44
45
46

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

1dC(DSW)
TwDSHW
TdDSI(DR)
TdC(DSF)
TwDS
TAdAS(DSA)
TdC(DSA)
TdDSA(DR)

1dC(S)
1dS(AS)
TsR(C)
ThR(C)
TwNMI
TsNMI(C)
TsVI(C)
Thvi(C)
185G6T(C)
ThSGT(C)
TeMI(C)
ThMI(C)
TdC(MO)
18STP(C)
ThSTP(C)
TsW(C)
ThWw(C)
T8BRQ(C)
ThBRQ(C)
TdC(BAKr)
TdC (BAKF)
TwA
1dDS{S)

Clock ¢ to DS (Write) + Delay
DS (Write) Width (Low)

DS (1/0) ¥ to Read Data Required Valid

Clock +to DS (I/0) ¥ Delay
DS (1/0) Width (Low)

AS 4 to DS (Acknowledge) ¥ Delay

Clock ' to DS (Acknowledge)¥

DS (Acknowledge) ¥ to Read Data

Required Delay
Clock * to Status Vvalid Delay
Status valid to AS *+Delay
RESET to Clock t Setup Time
RESET to Clock t Hold Time
‘NMI Width (Low)
NMI to Clock t Setup Time
VI,NVI to Clock + Setup Time
VI,NVI to Clock t Hold Time
SEGT to Clock 1 Setup Time

MI to Clock ' Hold Time
Clock * to MO Delay

TIOP to Clock ¥ Setup Time
STOP to Clock Y Hold Time
#AIT to Clock ¥ Setup Time
WAIT to Clock ¥ Hold Time
BUSREQ to Clock t Setup Time
BUSREGD to Clock T Hold Time
Clock t to BUSACK t Delay
Clock 1 to BUSACK ¥ Delay
Address Valid Width

D5 t to STATUS Not Vvalid

*Clock-cycle-time-dependent characteristics.

95
185%
330
120
410*
1065*

455

110
50
180

100
140
110

70

180

120
140

50
10
90
10
100
100
150%
80+

See table on following page.

80

110
210

90
255%
690%

85
295

85
30
70

70
70
50
20
55

110

a5
80

30

10

80

10
75
75

95*

55%

75#%
120*

160*
410%

165%
10%
50
50
50
40

40

80

50

20

60

50*
Jo*

60

60

65

60

70

60
60



CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS

Number

1
13
16
17
19
20
21
22
25
27
28
29
30
32
33
35
36
38
40
41
43
44
46
48
68
69

Symbol

TdA(DR)
TdDS(A)
TdOW(DS)
TdA (MR)
TwMRh
TdMR(A)
TADW(DSW)
TdMR (DR)
TdA(AS)
TdAS(DR)
TdDS (AS)
TwAS
TdAS(A)
TdAS(DSR)
TdDSR(DR)
TdDS(DW)
TdA(DSR)
TwDSR
TwDSW
1dDSI(DR)
TwDS
TdAS(DSA)
TdDSA(DR)
TdS(AS)
TwA
1dDS(S)

