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PRODUCT SPECIFICATION

284011/C11

PARALLEL I/0
CONTROLLER

FEATURES

W 784C00 Z80 CPU with CGC, Z84C30 Z80 CTC, five
8-bit parallel ports.

® High speed operation (6/10 MHz).
| Low power consumption in four operation modes:
45 mA Typ. (Run mode)
6 mA Typ. (Idle1 mode)
9 mA Typ. (Idle2 mode; not applicable to Z8401 1)
1 pA Typ. (Stop mode)
® Wide operational voltage range (5V + 10%).

m TTL/CMOS compatible.

R 784011 features:
Z84C00 780 CPU.
On-chip four channel Counter Timer Controller(Z80
CT1C).
Built-in Clock Generator Controller(CGC).
Five 8-bit parallel ports.
100-pin QFP Package.
Noise filter to CLK/TRG inputs of the Z80 CTC.

B 784C11 features:
All Z84011 features.
Support of Idie 2 Mode.
Built-in Watch Dog Timer (WDT).
Power-on Reset and Reset Extension.
Wait State Generator.
Simplified EV Mode Selection.
Crystal Divide-by-One Option.
External Clock Input Option.

GENERAL DESCRIPTION

The Z84011 and Z84C11 Parallel I/O Controllers (PIC) are
CMOS 8-bitmicroprocessors. They are integrated with the
CTC and five 8-bit parallel ports into a single 100-pin QFP
(Quad Flat Pack) package. The Z84C11 is an upward
compatible version of the Z84011. Figure 1(a) shows the
block diagram of Z84011, and Figure 1(b) shows the block
diagram of the Z84C11. Figure 2 has pin assignments for
both versions. These high end superintegrated Paralle!
1/0 Controllers are targeted for a broad range of applica-

tions ranging from embedded controller to enhancement/
cost reductions of existing hardware using Z80 based
discrete peripherals.

Hereinafter, the word PIC on the description covering both

. versions (Z84C11 and 78401 1)isused. Use Z84C 11 onthe

description which applies only to the Z84C11, and use
Z84011 which applies only to the Z84011.
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Figure 1. PIC Functional Block Diagram
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PIN DESCRIPTION

The pin assignment is shown in Figure 2. Following is the ~ number, if stated as “X11, it applies to both the Z84C11/
description on each pin. For the description and the pin ~ Z84011. Otherwise, C11 for Z84C11 and 011 for Z84011.

CPU SIGNALS

Signal Name #ofPins Pin# /0, 3-State Description

A15-A0 16 (44-29) 110 16-bit address bus. Specifies /O and memory
' addresses to be accessed. During the refresh
period, addresses for refreshing are output. The bus
is an input when the external bus is accessing the
on-chip peripherals.

D7-D0O 8 (6-13) 110 8-bit bidirectional data bus. When the on-chip CPU
is accessing on-chip peripherals, these lires are set
to output and hold the data to/from on-chip periph-
erals.

/RD 1 19) 110 Read signal. CPU read signal for accepting data
) from a memory or I/O device. When an extemal
master is accessing the on-chip peripherals, it is an
input signal.

/WR 1 (20) 110 Write Signal. This signal is output when data, 10 be
stored in a specified memory or peripheral LS|, is on
the MPU data bus. When an external master is
accessing the on-chip peripherals, it is an input
signal.

MREQ 1 (17) Output, 3-State Memory request signal. When an effective address
: for memory access is on the address bus, “0” is
output. When an external master controls the bus,
this signal is tri-stated.

fIORQ 1 (18) /O 110 request signal. When addresses for I/O are
on the lower 8 bits (A7-AQ) of the address bus in the
11O operation, “0" is output. In addition, the /IORQ
signal is output with the /M1 signal at the time of the
interrupt acknowledge cycle. This informs peripheral
LS of the interrupt response vector state when on
the data bus. When an external master controls the
bus, itis an input signal.

M1 1 (25) 11O Machine Cycle “1”. /MREQ and “0" are output
together in the operation code fetch cycle. /M1 is
output for every op-code fetch when a two byte op-

. code is executed. In the maskable interrupt
acknowledge cycle, this signal is output together
with /IORQ. When an external master controls the
bus, itis an input signal.




LILOG INC

G1E D EM 9984043 0024972 5Tt EEZIL

CPU SIGNALS
Signal Name #ofPins Pin¥ 110, 3-State Description
JRFSH 1 (26) Output(011), The refresh signal. When the dynamic memory re-
~ Output/3-State fresh address is on the low order byte on the
(C11) address bus, this pin goes active along with /MREQ
signal. ’
Note:

For the 284011 the /RFSH is not tri-stated during EV mode.

Note:
For the Z84C 11 the /RFSH is tri-stated during EV mode.

/INT 1 (14) /O (Open Drain)

Maskable interrupt request signal. Interrupt is
generated by peripheral LSI. This signal is accepted
if the Interrupt enable Flip-Flop (IFF) is set to "1”.
The /INT signal of the CTC is internally wired-OR
without pull-up resistors and requires external pull-
up. The interrupts from on-chip CTC go out from this
pin. . :

INMI 1 (45) Input

Non-maskable interrupt request signal. This
interrupt reguest has a higher priority than the
maskable interrupt request and does not rely upon
the state of the Interrupt enable Flip-Flop (IFF).

MHALT 1 (16) Qutput, 3-State

Halt signal. Indicates that the CPU has executed a
HALT instruction. This signal is tri-stated in EV
mode.

/BUSREQ 1 (23) Input

Bus request signal. /BUSREQ requests placement
of the address bus, data bus, /MREQ, /IORQ, RD
and /WR signals into the high impedance state.
/BUSREQ is normally wired-OR and a pull-up
resistor is externally connected.

/BUSACK 1 (21) Output(011),
Output, 3-State

(C11)

Bus acknowledge signal. In response to /BUSREQ
signal, /BUSACK informs a peripheral LS that the
address bus, data bus, MREQ, /IORQ, /RD, and
/WR signals have been placed in the high imped-
ance state.

Note:

For the 284011 the /BUSACK will not be tri-stated during EV mode. For the Z84C 11 the /BUSACK will be tri-stated during EV mode.

Wait signal. /WAIT informs the CPU that specified

WAIT 1 (22) Input(011),
1/O(C11) memory or peripheral is not ready for data transfer.
As long as /WAIT signal is active, MPU is continu- r
- ously kept in the wait state.
Note:

For the Z84C 11, the WAIT pin becomes an output to bring out on-chip Wait State Generator during EV mode.
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CTC SIGNALS

Signal Name # of Pins Pin # IO, 3-State . Description

CLK/TRGO - 4 (2-5) Input. , External Clock/Trigger input. These four CLK/

CLK/TRG3 : TRG pins correspond to four Counter/Timer Chan-
nels. In the counter mode, each active edge )
causes the downcounter to decrement by one. In
timer mode, an active edge starts the timer. It is
program selectable whether the active edge is
rising or falling.

ZCTO0-ZC/mo2 3 (97-99) Output. Zero countftimer out signal. In either timer or counter
mode, pulses are output when the down counter
has reached zero. The Counter/Timer Channel 3
does not have this output.

GENERAL PURPOSE /0 PORT

Signal Name  # of Pins Pin # /O, 3-State Description

PA7-PAO 8 (61-68) o General purpose IO port (Port A). These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all input.”

PB7-PBD -8 (69-76) 11O General purpose I/0 port (Port B). These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all input.”

PC7-PCO 8 (53-60) 110 General purpose IO port (Port C). These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all Input.”

PD7-PDO 8 (88, 89, 11O General purpose I/O port (Port D). These lines are

' 91-96) configured as an input or an output, bit by bit. On

Reset, set as “all Input.”

PEG-PEO 7 . (85-79) 110 General purpose I/O port (Port E) These lines are

configured as an input or an output bit by bit. On
Reset, set as “all Input.”

PE7 (011 Only) 1 (78) 78} General purpose I/O port (Port E 7). This pin is
configured as an input or an output. On Reset, set
as “Input.”

PE7/WDTOUT 1 (78) 11O Port E 7/Watchdog Timer Output (Multiplexed). This

(C11 Only) (Open-drain pin is configured as a Watch Dog output pin, or as a

/0O when general purpose input or an output pin. When Watch
/WDTOQUT) Dog Timer is enabled, this pin becomes WDTOUT
. regardiess of the programming as an 1/O port, and

also becomes an Open-drain output. If WDTOUT is
connected other than a /RESET pin, an external pull-
up resistor may be required. On Power-on Reset,
this pin is set as PE7 and “Input.”
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SYSTEM CONTROL SIGNALS
Signal Name #ofPins Pin# /O, 3-State Description
IE| 1 (1) Input " . 780 CTC Interrupt enable input signal. This signal is
used with the 1EO to form an interrupt priority daisy
chain when there is more than one interrupt-driven
peripheral.
IEO 1 (87) Output Z80 CTC 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 interrupt from the
on-chip peripherals. k
/RESET 1 (24) input (011), Reset signal. /RESET signal is used for initializing
IfO (Open Drain)  MPU and other devices in the system. Also used to
on C11 return from the steady state in the STOP or IDLE
modes.
Note:

For the 784011 the /RESET is kept in active state for a period of at least three system clock cycles.

Note:

For the Z84C 1, during the power-up sequence, the /RESET becomes Open-drain oulput and the Z84C11 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 recsives the /JRESET signal after power-on sequence, it will drive the
JRESET pin for 16-processor clock cycles depending on the status of the ResetOutput Disable bitin the Watch Dog Timer Master Register. |f this Reset
output is disabled, it must be kept in an active state for a period of atleast three system clock cycles. Note, that if using Z84C 11 in the 284011 socket,
modification may ba required on the Reset circuit sincs this pin is a "pure input pin" on the 284011. The /RESET pin does not have internal pull-up
resistors and requires external pull-up. For more details of the function, refer to “Functional Description.”

Signal Name #ofPing Pin# 10, 3-State Description

XTAL1 1 (49) Input Crystal oscillator connecting terminal. A paralle!
resonant crystal is recommended. H an external
clock source is used as an input to the CGC unit,
supply clock goes into this terminal.

Note:

Forthe Z84C11, acrystal presence is automatically detected by the Z84C11; oscillator and divide-by-two circuits are activated. The single phase clock
generated is output on the CLK pin if the extemal clock is not applied on CLK pin.

# of Pins

Signal Name Pin # 1/0, 3-State Description
[
XTAL2 1 (48) QOutput Crystal oscillator connecting terminal.
CLK 1 (52) Qutput (011), System Clock
1JO(C11)
Note: -

For the Z84011, CLK provides Single Phase system clock generated by CGC. For the Z84C 11, if the clock is applied on this pin, the intemal oscillator
and divide-by-two circuits are bypassed. Otherwise, CLK provides System Clock to the system.
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SYSTEM CONTROL SIGNALS

Signal Name #0iPins Pin# 11O, 3-State Description

MS1, MS2 2 (47.46) | Mode select 1 and 2. The mode select input pins.
The status on these pins determine one of four
power save modes.(Run, Idle1, Idle2 or STOP).

