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PRODUCT SPECIFICATION

284013/015
284C13/284C15

IPC INTELLIGENT PERIPHERAL CONTROLLER

FEATURES

® 784C00 Z80 CPU with Z84C30 CTC, Z84C4X SIO,
CGC, watch Dog Timer(WDT). In addition, Z84C15
and Z84015 have Z84C20 PIO.

W High speed operation 6, 10 MHz
a 16 MHz operation for Z84C15 only.

= Low power consumption in four operation modes:
41 mA Typ. (Run mode)
6 mA Typ. (Idle1 mode)
60 pA Typ. (Idie2 mode)
0.5 pA Typ. (Stop mode)

= Wide operational voltage range (5V £10%).
n TTL/CMOS compatible.

m 784013 features:
- 784C00 Z80 CPU
- On-chip two channel SIO (Z80 SI0).
- On-chip four channel Counter Timer Controller
(Z80 CTC).
- Built-in Clock Generator Controlier (CGC).

- Built-in Watch Dog Timer (WDT).
- Noise filter to CLK/TRG inputs of the CTC.
- 84-pin PLCC package.

284015 features:

® - All Z84013 features, plus on-chip two 8-bit ports

(Z80 P10) and 100-pin QFP package.

Z84C13/284C15 enhancements to Z84013/Z84015:

m - Power-on reset.

- Addition of two chip select pins.

- 32-bit CRC for Channel A of SIO.

- Wait state generator.

- Simplified EV mode selection.

- Schmitt-triggerinputs to transmit and receivé clocks
of the SIO.

- Crystal divide-by-one mode.

- 100-pin VQFP (Z84C15 only)

GENERAL DESCRIPTION

The intelligent Peripheral Controller (IPC) is a series of
highly superintegrated devices with four versions. The
Z84C13 and the Z84C15 are upward compatible versions
of the Z84013 and the Z84015. The Z84015 is a CMOS
8-bit microprocessor integrated with the CTC, SIO, CGC,
WDT and the PIQintoa single 100-pin Quad Flat Pack(QFP)
package. The Z84013 is the Z84015 without P1O, and is

housed in a 84-pin PLCC package. The Z84C13 is the

284013 with enhancements and the Z84C15isthe 284015
with enhancements. These high-end superintegrated in-
telligent peripheral controllers are targeted for a broad

range of applications ranging from error correcting mo-
dems to enhancement/cost reductions of existing hard-
ware using Z80-based discrele peripherals. Figures 1and
2 show the difference between the Z84013/015 and the
Z84C13/284C15.

Hereinafter, use the word IPC on the description covering
all versions (Z84C13/284C15 and Z84013/784015). Use
Z84C13/C15 on the description that applies only to the
784C13and Z84C15, and use Z84013/015 on the descrip-
tion that applies only to the Z84013 and Z84015.
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284013 284015
CPu CGC CPU cGC
CTC cTC

PIO

Figure 1. Z84013/015 Version

784C13 Z84C15
CPU CGC CPU CGC
SI0  wWDT SI0O WDT
CTC CcTC

PIO
Enhancement Enhancement

Figure 2. Z84C13/C15 Version
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Figure 3. Z84013/Z284C13 Pin-out Assignments
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Figure 4. 784015/Z84C15 Pin-out Assighments

PIN DEFINITIONS

The pin assignment for each device is shown in Figures 3
and 4. Foliowing is the description on each pin. For the
description and the pin number, if stated as "x13" or “x15",

that applies to both 284C13/284013 or Z84C15//B4015.
Otherwise, C13 for Z84C13, C15 for Z84C15, 013 for
784013 and 015 for Z84015.
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CPU SIGNALS

Pin Name

Pin Number

Input/Output, 3-State

Function

AO-A15

16-1(x13),
6-1, 100-91(x15)

ie]

16-bit address bus. Specifies 1/O and memory
addresses to be accessed. During the refresh
period, addresses for refreshing are output. The
bus is an input when the external master is
accessing the on-chip peripherals.

DO-D7

83-76(x13),
89-82(x15)

1o

8-bil bidirectional data bus. When the on-chip
CPU is accessing on-chip peripherals, these
lines are set to output and hold the data to/from
on-chip peripherals. ’

/RD

30(x13), 14(x15)

110

Read signal. CPU read signal for accepting
data from memory or I/O devices. When an
external master is accessing the on-chip
peripherals, it is an input signal.

20(x13), 13(x15)

11O

Wirite Signal. This signal is output when data, to
be stored in a specified memory or peripheral
LSl is on the MPU data bus. When an external
master is accessing the on-chip peripherals, it is
an input signal.

/MREQ

23(x13), 17(x15)

1/0, 3-State

Memory request signal. When an effective ad-
dress for memory access is on the address bus,
‘0" is output. When an external master is
accessing the on-chip peripherals, it is &n tri-
state signal.

