TOSHIBA

TMPZ84C015A

Difference with Technical Data book (means symbol:*)

1 The on-chip clock generator and controller (CGC) has the capability to control four

operation modes.

However IDLE 2 mode is not guarranteed to the current product with mask revision

A.
Halt mode setting register )
(Write register #F0:HALTMR) Operational o
Description
: . Mode
Bit4 Bit3
0 0 IDLE 1 Only the internal oscillator operates, stopping the
supply of clock output.
The clock output (CLKOUT) is kept low.
* 0 1 IDLE 2 Don’tselect. In IDLE 2 mode, the operation not
being supported now.
1 1] STOP All internal operations are stopped. The clock
output (CLKOUT) is kept iow.
1 1 RUN The supply of clock output (CLKOUT) is continued.

2 DC CHARACTERISTICS
TA = —40°C~85°C, VCC=5V£10%

. Target Spec Current Spec
Pin Names | Condition UNIT
MIN. MAX. MIN. MAX.
INT, IE} active -0.5 0.8 -0.5 0.8 \
(iow)
inactive 22 VCC 4.2 VCC \Y
(High)
Note * : Difference with Technical Data Book
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TOSHIBA TMPZ84C015A

3 POWER SUPPLY CURRENT

Four different power supply current are specified in accordance with ICC1 in Run
mode, ICC2 in Stop mode, ICC3 in IDLE 1 mode and ICC4 in IDLE 2 mode.
However ICC2 and ICC4 are not guarranteed to the current product with mask revision

A.
SYMBOL PARAMETER TEST CONDITION MIN. TYP. | MAX. | UNIT
1ICC1 Supply Current {VCC =5V, fCLK = 1/TcC (MIN) 015AF - 15 25 mA
(RUN MODE) VIHC = VIH = VIHR = VIH1
=VCC-0.2v 015AF-6 - 25 35 mA
VILC=VIL=VILR=0.2V
*
1CC3 Supply Current |VCC =5V, fCLK = 1/TcC (MIN) 015AF - 1 2 mA
(IDLE1 MODE) |VIHC =VIH =VIHR = VIH1
=Vce-o.2v 015AF-6 - s | 3 [ ma
VILC=VIL=VILR=0.2V
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TLCS-280 MICROPROCESSOR

1. OUTLINE AND FEATURES

The TMPZ84C015A is a high-performance CMOS 8-bit microprocessor incorporating
the counter timer circuit (CTC), the serial I/O port (SIO), the parallel I/O port (P1O), the
clock generator/controller (CGC), and the watchdog timer (WDT) around the TLCS-Z80
MPU. This microprocessor inherits the basic architecture of the TLCS-Z80 series,
allowing the user to utilize the software resources and development tools accumulated so
far.

The TMPZ84C015A is based on the new CMOS process and housed in a standard 100-
pin mini-flat package, greatly contributing to system miniaturization and power saving.

The TMPZ84C015A incorporates the high-performance serial I/O port, the counter
timer circuit which can be used as the baud rate generator, and the watchdog timer
indispensable for control applications, offering the user a wide range of system
applications such as the communication controllers including a communication adaptor
and the various other controllers which need miniaturization.

Features

° Built-in TLCS-Z80 series MPU, CTC, SIO, PIO,CGC and watchdog timer features.
L High speed operation (4MHz and 6 MHz operations)

. Built-in clock generator (CGC: Clock Generator Controller)

] Built-in standby capability (with the controller built in) provides 4 operation

modes:

Run mode (Normal operation)

Idle-1 mode (Only clock oscillation goes on. )

Idle-2 mode (Wake-up by CTC enabled. )

Stop mode  (Clock oscillation stopped; standby state)

] Wide operational voltage range (5V+£10%, 3 to 5.5V operations are also available)
supported.

L] Wide operating temperature range (—40°C to +85°C)
L] Low power dissipation

In operation : (RUN mode) 15mA TYP. at 4 MHz, 25mA TYP. at 6 MHz

In idle : (IDLE-1mode) 1.0mA TYP.at4 MHz, 2.0mA TYP. at 6 MHz
(IDLE-2 mode) 8.0mA TYP. at4 MHz, 11mA TYP. at 6 MHz
Instandby : (STOPmode) 500nA TYP.
MPUZ80-572
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° Built-in TLCS-Z80 series SIO capability

. A pair of independent full duplex channels supports the asynchronous as well as
synchronous byte-oriented (monosync and bisync) and bit-oriented HDLC and
CCITT-X. 25 protocols.

. Built-in CRC generation and check capability.
° Data transfer rates of up to 800 K bits/sec (4 MHz) and 1200 K bits/sec (6 MHz)

. Built-in TLCS-Z80 series CTC capability
Four independent built-in channels.
The timer or counter modes can be set .
Also available as the SIO baud rate generator.

° Built-in TLCS-Z80 series PIO capability
Two programmable independent 8-bit I/O ports having handshaking capability
One of 4 operation modes can be selected for each port by using the program:

Mode 0 (byte output mode)

Mode 1 (byte input mode)

Mode 2 (byte input/output mode)
Mode 3 (bit mode)

L] Built-in watchdog timer
L] Programmed daisy-chain interrupt control
. Built-in dynamic RAM refresh controller

. TTL/CMOS compatible
L] Housed compact standard 100-pin mini-flat package

° The Toshiba real time emulator (RTE80) and the Z80 ICE commercially available
can be used (the TMPZ84C015A used as the evaluator).

) The Toshiba evaluator board installed.
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2.1 PIN ASSIGNMENTS (TOP VIEW)
o
o
x
<
O - N T on W x
e~ 2 2 O 1 ° OO - N ™SO~
ddddgqqaaada>an0a0000000
I AAnnpnnnNANAN
100 95 90 85
as ® 80 CLK/TRGY
-V n— —J ik /TRG2
A3 ——J kK /TRG3
LV e— —Jzc/103
-3 — g —zc/702
20 75 T—3zc/T0
RFSH | — [ zc/To0
| — 3 wpTouT
RESET [ g
BUSREQ [_"1-10 — g0
WAIT ] 70 F——J A7RF
BUSACK T — PN
[ s— F—Jcikout
RD L—] TMPZ84CO15AF —ev
10RQ C——1-15 T xraL2
ves L TMPZ84C015AF-6 65— xraus
MREQ ] s
HALT — vy
(TR — T erov
ARDY T3 20 —&s78
AsTE ] 60 T—Jpa7
LV — — T3
XN — ——Jpss
pas ] S— -
| — ——Jps3
PA3 ] 55 —JeB2
TN w— — Y
NN — — P
pa0 —treon
WRDYA [ 130 ——3Sync
35 a0 a5 50
DL
4 did|d q|a|C L | =~ O +— |@ o |jmim o (oo a
U alvlu Qglelvnw|lvnw|io v @ O IG v in|lae olwiu o
2 X |IX[X X |-Ju - > — U= x|x]|x x
> el Flalelola , . lolulelo ml-le =
~
Note: The ICT pin is the test pin. Do not make anyexternal connection to this pin.

Figure 2.1.1

Pin Assignments
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2.2 PIN FUNCTIOS

Q'ty
{(Number)
D0-D7 8 Input/output |The 8-bit bi-directional data bus.
(82-89) 3-state

Pin Type Function

AQ0-A15 16 Output The 16-bit address bus.

(91-100) 3-state These pins specify memory and 1/O port
(1-6) addresses. During a refresh cycle, the refresh

address is output to the low-order 7 bits and

A7RF.

M1 1 Output The Machine Cycle 1signal.

(8) 3-state In an operation code fetch cycle, this pin goes
“0” with the MREQ signal. At the execution of a
2-byte operation code, this pin goes “0” for each
operation code fetch. in a maskable interrupt
acknowledge cycle, this pin goes "0" with the
IORQ signal. When the EV signal is applied, this
pinis put in the high-impedance state.

RD 1 Output The Read signal. It indicates that the MPU is
(14) 3-state ready for accepting data from memory or 1/0
device. The data from the addressed memory or
I/0 devices is gated by this signal onto the MPU
data bus. When the BUSREQ signal is applied,
this pin is put in the high-impedance state.

WR 1 Output The Write signal. This signal is output when the
(13) 3-state data to be stored in the addressed memory or I/O
device is on the data bus. When the BUSREQ
signal is applied, this pin is put in the high-
impedance state.

MREQ 1 Output The Memory Request signal. When the
(17) 3-state execution address for memory access is on the
address bus, this pin goes “0” . During a memory
refresh cycle, this pin also goes “0” with RFSH
signal.

|

o
X
QO

Output The Input/Output Request signal. This pin goes
(15) 3-state “0" when the address for an 1/O read or write
operation is on the low-order 8 bits (A0 through
A7) of the address bus. The 1ORQ signal is also
output with the MT signal at interrupt
acknowledge to tell an I/O device that the
interrupt response vector can be placed on the
data bus. Note that the interrupt priority among
the TMPZ84C015A CTC, and SIO is selected by a
program.

MPUZ80-575

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C015A

. Q'ty .
Pin (Number) Type Function

IEO 1 Output The Interrupt Enable Output signal. In the daisy
(71) chain interrupt control, this signal controls the
interrupt from the peripheral LSis connected
next to the TMPZ84C015A. The IEO pin goes "1”
only when the IEIl pin is “1” and the MPU is not
servicing an interrupt from the built-in
peripheral LSI.

XTALY 2 Input The crysta! oscillator connection.

XTAL2 (65) Output Connects an oscillator having the oscillation
(66) frequency 2 times as high as the system clock
(CLKOUT) frequency.

CLKIN 1 Input The Single-phase Clock Input.

(69) When the clock input is placed in the DC state
(continued “1” or “0” level), this pin stops
operating and holds the state of that time.
Normally, this pin is connected with the CLKOUT
pin. However, to operate the system with the
external clock, connect the external clock to the
CLKIN pin.