EV 1 (15) Input Evaluator signal. When “1" is applied 1o this pin, PIC
is put in Evaluation mode. For details, refer to

. ) “Functional Description” on EV mode.
Note:

For the Z84011, together with /BUSREQ, the EV signal puts the Z84011 into the evaluation mode. When this signal becomes active, the status of
M1, HALT and /RFSH change to input. When using Z84011 as an evaluator chip, the CPU is slectrically disconnected after one machine cycle Is
exscuted 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, /IMREQ, /IORQ, /RD and /WR are changed to input and D7-D0 changes its direction. /BUSACK is NOT tri-stated so it should be disconnectsd by
an extemally connected circuit.

Note: c

For the ZBAC 11, to access on-chip resources from the CPU (e.g., ICE CPU), the CPU is electrically disconnected; A15-A0, MREQ, /lORQ, /RD and
MR are changed toinput; D7-D0 changes its direction; /M1, /HALT and /fRFSH are putinto the high impedance state when the EV pini is setto *1.” Also,
/BUSACK is tri-stated.

Signal Name #0fPins Pin# I/O, 3-State Description
Vee 3 (27,51, 90) Power +5 Volts
Vgs 4 (28, 50, GND 0 Volts
77, 100)
TEST 1 (86) Input Test pin. This pin should be tied to *0".
Note:

The following pins have different functions between 284011 and Z84C11:

Pin Name Pin # Function

/RESET 24 Functlionality is ditferent.

MWAIT 22 Functionality is different in EV mode.

BV 15 Functionality is different,

PE7 78 {Port E 7) on Z84011; PE7//WDTOUT on Z84C11.

/BUSACK 21 In EV mode, tri-stated on Z84C 11; remains active on Z84011.
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FUNCTIONAL DESCﬁIPTION

As shown in Figure 1(a), the Z84011 has a Z80 CPU, CTC,
Clock Generator/Controller and Five 8-bit Generatl Pur-
pose 1/0s. In addition 1o these, the Z84C11 has a Walch
Dog Timer, Wait State Generator, and Power-on Reset
circuit (Figure 1b).

Functionally, the on-chip Z80 CPU and the Z80CTC are the
same as the discrete devices. Therefore, for detailed
description of each individual unit, refer to the Product
Specification/Technical Manual of each discrete product.

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

Z84C00/01 Logic Unit

The CPU unit provides all the capabilities and pins of the
Zilog Z80 CPU. This allows 100% software compatibility
with existing Z80 software. Refer to "Z84C01 Z80 CPU with
CGC” Product Specification.

2Z84C30 Counter/Timer Logic Unit

This logic unit provides the user with four individuat 8-bit
Counter/Timer Channels that are compatible with the
Z84C30 CTC (Figure 3). The Counter/Timers are pro-
grammed by the CPU for a broad range of counting and
timing apptications. Typical applications include event
counting, interrupt and interval counting, and serial baud
rate clock generation. .
Each of the Counter/Timer Channels, designated Chan-
nels 0-3, have an 8-bit prescaler (when used in timer
mode) and its own 8-bit counter to provide a wide range 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.
Note that Channel 3 doesn't have its output pin. With only
one interrupt vector programmed into the logic unit, each
channel can generate a unique interrupt vector in re-
sponse o the interrupt acknowledge cycle.

‘ N Internal
Control
—I/ Logic
—
Data ) CPU J\ ’ —— /INT
BV%S <lnterna| Bus I/ nlt;rgril.épt <¢— |El
Control £ —» [EO
1\ Counter/ 3 > ZCmo
1"|m9r
V] Logic 2 CLK/TRG
}—-

/RESET

Figure 3. CTC Block Diagram
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General Purpose I/O Poris

The PIC has five 8-bit General Purpose /O ports (a total of
40 IO lines). Each bit is configured as input or output
individually. Figure 4 has the block diagram for General
Purpose /O ports. Each port has 2 associated registers.
Oneis the Port Data Port, which latches the data to the port,
and the other is the Data Direction Register, which defines
the direction of data flow for the individual bits of its port.
While the port bitis assigned as output, the contents of Port
Data register can be read back through /O instructions.
For the addresses of these registers, refer to Table 1.

Note: For Z84C11, Port 7 bit 7 is multiplexec with Watch
Dog Timer Output (WDTOUT). When enabling the Watch
Dog Timer, the WDTOUT is overriding the function as an
IfO port. When used as WDTOUT, a write to Port Data
Register has no effect on the PE7/WDTQUT pin, but
changes the contents of the Port E data regisier. A read to
this bit returns the status of the /WDTOUT. For more details
about Watch Dog Timer, refer to the “Watch Dog Timer"
Section.

D7~D0 Data Bus
Output Buffer
3 Port
Data DataPort [\ Vo
_I/ H— Register —/ PNt
Direction eg
Register —/]

Input Control Logic

Figure 4. 1/O Port Block Diagram
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' Walch Dog Timer (WDT) Logic Unit (Z84C11 Only)

This logic unit is being superintegrated into the Z84C11 as
an enhanced feature tothe Z84011. |t detects an operation
error, caused by the program runaway, and returns to
normal operation. Figure 5, shows the block diagram of the

PE7 —p

WDT. While WOT is enabled, the signal PE7/WDTOUT
acts as /WDTOUT. During power down mode of operation
{either IDLE1/2 or Stop), Watch Dog Timer is halted. Upon
Power-on Reset, it is disabled.

[—————> MUX «—» PE7/WDTOUT

#FO
WDTP Enable _

{Bits 6 and 5) —_p»|

G

o 22-Stage Binary Counter F(/)F
(WDTCLK) —1 for Watch Dog Timer R s
RESET
RESET
RESET —— | 4EH WRITE ‘ WDTE—]
T JL BiH WRITE 7
Watch Dog Timer Command Watch DogTimer
Register #F1 (WDTCR) Master Register #F0 (WDTMR)

At

ﬁ

Internal Data Bus

Figure 5. Watch Dog Timer Block Diagram

WDT Output (PE7/WDTOUT)

Since the Z84C11 doesn't have a dedicated WDT output
pin, the WDT output is multiplexed with Port E bit 7. When
enabling the Watch Dog Timer, the WDTOUT function
overrides PE7 function.

When the WDT is used, the “0" level signal is output from
the PE7//WDTOUT pin after a duration of time specified in -

the WDTP in the WDTMR. The output pulse width is one of
the following, depending on the PE7//WDTOUT pin con-
nection. .

The PE7//WDTQUT is connected to the /RESET pin: The “0”
level is pulsed for 5TcC (System Clock cycles).
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The PE7//WDTQUT 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 PIC has a CGC (Clock Generator/Controller) unit. The
PIC allows crystal input (XTAL1, XTAL2) or System Clock
Input on the XTAL1 pin. It has clock divide-by-two circuits
and generates half-speed clock to the input.

Z84011 Only. The CGC unitis notsupporting “Idle 2" mode
of operation.

Z84C11 Only. External clock can be also applied from CLK
pin. If external clock is provided on the CLK pin, the
oscillator and the divide-by-two circuit are bypassed. On
Power-on Reset, it comes up in divide-by-two mode. If the
external clock or crystalinputis provided on the XTAL pins,
the internal oscillator is used and the divide-by-two circuit
is activated depending upon bit D4 of the WDTMR (See
“Programming” section). Power Downmodes of the Z84C 11
vary based on whether the clock is input on the XTAL1 pin
or the CLK pin. If the clock is input on the crystat pin, all of
the modes in “halt” state are available. If the system clock
is provided from the CLK pin, only the IDLE2 mode is
applicable (CTC is kept on running but the internal CPU
and Watch Dog Timer are stopped).

Generating the System Clock

The PIC has a built-in oscillator circuit and the required
clock is easily generated by connecting a crystal to the
externalterminals (XTAL1, XTAL2). Clock output s the half
speed of the clock source. Example of an oscillator con-
nection is shown in Figure 6.

Z84C11/011

XTAL1

1L L
=
‘ T Couyr = 33pt

Figure 6. Circuit Configuration for Crystal

XTAL2

Z84C11. Clock speed is the same, or half, the frequency of
the clock source.

Recommended characteristics of the crystal andthe values
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).

B Frequency tolerance: Applicatiovn dependent.

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

B Rs, equivalent-series resistance: € 60 ohmns

B Drive level:10mW (for £ 10MHz crystal)
5mW (for = 10MHz crystal)

B CIN = COUT = 33pf.

Power-on Reset Logic Unit (Z84C11 Only)

The Z84C11 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 to drive-the /RESET pin.
Itis required to have external pull-up resistor on the /RESET
pin.

Ifit receives /RESET input from outside after the power-on
sequence, and while Reset Output Disable bit in Watch
Dog Master Register is cleared to “0", it drives the /RESET
pin for 16 processor clock cycles from the falling edge of
external /RESET input. Otherwise, /RESET pin must be
kept in 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 and pull-up
resistors because the /RESET signal is driven low for the
period mentioned above during the Power-on sequence.
If the external Power-on Reset circuit has push-puil type
drivers and they drive the /RESET pin to “1" during that
period, it may cause damage. In particular, when using
Z84C11 in the Z84011 socket, modification may be re-
quired on the external reset circuit.
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Wait State Generator Unit (Z84C11 Only)

The Z84C11 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 the wait states insertion for Interrupt Daisy Chain
Wait (for this cycle, insertion of a wait state is complex). The
Wait State Control Register can be programmed to gener-
ate multiple Wait states during different CPU cycles .as
listed as follows.

Memory Wait and Op-code Wait

The Wait State Generator can put 0 to 3 wait states in
memory accesses. Additionally, one added wait state can
be inserted during an/M1(Op-code fetch} cycle, because
M1 cycles' timing requirement is tighter than memory
Read/Write cycles. It generates wait states to the Memory
Accessinaspecified addressrange, whichis programmed
in Memory Wait Boundary Register.

IO Wait

The Wait State Generator can put 0, 2, 4 or 6 wait states to
1/O accesses. Regardless of the programming of this field,

no 1/O wait states are inserted for accesses to on- chrp
peripherals.

Interrupt Vector Wait

During Interrupt acknowledge cycle, the Wait State Gen-
erator can insert one wait state after IORQ 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 caninsert0, 2, 4 or 6 wait states between /M1 falling
tothe /IORQ falling edge. This extends the time required to
settle the daisy chain. This also allows alonger daisy chain.
Further, this field controls the number of wait states in-
serted during RETI (Return From Interrupt) cycle. If speci-
fied to insert 4 or 6 wait states during Interrupt Acknowl-
edge cycle, the Wait State Generator also inserts wait
states during the RET! 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.

Other Functional Features (Z84C11 Only)

For more system design flexibility, the Z84C11 has the
following unique features. These teatures are controlied by
WDTMR (Watch Dog Master Register; Address:FOh) For
more details, refer to “Programming section.”

u Clock Divide-By-One option
B Reset Output Disable
B Control Register Initialize Option

Clock Divide-by-One Option

This feature is programmed through Bit D4 of WDTMR.
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 that the
system clock is equal to XTAL input. If the clock is applied
to the CLK pin from external clock source, the status of this _
bit is ignored. Upon power-on reset, itis cleared to 0. For

_detaits, refer to “Programming” section.