NORQ

21(x13), 15(x15)

110

1/0 request signal. When addresses for I/O are
on the lower 8 bits (A7-A0) of the address bus in
the 1/O operation, *0" is output. In addition, the
/IORQ signal is output with the M1 signgi at the
time of interrupt acknowledge cycle to inform
peripheral LS| of the state of the interrupt
response vector is when put on the data bus.
When an external master is accessing the on-
chip peripherals, it is an input signal.

M1

17(x13), 8(x15)

110

Machine cycie “1”. /MREQ and “0" are putput
together in the operation code fetch cydle. /M1
is output for every opcode fetch when a two
byte opcode is executed. In the maskable
interrupt acknowledge cycle, this signat is
output together with /IORQ. It is 3-stated in EV
mode.
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CPU SIGNALS (Continued)

Pin Name Pin Number Input/Output, 3-State Function

/RFSH 26(x13), 7(x15) Out, 3-State The refresh signal. When the dynamic memory
refresh address is on the low order byte of the
- address bus, /RFSH is active along with /MREQ
signal. This pin is 3-stated in EV mode.

/INT 25(x13), 19(x15) Open drain Maskable interrupt request signal. Interrupt is
generated by peripheral LSI. This signal is
accepted if the interrupt enable Flip-Flop (IFF) is
setto “1". The /INT signal of on-chip perigherals
is internally wired - OR without puli-up resistors
and requires external pull-up. Also, interrupts
from on-chip peripherals go out from this pin.

INMI 56(x13), 63(x15) In : Non-maskable interrupt request signal. This
interrupt request has a higher priority than the
maskable interrupt request and does not rely
upon the state of the interrupt enable Flip-Flop

(IFF).
HALT 31(x13), 81(x15) Out, 3-State Halt signal. Indicates that the CPU has exacuted
a HALT instruction. This signal is 3-stated in EV
mode. :
/BUSREQ 18(x13), 10(x15) In BUS request signal. /BUSREQ requests place-

ment of the address bus, data bus, /IMREQ.
/IORQ, /RD and /WR signals into the high
impedance state. /BUSREQ is normally wired-
OR and a pull-up resistor is externally

connected.
/BUSACK 2%(x13), 12(x15) Out (013/015), Bus Acknowledge signal. in response to
Out/3-State /BUSREQ signal, /BUSACK informs a peripheral
(C13/C15) LSI that the address bus, data bus, /MREQ,

/IORQ, /RD and /WR signals have been placed
in the high impedance state.

Note: For the Z84013/015 the /BUSACK signal will not be 3-stated during EV mode. For the Z84C13/C 15 the JBUSACK will be 3-stated during EV mode.

WAIT 1(x13), 11(x15) in(013/015), Wait signal. /WAIT informs the CPU that
1/O(C13/C15) specified memory or peripheral is not ready for
data transfer. As long as /WAIT signal is aative,
MPU is continuously kept in the wait state.

Note: For the Z84C 13/C 15, the /WAIT pin becomes an output to bring out on-chip wait state generator during the EV mode.
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CPU SIGNALS (Continued)

Pin Name

Pin Number Input/Output, 3-State

Function

A7RF

55(x13), 70(x15) Out

1-bit auxiliary address bus. Output is the same
as bit-7 (A7) of the address bus. However,
during a refresh cycle, this pin outputs the
address which is the most significant bit of the
8-bit refresh address signal linked to the low
order 7 bits of the address bus.

CTC SIGNALS

Pin Name

Pin Number Input/Output, 3-State

Function

CLK/TRGO -
CLK/TRG3

75-72(x13), 81-78(x15)  In

External clock/trigger input. These four CLK/
TRG pins correspond 1o four Counter/Timer
Channels. In the counter mode, each active
edge will cause the downcounter to decrement
by one. In timer mode, an active edge will start
the timer. ltis program selectable whether the
active edge is rising or falling.

ZCmOo -
ZCMo3

68-71(x13), 74-77(x15)  Out

Zero count/timer out signal. In either timer or
counter mode, pulses are output when the
down-counter has reached zero.

SIO SIGNALS

Pin Name

Pin Number Input/Output, 3-State

Function

IWIMRDYA,
/W//RDYB

32,54(x13), 30,52(x15)  Out

i

Wait/Ready signal A and Wait/Ready signal

B. Used as /WAIT or /READY depending upon
SIO programming. When programmed a$ /WAIT
they go active at “0", alerting the CPU that
addressed memory or 1/O devices are not ready
by requesting the CPU to wait. When
programmed as /READY, they are active.at "0"
which determines when a peripheral device
associated with a DMA port is for read/write
data.

ISYNCA,
/SYNCB

RxDA, RxDB

33,53(x13), 31.51(x15)  1/O

34,52(x13), 3250(x15)  In

Synchronous signals.In asynchronous

receive mode, they act as /CTS and /CCC. In
external sync mode, these signals act as inputs.
In internal sync mode, they act as outputs.