CLKOUT 1 Output The Single-phase Clock Qutput.

(68) When a Halt instruction is executed in the Stop or
Idle-1 mode, the CLKOUT output is retained at
“0”. In the Run and Idle-2 mode the clock is kept
output. This pin provides the clock to other
peripheral iCs.

RESET 1 input The Reset signal input. This signal resets the
(9) internal states of the TMPZ84C015A. This signal
is also used to return from the standby state in
the Stop or Idle mode.

INT 1 Input The Maskable Interrupt signal. An interrupt is
(19) caused by the internal CTC, SIO PIO or the
peripheral LSI. An interrupt is acknowledged
when the interrupt enable flip-flop (IFF) is set to
"1" by software.

The INT pin is normally wire-ORed and requires
an external pullup resistor for these applications.
This signal is aiso used to return from the stand-
by state in the Stop or Idle mode.

1

g
>
=

Input The Wait Request signal. This signal indicates the
(11) MPU that the addressed memory or I/O device is
not ready for data transfer. Aslong as this signal
is “0” , the MPU is in the Wait state.
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. Q'ty
Pin (Number)
BUSREQ 1 Input The Bus Request signal. The BUSREQ signal
(10} forces the MPU address bus, data bus, and
control signals MREQ, IORQ, RD, and WR to be
placed in the high-impedance state. This signal is
normally Wire-ORed and requires an external
pullup resistor for these applications.

Type Function

BUSACK 1 Output The Bus Acknowledge signal. In response to the
(12) BUSREQ signal, the BUSACK signal indicates to
the requesting peripheral LSI that the MPU
address bus, data bus, and control signals MREQ,
IORQ, RD and WR have been put in the high-
impedance state.

HALT 1 Output The Halt signal. This pin goes “0” when the MPU
(81) 3-state has executed a Halt instruction and is in the Hait
state. Itis put in the high-impedance state when
the EV signal is applied.

RFSH 1 Output The refresh signal. When the dynamic memory
7) refresh address is on the low-order 8 bits of the
address bus, this signal goes “0“ . At the same
time, the MREQ signal also goes active (“0“). This
pin is put in the high-impedance state when the
EVsignal is applied.

CLK/TRGO 4 Input The external clock/timer trigger. These 4
~CLK/TRG3 (78-81) CLK/TRG pins correspond to 4 channels. In the
counter mode, the down counter is decremented
by 1 and in the timer mode, the timer is activated
at each active edge (a rising or falling edge) of
the signal which are input by these pins. It can be
selected by program whether the active edge is a
rising or falling edge.

ZC/TO0 4 Output The Zero Count/Timer Out signal. In either the
~2C/T03 (74-77) Timer mode, or counter mode, pulses are output
from these pins when the down counter has
reached zero.

13} 1 Input The Interrupt Enable Input signal. This signal is
(72) used with the IEO to form a priority daisy chain
when there is more than one interrupt-driven
peripheral LSI.
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Q'ty

(Number) Type Function

Pin

p=

1 input The Non-maskable Interrupt Request signal.
(63) This interrupt request has a higher priority than
the maskable interrupt and is not dependent on
the interrupt enable flip-flop (IFF) state. This
signal is also used to return from the stand-by
state in the Stop or Idle mode.

EV 1 Input The Evaluator signal. When this signal is active,
(67) the M1, HALT, and RFSH pins are put in the high-
impedance state. In using the TMPZ84C015A as
an evaluator chip, the MPU is electrically
disconnected (put in the high-impedance state)
after one machine cycle is executed with the EV
signal being “1” and the BUSREQ signal being
“0”, and follows the instructions from other MPU
(such as the MPU of ICE). The signals of the
disconnected MPU are A00 through A15, DO
through D7, MREQ, TORQ, RD, WR, M1, HALT,
and RFSH. BUSACK needs to be disconnected by
an externally connected circuit. The evaluator
board is available to use the TMPZ84C015A as an
evaluator chip.

A7RF 1 Output The 1-bit auxiliary address bus. This pin outputs
(70) the same signal as the 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.

ASTB 1 input The Port A Strobe Pulse From Peripheral Device.
(21) This signal is used at the handshaking between’
port A and external circuits. The meaning of this
signal depends on the mode of operation
selected for port A. (See “PlO Basic Timing”.)

BSTB 1 Input The Port B Strobe Pulse From Peripheral Device.
(61) This signal is used at the handshaking between
port B and external circuits. The meaning of this
signal is the same as the ASTB signal except when
port A is in the mode 2.

(See “PIO Basic Timing”. )

ARDY 1 Output The Register A Ready signal. This signal is used at
(20) the handshaking 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”.)
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Pin (Nutht);’er) Type Function
BRDY 1 Output The Register B Ready signal. This signal is used at
(62) the handshaking between port B and external
circuits. The meaning of this signal is the same as
the ARDY signal except when port A is in the
mode 2. (See “PlO Basic Timing”. )

PAO-PA7 8 Input/Output | The Port Data A signal.

(22-29) 3-state These signals are used for data transfer between
port A and external circuits.

PB0O-PB7 8 Input/Output [ The Port Data B signal.

(53-60) 3-state These signals are used for data transfer between
port B and external circuits.

W/RDYA 2 Output The Wait/Ready signal A and the Wait/Ready

W/RDYB (30, 52) signal B.

These signals can be used as the Wait or Ready
depending on SIO programming. When these
signals are programmed as “Wait”, they go
active at “0” to indicate to the MPU that the
addressed memory or /O devices are not ready
for data transfer, requesting the MPU to wait.
When these signals are programmed as “Ready”,
they go active at “0” to determine when a
peripheral device associated with a DMA port is
ready for a read or write data. The DMA is
requested to transfer data.

SYNCA 2 Input/Output | The Synchronization signal. in the asynchronous

SYNCB (31,51) receive mode, these signals act as the CTS and
DCD signals. In the external sync mode, these
signals act as inputs and in the internal sync
mode, they act as outputs.

RXDA 2 Input The Serial Receive Data signal.

RXDB (32, 50)

RXCA 2 input The Receive Clock signal. In the asynchronous

RXCB (33, 49) mode, the Receive Clocks may be 1, 16, 32 or 64
times the data transfer rate.

TXCA 2 Input The Transmitter Clock signal.

TXCB (34, 48) in the asynchronous mode, the Transmitter
Clocks may be 1, 16, 32, or 64 times the data
transfer rate.

TXDA 2 Output The serial transmit data signal.

TXDB (35, 47)
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. Q'ty .
T F
Pin (Number) ype unction
DTRA 2 Output The Data Terminal Ready signal. These signals
DTRB (36, 46) indicate whether the data terminal is ready to
receive serial data or not. When it is ready, these
signals go active to enable the transmitter of the
terminal. When it is not ready, these signals go
inactive to disable the transfer from the terminal.
RTSA 2 Output The Request to Send signal. These pins are “0”
RTSB (37, 45) when transmitting serial data. That is, to
transmit data, these signals are made active to
enable their receivers.
CTSA 2 Input The Clear To Send signal. When these pins are
CTSB (38, 44) “0", the modem having transmitted these signals
is ready to receive serial data. When it is ready,
these signals go active to enable the transmitter
of the terminal. When it is not ready, these
signals go inactive to disabie the transfer from
the terminal.
DCDA 2 Input The Data Carrier Detect signal. When these pins
DCDB (39, 43) are “0” the receive of serial data can be enabled.
That is, to transmit data, these signals are made
active to enable their receivers.
ICT 2 Output The test pins. To be used in the open state.
(40, 42) )
WDTOUT 1 Output The Watchdog Timer signal.
(73) The output pulse width depends on the
externally connected pin.
vce 2 The power supply ( + 5 V) pins.
(41, 90)
VSS 1 The ground (0 V) pins.
(16, 64)
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3. OPERATIONAL DESCRIPTION
3.1 BLOCK DIAGRAM AND OPERATIONAL OUTLINE
3.1.1 Block Diagram
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Figure 3.1.1 Block Diagram of TMPZ84C015A
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3.1.2 Operational Outline

The TMPZ84C015A largely consists of a processor (MPU), a counter/timer circuit
(CTC), a serial input/output controller (SIO), a parallel input/output controller (PIO), a
watchdog timer (WDT), and a clock generator/controller (CGC).

(] The MPU provides all the capabilities and pins of the Toshiba TLCS-Z80 MPU
(TMPZ84C00A) to play the role of the TLCS-Z80 microprocessor perfectly.

(] The CTC provides the capabilities of the Toshiba TLCS-Z80 CTC (TMPZ84C30A)
and has the pins required to perform the necessary operations as a TLCS-Z80
peripheral LSL. The four independent timer channels are I/0-addressed internally.

[ The SIO provides the capabilities of the Toshiba TLCS-Z80 SIO (TMPZ84C43A)
and has the pins required to perform the necessary operations as a TLCS-Z80
peripheral LSI. The two independent serial channels are I/0-addressed internally.

. The PIO provides the capabilities of the Toshiba TLCS-Z80 PIO (TMPZ84C20A)
and has the pins required to perform the necessary operations as a TLCS-Z80
peripheral LSI. The two independent parallel ports are I/0O-addressed internally.

° The WDT incorporates one-channel watchdog timer and the read/write-enabled
watchdog timer control registers indispensable for control applications. The WDT
also has the register to determine interrupt priorities, allowing the user to set the
daisy-chain interrupt priorities by program. Additionally, the WDT has the IEI
and IEO pins required to process the daisy- chain interrupts caused by the
peripheral LSIs to be added both inside and outside the TMPZ84C015A.