Reset Output Disable

This feature is programmed by Bit D3 of WDTMR. If this bit
iscleared to “0", the /RESET pinis 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 has been set 10 one, the on-chip
reset circuit will not drive the /RESET pin except during
power-on sequence.

Control Register Initialize Option

This feature is programmed by Bit D2 of WDTMR. This bit
determines whether or not to initialize system control
registers toinitial value on /RESET. An ideal application for
using the Watch Dog Timer.

Evaluation Mode

The PIC has a built-in evaluation (or development) mode
feature which allows the users to utilize standard Z80
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 the internal bus and all tri-state signals 15-A0, D7-DO,
/MREQ, AORQ, /RD, WR, /HALT, M1, (for C11, /RFSHand
/BUSREQ as well) as they are tri-stated, or changed to
input. This allows the development system CPU to take
over and use the internal /O registers of the PIC (like the
CPU was on-chip).

284011 Only. When the EV pin is active,the /M1 and /HALT
pins are put in the high-impedance state. In using the
784011 as an evaluator chip, the CPU is electrically
disconnected (put in high-impedance state) after one
machine cycle is executed with the EV signal being “1” and
the BUSREQ signal being “0”. Then, on-chip resources
are accessed from outside. /BUSACK and /RFSH are
disconnected by an externally connected circuit.
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Z84C11 Only. If the EV pin is tied to Vcc on power-up, the
Z84C11 enters into an evaluation mode. In this mode, the
internal CPU isimmediately disconnected from the internal
bus and all tri-state signals listed above, and /BUSACK
and /RFSH signals are tri-stated, or changed to input. Note
that the /WAIT pin became the QUTPUT pin in EV mode,
and Wait State Generator generates wait states only as
programmed. If the target application board has a sepa-
rate wait state generator, modification of the target may be
required.

The Z84C11 actslike regular operation where the /BUSREQ
signal is asserted by an external master. This causes all
tri-state signals to be tri-stated by the Z84C11 after one
clock delay. For this case, /RFSH, /M1, MHALT and
{BUSREQ remain active. The /BUSREQ approach was not
used for the evaluation mode.This avoided significant
external circuitry to work around the time period before the
external CPU uses the bus for the Z84C11 accesses.

PROGRAMMING
/O Address Assignment
The PIC 's on-chip peripherals’ {/O addresses are listed in

Table 1. They are fully decoded from A7-AO and have no
image. The registers with Z84C11 located at I/O Address

EEh, EFh, FOh and F1h control enhanced features to the
Z84C11, and are not assigned on Z84011.

Table 1. 1/O Control Register Address

Address Device Channel Register

10h C1C Cho Control Register

11h C1C Chit Control Register

12h C1C Ch2 Contro! Register

13h C1C Ch3 Control Register

50h PIA Port A Port A Data Port (PADP)

54h PIA Port A Port A Data Direction Register (PADR)

51h PIA Port B Port B Data Port (PBDP)

55h PIA Port B Port B Data Direction Register (PBDR)

52h PIA Port C Port C Data Port (PCDP)

56h PIA Port C Port C Data Direction Register (PCDR)

30h PIA Port D Port D Data Port (PDDP)

34h PIA Port D Port D Data Direction Register (PDDR)

40h PIA Port E Port E Data Port (PEDP)

44h PIA Port E Port E Data Direction Register (PEDR)

FOh WDT Watch Dog Timer Master Register

’ (WDTMR; Not with Z84011)

Fih - WDT Watch Dog Timer Control Register
(WDTCR; Not with Z84011)

EENh Misc System Control Register Pointer
(SCRP; Not with Z84011)

EFh Misc System Control Data Port

(SCDP; Not with Z84011)
Through SCRP and SCDP
Control Register 00 - Wait State
Control register (WCR)
Control Register 01 - Memory Wait state
Boundary Register (MWBR)
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CTC Control Registers

For more detailed information, refer to the CTC Technical
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 7).

Io7|os|os|m|na|nz|m Dol

Control or Vector
0 = Vector

1 = Control Word
Reset

0 = Continued Operation
1 = Software Reset

Time C:
0 = No Time Constant Follows
1 = Time Constant Follows

Time Trigger

0 = Automatic Trigger When
Time Constant is Loaded

1 = CLK/TRG Pulse Starts Timer

CLK/TRG Edge Selection
0 Selects Falling Edge
1 Selects ising Edgo

F Value *
1 = Value of 256
0 = Value of 16

Mode
0 Selects Timer Mode
1 Salects Counter Mode

1 Enables Interrupt
0 Disablas Interrupt
* Timer Mode Only .

Figure 7. CTC Channel Control Word

Bit D7. Interrupt Enable.This bit enables the interrupt logic
so that an internal INT can be generated at zero count.
Interrupts are programmed in either mode and may be
enabled or disabled at any time.

Bit D6. Mode Bit This bit selects either Timer Mode or
Counter Mode.

"Bit D5. Prescaler Factor. This bit selects the prescaler
factor for use in the timer mode. Either divide-by-16 or
divide-by-256 is available.

Bit D4. Clock/Trigger Edge Selector. This bit selects the
active edge of the CLK/TRG input pulses.

Bit D3. Timer Trigger. This bit selects the trigger mode for
timer operation. Either automatic or external trigger is
selected.

Bit D2. Time Constant. This bit indicates that the next word
programmed is time constant data for the downcounter.

Bit D1. Software Reset. Writing 1 to this bit indicates a
software reset operation, which stops counting aclivities
until another time constant word is written.

Time Constant Word

Before a channel starts counting, it must receive a time
constant word. The time constant value is anywhere
between 1 and 256, with "0” being accepted as a count of
256 (Figure 8).

'|D7|De|05|04|03|02|01loo]

| l— TCO
T

TC2
TC3

TCcs
TC8
TC?

Figure 8. CTC Time Constant Word

Interrupt Vector Word

i one or more of the CTC channels have interruptenabled,
then the Interrupt Vector Word must be programmed. Only
the five most significant bits of this word are programmed,
and bit DO must be "0". Bits D2-D1 are automatically
modified by the CTC channels when it responds with an
interrupt vector (Figure 9).

|n7|os|os|m|os|nz|m|oo|

I—— 0 = Interrupt Vector Word

1 = Control Word

Channel ldentifier
{Automatically Inserted
by CTC)

0 0w Channel 0

0 1 =Channel 1

1 0= Channel 2

1 1=Channei3

Supptied By User

Figure 9. CTC Interrupt Vector Word

246




ZILOG INC

bIE D MR 9984043 DOD24983 381 WEZIL

PIA Registers

Port Direction Registers

The PIA ports can be configured for any combination of
input and output bits. The direction is controlled by writing
to the Port Direction Registers (PADR, PBDR, PCDR,

PADR (Add 54}
PBDR (Address:55h
PCDR (Address:56h)
PDDR (Addi 34h
PEDR (Address:44h)

D7

PDDR, PEDR). A “1" written to a bit position indicates that
the respective bitis an Qutput. All bits are inputs on reset.
This register is write only (Figure 10).

Do

|— 0:Sets Bit to Input
1:

Sats Bit to Output

Figure 10. Port Direction Register

Port Data Port

This register holds the data to the port bit assigned as
output. It holds the data until modified by the CPU. if the bit
is assigned as an output, a read to this register gives the

PADP (Address:50h)
PBDP (Address:51h)
PCDP (Address:52h)
PDDP (Address:30h}
PEDP (C11 only:Address:40h)

{pr]es]ps]pe]es|p2]ri [ro]

I

PEDP (C11 only:Address:40h)
| IPGIPSIP4IP3IP2IP1IPOI

I

current value on the port pin, or reads back the contents of
this register (Figure 11).

RW

When Watchdog Timer is Disabled:PE7
When Watchdog Timer is Enabled: WOTOUT
(Read Only)

Figure 11. Port Data Port

Writing a Port Data Port. If the bit location is assigned as an
input, A write to the bit location, assigned as an input,
changes the contents of the Port Data Port Register without
affecting the port's operation.

If the bitlocation is assigned as an output. A write to the bit
location, assigned as an output, latches the data into the

Port Data Port register, and the content of the register is
output on the pin.

Z84C11 Only. If Port E bit 7 has been assigned as Watch
Dog Timer Qutput ({WDTOUT), a write to PE7 location will
not change the status of the PE7, but changes the bit 7 of
PEDR.
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Reading a Port Data Port. If the bit location is assigned as
an input, a read to the bit location, assigned as an input
reads the data on the port directly. The contents of the Port
Data Port Register are not changed.

Ifthe bitis assigned as an ouiput. Aread to the bitlocation,
assigned as an output, reads back the contents of the Port
Data Port Register,

Z84C11 Only. i Port E bit 7 has been assigned as Watch
Dog Timer Output ((WDTOQUT), a read to PE7 location
returns the status of WDTOUT.

Asmentioned above, a write to the bitlocation assigned as
input, will not affectthe port's operation. When changingits
mode to output from input, write data to be output into port
data port before programming Data Direction Register to
QOutput, or there may be a glitch in the port pin.

Watch Dog Timer Control Registers (Z84C11 Only)
There are two registers to control Watch Dog Timer opera-

tions; Watch Dog Timer Master Register (WDTMR; 1/O
Address FOh) and the WDT Command Register (WDTCR;

Read/Write
7

/O Address F1h). Watch Dog Timer Logic has a “double
key" structure to prevent the WDT disabling error which
could lead to WDT operation stop page due to program
runaway. Also, these registers program the power-down
mode of operation. The “Second Key" is needed when
turning off the Watch Dog Timer.

Enablingthe WDT. The WDT is enabled by setting the WDT
Enable Bit (D7:WDTE) to “1" and the WDT Periodic field
(D5,D6:WDTP) to the desired time period. These com-
mand bits are in the Watch Dog Timer Master Register
(WDTMR; I/O Address FOh).

Disabling the WDT. The WDT is disabled by clearing WDT
Enable bit (WDTE)in the WDTMR ta "0” followed by writing
“B1h” to the WDT Command Register (WDTCR; 1/0O Ad-
dress F1h).

Clearing the WDT. The WDT can be cleared by writing
“4Eh” into the WDTCR.

Watch Dog Timer Master Register

(WDTMR; 1/O address FOh)

This register controls the activities of the Watch Dog Timer
and system functions (Figure 12).

4]

[of ] [ofofof]

{ l (Value on Power-on Reset)

[ —

Should be 11"

Control Registor initlalize Option
1 : initialize only on Power-on Reset
0 : initiaize on Reset Also

Reset Output Disable
1 : Reset Quiput is Disabled
0 : Reset Output is Enabled

Clock -One
1 : Clock is Divide-by-One
@ : Clock is Divide-by-Two

Watchdog Timer Perdod (WDTP)
08 D5

0 TeCx2 }g
° TeCx2
1 TeCx2

[
1
0
1 1 TeCx2

Walchdog Timor Enable

1 : Enables WDT

0 : Disable WDT (Followed by Blh
to WDTCM)

Figure 12. Watch Dog Timer Master Register




ZILOG INC

GLE D EE 9984043 0024985 154 EEZIL

Bit D7. Watch Dog Timer Enable (WDTE). This bit controls
the activities of Watch Dog Timer. The WDT is enabled by
setting this bit to “1”. To disable WDT, write “0" to this bit
tollowed by writing “B1h" in the WDT Command Register.
Watch Dog Timer Logic has a “double key” structure to
prevent the WDT disabling error which may lead to WDT
operation stop page, due to program runaway. Upon
Power-On Reset, this bit is cleared to "0" and the WDT is
disabled.