Serial receive data signal.
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SI0 SIGNALS (Continued)

Pin Name Pin Number Input/Output, 3-State Function

/RxCA, [/RxCB  35,51(x13), 33,49(x15) In Receive clock signal. In the asynchronous
mode, the receive clocks can be 1, 16, 32, or 64
times the data transfer rate.

{TxCA, [TxCB  36,50(x13), 34,48(x15) In Transmitter clock signal. In the asynchronous
mode, the transmitter clocks can be 1, 16, 32, or
64 times the data transfer rate.

TxDA, TxDB  37,49(x13), 35,47(x15) Out Serial transmit data signal.

/DTRA, /DTRB  38,48(x13), 36.46(x15)  Out Data terminal ready signal. When ready,
these signals go active to enable the lerminal
transmitter. When not ready they go inactive to
disable the transfer from the terminal.

MRTSA, [RTSB  39,47(x13), 37,45(x15)  Out Request to send signal. “0" when
transmitting serial data. They are active when
enabling their receivers to transmit data.

[CTSA, ICTSB  40,46(x13), 38,44(x15) In Clear to send signal. When “0", after trangmit-
ting these signals the modem is ready to receive
serial data. When ready, these signals go active
to enable terminal transmitter. When not ready,
these signals go inactive to disable transfer from
the terminal.

/DCDA, 41,45(x13), 39,43(x15) In Data carrier detect signal. When “0", serigl

/OCDB data can be received. These signals are active
to enable receivers to transmit.

SYSTEM CONTROL SIGNALS

Pin Name Pin Number Input/Output, 3-State Function

IEl 60(x13), 72(x15) In Interrupt enable input signal. IEl is used with the
IEQ to form a priority daisy chain when there is
more than one interrupt-driven peripheral.

IEO 59(x13), 71(x15) Out The interrupt enable output signal. in the daisy
chain interrupt control, IEQ controls the interrupt
of external peripherals. IEQ is active when IEl is
“1" and the CPU is not servicing an interfupt
from the on-chip peripherals.

{CSO 42(C13), 40(C15) Out Chip Select 0. Used to access external

(C13/C15 only) memory or I/O devices. This pin has been

assigned to “ICT" pin on Z84013/015. This
signat is decoded only from A15-A12 without
control signals. Refer to “Functional Description”
on-chip select signals for further explanation.
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SYSTEM CONTROL SIGNALS (Continued)

Pin Name Pin Number Input/Output, 3-State Function
/CS1 40(x13), 42(x15) Out Chip Select 1. Used to access external
(C13/C15 only) memory or /O devices. This pin has been

assigned to “ICT" pin on Z84013/015. This
signal is decoded only from A15-A12 without
control signais. Refer to “Functional Description”
on-chip select signals for further explanation.

MWDTOUT 61(x13), 73(x15) Out(013/015), Watch Dog Timer Output signal. Output pulse
Open Drain(C13/C15)  width depends on the externally connecied pin.
/RESET’ 28(x13), 9(x15) Input(013/015), Reset signal. /RESET signal is used for
1/0 (Open Drain) initializing MPU and other devices in the system.
(C13/C15) Also used to return from the steady state in the

STOP or IDLE modes.

Note: For the Z84013/Z84015 the /RESET must be kept in active state for a period of at least three system clock cycles.

Note: For the Z84C13/Z84C 15, during the power-up sequence, the JRESET becomes an Open drain output and the Z84C13/C 15 will drive: this pin to
°0" for 25 to 75 msec after the power supply passes through approx. 2.2V and then reverts to input. If it receives the /RESET signal after power-on
sequencs, it will drive /RESET pin for 16-processor clock cycles depending on the status of Resst Output Disable bit in Misc Control Register. if this
Reset output is disabled, it must be kept in active state for a period of at least three system clock cycles. Note, that if using Z84C 13/C15 in u 284013/
015 socket, modification may be required on the reset circuit since this pin is "pure input pin” on the Z84013/015. Also, the /RESET pin dobsn't have
internal pull-up resistors and therefore requires extemal pull-ups. For more details on the device, pleass refer to *Functional Description.”

XTALA 63(x13), 65(x15) In Crystat oscillator connecting terminal. A paraliel
resonant crystal is recommended. If extarnal
clock source is used as an input to the CGC
unit, supply clock goes into this terminal. If
external clock is supply to CLKIN pin (without
CGC unit), this terminal must be connected to

“0" or “1".
XTAL2 63(x13), 66(x15) Qut Crystal oscillator connecting terminal.
CLKIN 67(x13), 69(x15) .In Single-phase System Clock Input.

CLKOUT 66(x13), 68(x15) Out Single-phase clock output from on-chip Clock
: Generator/Controller.

EV 58(x13), 67(x15) In Evaluator signal. When “1"is applied to this
pin, IPC is put in Evaluation mode.