78001/28002
Equation

2T7cC + TwCh - 130 ns
TwCl - 25 ns

TeC + TwCh - 60 ns
TwCh - 50 ns

TcC - 40 ns

TwCl - 35 ns

TwCh - 50 ns

2TcC - 130 ns

TwCh - 50 ns

2TcC - 140 ns

TwCl - 35 ns

TwCh - 20 ns

TwCl - 35 ns

TwCl - 25 ns

TcC + TwCh - 150 ns
TwCl - 30 ns

TeC - 70 ns

TeC + TwCh - 80 ns
TeC - 65 ns

2TcC ~ 170 ns

2T7cC - 90 ns

4TcC + TwCl - 40 ns
2TcC + TwCh - 150 ns
TwCh - 55 ns

TcC - 90 ns

TwCl - 25 ns

28001A/Z8002A
Equation

2TcC + TwCh - 95 ns
TWC1 - 25 ns

TcC + TwCh - 40 ns
TwCh - 35 ns

TcC - 30 ns

TwCl - 35 ns

TwCh - 35 ns

27cC - 100 ns

1wCh - 35 ne

2TcC - 110 ns

TwCl - 35 ns

TwCh - 15 ns

TwCl - 25 ns

TwCl - 15 ns

TcC + TwCh - 105 ns
TwCl - 25 ns

TcC - 55 ns

TeC + TwCh - 50 ns
TeC - 55 ns

2TcC - 120

2TceC - 75 ns

47cC TwCl - 40 ns
2TcC TwCh - 105 ns
TwCh - 40 ns

TeC - 70 ns

TwCl - 15 ns

+
+

78001B/280028
Equation

2T7cC + TwCh - 60 ns
TwCl - 20 ns

TcC + TwCh - 30 ns

TwCh - 20 ns

TcC - 20 ns

TwCl - 20 ns

TwCh - 25 ns

27cC -~ 60 ns

TwCh - 20 ns

2Te¢C - 60 ns

TwCl - 25 ns

TwCh - 10 ns

TwCl - 20 ns

TwCl - 10 ns

TcC + TwCh - 70 ns

TwCl - 15 ns

TcC - 35 ne

TeC + TwCh - 30 ns

TcC - 25 ns

2TcC - 80 ns

2TcC -~ 4D ns

47cC + TwCl - 30 ns
27¢cC + TwCh - 75 ns
TwCh - 30 ns

TcC - 50 ns

TwCl - 10 ns
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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.
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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, O 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 ALU, 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
728000 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.
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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 16-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 Z8001 systems, the portion of a memory address that appears
on the 16-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 Z8001 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 instFuction 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. For ex-
ample, dynamic memories must be refreshed periodically in order to
retain their contents.

Refresh cycle: (See memory refresh cycle.)

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-SNG6 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-last-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 problem.

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
78000 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
78038 FI0, 228, 229

302

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:
78000 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
78038 FIO, 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)

BAO (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
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Bisyne, 239
Bit manipulation instructions:
Z8 microcomputers, 271
78000 CPU, 132-33
Bit path definition registers
(28036 CIO), 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 (BAO),
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 strobe; 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 (28038 F10),
227, 232, 233, 236
Byte Count register (Z8038
F10), 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):
78 microcomputer, 270,
271
28000 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
78038 FIO, 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
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memory, 58-62, 69~71
memory refresh, 66-67
resets, 96-98
Z-bus-compatible
peripherals, 207-8
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
Complement instructions:
Z8 microcomputer (COM),
271
Z8000 CPU (COM, COMB),
131
Complement Flag instruction
(COMFLG), 147, 149
Condition codes:
Z8 microcomputer, 270
78000 CPU, 125-26
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Context switches, 93-94,
99-100
Control/data signal (C/D)
(Z8038 FIO), 222,
228, 229
Control logic, 5
input/output, 53-54
memory, 36-47
Control registers:
Z8 microcomputers, 262
Z8000 CPU, 8, 26-31
78010 Memory Manage-
ment Unit, 162-63,
166-68
78016 DTL, 251
78038 FIO, 233
Counter/Timer registers:
Z8 microcomputers, 265-67
Z8036 CIO, 223-24
CPU bus buffering, 192-95
CPU control instructions:
Z8 microcomputer, 271
78000 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
F10), 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, 41-417,
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
78038 FI0, 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:
7.8 microcomputer, 270
78000 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, 117
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 (FATL), 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
728002, 26-28
Flip-Flops, 192, 197-98

General-purpose registers:
Z8 microcomputers, 261-62
Z8000 CPU, 8, 24-31, 33,
115-16
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Half-carry flag (H), 27

HALT, 67, 95-96

Handshakes, 213, 215, 216,
224

Hexadecimal notation, 114

HDLC, 239

Identification code (ID code),
166
Identifiers, 114
Immediate mode addressing:
Z8 microcomputer, 270
Z8000 CPU, 119
Implied mode addressing, 124
Implied register, 25-26
Implied stack pointers, 26,
28-31, 94, 98-99
Increment instructions:
Z8 microcomputer (INC),
271
Z8000 CPU (INC, INCB),
129,130
Index, 117, 120-23
Indexed mode addressing:
78 microcomputer, 276
Z8000 CPU, 116, 120-21
Indirect register mode
addressing:
Z8 microcomputer, 270
78000 CPU, 119-20
Initialization routines, 98-99
Input, Decrement and Repeat
instructions (INDR,
INDRB), 145, 146
Input, Increment and Repeat
instructions (INIR,
INIRB), 145, 146
Input and Decrement instruc-
tions (IND, INDB),
145, 146
Input and Increment instruc-
tions (INI, INIB), 145,
146
Input instructions (IN, INB),
145, 146
Input/output (I/0):
Universal Peripheral Con-
troller, 278-79
Z8 microcomputers, 257-
59, 262-65
Z80-family peripherals,
198-205
Z8000 CPU, 2, 4, 6, 13,
50-55, 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
arithmetic, 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
Units, 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, 116-17
program control, 137-39
rotate, 133-36
shift, 138, 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
76132 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 FIO, 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 (IEI),
55, 85-88
Universal Peripheral Con-
troller, 277, 279
Z-bus-compatible pe-
ripherals, 207, 209-11
78036 CIO, 216
Z8038 FIO, 228, 230
Interrupt Enable Out (IEO),
55, 85-88
Universal Peripheral Con-
troller, 277, 279
Z-bus-compatible per-
ipherals, 207, 209-11
Z8036 CIO, 216
78038 FIO, 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
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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 FIO, 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 FI0), 233, 236
Inverting Transceiver, 193-94