L The CGC provides the four operation modes to control the entire TMPZ84C015A
chip; the Run, Idle-1, Idle-2, and Stop modes. They are program-selectable. This
chip has two clock pins: CLKOUT to supply clock from the CGC and CLKIN to get
clock from the outside. Therefore, the TMPZ84C015A can be operated on the clock
supplied from the outside at the CLKIN pin without using the CGC. The following
briefly describes the four operation modes of the CGC with the CLKOUT and
CLKIN pins connected:

(] In the Run mode, the clock generated by the CGC is supplied to the
TMPZ84C015A and peripheral LSIs to perform the normal programmed
microcomputer operations.

. In the Idle-1 mode, clock oscillation is going on but the clock is not supplied to the
TMPZ84C015A and peripheral LSI, thereby saving the system power consumption
and shortening the time required for system restart.

MPUZ80-582
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] In the Idle-2 mode, clock oscillation is performed and the clock is output from the
CLKOUT pin. The clock is supplied only to the CTC in the TMPZ84C015A,
permitting a wake-up operation by the CTC. Like the Idle-1 mode, the Idle-2 mode
saves the system power consumption and shortens the time required for system
restart.

L] In the Stop mode, clock oscillation is not performed and the system operation can
be stopped completely. In this mode, the system can be restarted with the internal
data retained with an extremely low power consumption level unique to the CMOS

technology.

Note that these modes can be set only when the MPU has executed a HALT
instruction.

Additionally, the TMPZ84C015A has also the EV pin which is used with the
BUSRER pin to put the MPU in the high-impedance state for electrical disconnection,
thus functioning as an evaluator chip. That is, the MPU in the TMPZ84C015A is
electrically disconnected by these two pins to implement the emulation by the signal
from the in-circuit emulator (ICE). For emulation, one machine cycle is performed on
the MPU in the TMPZ84C015A with EV being “1” and the BUSREQ being “0” then the
emulation is performed as instructed by the MPU. The MPU signals to be disconnected

are A00 through Al5, DO through D7, MREQ, IORQ, RD, M1, HALT, and RFSH,
BUSACK needs to be disconnected by an externally connected circuit.
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3.2 MPU OPERATIONS

This subsection describes the system configuration, functions and the basic operation
of the MPU of the TMPZ84C015A. '

3.2.1 Block Diagram
Figure 3.2.1 shows the block diagram of the MPU.

ﬁ Ag~Ass ASRF
|

Ag~As
Adress bus output circuit
CLK IN N
[E——— Accumulator {A) Accumulator (A)
Flag (F) Flag (F}
7 B register register
> " " "
o Cregister C’ register
< D register D' register
- S "_E register E’ register
w _‘ H register H’ register
g § L register L’ register
= = I register R’ register
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o 6 . Program counter (PC)
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3 5 i Incrementer/decrementer
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IFF1 | IFF2 l Control Control g\side o > | > RFSH
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Irétoer{{#;&t ] ] Control bus controlter
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Figure 3.2.1 MPU Block Diagram
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3.2.2 MPU System Configuration

The MPU has the configuration shown in Figure 3.2.1. The address signal is put on
the address bus via the address buffer. The data bus is controlled for input or output by
the data bus interface. Both the address and data buses are put in the high-impedance
state by the BUSREQ signal input to make them available for other peripheral LSIs.
The Opcode read from memory via the data bus is written to the instruction register.
This Opcode is decoded by the instruction decoder. According to the result of the
decoding, control signals are sent to the relevant devices. Receiving these control
signals, the ALU performs various arithmetic operations. The register array

temporarily hold the information required to perform operation.
The following describes the MPU’s main components and functions which the user
must understand to operate the TMPZ84C015A:

[1] Internal Register Groups
The configuration of the internal register groups is as follows:

(1) Main registers
A,F,B,C,D,E,H,L

(2) Alternate registers
AF,B,C,D,E,H, L’

(3) Special purpose registers
LR, IX, 1Y, SP, PC

Figure 3.2.3 shows the configuration of the internal register groups. The register
groups, each being of a static RAM, consists of eighteen 8-bit registers and four 16-bit
registers. The following describes the function of each register:

(1) Mainregisters (A, F,B,C,D, E, H, L)
(a) Accumulator (A)

The accumulator is an 8-bit register used for arithmetic and data transfer
operations.

(b) Flag register (F) (see Figure 3.2.2)

The flag register is an 8-bit register to hold the result of each arithmetic
operation. Actually, the 6 of the 8 bits are set(“1”)/reset(“0”) according to the
condition specified by an instruction.
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MsSB LSB
5 4 3 2 1 0 (* = Undefined)

T T el T [w ]

Figure 3.2.2 Flag Register Configuration

The following 4 bits are directly available to the programmer for setting the
jump, call and return instruction conditions:

MSB LSB MSB LSB
7 07 0
Accumulator Flag register
A F
Main register
B C
Ger?eral»purpose o E
register
H L
Accumulator Flag register T
A F
B’ c Alternate register
D’ E’
H’ L
Interrupt vector Memory refresh T
| R
MSB LSB
5 Special register
index register X
General-purpose Index register Y
register Stack pointer SP
Program counter PC

Figure 3.2.3 Flag Register Configuration

MPUZ80-586

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C015A

Sign flag (S)
When the result of an operation is negative, the S flag is set to “1” . Actually,
the content of bit 7 of accumulator is stored in this flag.

Zero flag (Z)

When all bits turn out to be “0” s after operation, the Z flag is set to “1” .
Otherwise, it is set to “0” . With a block search instruction (CPI, CPIR, CPD or
CPDR), the Z flag is set to “1” if the source data and the accumulator data match.
With a block I/O instruction (INI, IND, OUTI or OUTD), the Z flag is set to “1” if
the content of the B register used as the byte counter is “0” at the end of

comparison.
Parity/overflow flag (P/V)

This flag has two functions. One is the parity flag (P) that indicates the result of
a logical operation (AND A, B etc.). The P flag is set to “1” if the parity is even as a
result of the operation on signed values by two’s complement. It is reset to “0” if
the parity is odd. With a block search instruction (CPI, CPIR, CPD or CPDR) and a
block transfer instruction (LDI or LDD), the P flag indicates the state of the byte
counter (register pair B and C). It is set to “1” if the byte counter is not “0” and
reset to “0” when the byte counter becomes“0” (at the end of comparison or data
transfer). The content of the interrupt enable flip-flop (IFF) is saved to the P flag
when the contents of the R register or I register are transferred to the accumulator.

The other use of the P/V flag is the overflow flag (V) that indicates whether an
overflow has occurred or not as a result of an arithmetic operation. The V flag is
set to “1” when the value in the accumulator gets out of a range of the maximum
value +127 and the minimum value —128 and therefore cannot be correctly
represented as a two’s complement notation.

Whether the P/V flag operates as the P flag or V flag is determined by the type
of the instruction executed.

Carry flag (c)

The C flag is set to “1” if a carry occurs from bit 7 of the accumulator or a borrow
occurs as a result of an operation.

The following two flags are not available to the programmer for the test and set
(“1)/reset (“0”) purposes. They are internally used by the MPU for BCD arithmetic
operations.

Half carry flag (H)

The H flag is used for holding the carry or borrow from the low-order 4 bits of a
BCD operation result. When a DAA instruction (decimal adjust) is executed, the
MPU automatically uses the H flag to adjust the result of a decimal addition or
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(©

(2)

(3)
(a)

subtraction.

Add/subtract flag (N)

In BCD operation, algorithm is different between addition and subtraction. The
N flag indicates whether the executed operation is addition or subtraction.

For change of the flag state depending on the instruction, see 3.2.4
“TMPZ84C015A Instruction Set”.

General-purpose registers (B, C, D, E, H, L)

General-purpose registers consist of 8 bits each. They are used as 16-bit register
pairs (BC, DE, HL) as well as independent 8-bit registers to supplement the
accumulator. The B register and the register pair BC are used as counters when a
block T/O, block transfer, or search instruction is executed. The register pair HL
has various memory addressing features as compared with the register pairs BC
and DE.

Alternate registers (A’, F', B’, C’, D', E', H', L)

The configuration of the alternate register is exactly the same as that of the
main registers. There is no instruction that handles the alternate registers
directly. The data in the alternate registers are processed by moving them into the
main registers by means of exchange instructions as shown below:

EX AF,AF’ (Ao A, FoF)
EXX BoB,CoC,DoD,EoE,HoH,Lol)

When a hign-speed interrupt response has been requested within the system,
these instruction can be used to quickly move the contents of the accumulator, flag
registers, and general-purpose registers into the corresponding registers. This
eliminates the need for transferring the register contents to/from the external
stack during execution of the interrupt handling routine, thereby shortening the
interrupt servicing time greatly.

Special purpose registers (1, R, IX, IY, SP, PC)
Interrupt page address register (1)

The TMPZ84C015A provides two kinds of interrupts: maskable interrupt (INT)
and non-maskable interrupt (NMI). The maskable interrupt provides three modes
(0, 1, and 2) in which the interrupt is handled. These modes can be selected by
instructions IMO, IMI, and IM2 respectively. In Mode 2, any memory location can
be called indirectly depending on the interrupt. For this purpose, the I register
stores the high-order 8 bits of the indirect address. The low-order 8 bits are
supplied from the interrupting peripheral LSI. This scheme permits calling the
interrupt handling routine from any memory location in an extremely short access
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(b)

(@

(d)

time. For the details of interrupts, see [4] “Interrupt Capability”.
Memory refresh register (R)

The R register is used as the memory refresh counter when the dynamic RAM is
used for memory. This permits using of the dynamic memory in the same manner
as the static memory. This 8-bit register is automatically incremented for each
instruction fetch. While the MPU decodes and executes the fetched instruction,
the contents of the R register are synchronized with the refresh signal to place the
low-order 7 bits and A7RF on the address bus. This operation is all performed by
the MPU and, therefore, dose not need a special processing by program. The MPU
operation is not delayed by this operation. During refresh, the contents of the I
register are placed on the high-order 8 bits of the address bus.