Note: For the Z84013/015, together with /BUSREQ, the EV signal puts the IPC into the evaluation mode. When this signal becomes active, the status
of M1, HALT and /RFSH change to input. When using Z84013/015 as an evaluator chip, the CPU is electrically disconnected after one machine cycle
is executed with the EV signal "1 and the /BUSREQ signal "0". It follows the instructions from the other CPU (of ICE). Upon receiving /BUSREQ; A15-
A0, MREQ, AORQ, /RD and WR are changed to input and D7-D0 changes its direction. /BUSACK is NOT 3-stated so it should be disconhected by
an extemnally connected circuit. For details, please refer to “Functional Description™ on EV mode.
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SYSTEM CONTROL SIGNALS (Continued)

Note: For the Z84C13/C 15, to acoess on-chi
/RD and /WR are changed to input; D7-D0 ¢
to °1". Also, /BUSACK is 3-stated. For details, please refer to

hanges its direction;

P resources from the CPU (e.g., ICE CPU), the CPU is electrically disconnected: A15-A0, MREQ, /IORQ,
M1, HALT and /RFSH are put into the high impedance state when the EV pin is set
"Functional Description” on EV mode.

Pin Name Pin Number Input/Output, 3-State Function

ICT 42,44(013), 40,42(015), Out Test pins. Used in the open state.
Not with C13/C15

NC 24,27 57,65(x13), Not connected.
Not with x15

VvCC 43.84(x13), 41,90(x15)  Power Supply +5 Volts

VSS 22, 62(x13), 16,64(x15)  Power Supply 0 Voits

PIO SIGNALS (for the Z84x15 only)

Pin Name Pin Number Input/Output, 3-State Function

/ASTB 21(x15) In Port A strobe pulse from a peripheral device.
The signalis used as the handshake between Port
A and external circuits. The meaning of this signal
depends on the mode of operation selected for
Port A (see “PIO Basic Timing").

/BSTB 61(x15) n Port B strobe pulse from a peripheral device.
This signalis used as the handshake between Port
B and external circuits. The meaning of this signal
is the same as /ASTB, except when Port Ais in
mode 2 (see “PlO Basic Timing").

ARDY 20(x15) Out Register A ready signal. Used as the handshake
between Port A and external circuits. Themeaning
of this signal depends on the mode of operation
selected for Port A (see "PIO Basic Timing").

BRDY 62(x15) Out Register B ready signal. Used as the handshake
between Port B and external circuits. The meaning
of this signal is the same as ARDY except when
Port A is in mode 2 (see "PtO Basic Timing").

PA7-PAO 22-29(x15) /O, 3-State Port A data signals. Used for data transfer
between Port A and external circuits.

PB7-PBO 53-60(x15) 110, 3-State Port B data signals. Used for transfer between
Port B and external circuits.
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The following pins have different functions between 013/015 and C13/C15

Pin Name Pin # X13 Pin # X15 Function

/RESET 28 9 Functionality is different.

WAIT 19 15 Functionality.is different.

EV 58 67 Functionality is different.

/WDTOUT 61 73 Push-pull output on Z84013/015, Open drain on Z84 C13/C15

ICT 40, 42 42, 40 (Test pin) on Z84013/015; /CSO and /CS1 on Z84C13/15.

TxCA, TxCB, 35, 36,50, 51 33,34,48,49  On Z84C13/15; these signals have Schmitt-triggered inputs.

RxCA and RxCB

BUSACK 29 12 In EV mode, 3-stated on Z84C13/15; remains active on
Z284013/015.

FUNCTIONAL DESCRIPTION

Figure 5(a) shows the functional block diagram of the
Z84013/015 and Figure 5(b) shows the functional block
diagram of the Z84C13/C15. As described earlier, the only
difference between the Z84x13 and the Z84x15is the PIO
not being available on the Z84x13.

Functionally, the on-chip SI0, PIO (not available on Z84x13),
CTC, and the Z80 CPU are the same as the discrete
devices. Therefore, for detailed description of each indi-
vidual unit, refer to the Product Specification/Technical
Manual of each discrete product.

The following subsections describe each individual func-
tional unit of the IPC.

Z84C00/01 Logic Unit

The CPU provides all the capabilities and pins of the Zilog
Z80 CPU. This allows 100% software compatibility with
existing Z80 software. In addition, it has the pin called
"A7RF" 1o extend DRAM refresh address to 8-bits. Refer to
“Z84C01 Z80 CPU with CGC" Product Specification.

Z784C20 Parallel Input/Output Logic Unit (Z84x15 Only)
This logic unit provides both TTL- and CMOS- compatible
interfaces between peripheral devices and a CPU through
the use of two 8-bit parallel ports (Figure 6). The CPU
configures the logic to interface to a wide range of periph-
eral devices withno externallogic. Typical devices that are
compatible with thisinterface are keyboards, printers, and
EPROM/PAL programmers.

The parallel ports (designated Port A and Port B) are byte
wide and completely compatible with the Z84C20 PIO.