Bit D6-D5. WDT Periodic field (WDTP). This two bit field
determines the desired time period. Upon Power-on reset,
_this field is set to “11” and the time period is (TcC x 222).

00 - Period is (TcC x 2%)
01 - Period is (TcC x 2%®)
10 - Period is (TcC x 2%)
11 - Period is (TcC x 22)

Bit D4. Clock Divide-by-one option. “0"-Disable ,"1"-en-
able. On-chip CGC unit has a divide-by-two circuit. By
setting this bit to one, this circuit is bypassed and clock on
CLK pinis equal to XTAL oscillation frequency (or external
clock input on the XTAL1 pin). This bit has no effect when
the on-chip CGC unit is not in use and external system
clock is fed from CLK pin. Upon Power-on reset, this bitis
cleared to 0" and the clock is divided by two.

Bit D3. Reset Cutput Disable. “0™-Reset output is enabled,
“1"-Reset output is disabled. This bit controls the /RESET
signal and is driven out when /RESET input is used to take
the Z84C11 out of the “Halt” state. The reset pulse is driven
out for 16-clock cycles from the falling edge of /RESET
input, unless this bit is set. Upon Power-on reset, this bitis
cleared to 0"

Bit D2. Conirol Register Initialize Option. “0™- Initialize
control registers on Reset; “1”- Initialize control registers
only on Power-on Reset. D2 determines whether to initial-
ize system conirol registers to initial values on /RESET. If
this bit is cleared to O, contents of control registers are
initialized at/RESET. If this bitis setto 1, contents of control
registers are initialized ONLY on Power-on Reset (/RESET
will not initialize the control registers). Upon Power-on
Reset, this bit is cleared to 0"

Bit D1-D0. Reserved. These two bits are reserved and are
programmed as “11”. A read to these bits returns “11".

Watch Dog Timer Command Register

(WDTCR; 1/O address F1h)

In conjunction with the WDTMR, this register works as a
“Second Key” for the Watch Dog Timer. This register is
write only (Figure 13).

Write B1h after clearing WDTE to “0” - Disable WDT.
Write 4Eh - Clear WDT.

WDTCR (Write Only)
|D7|Ds|us|o4|m|02|m|m|

1 6 1 1 0 0 0 1 {B1h) - Disable WDT

(After Clearing WDTE)

0 1 0 0 1 1 1 0  (4Eh)-Cloar WDT

Figure 13. Watch Dog Timer Command Register

Registers for the Wait State Generator
(The following registers are not available on Z84011).

There are two indirectly accessible registers to program
wait states; Wait State Control Register (WCR, Control
Register00h) and Memory Wait Boundary Register (MWBR,
Control Register 01h). To access these registers, Z84C11
writes “register number to be accessed” to the System
Control Register Pointer (SCRP, 1/O address EEh), and
then accesses the target register through System Control
Data Port (SCDP, 1/O address EFh). The. pointer which
writes into SCRP is kept until modified.

System Control Register Pointer

(SCRP, I/O address EEh)

Thisregister stores the pointer to access WCR and MWBR.
This register is Read/Write and it holds the pointer value
until modified. Upon Power-on reset, all bits are cleared to
zero. The pointer value other than 00h and 01h, is reserved
and not written. Upon Power-on reset, this register is setto
"00h" and points to WCR (Figure 14).

SCRP (Read/Wiite)
74 Do

IOIoIOIOIOIOIOIOI(Valuemever-onResel)

0 [

] e 0 o
o 0o o

0 {00h) Point to WCR
¢ ¢ 0o 1

°
o (01h) Point to MWBR

Figure 14. System Control Register Pointer
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System Control Data Port
(SCDP, I/O address EFh)
This register accesses WCR and MWBR (Figure 15).

SCDP (Read/Write)
Do

D7
pEEEEEEEN
L—Reeﬂwmmeﬁsguor

Polnted by SCPR

Figure 15. System Control Data Port

WCR (Read/Write)

o7
EIEIEIE

a KRR KR

Iolololo

. Wait State Control Register

{WCR, register number 00h)

This register accessed through SCDP with the pointer
value 00h in SCRP (Figure 16). To maintain compatibility
with the Z84011, the Z84C1 Tinserts the maximum number
of wait states (set all bits of this register to one) for sixteen/
M1 cycles after Power-on Reset. It automatically clears the
contents of this register (move to no-wait state insertion) on
the trailing edge of the 16th /M1 signal unless software has
programmed a value. If automatic wait state insertion is
needed, the wait state is programmed within this time
period. A read to WCR during this period will return FFh,
uniess programmed. :

1 16 - M1 Cycles After Power-on Reset Unless Programmed
ofofofo]
[ —_—

0 0 No Wait State
0 1 Two Walt States
1 0 Four Wait States
1 1 Six Walt States

A y Wait

0 0 No Wai State

0 1 One Wait State
1 0 Two Wait States
1 1 Three Wait States

Op-code Fetch Extension
0: No Additiona! Walt On
Op-Code Fetch Cycle

1: Add 1 Moro Wait to
Op-Code Fetch Cycle

Interrupt Vector Wait
0: No Wait
1: One Wait State

—- 00
-0 =0

pt Daisy Chain Wait

Intervupt RETH
Acknowledge Cycle Cydle

0 Wait State 0 Wait State
2 Wait States 0 Wak State
4 Wait States 2 Waik States
6 Walit States 4 Waik States

Figure 16. Wait State Control Register
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The Wail State Control register has the following fields:

Bit 7-6. Interrupt Daisy Chain Wait. This 2-bit field specifies
the number of wait states to be inserted during an Interrupt
Daisy Chain settle period of the Interrupt Acknowledge
cycle. Which means /IORQ goes fow after the settling
period from /M1 going active. Also, this field controls the
number of wait states inserted during the RET! (Return
From Interrupt) cycle. If specified to insert four or six wait
states during Interrupt Acknowledge cycle, the Wait State
Generator also inserts wait states during the RET!I fetch
sequence. This sequence is formed with two op-code
fetch cycles (Op-code is EDh followed by 4Dh). It inserts
one wait state if op-code followed by EDhis NOT 4Dh, and
inserts two or four wait states, respectively, if the following
op-cade is 4Dh.

Interrupt Acknowledge RETI cycle
00 - No Wait states
01 - 2 Wait states
10 - 4 Wait states
11 - 6 Wait states

No wait states
No wait states
2 Wait states
4 Wait states

For sixteen /M1 cycles from Power-on Reset, bits 7-6 are
set to “11". They clear to “00" on the trailing edge of the
16th M1 signal unless programmed.

Bit 5. Interrupt Vector Wait. While this bit is set to one, the
wait state generator inserts one wait state after the IORQ
signal goes active during the Interrupt Acknowledge cycle.
This gives more time for the vector read cycle. While this bit
is clear to zero, no wait state is inserted (Standard timing).
For sixteen /M1 cycles from Power-on Reset, this bit is set
to “1.” It then clears to “0” on the trailing edge of the 16th
/M1 signal, unless programmed.

Bit 4. Op-cade fetch Extension. If this bit is setto “1”, one
additional wait state is inserted during the Op-code fetch
cycle in addition to the number of wait states programmed
in the Memory Wait field. For sixteen /M1 cycles from
Power-on Reset, this bitis setto “1”, then clear to “0” on the
trailing edge of the 16th /M1 signal, unless programmed.

Bit 3-2. Memory Wait states. This 2-bit field specifies the
number of wait states inserted during 1/O transactions.

00 - No Wait states
01 - 1 Wait states
10 - 2 Wait states
11 - 3 Wait states

For sixteen /M1 cycles from Power-on Reset, these bits are
setto "11”, then cleared to “00" on the trailing edge of the
16th /M1 signal, unless programmed.

Bit 1-0. //O Wait states. This 2-bit field specifies the number
of wait states inserted during I/O transactions.

00 - No Wait states
01 - 2 Wait states
10 - 4 Wait states
11 - 6 Wait states

For sixteen /M1 cycles from Power-on Reset, these bits are
setto “11”, then cleared to "00” on the trailing edge of the
16th /M1 signal, uniess programmed. For the accesses to
the on-chip /O registers, no Wait states are inserted
regardiess of the programming of this field.

Memory Wait Boundary Register

(MWBR, register number 01h)

This register specifies the address range to insert memory
wait states. When accessed memory addresses are within
this range, the Wait State Generator inserts Memory Wait
States specified in the Memory Wait field in WCR
(Figure 17).

MWER (Read/Write)
07 Do

I1I1I1I1IOIOIOIOI(VaIueonPowov—onResot)

: I—— Memory Wait Low Boundary

Specifies Lower Boundary
Address {A15-A12) for
Memory Wait Insertion

M y Wait High Boundary
Specifies High Baundary
Address (A15-A12) for
Memory Walt Insertion

Figure 17. Memory Walt Boundary Register

Bit D7-D4. Memory Wait High Boundary. This field speci-
fies A15-A12 of the upper address boundary for Memory
wait.

Bit D3-D0. Memory Waitl ow Boundary. This field specifies
A15-A12 of the lower address boundary for Memory wait.

Memory wait states are inserted for the address range:
(D7-D4 of MWBR) = A15-A12 > (D3-D0 of MWBR)
This register is set to “FOh” on Power-on Reset, which

specifies the address range for Memory wait as “0000h to
FFFFh".
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OPERATION MODES

There are four kinds of operation modes available for the
PIC in connection with clock generation; RUN Mode,
IDLE1/2 Modes and STOP Mode.

The Operation mode is effective when the halt instruction
executes. Restart of MPU from the stopped state under
IDLE1/2 Mode or STOP mode is effected by inputting

gither /RESET or interrupt (/NMi or /INT). The mode selec-
tion of these power-down modes is made by two external
pins (MS1/MS2). i

Note: Z84011 is not supporting IDLE 2 mode of operation.
Do not use the MS1/MS2 combination of 0 1 with Z84011.

Operation Mode MS1 MS2

Description at HALT State

RUN Mode 1 1

The PIC continues the operation. If CLK is an oultput,
it supplies clocks to the outside, continuously.

IDLE1 Mode 0 0

The internal oscillator's operation is continued and
supplies clocks to the outside, continuously. Clock
output (CLK) (and internal clock to the CTC and the
Watch Dog Timer) is stopped at “0” level of T4 state
in the haltinstruction operation code fetch cycle.
This mode is not supported with Z84C11 when
external clock is applied to the CLK pin.

IDLEZ Mode o - 1
(C11 Only)

The internal oscillator and the CTC's operation
continues. If the CLK pin has been selected as
output, it supplies clock to the outside continuously.
But the internal clock to the CPU and the Watch Dog
Timer is stopped at “0" level of the T4 state. This is
in the cycle immediately after the halt instruction op-
code fetch cycle. This mode is also valid when
external clock is applied to the CLK pin.