Jump instruction (JP):
Z8 microcomputer, 270,
271
78000 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-
tions (LDI, LDIB),
139--40

Load Control Byte instruc-
tion (LDCTLB), 147,
149

Load Control instruction
(LDCTL), 9, 48, 49,
80, 34, 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
Local Loopback, 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
78000 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, 57-67
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
(28036 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;
78010 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)

MMALI (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, 117 (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:
78036 CIO, 221
28038 FI0, 236
Parity/overflow flag (see
Overflow/parity flag)
PC (see Program counter)
Physical memory addresses,
18
Pin configuration:
Z-bus-compatible
peripherals:
76132 RAM, 252
78016 DTC, 249
78030 SCC, 239
78036 CIO, 212
78038 FI0, 227
Z8060 FIFO, 237
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78065 BEP, 246
78068 DCP, 247
76132 RAM, 42
Z8 microcomputers, 256
78001 CPU, 15-16, 22
Z8002 CPU, 9-15, 22
78010 MMU, 159-60
78090 UPC, 275
PLZ/ASM assembler, 113-16
Polled interrupt systems, 269
Pop instructions:
Z8 microcomputer (POP),
270, 271
78000 CPU (POP, POPL),
127,128
Primary write warning flag
(PWW), 171
Privileged instruction traps,
76, 77, 80, 92
Program control instructions:
Z8 microcomputers, 271
78000 CPU, 137-39
Program counter (PC), 8, 20
context switches, 99-100
interrupts and traps, 78-84
resets, 98
Z8001 CPU, 29, 30
78002 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, 81, 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
78000 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

78038 FIO, 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
78030 SCC, 243-45
Z8036 CIO, 220-24
28038 FI0, 233-35
Z8065 BEP, 245-46
78068 DCP, 248

Z8 microcomputers,

261-69

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

Relative mode addressing:

Z8 microcomputer, 270

78000 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

Resets, 22, 51, 52, 67, 96-98

Memory Management Unit,

178

Z-bus-peripheral interface,
207-8, 210
Z8036 CIO, 219
Resource requests, 6, 106-12
Return instruction (RET);
Z8 microcomputer, 271
78000 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, 1563-58
(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
78000 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, 116-17
Sign flag (S), 27, 125, 133
(see also Flag and con-
trol word)
SN74LS42-1-0f-10 decoder,
195
SN74LS74 Flip-Flop, 198
SN74LS109 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; ST0-ST3 lines)
STOP, 6, 14-15, 21, 67, 184,
186-89
Storage devices, 5

Strobed handshakes, 213, 215

STO0-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
78000 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 (TRTIB),
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, 2560, 251
78036 CIO, 216
78038 FIO, 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
76132 RAM, 6, 41-46,
69-71, 251-54
78016 DTC, 6, 249~-51
78030 SCC, 237-45
78036 CIO, 6, 212-25,
273, 274
Z8038 FIO, 6, 219, 222~
37, 273, 274
Z8052 CRTC, 248-49
78065 BEP, 242, 245-47
78068 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
transactions)

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

76132 Quasi-Static Random
Access Memory (RAM),
6,41-46, 69-71, 251-
54

78 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

78000 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 28000 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
78015 Paged MMU (PMMU),
182

78016 Direct Memory Access
Transfer Controller
(DTC), 6, 249-51

78030 Serial Communica-
tions Controller (SCC),
237-45

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

78038 FIFO Input/Output
Interface Unit (FIO), 6,
219, 222-37, 273, 274

Z8052 CRT Controller
(CRTC), 248-49

78060 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

78094 Universal Peripheral
Controller (UPC), 283,
284

78420 Parallel I/O
Controllers (PIOs),
190, 191

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

78601 microcomputer, 272

78602 microcomputer, 272

78603 microcomputer, 272

78611 microcomputer, 272

Z8612 microcomputer, 272~
73

78613 microcomputer, 272,
273

Z8671 microcomputer, 272,
273

Z8681 microcomputer, 272,
273
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