These two ports have several modes of operation; input,
output, bi-directional, or bit control mode. Each port has
two handshake signals (RDY and /STB) which are used to
control data transfers. The RDY (ready) indicates that the
portis ready for data transfer while /STB (strobe)isan input
to the port that indicates when data transfer has occurred.
Each of the ports can be programmed to interrupt the CPU
upon the occurrence of specified status conditions, and
generate unique interrupt vectors when the CPU responds
(for more information on the operation of this portion of the
logic, please refer to the Z84C20 PIO Product Specifica-
tion and Technical Manual).

Z84C30 Counter/Timer Logic Unit

This logic unit provides the user with four individual 8-bit
Counter/Timer Channels that are compatible with the
Z84C30 CTC (Figure 7). The Counter/Timers can be pro-
grammed by the CPU for a broad range of counting and
timing applications. Typical applications include event
counting, interrupt and interval counting, and serial baud
rate clock generation.

Each of the Counter/Timer Channels, designatad Chan-
nels 0-3, have an 8-bit prescaler (when used in limer
mode) and its own 8-bit counter to provide a widerange of
count resolution. Each of the channels have their own
Clock/Trigger input to quantify the counting process and
an output to indicate zero crossing/timeout conditions.
With only one interrupt vector programmed into the logic
unit, each channel can generate a unique interrupt vector
in response to the interrupt acknowledge cycle.
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Figure 5(b). Block Diagram for 84C13/C15 IPC
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Figure 7. CTC Block Diagram
Z84C4x Serial VO Logic Unit

This logic unit provides the user with two separate multi-
protocol serial 1/O channels that are completely compat-
ible with the Z84C4x SIO. Their basic functions as serial-to-
parallel and parallel-to-serial converters can be pro-
grammed by a CPU for a broad range of serial communi-
cations applications. Each channel, designated Channel
A and Channel B, is capable of supporting all common

asynchronous and synchronous protocols (Monosync,
Bisync, and SDLC/HDLC, byte or bit oriented - Figure 8).

Z84C13/C150nly. As an enhancement to the Z84013/015,
the Z84C13/C15 can handle a 32-bit CRC on Channel A
and Schmitt-trigger inputs on the /TxC and /RxC pins of
both channels.
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Figure 8. SIO Block Diagram

Watch Dog Timer (WDT) Logic Unit

This logic unit has been superintegrated into the IPC. It
detects an operation error, caused by the program run-
away, and returns to normal operation. Figure 9, shows the
block diagram of the WDT. Upon Power-On Reset, this unit
is enabled. if WDT is nol required, but WDTOUT is con-
nected to /RESET or any other circuit, it has to be disabled.
During the power-down mode of operation (either IDLE1/
2 or Stop), the Watch Dog Timer is halted.

WDT Output ((WDTOUT pin). When the WDT is used, the
0" level signal is output from the /WDTOUT pin after a
duration of time specified in the WDTP or in the WDTMR.
The output pulse width is one of the following, depending
on the /WDTOUT pin connection.

2 The /WDTOUT is connected to the /RESET pin: The “0"
tevel is pulsed for 5TcC (System clock cycles).

® The /WDTOQUT is connected to a pin other than the
/RESET pin: The “0" level is kept until the Watch Dog
timer is cleared by software, or reset by /RESET pin.

CGC Logic Unit. The IPC has CGC (Clock Generator/
Controller) unit. This unit is identical to the one with the
Z84C01 and the Z84C50, and supports power-downmodes
of operation. The output from this unit is on the pin called
CLKQUT, and is not connected to the system clock inter-
nally. The CLKIN pin is the system clock input. The user
can connect CLKOUT to CLKIN to utilize this CGC unit, or
supply external clock from CLKIN pin.

The CGC unit allows crystal input (XTAL1, XTAL2) or
External Clock input on the XTAL1 pin. It has clock divide-
by-two circuits and generates a half-speed clock to the
input.

Z84C13/C15. The power-down modes of the IPC vary
depending upon whether the system clock is fed from the
CGC unit (tie CLKOUT to CLKIN) or the external clock
source on the CLKIN pin. They also have divide-by-one
Mode. if the clock is supplied by this CGC unit, all of the
modes in "halt” state are available. When external ciock is
provided on the CLKIN pin, XTAL1 is not left openi (tied to
“0" or “1") to avoid meta-stable conditions to minimize
power consumption.
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MWDTOUT

#F0 ___ o f
WDTP ’ Enable
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(WDTCLK) — ™ for Watch Dog Timer R FIF S
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RESET ——— | 4erware ~—— WDTE
1 . B1H WRITE

Watch Dog Timer Command Watch DogTimer

Register #F1 (WDTCR)

Master Register #F0 (WDTMR)

Tt

{\r

Internal Data Bus

Figure 9. Block Diagram of Watch Dog Timer

284013/015 Only. If the system clock is provided on the
CLKIN pin, none of the power-down mode (except RUN
mode) is supported.