STOP Mode 1 0

All operations of the internal oscillator, clock (CLK)
output, internal clock to the-CTC, and the Watch

Dog Timer are stopped at the “0” level of the T4 )
state. This is in the cycle immediately after the hailt
instruction op-code fetch cycle.
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Table 2. Device Status in Halt State
{When clock is supplied by on-chip CGC unit)

Mode CGC CPU CTC WDT CLK Note

IDLEA
IDLE2
STOP
RUN

(1]

OX0O0
O X X x
OxXQOXx
O X X% X
OX0O X

O: Operating
X: Stop

Note: .
[1] Not supported on 011,

011 Only. All operating modes, except IDLE 2 (Table 2),
are valid with Crystal Input (Crystal connected between
XTAL1/2 or external Clock input on XTAL1).

C11 Only. Ali the operating modes in Table 3 are valid with
crystal input (Crystal connecled between XTAL1/2 or ex-
ternal clock input on XTAL 1). For the external clock on the
CLK pin, only the IDLE2 and RUN modes are applicable.

TIMING

Basic Timing

The basic timing is explained here with emphasis placed
on the halt function relative to the on-chip Clock Generator.
The following items are identical to those for the Z84C00.
For detalils, refer to the data sheet of the Z84C00.

® Qperation Code Fetch Cycle

8 Memory Read/Write Operation

B Input/Output Operation

B Bus Request/Acknowledge Operation

® Maskable Interrupt Request Operation

m  Non-Maskable Interrupt Request Operation

B Reset Operation

Operation When HALT Instruction Is Executed

When the CPU fetches a halt instruction in the op-code
fetch cycle, /HALT goes active (Low). This is in synchro-
nization with the falling edge of T4 state before the periph-
eral LSl and CPU stops the operation. Alter this, the system
clock generation differs, depending upon the operation
mode {RUN Mode, IDLE1/2 Mode or STOP Mode). If the
internal system clock is running, the CPU continues to
execute NOP instructions even in the halt state.

RUN Mode (MS1=1, MS2=1)
Shown in Figure 18 is the basic timing when the halt
instruction is executed in RUN Mode.
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M1Cycle _ | . M1 Cycle P M1 Cycle
o T4 T T2 T3 T4 T T2 13
cixour  —1 L] L1 | L] L
MHALT
M1 \I
HALT OP-Code '
Fetch Cycle | _ NOP Execution P NOP Execution

Figure 18. Timing of RUN Mode
(At Halt Instruction Command Execution)

In RUN Mode, internal system clock (@) and clock output  IDLE1 Mode (MS1=0, MS2=0)

(CLK) continues even after the haltinstructionisexecuted.  Shown in Figure 19 is the basic timing when the halt
Therefore, until the halt state is released by the interrupt  instruction is executed in IDLE1 Mode.

signal (/NMI or /INT) or /RESET signal, MPU continues to

execute HALT instruction (internally executing NOP  in-

structions).
T4

CLKOUT I I (L
. ”

4]

(Intemal
System _J—-I\ MPU Operation STOP ot
Clock) )
/HALT (L
9

M1 v
HALT Instruction Operation

Code Feich Cycle J
I

Figure 19. IDLE1 Mode Timing
(At Halt Instruction Execution)




ZILOG INC GLE D HEH 9984043 0024991 458 EMZIL

InIDLE1 Mode, the internal oscillator continues to operate,
but system clock (@) in MPU and clock output (CLK) is
stopped at T4 Low state of HALT instruction execution.
Then alt components in the MPU stop their operation. This
mode is not supported when the CGC unit is inactive and
the external clock is fed from CLK pin.

IDLE2 Mode (C11 Only; MS1=0, MS2=1)

Shown in Figure 20 is the basic timing when the halt
instruction is executed in IDLE2 Mode. This mode is not
supported on 011, and not with C11 when external clock is
applied onto the CLK pin.

T4
cwour _ | L | L1 LJ

LML,

%]
(Intemal
System _I_-I\ CPU Operation STOP , - ‘e
Clock) )
MHALT I
/M1 "1 L

HALT Instruction Operation
Code Fetch Cycle |

Figure 20. IDLE2 Mode Timing
(At Halt Instruction Execution)
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in IDLE2 Mode, the internal oscillator, clock to CTC and  STOP Mode (MS1=1, MS2=0) )

clock output (CLK) to the outside of Z84C11, continuesto  Shown in Figure 21 is the basic timing when the halt
operate. System Clock (@)in the Z84C11 isstopped atthe  instruction is executed in STOP Mode.

T4 Low state of HALT instruction execution. Then the CPU ' .

and Watch Dog Timer stop their operation.

T T2 ) T4 /
CLKOUT I 1 1 L6 LI 1 CLK Output STOP
2
Intenal
(g;esl"e‘m I LI L1 MPU Operation STOP

L1 K
Clock) . .
MALT » l)
/M1 I l

HALT Instruction Operation
Code Fetch Cycle I

Figure 21. STOP Mode Timing
{At Halt Instruction Execution)

1
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In STOP Mode, the on-chip CGC unitis stopped at T4 Low
state of HALT instruction execution. Therefore, System
Clock (@) in the IPC, operation of Watch Dog timer, CPU,
CTC and clock output (CLK) to the outside of the \PC are
stopped.

Release From Hait State

The haltstate of the CPU isreleased when “0" isinputto the
/RESET signal and the MPU is reset or an interrupt request
is accepted. An interrupt request signal is sampled at the
leading edge of the last clock cycle (T4 state) of NOP
instruction. In the case of maskable interrupt, interrupt is

HALT Instruction

accepted by an active /INT signal ("0" level). Also, the
interrupt enable flip-flop is set to “1". The accepted inter-
rupt process is started from the next cycle.

Further, when the internal system clock is stopped (IDLE1/
2 Mode, STOP Mode), it is necessary first to restart the
internal system clock. The internal system clock is re-
started when /RESET or interrupt signal (/NMI or /INT) is
asserted.

RUN Mode (MS1, MS2=1)
The halt release operation by acceptance of interrupt
request in RUN Mode is shown in Figure 22.

Execution _ 1 NOP Instruction Execution Interrupt Process
I » v
CLKOUT T4 T T2 T T2 T3 T4 T T2
L L U |”| LML
(Imemg T4 T T2 T T2 T3 T4 X T2
System_ll—-lr-lll_”_lllllllllllll
Clock) !
'
maT T X |
£t X
” |
' .
:
M *g——l ' .
l 7 I ! |—J
1
t
M 4 et
o 4 _ -4—— CPUntornal
i Latch for NMI
" l
M Y I ! I
1

Interrupt Sample Timing

Figure 22. Halt Release Operation Timing
By Interrupt Request Signal in RUN Mode




ZILOG INC

63E D EB 9984043 0024994 b7 ENZIL

In RUN Mode the internal system clock is not stopped. If
the interrupt signal is recognized on the rising clock edge
of T4 of the continued NOP instruction, the CPU will
execute the interrupt process from the next cycle.

The halt release operation by resetting the CPU in RUN
Mode is shown in Figure 23. After Reset, the CPU executes

HALT Instruction
Execution

an instruction starting from address 0000H. However, in

order to reset CPU, it is necessary to keep /RESET signal

at “0” for at least three system clock cycles (For Z84C11:

three clock cycles if Reset outputis disabled,). In addition,’
if the /RESET signal becomes “1", after the dummy cycle

for at least two T states, the CPU executes an instruction

from address O000H.

Execute Instruction
L Address 0000H

T1 T2 -

-

Ta

pniaa T IO PP I I I P I S B

. _
s =) M ML L LML L LT
Clock) ‘
FIHALT_-—_l g N 5

M1 i
/RESET p rgl

Figure 23. Halt Release Operation Timing
By Reset in RUN Mode
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IDLE1 Mode (MS1=0, MS2=0)
IDLE2 Mode (MS1=0, MS2=1)
The halt release operation by interrupt signal in IDLE1
Mode is shown in Figure 24(a) and in IDLE2 Mode in Figure

24(b).
NOP Iinstruction Execution
T4 T1 T2 T3 T4 T1

cwour [T L LML Lo

%]
{Internal
Systemr—l £C AIIIIIII'I_
»ClOCk) 7”7

MHALT | e
Ll \

[ (4
M1 Lid | |

f£¢
MNMI ”

o _ _{==— MPU Intemal
Latch for NMI

Fq(4
AINT 44

-

Interrupt Sampling Timing

(a) IDLE1 Mode

Figure 24. Hait Release Operation Timing
By Interrupt Request Signal in IDLE1/2 Mode
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“ NOP Command Execution >‘

T4 ™ T2 T3 T4 T1

oworr 1 M MM LM LML LrLr

2

{Internal
Syem | L4 | L1 L1 1

Clock) 9
MALT _—I ” V
4”

"

f{d
/M-' P | I l
4f i
AM | 2 L ~=— MPU Internal
) Latch for NMI
1
]
4f i
ANT Il |
d |

Interrupt Sampling Timing

(b) IDLE2 Mode

Figure 24. Halt Release Operation Timing
By Interrupt Request Signal in IDLE1/2 Mode (Continued)
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When receiving INMI or /INT signal, the stopped internal
system clock starts to feed. In IDLE1 Mode, the PIC starts
clock output to the outside at the same time.

The operation stop of CPU in IDLE2 mode is taking place
at “0" level during T4 state in the halt instruction op-code
fetch cycle. Therefore, after being restarted by the inter-
ruptsignal, CPU executes one NOP instruclionand samples
an interrupt signal at the rise of T4 state during the
execution of this NOP instruction. It then executes the
interrupt process from the next cycle.

If no interrupt signal is accépted during the execution of
the first NOP instruction after the internal system clock is
restarted, CPU is not released from the halt state. 1t is

placed in IDLE1/2 Mode again at “0" level during T4 state
of the NOP instruction, stopping the internal system clock.
If AANT signal is not at “0” level at the rise of T4 state, no
interrupt request is accepted.

The Halt Release Operation

By RESET in IDLE1/2 Modes

When /RESET signal at “0" level is input into the PIC, the
internal system clock is restarted and the PIC will execute
an instruction stored in address O000H.

At time of /RESET signal input, it is necessary to take the
same care as. that in resetting the PIC in RUN Mode
(Figures 25a and 25b).

|
Execution Instruction from
Address 0000H
T4 T T2 T3
CLKOUT ||ﬁ~IIIIIL”JIIIIIIIIL_
%]
(Intemal
S Ly A LML L, L LML
Clock)
. £C
mar T 1, |~
37 \
- s 5 | I
’ £C
/RESET r:l
p )

(a) IDLE1 Mode

Figure 25. Halt Release Operation Timing
By Reset in IDLE1/2 Mode
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(-

Execution Instruction from
Address 0000H

awor M ML LML rLrr o

%)
(Interal

e Hgliglgipipininl

Clock)

LLC

/HALT | ” I

L \
LL

—

R

M1

i5
/RESET P |
r 2 A

(b) IDLE2 Mode

Figure 25. Halt Release Operation Timing
By Reset in IDLE1/2 Mode (Continued)
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Halt Release in STOP Mode

(MS1=1, MS2=0) By Interrupt

The halt release operation by interrupt signal in STOP
Mode is shown in Figure 26.