Index registers (IX, 1Y)

The two independent index registers IX and IY hold the 16-bit base address
when used in the index addressing mode. In this addressing mode, the memory
address obtained by adding the contents of an index register to the displacement
value (for example, LD IX+40H) is specified. This mode is convenient for using
data tables. Also these registers can be used separately for memory addressing
and data retaining registers.

Stack pointer (SP)

The stack pointer is a 16-bit register to provide the start address information in
the stack area in the external RAM. The content of the stack pointer is
decremented at the execution of a CALL instruction or PUSH instruction or
interrupt handling and is incremented at the execution of a RET instruction or
POP instruction. At the execution of a CALL instruction or interrupt handling,
the current content of the program counter is saved into the stack. At the
execution of a RET instruction, the content is restored from the stack to the
program counter. These operations are all performed by the MPU automatically.
However, the other registers are not saved or restored automatically. For the
storing of the contents of these registers, an exchange instruction (EX or EXX) for
alternate register, a PUSH or a POP instruction must be used. When a PUSH
instruction is executed, the contents of the specified register are saved into the
stack. When a POP instruction is executed, the contents of the stack are moved to
the specified register.

These data are restored on a last-in, first-out basis. Use of the stack permits
processing of multiple-level interrupts, deep subroutine nestings, and various data
manipulation very easily. The stack pointer is not initialized in the hardware
approach. Therefore, it is required to allocate the stack area in RAM to specify
initialization (at the highest address of the stack area) in the initial program.
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{2]

(e}

(ex)
MEMORY The contents of the SP
MEMORY ADDRESS : X
(HEX) ADDRESS INSTRUCTION before tthz instruction
- (HEX) is accepted.
c [e]
LOWER : ° z 1230 CALL 1500H FFF1
H + o : :
FFEB | CO | © e ; :
—_ Eo B :
FFEC | B2 | 5 ° 1500 PUSH AF FFEF ; A=05, F=23
FFED | 28 | o 5 1501 PUSH BC FFED ; B=B2, C=C0
FFEE [ 05 F 2 : :
wv w
l FFEF | 33 v
FFFO | 12 T ; :
: 1600 POP BC FFEB
HIGHER l 1601 POP  AF FFED
1602 RET FFEF

The foregoing example shows the stack pointer and stack operations in which
the instructions starting with the CALL at address 1230H and ending with the
RET at address 1602H have been executed. However, it is assumed that there is no
instruction or interrupt other than shown above that uses the stack during the
execution. When the value of the stack pointer before executing the CALL
instruction at address 1230H indicates address FFF1H, address 1233H is stored at
addresses FFFOH and FFEFH because the CALL instruction consists of 3 bytes,
then the stack pointer is decremented. Similarly, the data are saved or restored
sequentially according to the instructions. These stack and stack pointer
operations are all performed automatically.

Program counter (PC)

The program counter holds, in 16 bits, the memory address of the instruction to
be executed next. The MPU fetches the instruction from the memory location
indicated by the program counter. When the content of the program counter is put
on the address bus, the program counter is incremented automatically. However, it
is not incremented with a jump instruction, a call instruction, or interrupt
processing. Instead, the specified new address is set on it. With a return
instruction, the content restored from the stack is set on the program counter.
These operations are all performed automatically and therefore, no care is
required for programming.

Halt Capability

When a HALT instruction has been executed, the MPU is put in the halt state. The
halt capability can be used to halt the MPU against the external interrupts, thereby
reducing the power dissipation. In the halt state the states of MPU’s internal registers
are retained. The halt state is cleared by reset or when an interrupt is accepted.
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For the details of halt operation, see [3] “Basic Timing.”
(1) Halt operation

When a HALT instruction has been executed, the MPU sets the HALT signal to
“0” to indicate that the MPU is going to be put in the halt state. Actually, the
MPU in the halt state automatically continues executing NOP instructions if there
is the system clock input. However, the program counter is not incremented. This
keeps the refresh signal generated when the dynamic memory is used. During
halt, the MPU’s internal states are retained. The TMPZ84C015A contains the
clock generator/controller, easily implementing the clock input control for these

halt operations.
(2) Releasing the halt state

The halt state is cleared by accepting an interrupt (the INT or NMI signal
input) or by reset (the RESET signal input) . When an interrupt is accepted, the
halt state is cleared and the interrupt handling routine is executed. However, a
maskable interrupt (INT) cannot be accepted unless the interrupt enable flip-flop
(IFF) is set.

Note that when the halt state is cleared by the RESET signal, the MPU is reset
and the program counter is set to “0”.

[3] RESET Signal

Holding the RESET pin at the low level (“0”) under the following conditions, the
MPU’s internal states are reset:

(1) The supply voltage level is within the operational voltage range.
(2) System clock stabilization.

(3) Holding the RESET signal at the low level (“0”) for at least 3 full clock cycles.
When the RESET signal goes high (“1”) , the MPU starts executing instructions from
address 0000H after at least 2T state dummy cycles.

When reset, the MPU performs the following processing:
(1) Program counter

000O0H is set.
(2) Interrupt

The interrupt enable flip-flop (IFF) is reset to “0” to disable the maskable
interrupt. For the maskable interrupt processing, mode 0 is specified.
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(8) Control output

All control outputs are made inactive (“1”) . Therefore, the halt state is
also cleared.

(4) Interrupt page address register (I register)
The content of the R register becomes 00H.
(5) Refresh register (R register)
The content of the R register becomes 00H.

The contents of the registers other than above and the external memory do not
change.
Therefore, they must be initialized as required.

[4] Interrupt Capability

The interrupt capability is used to suspend the execution of the current program and
execute the processing of the requested peripheral LSI. Normally, this interrupt
processing routine contains the data exchange and transfer of status and control
information between the MPU and the peripheral LSI. When this routine has been
completed, the MPU returns to the state active before the interrupt has been accepted.

The TMPZ84C015A provides the non-maskable interrupt (NMI) and maskable
interrupt (INT) capabilities which are detected by the NMI and INT interrupt request
signals, respectively. A non-maskable interrupt, when caused by a peripheral LSI, is
accepted unconditionally. This interrupt is used to support critical functions such as the
protection of the system from unpredictable happening including power failure. A
maskable interrupt can be enabled or disabled by program. For example, if the timer is
used and, therefore, an interrupt is not desired, the system can be programmed to
disable the interrupt. Table 3.2.1 lists the processing by interrupt source.

(1) Interrupt enable/disable

A non-maskable interrupt cannot be disabled by program, while a maskable
interrupt can be enabled or disabled by program. The MPU has the interrupt
enable flip-flop (IFF) . A maskable interrupt can be enabled or disabled by setting
this flip-flop to “1” (set) or “0” (rest) through an EI instruction (enable) or a DI
instruction (disable) in program. Actually, the IFF consists of two flip-flops IFF1
and IFF2. IFF1 is used to select between the enable and disable of a maskable
interrupt. IFF2 holds the state of IFF1 before a maskable interrupt has been
accepted. Both IFF1 and IFF2 are reset to “0” when any of the following conditions
occurs, disabling an interrupt:
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e MPU reset
® Execution of DI instruction
® Acceptance of maskable interrupt

Both IFF1 and IFF2 are set to “1” when the the following condition occurs,
enabling an interrupt:

® Execution of EI instruction

Actually, the waiting maskable interrupt request is accepted after the
execution of the instruction that following the EI instruction.
This delay by one instruction is caused by accepting an interrupt after completion
of the execution of a return instruction if the instruction following the EI
instruction is a return instruction.
In the above operation, the contents of IFF1 and IFF2 are the same.

Table 3.2.1 Processing by Interrupt Source

Interrupt
Interrupt Source Priority | Programmed condition Vector addres return

instruction
Non-maskable interrupt 1 None Address 66H RETN
(the falling edge of NMI)

Instruction from

Maskable interrupt (INT 2 IFF =1 Mode 0 |peripheral LSI. (Note)
becomes “0” at Normally, CALL or RST RETI

instruction’s last clock) instruction.
Mode 1 | Address 38H.
The address indicated by

the data table (memory)
Mode 2 | atthe address specified
by I register (high-order
8 bits) and data from
peripheral LSi (low-
order 8 bits, LSB ="0").

Note: Mode 0 applies when the instruction from peripheral LSIis CALL or RST instruction.
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Parity flag I

(RETN) | (LD A, lorLD A,R)
(Determination of IFF1 J I IFF2 J i
actual INT enable (foar holding IFF1)
/disable)

Executed instruction

0 0 ;. MPU reset
Dlinstruction
INT acceptance

1 1 :  Elinstruction
RETN instruction
when {FF2 = 1.

0 state of IFF1 : NMl acceptance

before NMt
acceptance

Figure 3.2.4 Interrupt Enable Flip-Flop (IFF)

When a non-maskable interrupt has been accepted, IFF1 is reset to “0”
(interrupt disable) until an EI or RETN instruction is executed, so as to prevent
from accepting the next interrupt. For this purpose, the state (interrupt
enable/disable) of IFF1 immediately before non-maskable interrupt acceptance
must be stored. This state is copied into IFF2 upon acceptance of a non-maskable
interrupt. The content of IFF2 is copied into the parity flag at the execution of the
following instructions, so that the copied data can be tested or stored:

o The load instruction (LD A, I) to load the contents of the I register into the

accumulator.

L] The load instruction (LD A, I) to load the contents of the R register into the
accumulator.