Z84C13/C15 Only. If the system clock is provided on the
CLKIN pin, only the IDLE2 mode is applicable. In this
mode, if the HALT instruction is executed, internal clock 1o
the CTC is kept on “Continue”, but the clock to the other
components (CPU, PIO, SIO and Watch Dog Timer) are
stopped. The divide-by-two circuit of the CGC unit can be
skipped by programming bit D4 of the WDTMR (see
"Programming” section). Upon Power-on Reset, it comes
up in divide by two mode.

System Clock Generation

The IPC has a built-in oscillator circuit and the required
clock can be easily generated by connecting a crystal to
the external terminals (XTAL 1, XTAL2). Clock output is the
same frequency as half the speed of the crystal fre-
quency. Example of oscillator connections are shown in
Figure 10.

Z84C13/C15. Clock output is the same, or half, of the
external frequency.

Z84X13/X15

XTAL1

L1

5 T Cyy = 33pF

T Cour = 33pF

XTAL2

Figure 10. Circuit Configuration For Crystal
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Recommended characteristics of the crystal and the val-
ues for the capacitor are as follows (the values will change
with crystal frequency).

B Type of crystal: Fundamental, parallel type crystal
(AT cut is recommended).

® Frequency tolerance: Application dependent.

B CL, Load capacitance: Approximately 22pf
(acceptable range is 20-30pf).

® Rs, equivalent-series resistance: < 150 ohms.

w  Drive level: 10mW (for < 10MHz crystal); 5SmwW
(for 2 10MHz crystal).

= 33pF.

Power-On Reset Logic Unit (Z84C13/C15 Only)

The Z84C13/C15 has the enhanced feature of a Power-on
Reset Circuit. During the power-up sequence, the open-
drain gate of the on-chip power-on Reset circuit drives
/RESET pin to "0" for 25 to 75 msec after the power supply
passes through approx. 2.2V. After the termination of the
"Power-on Reset" cycle, the open-drain gate of the on-chip
Power-on Reset circuit stops 10 drive the /RESET pin. It is
required to have external pull-up register on the /RESET
pin.

" C,=C

Ifit receives /RESET input from outside after the power-on
sequence and while the Reset Output Disable bit in Misc
Control Register is cleared to “0", it will drive the /RESET
pin for 16-processor clock cycles from the falling edge of
the external /RESET input. Otherwise, the /RESET pin must
be kept in the active state for a period of at least 3 system
clock cycles.

If there are power-on reset circuits outside of this device,
drive this pin with OPEN-DRAIN type gates with pull-up
resisters because /RESET signal is driven low for the
period mentioned above during the Power-on sequence.
If the external Power-on Reset circuit has push-pull type
drivers and they drive the /RESET pin to “1" during that
period, it may cause damage. In particular, when using
Z84C13/C15 in the Z84013/015 socket, modification may
be required on the external reset circuit.

Wait State Generator Unit (Z84C13/C15 Only)

The Z84C13/C15 has the enhanced feature of a Wait State
Generator circuit. Itis capable of generating /WAIT signals
tothe CPU internally. The status of the External /WAIT input
line is sampled after the insertion of software wait states,
except for the wait state's insertion of Interrupt Daisy Chain
Wait (for this cycle, insertion of a wait state is not simple).

The Wait State Control Register can be programmed to
generate multiple Wait states during different CPU cycles
listed as follows.

Memory Wait and Opcode wait. The Wait State Generator
can put 0 to 3 wait states in memory accesses. Addition-
ally, one added wait state can be inserted during an /M1
(Opcode fetch) cycle, because /M1 cycle's timing require-
ment is tighter than memory Read/Write cycles. it gener-
ates wait states to the Memory Access in a specified
address range, which is programmed in the Memory Wait
Boundary Register.

11O Wait. The Wait State generator can put 0, 2, 4 or 6 wait
states in I/O accesses. Regardless of the programming of
this field, no I/O wait states are inserted for accesses toon-
chip peripherals.

Interrupt Vector Wait. During Interrupt acknowledge cycle,
the Wait State Generator can insert one wait state after
/MORQ goes active, to extend the time between /IORQ fall
to vector fetch by CPU. it allows a slow vector response
device.

Interrupt Daisy Chain Wait and RETI sequence extension.
During Interrupt acknowledge cycle, the Wait State Gen-
erator caninsertQ, 2, 4 or 6 wait states between /M1 falling
o0 AORAQ falling edge, to extend the time required to settle
daisy chain. This allows a longer daisy chain. Also, this
field controls the number of wait states inserted during
RET! (Return From Interrupt) cycle. If specified ¢ insert 4
or 6 wait states during Interrupt Acknowledge cycle, Wait
State Generator also inserts wait states during RETI fetch
sequence. This sequence is generated with two op-code
fetch cycles (Op-code is EDh followed by 4Dh). It inserts
2 or 4 wait states, respectively, if op-code followed by EDh
is 4Dh. One wait state if the following op-code is not 4Dh.