NOP Command Execution
T4 T1 T2 T3 T4 T
cworr ] Mrirererer
7]
(Internal
Systeml_-lrr IIl'lI IIII_
Clock) ”
MHALT I I
4
fd {C

M1 24 ” | I

"
q4-4-—==-=~F---pF - -~ ===

5 5
r) &4 .
M : - .”_ __________________ e m }4— MPU Internal
} Latch for NMI
1
AINT | o N
P N
|
Interrupt Sampling Timing
Figure 26. Halt Release Operation Timing %
By Interrupt Request Signal in STOP Mode
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~ When the PIC receives an interrupt signal, the internal
oscillator is restarted. To obtain stabilized oscillation, the
internat system clock and clock output (CLK) to the outside
are started after a start-up time of (24+2.5) TcC (TcC:
Clock Cycle) by the internal counter.

CPU executes one NOP instruction after the internal sys-
tem clock is restarted. At the same time, it samples an
interrupt signal at the rise of T4 state during the execution
of this NOP instruction. If the interrupt signal is accepted,
CPU executes the interrupt process operation from the
next cycle.

Note: During interrupt signal input, care should be taken
like the care of the interrupt signal inputin {DLE 1/2 Mode.

The. halt release operation by the Z84C11 resetting in
STOP Mode is shown in Figure 27.

Halt Release in STOP Mode

(MS2=0, MS1=1) By /RESET

When /RESET at “0" level is input into the PIC, the internal
oscillator is restarted. However, the internal clock counter
for warm-up does not operate. Therefore, the operation is
not carried out properly due to unstable clock oscillation.
Itis necessary to hold the /RESET signal at “0" level for
sufficient time. The halt release operation by the PIC
resetting in STOP Mode is shown in Figure 27.

Z84C11 Only. The /RESET pulse is stretched to aminimum
of 16 cycles and driven out of the Z84C11 on the /RESET
pin if Reset output is enabled (bit D3 of WDTMR is cleared
to “0"). Setting bit D2 disables the driving out of /RESET. If
the Contral Initialization Option has not been selected
(cleared bit D2 of WDTMRY), the values programmed in the
control registers (WDTMR, SCRP, WCR and MWBR) are
not initialized on /RESET. Otherwise, contents of these
registers are initialized 1o the default value.

|l
Executive Instruction from
Address 0000H
T T2 T3

CLKOUT __Ij_’ ;_I |._.|

L 1L rLrire

1%/
(Internal -
System ’__I I_l I_”_I | I l I l I | I I__
Clock)
£C
MALT I £C £C I o
r)) )7
L Lc
M1 P r2J l

/RESET '_”_I

£C

5
4]
”

L4

Figure 27. Halt Release Operation Timing
By Reset in STOP Mode
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Start-up Time At Time of Restart (STOP Mode). When the
MPU is released from the halt state by accepting an
interrupt request, it executes an interrupt service routine.
Therefore, when an interrupt request is accepted, it starts
the generating clock on the CLK pin (after a start-up time),
by the internal counter [(2"+2.5) TcC (TcC:Clock Cycle)].
This obtains a stabilized oscillation for operation.
Further, in case of restart by the /RESET signal, the internal
counter does not operate.

Evaluation Operation

Eachofthe CPUsignals (15-A0, 7-D0, /MREQ, #AORQ, /RD,
MWR, HALT, /M 1) can be tri-stated by activating the EV pin.
The Z84C11 enhances the counter part by eliminating the
requirement of activating /BUSREQ.

Instruction set. The Instruction set of the PIC is the same for
the Z84C00. For details, refer to the Data Sheet/Technical
Manual of the Z84C00.

AC TIMING

The following section describes the timing of the PIC. The
numbers appearing in the figures refer to the parameters
onthe Table A-F. : ’
CPU Timing

The PIC's CPU executes instructions by proceeding through
the following specific sequence of operations:

® Memory read or write
B /O device read or write
8 Interrupt Acknowledge

The basic clock periodis referred to as a Time or Cycle and
three or more T cycles make up amachine cycle (e.g., M1,

M2 or M3). Machine cycles are extended either by the CPU
automatically inserting one or more wait states or by the
insertion of one or more wait states by the user.

Instruction Op-code Fetch

The CPU places the contents of the Program Counter (PC)
on the address bus at the start of the cycle (Figure 28).
Approximately one-half clock cycle later, /MREQ goes
active. When active, /RD indicates that the memory data
can be enabled onto the CPU data bus.

The CPU samples the /WAIT input with the falling edge of
clock state T2. During clock states T3 and T4 of an M1
cycle, dynamic RAM refresh can occur while the CPU
starts decoding and executing the instruction.
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o
X

X REFRESH ADDR

{Clock

A15-A0

MREQ

/RD

WAIT

M1

—] al-  —o ie)
Memory
Access, Valid ~§
Data in - Data
J
/RFSH

Figure 28. Instruction Op-code Fetch
(See Table A)
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Memory Read or Write Cycles

Figure 29 shows the timing of memory read or write cycles  In a memory write cycle, /MREQ also becomes aclive

other than an Op-code fetch (/M1) cycle. The MREQ and  when the Address Bus is stable. The MR line is active

/RD signals function like the Op-code fetch cycle. when the Data Bus is stabie, so that itis used directly as an
R/W puise to most semiconductor memories.

Ty T2 Tw Ta
Clock
~—t-® ®
L
77
A15-A0 Valid Address
{L
rJ
® @] | ®
/
MREQ /
@ 1 Jr lr 7rlt
—+ ® —p ()
Pt e
AAIT
7 .
RD \
I g4
17 @
Read - —.
Operation ™ . @® L"
,I
orbo —« Valid Data
(. j’,
®)
(" —@) |
MR
Wite 7’ l’ —
Operation < @ -(® — ®
]rl,
Da‘:gu"’t i Data Out }—
. : Jrlr

Figure 29. Memory Read or Write Cycle
{See Table A)
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Input or Output Cycles

Figure 30 shows the timing for an YO read or /O write
operation. During |/O operations, the CPU automatically
inserts a single wait state (TWA). This exira wait state
allows sufficient time for an IfO port to decode the address
from the port address lines.

When the CPU is accessing the on-chip 1/O registers (CTC,
PIA and system control registers), the data from/to these
registers also appears on the data bus, or data bus is
output during an 1/O cycle.

: .M Tz Twa Tw T3
W AYAYVA YA YA VAN
i @ rc ] @I‘_
27 K
AT-A0 x Vaiid Port Address p . X
@)
NORQ & P /
(T .
@+ b ®
f
/WAIT , J
-O oH
-
/RD N .
77
Operation — @ |- .
77 B
i « )
. ‘_@ r2a _4@
- I
MWR
C lrlr — <—C)
VO Write ~® ' -®
A F
o oo
L Ja
intermnal o _—-—-\ @
o < oIS — ovpr v

Note: T.,, =One walt cycle aulomatically inserted by CPU

Figure 30. Input or Output Cycle
(See Table A)
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Interrupt Request/Acknowledge Cycle

The CPU samples the interrupt signal with the risingedge ~ During this special M1 cycle, IORQ becomes active
of the last clock cycle at the end of any instruction (Figure  (instead of /MREQ) to indicate that the interrupting device
31). When aninterrupt is accepted, a special M1 cycleis  can place an 8-bit vector on the data bus. The CPU

generated. automatically adds two wait states to this cycle.
Tu T ; T2 Twa TwA Tw T3 '
. Y L
®
ANT
1’1’
A15-A0 X PC p X
()] ®
—
m \ ” }

Ty

r—
NORQ
’ {L

L4

®

—® r_
D7-Do } % EE: lr

NOTE:1)T,, =Lastsiato of any inshuction cycle
2) Tyya = Walt cycla automatically inserted by CPU

Figure 31. Interrupt Request/Acknowledge Cycle
(See Table A)
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Non-Maskable Interrupt Request Cycle

/NMIis sampled at the same time as themaskableinterrupt  puton the bus by the memory is ignored. Instead the CPU
input /INT, but has higher priority and cannot be disabled executes a restart (RST) operation and jumps to the NMI
under software control. The subsequent timing is similarto  service routine located at address 0066H (Figure 32).
that of a normal memory read operation except that data ‘ '

——— Last M Cycle M1
T T1 T2 T3 Ta ° Ts
VAW AVAW RWAY W
NMI - i e A
—-—@Iq-- — ‘
A15-A0 X PC X
—— - —
M
—-—@ ]
MREQ
/RD j

* Although /NMI is an asynch input, to g its being gnized on the lolowmg machine cycle, /NMI's falling edge
must occur no later than the rising edge of the clock cycle precedng the last state of any instruction cycle (T4 ).

N Figure 32. Non-Maskable Interrupt Request Operation
(See Table A)
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Bus Request/Acknowledge Cycle

The CPU samples /BUSREQ with the rising edge of the last
clock period of any machine cycle (Figure 33). If BUSREQ
is active, the CPU sets its address, data, and /MREQto a
high-impedance state. The //ORQ, /RD and /WR lines are
set to an input for on-chip peripheral access from external

bus master with the rising edge of the next clock pulse. At
that time, any external device can take control of these
lines, usually to transfer data between memory and 1/O
devices.

TLm Tx Tx Tx
=/ \
), )
@) — ) la—

/BUSREQ

f g 4

rid

— ® —-®

MBUSACK

¢
!
¢

A15-A0 - I

07-D0 )
MREQ — I__@ —
/RD, WR

c Floating

Floating

t
[¢

CE

T |

} ‘r Floating
NORQ, M1 o4

MALT, /RFSH

Notes: 1) Ty = Last state of any M cycle

2) Tx = An arbitrary clock cycle used by requesting device

Figure 33. BUS Request/Acknowledge Cycle
(See Table A)

n
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Halt Acknowledge Cyde

Figure 34 shows the timing for the Halt acknowledge cycle.

M1 - ' M1 ~f d

T4 T T2 T3 Ta Ty T2

Halt instruction Recelved

* Although /NMI is an asynch input, 1o g its being gnized on the following machine cycle, /NMI's falling
edge must occur no later than the rising edge of the clock preceding the last stale of any instruction cycle (T, ).

Figure 34. Halt Acknowledge
(See Table A)
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- Reset Cycle

/RESET mustbe active for atleast three clock cycles for the
CPU to propetly accept it. As long as /RESET remains
active, the address and data buses float, and the control

Z84C11 Only. | Reset output is disabled, /RESET must be
active for atleast three clock cycles for the CPU to properly
acceptit. Otherwise, /RESET must be active for atleast two

outputs are inactive. clock cycles and the on-chip reset circuit extends /RESET

signal 1o at least a minimum of 16 clock cycles.
Once MRESET goes inactive, two internal T cycles are

consumed before the CPU resumes normal processing
operalion. /RESET clears the PC register, so the first op-
code fetch focation is 0000H (Figure 35).