When the return instruction (RETN) from the non-maskable interrupt is
executed, the contents of the current IFF2 are copied back to IFF1. If an operation
which changes the contents of IFF2 (due to the execution of EI or DI instruction,
for example) has not been performed during interrupt handling, IFF1
automatically returns to the state immediately before the interrupt acceptance.
Table 3.2.1 lists the states of IFF1 and IFF2 after execution of interrupt-related

instructions.
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Table 3.2.2 State of IFF1 and IFF2

Operation sequence IFF1 IFF2 Remarks

MPU reset 0 0

El 1 1

NMI acceptance 0 1

LD A,I * * Parity flage—tFF2
RETN 1 1 IFF1«IFF2

LD A, R * * Parity flage—tFF2
INT acceptance 0 0

RETI * *

El 1 1

NMi acceptance o] 1

DI 0 0

RETN * *

Note : * =no change.

@

Interrupt processing

With a non-maskable interrupt, the internal NMI flip-flop is set to “1” on the
falling edge of the interrupt signal, NMI. The state of this flip-flop is sampled on
the rising edge of the last clock of each instruction to accept an interrupt. A
maskable interrupt is accepted if the interrupt signal INT is low (“0”) on the rising
edge of the last clock of each instruction and the interrupt enable state IFF=1 and
BUSREQ signal =inactive (“17) ) is on. The following is the processing to be
performed after a non-maskable interrupt and a maskable interrupt are accepted:

(a) Non-maskable interrupt (NMI)

When a non-maskable interrupt has been accepted, the MPU performs the
following processing:

1 The internal NMI flip-flop is reset to “0”.
2 IFF1 is reset to “0”, disabling the maskable interrupt.

The contents of the IFF1 immediately before the interrupt acceptance are copied
into the IFF2

The contents of the current program counter are saved into the stack.

4 The instructions starting from non-maskable interrupt vector address 66H are
executed.

The non-maskable interrupt processing program terminates after executing the RETN
instruction. This return instruction performs the following:

1 The contents of the current IFF2 are copied into IFF1.
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2 The contents of the program counter are restored from the stack.

Acceptance of non-maskable interrupt (NMI}

l

Execution of ordinary program

] 1

’——v[ Service routine

Address 0066H Execution of RETN instruction

Figure 3.2.5 Non-Maskable Interrupt Processing

(b) Maskable interrupt (INT)
When a maskable interrupt has been accepted, the MPU performs the following
processings:
1 Both IFF1 and IFF2 are reset to “0”, disabling the maskable interrupts.
2 The contents of the current program counter are saved into the stack.

3 A maskable interrupt is serviced in one of the three modes 0, 1 and 2. A mode is
selected by executing the instruction IMO, IM1 or IM2 before the interrupt is serviced.
The instructions are executed starting from the vector address corresponding to the
selected mode.

[ Mode 0

In mode 0, the interrupting peripheral LSI puts a restart instruction (RST) or a
call instruction (CALL) on the data bus and the MPU executes the interrupt
service routine according to that instruction. At reset, this mode is automatically
set.

Acceptance of interrupt in mode 0

l

Execution of ordinary program J

] t

|:| Service routine }—l

Address specified by CALL or Execution of RETI instruction RST from peripheral LS.

Figure 3.2.6 Interrupt Processing in Mode 0
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Mode 1

When an interrupt is accepted in mode 1, restart is performed from address
0038H. Therefore, the service routine for this interrupt is programmed from the
address 0038H .

Interruptin mode 1

l

| Execution of ordinary program I

1 t

l—> Service routine

Addres<: 3U38H Execution of RETI instruction

Figure 3.2.7 Interrupt Processing in Mode 1

Mode 2

The interrupt processing in mode 2 requires a 16-bit pointer consisting of the
high-order 8 bits of the I register and the low-order 8 bits (with the LSB="0") of
the data fetched from the interrupting CTC or TLCS-Z80 family peripheral LSI.
Therefore, the necessary value must be loaded in the I register beforehand. This
pointer is used to specify the memory address in the table. The contents of the
specified address and the next address provide the start address of the service
routine. Therefore, use of this mode requires the table of the service routine’s start
address (16 bits) to be set at appropriate location under software control . This
location can be anywhere in memory. The LSB of the table pointer is set to “0”
because a 2-byte data is needed to specify the service routine start address in 16
bits and start that address from an even-number address. In the table, the start
that address begins with the low-order byte followed by the high-order byte as
shown in Figure 3.2.8.
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interrupt in mode 2

l

l Execution of ordinary program J

Table J f

Service routine

Execution of

RETI instruction
[ sbits | 7w [0 f—— Loy _] ety

| register CTC or TLCS-Z80 family

! ! e ] |

peripheral LS|

Figure 3.2.8 Interrupt Processing in Mode 2

Mode 2 is used in the daisy chain interrupt processing using the CTC and TLCS-
780 family LSI. The CTC and TLCS-Z80 family peripheral LSIs all contain the
interrupt priority controller in daisy chain structure. In this interrupt structure, the
interrupt request signals are connected one after another and given priorities for
processing when two or more maskable interrupt requests occur at a time. Only the
interrupt vector from the peripheral LSI having the highest priority is put on the data
bus. By receiving the interrupt vector in mode 2, the processing for that peripheral
LSI can be performed. When an interrupt requested by a peripheral LSI having a
priority higher than that of the current peripheral LSI during the execution of the
interrupt processing routine, the higher priority interrupt can be enable by the EI
instruction to form a interrupt nesting.

The maskable interrupt processing program terminates by executing an RETI
instruction. This return instruction performs the following processings:

® Restores the content of the program counter from the stack.

e Notifies the requesting peripheral LSI of the termination of interrupt processing.
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3.2.3 MPU Status Transition Diagram and Basic Timing
The following describes the MPU status transition and the basic timing of each MPU
operation.
[1]  Instruction Cycle

Each TMPZ84C015A instruction is executed by combining the basic operations of
memory read/write, input/output, bus request/acknowledge, and interrupt. These basic
operations are performed synchronizing with the system clock (the CLK signal).

One clock period is called a state (T). The smallest unit of each basic operation is

called a machine cycle (M). Each instruction consists of 1 to 6 machine cycles and each
machine cycle consists of 3 to 6 clock states basically. However, the number of clock
states in a machine cycle can be increased by the WAIT signal described later on. Figure
3.2.9 shows an example of the basic timing of a 3-machine-cycle instruction.

The first machine cycle (M1) of each instruction is the cycle in which the Opcode of
the instruction to be executed next is read (this is called the Opcode fetch cycle). The
Opcode fetch cycle basically consists of 4 to 6 clock states. In the machine cycle that
follows the Opcode fetch cycle, data is transferred between the MPU and the memory or
peripheral LSIs. This operation basically consists of 3 to 5 clock states.

T cycie

|

CLK—J

Maachine cycie

My Mz M3
(Opcode fetch) {(Memory read) (Memory write)

Cycle instruction

Figure 3.2.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction)
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[2] Status Transition Diagram

RESET= 0
@ ¥1: M1 IMMEDIATELY AFTER ACCEPTING INT?

Figure 3.2.10 Status Transition Diagram
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[3] Basic Timing

M

Opcode fetch cycle (M1)

In the Opcode fetch cycle, MPU fetches an Opcode in the machine-language
codes in memory. This is also called the M1 cycle because it is the first machine
cycle to execute each instruction.

Figure 3.2.12 shows the basic timing of a basic Opcode fetch cycle.

In clock state T1, the content of the program counter is put on the address bus.
The M1 signal goes “0”, indicating to the MPU that this is the Opcode fetch cycle.
At the same time, MREQ and RD signals go “0”. When the MREQ signal goes “0”,
the address signal has already been stabilized. Therefore, this signal can be used
for the memory chip enable signal. The RD signal indicates that the MPU is ready
to accept the data from memory. By these signals, the MPU accesses memory to
fetch the Opcode in the instruction register. The MPU samples the WAIT signal
on the falling edge of clock state T2. If the WAIT signal is “0” on the falling edge
of clock state T2 and the following wait state (TW), the next state becomes clock
state TW. Figure 3.2.13 shows the delay state of the Opcode fetch cycle caused by
the WAIT signal.

The data (Opcode) on the data bus is fetched on the rising edge of clock state T3
then, the MREQ, RD, and M1 signals go “1”. In clock state T3, a memory refresh
address is put on the 8 bits consisting of the low-order 7 bits of the address bus and
the A7RF corresponding to bit 8 and the RFSH signal goes “0” and the MREQ
signal goes “0” again. This signal indicates that the memory refresh cycle is on.
At this time, the contents of the I register are put on the high-order 8 bits of the
address bus and the 7 bits of the R register contents and the A7RF signal
corresponding to bit 8 are put on the low-order 8 bits of the address bus. By using
the RFSH and MREQ signals, memory refresh is performed in clock state T3 and
T4. However, the RD signal remains “1” because the contents of the memory

refresh address are not put on the data bus.

The address bus of 8 bits consisting of the address low-order 7 bits of address (A6
through A0) and the A7TRF are used as the 8-bit refresh address. That is, when
ATRF is used for the refresh address, signals “O0H” through “FFH” are output. In
cycles other than the refresh cycle, the signal equivalent to A7RF are output.
However, at reset, the signals to be output are uncertain. Figure 3.2.11 shows the
refresh timing.
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cx —J2L I _Jmal _Jvl 72| | 55 I ) B i
VI | | [

(Y

As~Ag X ResH ADDR=7FH_ X_ X RFsH ADDR=00H X ot
RFSH _—__1 ﬁ l J_——
A7RF Ar \ / Ay / \ A

Figure 3.2.11 Refrish Timing

In clock state T4, the MREQ signal returns to “1”. The refresh address is kept
output until the rising edge of the clock state T1 in the next machine cycle, keeping
the RFSH signal set to “0”. The cycle delay state caused by setting the WAIT signal
to “0” is the same in the memory read/write, input/output, and maskable interrupt
acknowledge cycles. The diagram of the cycle delay state caused by the WAIT signal
set to “0” is omitted in the following description.