Chip Select Signals (Z84C13/C15 Only) .
The Z84C13/C15 has an enhanced feature of adding two
chip select(/CS0, /CS1) pins. Both signals are originally IC
test pins (ICT) on the Z84013/015. The boundary value for
each Chip Select Signal is 4 bits wide, and compare with
A15-A12 of the address. Each Chip Select Signal goes
active when:

/CS0: (D3-D0 of CSBR) 2 A15-A1220
/CS1: (D7-D4 of CSBR) 2 A15-A12 > (D3-DO of CSBR)

(Where CSBR is the contents of Chip Select Boundary
Register.)

There is also a separate /CS enable bit. /CSOis enabled on
power-up with a boundary value of “F" causing /GS0 to go
active for all memory accesses. /CS1 is disabled on
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power-up, and boundary address is undefined. These
features are controlled via the 1O control registers located
at IfO address EEh and EFh. Note that a glitch may be
observed on these pins because address decode logicis
decoding only A15-A12, without any control signals. For
more detail, please refer to the "Programming section.”

Other functional features (Z84C13/C15 Only)

Formore system design flexibility, the Z84C 13/C 15 has the
following unique features. These features are controlled by
MCR (Misc. Control Register) which is indirectly accessed
via the System Control Register Pointer (SCRP, /O ad-
dress EEh), and System Control Data Port (SCDP, 1/0
address EFh). For more details, please refer to the “Pro-
gramming" section.

= Clock Divide-by-one option
= Reset Output Disable
®  32-bit CRC Generation/Checking

Clock Divide-by-One Option. This feature is programmed
through Bit D4 of MCR. Upon Power-On reset, the Clock
from on-chip CGC is passed through a divide-by-two
circuit. By setting this bit to one, the divide-by-two circuit
is bypassed so the clock on the CLKOUT pin is equal to
X'tal input. If the clock is applied to the CLKIN pin from
external clock source, the status of this bit is ignored. Upon
Power-on Reset, it is cleared to 0. For details, please refer
to “Programming” section.

Reset Output Disable. This feature is programmed by Bit

D3 of MCR. If this bit is cleared to 0", The /RESET pin

becomes “Open-drain output” and is driven to 0" for 16-

clock cycles from the falling edge of /RESET input. This

feature is for the cases where /RESET is used to get out

from the “HALT" state. If this bit is set to one, the on-chip
. Teset circuit will not drive /RESET pin.

32-bit CRC Generation/Checking. This feature is pro-
grammed by Bit D2 of MCR. By setting this bit to one,
Channel A of SIQ is set to use the 32-bit CRC generator/
checker instead of the original 16-bit CRC generator/
checker in synchronous communication modes. The poly-
nomial to be used in this mode is the one for the protocols

such as V.42, and is (X32 + X26 + X23+ X22 + X16 + X12
+X1T4+ X104+ X8+ X7 + X5+ X4+ X2+ X + 1). Upon Power-
on Reset, this bit is cleared to 0.

Evaluation Mode

The IPC has a built evaluation (or development) mode
feature which allows the users 10 utilize standard 780 -
development systems conveniently. This mode virtually
replaces the on-chip Z80 CPU with the external CPU. In
this mode, the on-chip CPU is electrically disconnected
from internal bus and all 3-state signals (A15-¢, D7-0,
/MREQ, /IORQ, /RD, WR, /HALT, /M1 and /RFSH; for C13/
C15, /BUSREQ as well) are tri-stated, or changed to input.
This allows the development system CPU to take over and
usetheinternal /O registers of the IPC exactly as if the CPU
was on-chip.

284013/015 Only. When this signal is active,the /M1,
MHALT and /RFSH pins are put in the high-impedance
state. In using the Z84013/015 as an evaluator chip, the
CPUi is electrically disconnected (put in high-impedance
slate) after one machine cycle is executed with the EV
signal being “1" and the /BUSREQ signal being “0". Then,
on-chip resources can be accessed from the cutside.
/BUSACK is disconnected by an externally connected
circuit.

Z284GC13/C15 Only. if the EV pinis tied to Vcc on Power-up,
the Z84C13/C15 enters into an evaluation mode. In this
mode, the internal CPU is immediately disconnecied from
the internal bus and all 3-state signals mentioned above
are fri-stated, or changed to input. Note that the /WAIT pin
became the OUTPUT pin in EV mode, and the Wait State
Generator generates wait states only as programmed. if
the target application board has a separate wait state
generator, modification of the target may be required.
/BUSACK is 3-stated in this mode.

The Z84C13/C15 behaves similarly to the situation where
in regular operation, the /BUSREQ signalis asserted by an
external master causing all 3-state signais to be tri-stated
by the Z84C13/C15 during T1 of the following machine
cycle. The /BUSREQ approach was not used for the
evaluation mode to avoid significant external circuitry to
work around the time period before the external CPU uses
the bus for Z84C13/C15 accesses.