M1

T T2

- "\, "/ L

—

- |—@
< callan
g

RESET _\ Y/ \ {—\ /-: I—f \_/
* E,,?{’E';:-'E / 1F
- I N\ 2

A15-A0 } I~ (
—] |<—
0700 }_{; Fosting
" - ®
) s [
e
. 777777 )

* 84C11 Only Reset Output Is Enabled

Figure 35. Reset Cycle
(See Table A)
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CGC Timing
Figures 36-39 show the timing related CGC and Power-on
Reset circuits. [dle 2mode of operation is not supported on
the Z84011.

Parameters referencedinFigures 3&39 appearinTableB.

2.2V 0.4V
Vee
/RESET
—®
Figure 36. Reset On Power-up
(Applies Only for Z84C11)
Ta T4 To T3
Clock
- ®
ANT
i
NMI
- 4/2\ -

Figure 37. Clock Restart Timing (STOP Mode)
(See Table B)

274




ZILOG INC L1E D EE 9934043 0025011 94y EEZIL

Ty T2 T3
Clock
(IDLE1 Mods) 2
T4 T T2 T3

o\

MMI

[=AJ7

O,

(a) Clock Restart Timing By /INT, /NMI (IDLE1/2 Mode)

Ty

CLKOUT

®

I\ /

(b) Clock Restart Timing By /RESET (IDLE1/2 Mode)

Figure 38. Clock Restart Timing (IDLE1/2 Mode)
(See Table B)
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/XTAL1
(For External
Clock Input)

(a) XTAL1 Timing for External Clock input

CLK

{b) CLK Timing (011 and C11 CLK Pin as Output)

Figure 39. Clock Timing
{See Table B)
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On-chip Peripheral Access
From External Bus Master

The timing for the on-chip IfO device access from the
external bus master is shown in Figure 40. This timing also
applies to the timing during EV mode of operation.

WAVAVAWRWAWAN
T

MORQ \
ro \
N

®

mo

Wiite to
c1C

D7-D0

X
aaOma
/o
07-D0 | ( Vafid Data )——
o
}—_

System
* Rogiie

D7-D0

-

rong \[@} /@ "
I-—@—— .
{

(a) On-chip Peripheral /O Access From External
Bus Master (See Table C)

Figure 40. On-chip Peripheral Timing From External Bus Master
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/IORQ \ : ‘ /

Il /
" EO \

®
®

@

(b) Interrupt Acknowledge Cycle Timing
For On-chip peripheral From External Bus Master
{See Table C)

Figure 40. On-chip Peripheral Timing From External Bus Master (Continued)
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T\ 1

- &
D7-D0 _

®®

€0 )i !

(c) Op-code Fetch Cycle Timing for On-chip Peripheral
From External Bus Master (See Table C)

Figure 40. On-chip Peripheral Timing From External Bus Master (Continued)
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CTC Timing

Figure 41 shows the timing for on-chip CTC.

CLK/TRG
Counter

2 /[ )

ZG/TO /

e \

Figure 41. Counter/Timer Timing
(See Table D)
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General VO Port Timing

Figure 42(a) has the Qutput timing for General 1/O port
timing while Figure 42(b) has the Input timing.

L T, Tw T,
Clock
®
Output
Port Data
(a) /O Port Output Timing
(See Table E)
™ T2 ™ T3
- —/_\—/_\—/—\—/_-\—/_-\_

/IORQ
/RD
Input
Port Data

(b) 1/O Port Input Timing
(See Table E)

Figure 42. /O Port Timing
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Watch Dog Timer Timing (Z84C11 Only)

Figure 43 shows the timing for Watch Dog Timer.

/WDTOUT \

/L

L

Y ) .

L4
{3)
) o

Figure 43. Watch Dog Timer Timing
(See Table F)

Precautions

(1) To release the HALT state by /RESET signal in STOP
Mode, hold the /RESET signal at “0” until the output from
the internal oscillator stabilizes.

Z84011 Only. Toreset MPU, itis necessary to hold /RESET
signal input at “0" level for at least three clocks.

-Z84C11 Only. If Reset outputis disabled, /RESET must be

active for at least three clock cycles for the CPU to properly
accept it. Otherwise, the on-chip Reset circuit extends
/RESET signal to at least a minimum of 16 clock cycles.

{2) Releasing the MPU from the HALT state by an interrupt
signalin IDLE 1/2 Mode and STOP Mode, does notrelease
the MPU from the HALT state. The internal system clock will
stop again unless an interrupt signal is accepted during
the execution of a NOP instruction (even when the internal
system clock is restarted by the interrupt signal input). Be
careful when using /INT.

Oiher precautions are identicat to those for the Z84C00.
Refer to the data sheet for the Z84C00.
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Voltage on Vcc with respect to Vss.......... 0.3Vio +7.0V
Voltages on all inputs

with respect to VSS .........ooevveervren, -0.3V to Vce +0.3V
Operating Ambient

Temperature ..o See Ordering Information
Storage Temperature........................... -65°C to + 150 °C

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

STANDARD TEST CONDITIONS

The DC Characteristics and capacitance sections below
apply for the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND (OV).
Positive current flows into the referenced pin.

Available operating temperature range is:

E =-40°C to 100°C
Voltage Supply Range:
+4.50V < Vee € + 550V

All AC parameters assume a load capacitance of 100 pf.
Add 10 ns delay for each 50 pf increase in load up 10 a
maximum of 150 pf for the data bus and 100 pf for address
and control lines. AC timing measurements are referenced
to 1.5 volts (except for clock, which is referenced to the
10% and 90% points). Maximum eapacitive load for CLK
is 125 pf. .

The Ordering Information section lists temperature ranges
and product numbers. Package drawings are in the Pack-
age Information section. Refer to the Literature List for
additional documentation.

+5vV

21K

From Output o o
Under Test

1009 = 250 pA

Figure 44. Standard Test Load

CAPACITANCE

Guaranteed by design and characterization.

Symbol Parameter Min Max  Unit
Cerocx Clock Capacitance 35 pf
Ca Input Capacitance 5 pf
Cour Qutput Capacitance 15 pf
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DC CHARACTERISTICS

Z84011/284C11.

V¢=5.0V £10% unless otherwise specified

Symbol  Parameter Min Max Unit  Condition

Vo Clock Qutput High Voltage Vo 0.8 \Y -2.0mA

Voe Clock Output Low Voltage 0.4 Vv +2.0mA

Vo input High Voltage 22 Vee v

Vi input Low Voltage -0.3 08 v

Voo Output Low Voltage 0.4 5] \ 1o =2.0mA

Vou Output High Voltage 241[4)] A lo =-1.6MA

Voo Output High Voltage V0851 - v lon=-250pA

loct Power Supply Current . Ve =5V )
XTALIN=10MHz BD mA V=V 02V
XTALIN= 6MHz 30 mA V=02V

loco Power Supply Current (STOP Mode) 50 pA Voo =5V

loca Power Supply Current (IDLE1 Mode) Ve =5V
XTALIN=10MHz ' TBD mA V=V 02V
XTALIN= 6MHz . 4 mA Vv, =02V

boca Power Supply Current (IDLE2 Mode; C11 only) Voo =5V
XTALIN=10MHz T1BD[1] mA V=V 0.2V
XTALIN= 6MHz TBD{1] mA v, =0.2V.

o input Leakage Current -10 10 (4] pA V,=0.4Vto V,

lo Tri-state Output Leakage Current in Float -10 1012 pA Vs =0.4V 10 Vi

. CTC ZC/TO Darlington Drive Current . -15 -5.0 mA V=15V

Regq=1.1KQ
Notes:

[1] Measurements made with outputs floating

[2] A15-A0, D7-D0, MREQ, fIORQ, /RD and MWR.

{3] |, Standby Current is guaranteed when the halt pin is low in STOP mode
[4] All Pins except XTAL1, where |, = 25pA

[5] A15-A0, D7-DO, MREQ, /IORQ, /RD, MR, HALT, M1 and BUSACK.
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AC CHARACTERISTICS
Z84011/284C11
Table A. CPU Timing (Figure 28 to 36)
Z84x1106 Z84x1110
No Symbol Parameter Min Max Min Max Unit Note
1 TcC Clock Cycle Time 162 DC 100** DC ns [Al]
2  TwCh Clock Pulse Width (high) 65 DC 40 DC ns [Al]
3 TwCl Clock Puise Width (low) 65 DC 40 DC ns [A1]
4 TiC Clock Fall Time 20 ' 10 ns [A1]
5 TrC Clock Rise Time 20 10 ns [A1]
6 TdCr(A) Address Valid From Clock Rise Q0 65 ns
7 TdA(MREQf) Address Valid To /MREQ Fall 35* 5* ns
8 TdCHMREQf) Clock Fall To /MREQ Fall Delay 70 55 ns
9 TdCr(MREQr) Clock Rise To /MREQ Rise Delay 70 55 ns
10 TwWMREQh /MREQ Pulse Width (high) 65" 30" ns [A2]
11 TwMREQI /MREQ Putse Width (low) 132+ 75 ns [A2]
12 TdCHMERQr) Clock Fall To /MREQ Rise Delay 70 55 ns
13 TdCKRDf) Clock Fall To /RD Fall Delay 80 65 ns
14 TdCr(RDr) Clock Rise To /RD Rise Delay 70 55 ns
15 TsD(Cr) Data Setup Time To Clock Rise 30 25 ns
16 ThD(RDr) Data Hold Time After /RD Rise 0 0 ns
17 TsWAIT(Cf)  /WAIT Setup Time To Clock Fall 60 20 ns
18 ThWAIT(Cf)  /WAIT Hold Time After Clock Fall 10 10 ns
19 TdCr(M1f) Clock Rise To M1 Fall Delay 80 - 65 ns
20 TdCr(M1r) Clock Rise To M1 Rise Delay 80 65 ns
21 TdCr(RFSHf) Clock Rise To /RFSH Fall Delay 110 80 ns
22 TdCr(RFSHr) Clock Rise To /RFSH Rise Delay 100 80 ns
23 - TdCf(RDr) Clock Fall To /RD Rise Delay 70 55 ns
24 TdCr(RDf) Clock Rise To /RD Fall Delay 70 55 ns
25 TsD(Cf) Data Setup To Clock Fall During 40 25 ns
M2, M3, M4 Or M5 Cycles
26 TdA(IORQf) Address Stable Prior To /IORQ Fall 107+ 50** ns
27 TdCr(IORQf) Clock Rise To /IORQ Fall Delay 65 50 ns
28 TdCf(IORQr) Clock Fall To /IORQ Rise Delay 70 55 ns
29 TdD(WRf)Mw Data Stable Prior To /WR Fall 22+ 40 ns
30 TdCH(WRf) Clock Fall To /WR Fall Delay 70 55 ns
31 TwWR /WR Pulse Width 132* 75 ns
32 TdCH(WRr) Clock Fall To /WR Rise Delay 70 55 ns
33 TAD(WRM)IO  Data Stable Prior To /WR Fall -55** -10* ns
34 TdCr(WRf) Clock Rise To MWR Fall Delay 60 50 ns
35 TdWRI(D) Data Stable From /WR Rise 30** 10+ ns
36 TdCi(HALT) Clock Fall to /HALT ‘0' or '1* 260 20 ns
37 TwNMI /MNI Pulse Width 60 60 ns
38 TsBUSREQ /BUSREQ Setup Time To Clock Rise 50 30 ns