M1 cycle
T T2 T3 T4

CLK

Ap~A1s X Proagram counter >( Refresh address

/NS

\
iR

<
X
m)
Ol

|
41y

WATT / N\
T N
Do~D7 r\___mPUt_}

RFSH \

Figure 3.2.12 Opcode Fetch Timing
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Micycle
T1 T2 ™ ™ T3 Ta

cLK /4 T A T /v \ \__/
Ap~A1s X Program counter X Refresh address )C
MREQ |\ /\ /T

RD [\ /

[ AN /

WAIT \ [/ NI /T /7 N\

Figure 3.2.13 Opcode Fetch Timing Including Wait State
(2) Memory read/write operations

Figure 3.2.14 shows the basic timing of memory read/write operations (except
for the Opcode fetch cycle) in the same diagram for convenience.

In each operation, the memory address signal to read/write data on the address
bus is output in clock state T1. The operation in which the WAIT signal is sampled
in clock state T2 and the following TW state is the same as the Opcode fetch cycle.

In memory read, memory data is put on the data bus by the address MREQ, and
RD signals. The MPU reads this data.

In memory write, the memory address signal is put on the address bus then the
MREQ signal is set to “0” to put the write data onto the data bus. When the data
bus has been stabilized the WR signal is output in clock state T2. The WR signal
can be used as the memory write signal.
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CLK

Ap~A1s

<
=
m|
O

~—— For memory read cycle —_——— For memory write cycle —
T T2 T3 T T2 T3
N/ T \_ [/ \_/ T \__/
: x Memory address Memory address
1\ /
J‘ input >————(7 Data output )——
/ \ / \

Figure 3.2.14 Memory Read/Write Cycle Timing

Input/output operations

Figure 3.2.15 shows the basic timing of input/output operations. The feature of
the I/O operation timing is that, regardless of the state of the WAIT signal in clock
state T2, the I/0 cycle automatically goes in the wait state (TW*) after clock T2.
The WAIT signal is sampled on the falling edge of TW*. If the WAIT signal is “0”
on the falling edges of TW* and the following clock state, the I/O operation enters
into clock state TW*. Clock state TW* is inserted because the IORQ signal goes
“0” in clock state T2, so that it is too late to sample the WAIT signal after decoding
the I/O port address. In each of input and output operations, the I/O port address is
put on the low-order 8 bits of the address bus in clock state T1. On the high-order 8
bits, the contents of the accumulator or B register are output. In clock state T2, the
TORQ signal goes “0” instead of the MREQ signal. The IORQ signal can be used as
the chip enable signal for a peripheral LSI.

In an input operation, the contents of the input port are read onto the data bus
by the address, IORQ, or RD signals. The MPU reads this data.

In an output operation, the output port address and the output data are
respectively put on the address bus and data bus in clock state Tl, then the TORQ
and WR signals go “0” in clock state T2. The WR signal can be used as the output
port write signal.
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T T2 TW* T3 m

CLK ) O A { T /4 \

Ag~A7 x Port address r

RD \ Read cycle
{input)
Do~D7 J‘ input >"———
WAIT / \
WR \ / Write cycle
(output)
Do~Ds — Output —

Figure 3.2.15 /O Operating Timing
(4) Bus request and bus acknowledge operations

Figure 3.2.16 shows the basic timing of bus request and bus acknowledge
operations.

The address bus (A0 through A15), data bus (DO through D7), MREQ, IORQ,
RD, and WR signals controlled by the MPU can be put in the high-impedance state
(floating) to electrically disconnect them from the MPU. This operation, after
sampling the BUSREQ signal on the rising edge of the last clock of each machine
cycle, starts on the rising edge of the next clock if this signal is found “0”.

Subsequently, these buses are controlled by external peripheral LSIs. For
example, data can be directly transferred between memory and these peripheral
LSIs. This state is cleared if the BUSREQ signal is found“1”after sampling it on
the rising edge of each subsequent clock state (TX), and enters into the next
machine cycle. During the floating state, the BUSACK signal goes “0” to indicate
it to the peripheral LSIs.

In this state, however, no memory refresh is performed and, therefore, the
RFSH signal is set to “1”. Hence, to maintain this state for a long time with a
system using dynamic memory, memory refresh must be performed by the
external controller.

Note that, in the floating state, neither maskable interrupt (INT) nor non-
maskable interrupts (NMI) can be accepted.
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BUSREQ \ /

Each machinecycle .l Busenablestate

Last T
state X ™ X T1

ak — N f

BUSACK \ /]
Floatingstate
Ao~A1s D aialul stttk ol <

00~07 S Lt B <

MREQ, RD, L A
FRELRD >- p
RFSH /
Figure 3.2.16 Bus Request and Bus Acknowledge Timing
(5) Maskable interrupt acknowledge operation

Figure 3.2.17 shows the basic timing of the maskable interrupt acknowledge.

The MPU samples the maskable interrupt request signal (INT) on the rising
edge of the last clock of each instruction execution. If the INT signal is found “0”, a
maskable interrupt is accepted except in the following cases:

® The interrupt enable flip-flop is reset to “0”.
o The BUSRERQ signal is “0”.

When a maskable interrupt has been accepted, a special Opcode fetch cycle is
generated. In this cycle, 2 clock states of wait state (TW*) is automatically
inserted after the clock state T2. The WAIT signal is sampled on the falling edges
of the second clock state TW* and the following clock state TW and, if the WAIT
signal is found “0”, the instruction cycle enters in the next clock state TW. In this
Opcode fetch cycle, the TORQ signal goes “0” in the first TW* state instead of the
MREQ signal while, in a normal Opcode fetch cycle, the MREQ signal goes “0” in
clock state T1. This indicates to the maskable interrupt requesting LSI that the 8-
bit interrupt vector can be put on the data bus. The MPU reads this data to
perform interrupt processing. Therefore, the contents of the program counter put
on the address bus are not used. Unlike an ordinary I/O operation, the RD signal
does not go “0”.
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In clock state T3 the memory refresh address signal is put on the address bus for
memory refresh like normal Opcode fetch cycle and the RFSH signal goes “0”. In
the subsequent machine cycles (M2 and M3) , the contents of the current program
counter are saved into the stack. In machine cycles M4 and M5, the contents of the
I register (the high-order 8 bits) and the contents of the address indicated by the
address of the vector (the low-order 8 bits) from the CTC and the peripheral LSI are
fetched in the program counter.

Instruction’s last M cycle M1
Laat T T T2 TW* TW* 3
ak — A
INT N/
Ap~Ats X_ Program counter Ssheh
M1 \

M

ar

Input

Figure 3.2.17 Maskable Interrupt Acknowledge Timing

(6) Non-maskable interrupt acknowledge operation

Figure 3.2.18 shows the basic timing of non-maskable interrupt acknowledge.

When the non-maskable interrupt request signal (NMI) goes low, the internal
non-maskable flip-flop is set to “1”. The NMI signal is detected in any timing of
each instruction. However, the internal NMI flip-flop is sampled on the rising
edge of the last clock of each instruction. Therefore, the NMI signal should go low
by the last clock state of an instruction.
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latch | VSRS O M <
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The Opcode fetch cycle for non-maskable interrupt request acknowledge is
generally the same as the ordinary Opcode fetch cycle. However, the Opcode on
the data bus at the time is ignored. The contents of the current program counter
are saved into the stack in the subsequent machine cycles (M2 and M3). In the
following machine cycle, the operation jumps to address 0066H, the non-maskable
interrupt vector address. The machine cycles after these depend on the contents of
the fetched Opcode.

— last M cycle M1

\ /

Figure 3.2.18 Non-Maskable inpterrupt Acknowledge Timing
Hait operation

When a HALT instruction is fetched in the Opcode fetch cycle, the MPU sets the
HALT signal to “0” synchronized with the falling edge of clock state T4 to indicate
it to the peripheral LSI and stops operating. If the system clock is kept supplied in
the halt state, the MPU continues executing NOP instructions. This is done to
output refresh signals when the dynamic memory is used. The NOP instruction
execution cycle is the same as the ordinary Opcode fetch cycle except the data on
the data bus are ignored.

The halt state is cleared when an interrupt is accepted or the RESET signal is
set to “0” to reset the MPU. Figure 3.2.19 shows the halt state clear operation by
interrupt acknowledge. An interrupt is sampled on the rising edge of the last clock
(clock state T4) of the NOP instruction. A maskable interrupt can be accepted
when the INT signal is “0”. A non-maskable interrupt is accepted when the
internal NMI flip-flop which is set on the falling edge of the NMI signal is set at
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“1”. However, it is required that the interrupt enable flip-flop is set to “1” for a
maskable interrupt to be accepted. The interrupt processing for the accepted
interrupt starts from the next cycle.

However, when the supply of the system clock from the CGC has been stopped
by the power down operation, it is required to restart the supply of the system clock
and input the INT signal until the execution of one instruction is completed or the
RESET signal until 3 clocks are output. Figure 3.2.20 shows the timing of clearing
the halt state caused by power down.

For the reset operation, see (8) “Reset operation” . Note that the INT and NMI
signals are shown on the same diagram in Figures 3.2.19 and 3.2.20 for

convenience.
(HALT instruction) {(NOP instruction)
— M1 M1 M1

T1 T2 T3 T4 T T2

CLK __/_T\A__/__\_/__\_f—\__) T\
~ =
\

HALT

INT

or
NMI

NMI internal
latch

b — — — e —— o —— - —

b e = - —

Figure 3.2.19 Timing of Clearing Halt State Caused by interrupt Acknowledge

Clock supply stop Restarting clock supply
. i from CGC from CGC
| NOP instruction ) | NOP instruction |
| ! | |
T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2
CLK I (" I | I I | |

3 7
HALT " (
1) et

10 L0

TN/ : —\ /]

S S 5 e
Ly 5 -%[—ss— ----------
NMI int }
e e e e mmm—————— S

INT

Figure 3.2.20 Timing of Clearing Halt State Caused By Power Down
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(8) Reset operation

Figure 3.2.21 shows the basic timing of reset operation.