PROGRAMMING

/O address assignment

The IPC s on-chip peripherals' /O addresses are listed in
Tabie 1. They are fully decoded from A7-A0 and have no
image.The registers with Z84C13/C15 located at I/O Ad-

dress EEh and EFh are the registers to contro! enhanced
features to Z84013/015, and not assigned on Z84C013/
015.
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Table 1. VO Control Reglster Address

Address Device Channel Register

10h CT1C ChoO Control Register

11h C1C . Cht Control Register

12h CTC Ch2 Control Register

13h Cc1C Ch3 Control Register

18h SIO Ch. A Data Register

19h SIO Ch. A Control Register

1Ah SIO Ch.B Data Register

1Bh SIO Ch.B Control Register

1Ch PIO Port A Data Register (Not with Z84x13)

iDh PIO Port A Command Register (Not with Z84x13)

iEh PIO Port B Data Register (Not with Z84x13)

1Fh PIO Port B Command Register (Not with Z84x13)

FOh Watch-Dog Timer Master Register (WDTMR)

Fth Watch-Dog Timer Control Register (WDTCR)

Fah Interrupt Priority Register

EEh System Control Register Pointer (SCRP)
(Not with Z84013/015)

EFh System Control Data Port (SCDP) (Not
with Z84013/015)

Through SCRP and SCDP Control Register 00 - Wait State Control
: register (WCR)
Control Register 01 - Memory Wait state
Boundary Register (MWBR)
Control Register 02-Chip Select Boundary
Register (CSBR)
Control Register03-Misc. Control Register
(MCR)
PIO REGISTERS

For more detailed information, please refer to the PIO
Technical Manual. These registers are not in the Z84x13.

Interrupt Vector Word

The PO logic unit is designed to work with the Z80 CPU in
interruptMode 2. The interrupt word must be programmed
if interrupts are used. Bit DO must be a zero (Figure 11).

IWIVSIVSIV4IV3IV2IV1IVOI

L—— identifies Intermupt

Vector

User Supplied | p
Vector

Figure 11. PIO Interrupt Vector Word
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Mode Control Word
Selects the port operating mode. This word is required and
is written at any time (Figure 12).

CE K
I R

Controt Word
Don't Care

Moaode Select

0.0 MODE ¢
0 1 MODE 1
1 0 MODE 2
11 MODE3

Figure 12. PIO Mode Control Word

/O Register Control Word

When Mode 3 is selected, the Mode Control Word is
followed by the 1/O Register Control Word. This word
configures the I/O register, which defines which port fines
are inputs or outputs. A “1" indicates input while a “0"
indicates output. This word is required when in Mode 3
(Figure 13).

vo
LlslsTT=T=T"T"]
I——os«smmw

1 Sets Bitto Input

Figure 13. /O Register Control Word

Interrupt Control Word

In Mode 3 operation, handshake signals are not used.
Interrupts are generated as a logic function of the input
signal levels. The Interrupt Control Word sets the logic
conditions and the logic levels required for generating an
interrupt. Two logic conditions or functions are available:
AND (if all input bits change to the active level, an interrupt
is triggered), OR (if any one of the input bits change to the
active logic level, an interrupt is triggered). The user can
program which input bits are to be considered as part of

this logic function. Bit D6 sets the logic function, bit D5 sets
the logic level, and bit D4 specifies a mask control word to
follow (Figure 14).

MSK
o7 0o
L] fonf fol:TeT4]

| _—L ldentifies Interrupt Cortirol Word
1 = Mask Follows [1]

1 = Active High

1 = And Function

1 = Interrupt Function Enable 2]

Note:
[t Rogndbssdtfnopomhgnndo,uﬁ\gBkD‘-1mmmy
pending interrupts to be cleared.
[2] The port interrupt is not enabled until the k pt function enable
is followed by an active M1.
Figure 14. Interrupt Control Word
Mask Control Word

This word sets the mask control register, thus allowing any
unused bits to be masked off. If any bits are to be masked,
then bit D4 of the interrupt Control Word is set. When bit D4
of the interrupt Control Word is set, then the next word
programmed is the Mask Control Word. To mask an input
bit, the corresponding Mask Control Word bit i a “1"
(Figure 15).

[o7|ns|ns|m|m|nzlm|m|

I“ MBO-MB7 Mask Bits. A Bit is

Monitored for an Interrupt i it
is Defined as an Input and the
Mask Bit is Set to 0.

Figure 15. Mask Control Word

interrupt Disable Word
This word can be used to enable or disable a port's
interrupts without changing the rest of the port's interrupt
conditions (Figure 16).
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IDvJDeIDs|D4|o|o|1 [+]
l—— Idontiios Interrupt

Disable Word
Don't Care

D7 =01 pt Disable
D7 = 1 Interrupt Enable

Figure 16. Interrupt Disable Word

CTC CONTROL REGISTERS

For more detailed information, refer to the CTC Technicat
Manual.

Channel Control Word

This word sets the operating modes and parameters as
described below. Bit DO is a “1” to indicate that this is a
Control Word (Figure 17).

|D7|Dsloslo4loa|02|m]no|

I— Cont