Cn)
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AC CHARACTERISTICS (Continued)

284011/284C11
Table A. CPU Timing (Figure 28 to 36) (Continued)
Z84x1106 Z84x1110
No Symbol Parameter : Min Max Min Max Unit Note
39 ThBUSREQ /BUSREQ Hold Time After Clock Rise 10 10 ns
©(Cn) :
40 TdCr Clock Rise To /BASACK Fall Delay 20 75 ns
(BUSACKT) .
41 TdCf Clock Fall To /BASACK Rise Delay 90 ' 75 ns
(BUSACKT) .
42 TdCr(Dz) Clock Rise To Data Float Delay 80 65 ns
43 TdCr(CTz) Clock Rise To Control Qutputs Float Delay 70 65 ns
(MREQ, /IORQ, /RD And /WR)
44 TdCr{Az) Clock Rise To Address Float Delay 80 75 ns
45 TdCTr(A) Address Hold Time From MREQ, 35* ) 20 ns
NORQ, /RD Or WR
46 TsRESET(Cr) /RESET To Clock Rise Setup Time 60 40 ns
47 ThRESET(Cr) [RESET To Clock Rise Hold Time 10 10 ns
48 TsINTHCr) /INT Fall To Clock Rise §emp Time 70 50 : ns
. 49 ThINTr(Cr) /INT Rise To Clock Rise Hold Time 10 10 ns
50 TdM1f /M1 Fall To /iIORQ Fall Delay 359 220" ns
(IORQX)
51 TdCf(IORQf) Clock Fall To IIORQ Fall Delay 70 , 55 ns
52 TdCHIORQr) Clock Rise To /IORQ Rise Delay 70 55 ns
53 TdCHD) Clock Fall To Data Valid Delay ‘ 130 110 ns
54 TRDKD) /RD Fall To Output Data Valid 8D - 80 ns
55 TMKD) /IORQ Fall To Output Data Valid 18D 70 ns
56 TwRESET JRESET Pulse Width 3TcC 3TcC ns [A3]
. 011, Or C11 With RESET Qutput Disabled .
57 TwRESEToe /RESET Pulse Width 2TcC 2TcC ns [A3]’
C11 Only; RESET Qutput Enabled ’ - i
58 TwRESETdo /RESET Drive Duration 16TcC 16TcC ns [A3]
C11 Only; RESET Output Enabled ‘
59 TwRESETpor /RESET Drive Duration On Power-On 25 ° 75 25 75 ms [A3]
Sequence (C11 Only)
Note for Table A.

= For clock period other than the minimum shown, calculate parameters using the formula on Footnotes to Table A.

[A1] These parameters apply to C11 and the external Clock input on CLK pin.
For cases where extemnal Clock is fed from XTAL1, pleasa refer to Table B.

[A2] For loading 2 50pf. Decrease width by 10nS for each additional 50pf.

[A3] Apply to Z84C11 only.
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Footnotes to Table A

Number Symbol General Parameter ' Z84x1106 Z84x1110
1 TcC TwCh + TwCl + TrC + TiC

7 TAA(MREQ) TwCh + TIC -50 -45
10 TwMREQh TwCh + TfC -20 -20
1 TWMREQI TeC -30 -25
26 TdA(IORQf) TcC -55 -50
29 TdD(WR) TeC -140 -60/
31 TWWR TcC -30 -25
33 TAD(WR(f) TwCl + TrC -140 -60
35 TdWRr(D) TwCl + TrC -55 -40
45 “TACTr(A) TwCl + TrC -50 -30
50 TdM1{(IORQ) 2T¢cC + TwCh + TIC -50 -30

287
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AC CHARACTERISTICS (Continued)

{B1] These parameters apply for 011 CLK pin (as Systsm Clock Output), and C11 when the CLK pin outputs the system clock.
[B2] Not appliable to Z84011
[B3] If the parameters B8 and B9 are not met, adjust parameters B11 and B12 to salisfy parameters 8 and 9.

Z84011/284C11
Table B. CGC Timing (Figure 36 to 39)
Z84x1106 Z84X1110
"~ No Symbol Parameter Min Max Min Max Unit Note
1 TRST(INT)S  Clock Restart Time By /INT (Typ) (Typ) ns
(STOP Mode) (2142.5) (24+2.5)
: , TcC TcC
2 TRST(MN!)S Clock Restart Time By [NMI (Typ) (Typ) ns
(STOP Mode) (2"+2.5) (24+2.5)
TcC . TcC
3 TRST(INT)  Clock Restart Time By /INT (Typ) (Typ) ns
(IDLE Mode) 2.5TcT 2.57cT
4 TRST(MNI)  Clock Restart Time By NMI (Typ) (Typ) ns
(IDLE Mode) 25TcT 2.5TcT
5 TRST Clock Restart Time By /RESET (Typ)1TcC (TypyiTcC ns
(RESET)! (IDLE Mode)
6 TICLKOUT  CLK Rise Time 15 10 ns . [B1]
7 TrCLKOUT  CLK Fall Time 15 10 ns [Bi}
8 Tcxd XTAL1 Cycle Time
(For External Clock Input On XTAL1)
Divide-By-Two Mode . 81 50 ns
Divide-By-One Mode (C11 Only) 162 100 ns [B2]
9 Twix1 XTAL1 Low Pulse Width
(For External Clock Input On XTAL1)
Divide-By-Two Mode 35 20 ns
Divide-By-One Mode (C11 Only) 65 40 ns [B2]
10 TwhXi XTAL1 High Pulse Width
(For External Clock Input On XTAL1)
Divide-By-Two Mode 35 20 ns
Divide-By-One Mode (C11 Only) 65 40 ns
11 Trx1 XTAL1 Rise Time .25 25 ns (B3]
(For External Clock Input On XTAL1}
12 TiX1 XTAL1 Fall Time 25 25 ns [B3]
(For External Clock Input On XTAL1) :
Note for Table B.
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Table C. Timing for On-chip Peripheral Access from External Bus Master
and Daisy Chaln Timing (See Figure 40)

Z84x1106 Z84X1110
No Symbol Parameter Min Max Min Max Unit Note
1 TsA(RIf) Address Setup Time To /RD, /IORQ Fall 50 40 ns
2 TsRKCr) /RD, NORQ Rise To Clock Rise Setup 60 50 ns
3 Th Hold Time For Specified Setup 15 15 ns
4  TdCr(DO) Clock Rise To Data Out Delay 100 80 ns
5 TdRIDOz) /RD, IORQ Rise To Data Qut Float Delay 75 60 ns
6 ThRDr(D) M1, RD, NIORQ Rise To Data Hold 15 40 15 30 ns [Ci1}
7 TsD(Cr) Data In to Clock Rise Setup Time 30 25 ns
8 TdIOf(DOI)  NORQ Fall To Data Out Delay 95 - 95 ns
(INTACK Cycle)
9 ThiOr(D) /IORQ Rise To Data Hold 15 15 ns
10 ThIOr(A) NORQ Rise To Address Hold 15 15 ns
11 ThWI(Cr) /IORQ, /WR Setup Time To Clock Rise 20 20 ns [C2]
12 ThWRIr(Cr) Clock Rise To /IORQ, /WR Rise Hold Time 0 0 ns [C2]
13 TsM1ii(Cn) M1 Fall To Clock Rise Setup Time 40 40 ns
14 TsMirChH /M1 Rise To Clock Rise Setup Time -15 -15 ns
(M1 Cycle)
16 TdM1(IEOf) /M1 Fall To IEO Falt Delay (Interrupt 130 70 ns
Immediately Preceding /M1 Fall)
16 TsIEKIOf) 1El To /IORQ Fall Setup Time 100 70 nS
(INTACK Cycle)
17 TdIE(IEOf) IEI Fall To IEQ Fall Delay 100 70 ns
18 TdIEI(IEOr) IEl Rise To IEO Rise Delay 110 70 ns
(After ED Decode})
19 TslEI(Cr) IEl to Clock Fall Setup (For 4D Decode) 160 150 ns
20 TdCf(IEOr)  Clock Fall To IEO Rise Delay 50 40 ns
21 TdCH(EOf) Clock Fall To IEO Rise Delay 90 75 ns
Note to Table C.

{C1] For I/O write to CTC.
[C2] For /O Write to system control registers.
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AC CHARACTERISTICS (Continued)

784011/Z284C11 / .
Table D. CTC Timing (Figure 42)
284x1106 Z84X1110
No Symbol Parameter Min Max Min Max Unit Note
1 TdCr(INTf) Clock Rise To /INT Fall Delay (TcC+100) (TcC+80) ns [D1)
2 TsCTRr CLK/TRG Rise To Clock Rise Setup Time
(Cnc For Immediate Count 90 20 ns [D2]
. 3 TsCTR(CH CLK/TRG Rise To Clock Rise Setup Time - 90 90 ns [D1]
For Enabling Of Prescaler On Following
Clock Rise
4 TdCTRr CLK/TRG Rise To /INT Fall Delay
(INTH) TsCTR(C) Satisfied (1+(2) (1)+(2) ns [D2)
TsCTR(C) Not Satisfied TcC + TcC + ns [D2]
(1)+(2) (H+2)
5 TcCTR- CLK/TRG Cycle Time : (2TcC) DC (2TcC) DC . ns D3]
6 TwCTRh CLK/TRG Width (low) 20 DC 90 pC ns
7 TwCTRI CLK/TRG Width (high) 90 DC 90 DC ns
8 TCTIR CLK/TRG Rise Time ’ 30 30 ns
g9 TICTR CLK/TRG Fall Time 30 30 ns
10 TdCr(ZCr) Clock Rise To ZC/TO Rise Delay 80 80 ns
11 TdCH(ZCf) Clock Fall To ZC/TO Falt Delay 80 80 ns
Notes for Table D.
{D1] Timer Mode
[D2] Counter Mode

[D3] Counter Mode Only; When using a cycle time less than 3TcC, parameter D2 must be met.

Table E. General Purpose 1/0 Port Timing (Figure 43)

Z84x1106 Z84X1110
No Symbol Parameter Min Max Min Max Unit Note
1 TdCf(Pout)  Clock Fall to Port Data Valid Delay 300 ‘ 300 ns
2 TsPin Port Data to /IORQ and /RD 0 0 ns
(IORDM) Fall Setup Time
3  ThPin Port Input to /IORQ and /RD 0 0 ns
Fall Hold Time
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Table F. Watchdog Timer Timing (C11 Only; Figure 44)

- . Z84x1106 Z84X1110
No Symbol Parameter Min Max Min Max Unit Note
1 TdC(WDTf)  Clock Rise To /WDTQUT Fall Delay 160 160 ns
2 TwP! Clock Rise To (WDTOUT Rise Delay 165 165 ns
3 TcWDT /WDTOUT Cycle Time

WDTP =00 (Typ) (Typ) ns

2%TeC 2%TcC
WDTP = 01 (Typ) (Typ) . ns

) 2%TcC 2%TcC
WDTP = 10 (Typ) (Typ) ns

22TcC 22TcC
WDTP = 11 (Typ) (Typ) ns

22TcC 227TcC

N