To reset the MPU, the RESET signal must be kept at “0” for at least 3 clocks.
When the RESET signal goes “17, instruction execution starts from address 0000H
after a dummy cycle of at least 2T clock states.

M1 of address 0
< Dummy cycle —>|l<———
T
CLK —
RESET ——\ /
AO"“A]S )-—-"'—-’-__"L __________ '<
Floating state
Do~07 D e et E aias e LD
L) / N
MREQ
RD, WR / |
IOR
RFSH
BUSACK
HALT

Figure 3.2.21 Reset Timing

To clear the power down state by using the RESET signal, the RESET signal
must be input until 3 clocks or more are supplied by restarting the supply of the
system clock from the CGC.
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(9) Evaluation operation

Each of the MPU signals (A0 through A15, DO through D7, MREQ, IORQ, RD,
WR, HALT, M1, and RFSH) can be put in the high-impedance state by EV and
BUSREQ signals to electrically disconnect them from the MPU.

Each M cycle Evaluation mode state __|
sLta;,}eT X > ™ T
CLK _/_\__/_\_){—\_){_\_)(_\_)(_\__/——\_
BUSREQ \, /
BUSACK \ /]

. Floating stare|
Ap~Ais D i e e .<

EV /

Figure 3.2.22 Evaluation Timing

Figure 3.2.23 shows the block diagram of the TMPZ84C015A operating as an
evaluator in the evaluation mode.

The operations controlled by signals from the external MPU in the evaluation
mode are the same as those of each device constituting the TMPZ84CO015A.
(However, for the watchdog timer operations, see “WDT Operational Description”
because the watchdog timer is of random logic configuration.)

For the electrical characteristics and timing of each device, see “Inactive State”.
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IE! RISA
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TE [ — cLk RD Do~D7 > W/RDYA
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cTC csy B8 V] H INT [« RXCA
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- M1 > TXDA
B slo L >~ TxDB
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__ o
ARDY Do~D7 N ] T 57E
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J— ™M1 RESET IEl WR RFSH
PBo MT = N YDo~D; IEO
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Figure 3.2.23 Block Diagram of the TMPZ84C015A Functioning As Evaluator
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3.2.4 TMPZ84CO015A Instruction Set

This subsection lists the TMPZ84C015A instruction codes and their functions. The
table below lists the symbols and abbreviations used to describe the instruction set. The

symbols which require special attention are described in the locations in which they

appear.

. Symbols (1/2)

Classification Symbol Meaning
Register r,g Register B,C,D,E, H,L A,
t Register pair BC, DE, HL
Stack pointer SP
q Register pair BC, DE, HL, AF
P Register pair BC, DE
Index register 1X
Stack pointer SP
s Register pair BC, DE
index register Y
Stack pointer SP
th Higher register of register pair
(B, D, H)
Higher 8 bits of stack pointer (SP)
an Higher register of register pair
(B, D, H, A)
IXH Higher 8 bits of index register IX
IYH Higher 8 bits of index register 1Y
PCH Higher 8 bits of program counter (PC)
tL Lower register of register pair
(C,E, L)
Lower 8 bits of stack pointer (SP)
qL Lower register of register pair
(C,E,L,F)
IXy Lower 8 bits of index register IX
YL Lower 8 bits of index register Y
PCL Lower 8 bits of program counter (PC)
rb Bit b (0-7) of register (B, C, D, E, H, L, A)
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o Symbols (2/2)

Classification

Symbol

Meaning

Memory

(HL)b

(IX +d)p

(Y +d)p

Memory address represented in 16 bits. m
indicates higher 8 bits and n, lower 8 bits.
Bit b (0-7) of the contents of the memory
address indicated by register pair HL.

Bit b (0-7) of the contents of the memory
address indicated by the value obtained
by adding 8-bit data d to the content of
index register IX.

Bit b (0-7) of the contents of the memory
address indicated by the value obtained
by adding 8-bit data d to the content of
index register 1Y.

Flag change
symbol

<

Reset to “0” by operation.

Setto “1” by operation.

No change

Affected by operation

Undefined

Handled as parity flag.
P=0: odd parity
P=1: even parity

Handled as overflow flag.
V=0: Nooverflow
V=1: Overflow

operator

Transfer

Exchange

Add

Subtract

Logical AND between bits.
Logical OR between bits.
Exclusive OR between bits

Others

Interrupt enable flip-flop
Carry flag
Zero flag
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TMPZ84C015A instruction Set (1/9)

TEM/ Object code
CLASSI .
fca Binary Hex Function —
0N 76 543 210 sizi
40+5 x 8+g -isd —_
H r rrr
9 |sgg
B | 000
c {oo1
D | 010
E o1l
K | 100
L|101
................. Afu
1o (ix+d),r 1117011 101 T o0 (Ix+djer T s e
o
) 8ddad ddd e L
(=]
.
<
-
L. ¢
(=]
(1¥+d),n
.
®
@
......................... A-(DE)
a4 o
& t et
O e | mom o @ BC | 00
- DE | 01
- HL |10
- sp[11
ht MM fmm mmn m

Note : r.gmeansany of the registers A, 8, C, D, E. H, L.
IFF in “Flag” column indicates that the content of the interrupt enable flip-flop is copied into the PN flag.
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TMPZ84C015A Instruction Set (2/9)

em/ Object code No. | Na.
cLasst A bl Flag of |or
-FICA- Binary Hex Function (a8 STA.
TION 76 543 210 CLES | TES
L0  IV,mn 11 111 101 | FD T¥emn 2] 14
00 100 001 |21
nn ann nnn n
......................... mo mom o Lo e, S N
0 HL,(mn) {00 101 010 |2A He(mn+1) 5[ 16| _t]er_
nn ann nna n Le(mn) BC | 00
.......................... mo oo o o do ] oefor
L0 t.(mn) 11 101 101 | ED te(mn+1) 6| 20] H|10
01 tt1 011 |4B+tx10 | t{e(mn) sp |11
nn anh nan n -
: Lo OO INUURRROSION UONOORURIONURTUTOIOTOTOTORSURY RS SRVE SOTUS SO N SUSTOE JOUN OO O N
o IX (my | 117011 101 |DD IXge(mn+1) 8| 20
00 101 010 |2a IXp~(mn)
nn ann nan n -
P S | mn oom owe ;) SSSSSSUORTSOTURRRIOPSOSSNROUR URESUUSSOU SN UOE SUNTOS SOUN SN OO N
< |[t07IY (mn) 117111 101 [ FD IYpe(mn+1) 6| 20
o 00 101 010 |2A IY +(mn)
- nn oann ann
on mom oo fm S I
& [T (may L 00 100 010 |22 (mn+1)en
P nn onn ann (mn)eL
S SR L O LTS R B
b (mn),t 1171017101 €D (ma+1)ety
2 01 tt0 011 43+t x 10 (mn)ety
; AN nAn ann n
SR SO £ oo won A L]
© [0 (mn),1X 11011 101 oD (mn+1)eIXy
- 00 100 010 |22 (mn)eIXy
RN ARD DAR n
.......................... om mam mon A )
Lo (mm), 1Y 11 111 101 | FD (mn+1)eIVy
(mn)«IYg
" a]aa
“BC[00
DE | 01
HL | 10
AF | 11
..................... spese-z -
awe(SP+1d,apecspy, T
‘Txye(SP+1), 1k ~(sP) | 14
SPeSP+2
Type(SP+1). v e(SP) |- 18
SPeSP+2
w1
11 011 001 BCBC ", DEwDE *  HLeHL”

Note : t is any of the register pairs BC, DE, HL, SP.

q is any of the register pairs AF, BC, DE, HL.

{PAIR)y, (PAIR), refer to high order and low order eight bits of the register pair respectively. {Ex} BC, =C, AF =A.
*1 H EXCHANGE
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TMPZ84C015A Instruction Set (3/9)

ITEM/ Object code No. [ No.
CLASSt Assembler Flag of |oF
~FiCA- mnemonic Elnary Hex Function
TI0N 76 543 210
w |EX  (SP),HL 11 100 011 €3 He (SP+1),Le(SP)
2 Txpe(sPer)y T
g IX, & (SP)
o IYye (SP+1)
” 11 100 011 3 IYL o (SP)
L0I 11 101 101 €D (DE)«(HL),DE<DE+1
..... 10,100 000 lag  |HLeHLeiBCeBC-1 L
) { A 117101 101 [€D | oE)< (L) pE<DE1 «[BC< >0]
10 110 000 BO HLeHL+1,BC+BC-1 Repeat until «[BC=0]
|- UUUEUUUTUPUSIPRUTITN FUURRNUPRRRUUUUITY NOTURPURTRRRTURINS N Bl e
oo oo 11 101 101 £D (DE)«(HL),DE-DE-1
wu 10 101 000 A8 HLeHL-1,BC«BC-1
Z = ILooR 11 101 101 €D (DE )« (HL),DE+DE-1 «[BC< »0]
o w 10 111 000 B8 HL«<HL-1,BC+BC-1 Repeat until «[BC=0]
-

BC=0

x x
v v
S0 b | 10200 001 FAL LA BBl e e e
e 5| 21| «[BC< ~0 &
© © A< > (HL)]
= [8C=0 or
A= (HL)]
A-(HL) ,HL<HL-1.BC+BC-1 5|21 «[BC< -0 &
10 111 001 B9 Repeat until A=(HL)or BC=0 4| 18 A< > (HL))
1 ~[BC=0 or
A= (HL))]
L rer
8 [ 000
o ¢ [oo01
< o [o10
w
° E | 011
v H
2 100
3 L [101
A1
=]
2 — e
<
1=
-
w
=
x A, (IY+d) ACA+(1Y+d)+CY
«
<
-
-
@

(Ix+d) TacaZ(1x+d)

SuB (IY+d) 11 111 101 FD AcA—(IY+d)

Note *M PNV flagis € if the result of BC- 1 =0, otherwise PV=1.
“N Zflagis1if A=(HL). otherwise Z=0
[ Jindicates the total condition of the number of cycles and states indicated by arrow.
r means any of tne registers A, B, C, D, E, H, L.
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TMPZ84C015A Instruction Set (4/9)

ITEM/ Object code No. [ No

cLassi Flag oF | of
i Function

-FICA- mnemonic B”‘ary Hex

TION 76 543 210

AcA-r—CY _rjrre
AcA-n—CY B [ 000

¢ | 001
AeA( D {010
AcA-(IX+d)—CY E o1t

H {100
................... L 101
AeA-(Tved)-cy T Aj

A-AA(IX+d)

LOG)ICAL

AND

I THMET

(IY+d)

T AR

8 -8B

(IX+d)

(Iv+d) Ay (IY+d)

A-(IX+d)

CP (Iv+d)
ine e
INC (L
INC  (IX+d)
ddd
Note rmeans any of the registers A, B,C. D, E, H, L.
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TMPZ84C015A Instruction Set (5/9)

TEM/ Object code Na. | Ne.
cLasst bl - Flag o |or
A . . Hinary Hex Function i ] _ _ _ _ _ o | sta
TIoN 76 543 210 sizi
w INC (Iy+d) 11 111 101 FD (IY+d)e(1Y+d)+1 IR IR 4
- 00 110 100 34
w
-3 - —_—
3 LI e lx _rjree
o]l v ieix B | 000
; f DEC {IX+d) 11 011 101 DD (IX+d)(IX+d)-1 *ieix C | o001
a v H D }o10
A U— Efou
- DEC (Iv+d) 11 111 101 fD {IY+d)«(1Y+d)-1 LIRS 4 H } 100
® 5
ol : L]101
® < H A 11t
- Decimal adjust accumulator :
st
x|
-
z
=}
ot
Sk
alf’
s
w
w o MPU Halted
o2
a «|!
3
> ui-
a -
Vo
- w
a4 3
- I
w o~
z -
w o Set interrupt mode 2
v« 01 011 110 |SE
HLeHLst O 3 Gt Y (DL .2
* 41 15 BC | 00
...] 0Ef01
2 15| w10
b [ 1820, 010 1 A23EX 10 e e e R -l RS
w
s s
T e O R X b e _Plep_
z <174l 15| "8c o0
LR UOROUUTRPUUPUUUURRUROIN By S 4. F- TN DU Bt R et RIURRRRSPRREPRSSOUUURU RSP SUPS: SUUUR APTULIPUPTE FUUTUO. SUCTE RN SOUPUN SO DE |01
< Lo.af el Ixp1o
- - 2| 10 SP |11
@ PR SURTRURE HUUYS SAUR PN SIS
‘ INC 1Y 11 111 101 FD IvelY+1 —i=-1Xi=-1X - - - 2] 10 s|ss
e 8C [ 00
DE | 01
IY |10
..................................................................... JUOTNR L 2
DEC I¥ IY<IY-1 10
w
2 RLCA
b= 1 4
2
Note ss is any of the register pairs BC, DE, HL, SP. PP is any of the register pairs BC, DE, IX, SP.

rr is any of the register pairs BC, DE, IY, SP.
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TMPZ84C015A Instruction Set (6/9)
em/ Object code wo. | No.
cLasst Functi Flag oF |oF
FICA- Binary Hex unction — _ cv. | sta
TIoN 76 543 210 H §P/V§ CLES | TES
i
8 | coc
C | 001
D |010
E o011
- H | 100
w r,(HL), (IX+d), (IY+d) L |101
- A 111
T JRLC (Iv+d)
«
- - .
<
-
o [y
o«
RL(Ix+di
r,(HL), (IX+d), (IY+d)
RRC (IX+d) 011 101 .I
001 011 L (HL).{(1X+d}, (IY+d)
RR  (HL) 11 001 011 |CB m
.......................... o on o be
RR (IX+d) 11 011 101 |DD r,(HL), (IX+d)
11 001 01t cB
dd ddd ddd d
00 011 110 1E
Note : r means any of the registers A, B,C, D, €, H, L.
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TMPZ84C015A Instruction Set (7/9)

ITEM/ Object code No. | No
CLASSI Assembler - Flag of | oF
“FICA- mnemonic Binary Hex Function - - - cv- | sTa
TION 76 543 210 CLES | TES
RR  (IY+d) 111 101 | FD Y — ] 6| 23
s 011 | co L =o-o]
ddd ddd |d (1Y+d)
.2 '8 r rrr
__________ B j 000
a4l 15 € {001
............ b 010
6 23 £ | 011
H 1 100
rL (HL), (IX+d}, (1Y+d) L 101
Al111
SLA  (1Y+d)
L S
w SRA r
e O TS R
“
w | SRR (IX+d)
-
<
o 2E FHL) L (Ixd) (IYd) |G E i b i
L4
SRR
ST
cs
¢ 0—={7 50
3 ro(HLY, (IX+d). (IY+d)
(Iv+d)
*1
.1
b | bbb
o o [ o000
= 1001
gan b, (HL) _ 12| 2 |o10
I 46+bx 8 Ze(HL)p 3 [o011
o 4 | 100
- o»
z 5 | 101
6| 110
Note *1: Rotate digit left and right between the accmulator and location (HL). RERYS I

The content of the upper half of the accumulator is unaffected
The notation {HL), indicates bit , (0 to 7) within the contents of the HL register pair
The notation ry indicates bit , (O to 7) within the r register.
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TMPZ84C015A Instruction Set (8/9)

ITEM/
CLASSI
-FICA-
TION

Function

RESET AND TEST

SET

BIT

T

b
F]
m
0

ze(Ix+d)p

Ze(1¥+d)p

(IX+d)pe0

JP

Jume

PCemn

(Only when condition is met}

10

lhoovaanmole] [rrzmona

o000
001
o010

100
101
111

o
o
o

000
001
010
011
1060
101
110

111

e represents the

Q Jextensicn in the

a=eg - 2inthe Opcode provides an effective address of PC + e as PC is incremented by 2 before the addition of e
$ indicates the reference to the location counter value of the current segment.

The notation (HL)y, (IX + d)y, indicates bit , (0 to 7) within the contents of the register pair.

The notation r, indicates bit , (0 to 7) within the r register.
2 =e-2in the op-code provides effective address of PC + e as PCis incremented by 2 prior to the addition of e

relative
addressing
mode, a=e-2.
e is a signed
two's
) complement
3 number in the
. range of
|- 126se=129

Condition

001

011

101
110)

111

Non-Zero
Zero

No-carry
Carry

Odd Parity
Even Parity
Sign Positive
Sign Negative
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TMPZ84C015A Instruction Set (9/9)

mEMy Object code No. | mo.
cLasst bl . Flag of |oF
-FICA- mnemonic Binary Hex Function - - - - - cy- | sTa-
TION 76 543 210 IHD O IPAVINIC | ces|Tes
. P (1x) 11 011 101 }0D PC(IX) : 2 | 8
=2 I | woaes oos fee b ST OO N S U SO0 N0 N O
> |ap (1Y) 11 11t 101 |FD PC(1Y) 2|8
- 11 103 001 E9
CALL  mn 11 00t 101 [CD (SP-1)«PCy, (SP-2)«PCL 5 |17 3 |xkkk
z Ao nan ann n PCemn OOH | 000
o« M Mo mmm m SPeSP-2 b b s 08H | 001
: CALL  c,mn 11 ccc 100 Cé+cxs if condition ¢ is met, same as § {17 | 10H[010
- an oo ann o CALMN. e b B 16K [ 011
e b om pon mom fn L W conditioncisnotmeteontinue | -t - ixi-ix i - ioio) 3,410 ] 208|100
RET 11 00% 0601 JC9 PCL+(SP), PCHe(SP+1) 3 10| 28# 101
o SP~SP+2 30H | 110
b 38H | 111
< =1
-, IiET.I ........... il 101 101 ED ) Return from interrupt Processing I rer
P COR—— 01001 101 fa0 owine L dd b 8 | 000
< RETN 11 101 101 ED Return from non-maskable 4§ 14 € {001
b 01 000 101 45 rupt Processing routine D030
wr e e TSPyeRcy (SPayREL ot e lon
PCH+0,PCL ~j,SPeSP-2 H | 100
0B Ae(n) 3 [11] L1012
Al 113
. g0erxg | witbeattected. | G G PGt f L]
= ED 4 18
SN SRR - S04 ). U X4+ SUPUUSORN IOSESOUUSOROURSTRRTURURPTORRUORURIT ISUUUR-SUPPIE SRS SUUURE SUPUS SEPTOY USSR SRPN
- ED {HL)«{C),BeB—1,HL+HL+1 5 |21 ] «[B<>0]
> s2 | RepeatuntitB=o | i oG Pt ot il o fas ] o0y |
N ED (HL)«(C),B+B~1,HL<HL~ 4 |18
- 1SR WO NOUR OIS SN SO MO S SO N O S
= ED (HL)<{C),BeB~1,HLeHL~1 5 | 21| «[B0]
< LOA s RepeatuntilB=0 o J.a.las ] «[8=0]
(n)er 3 1 -
-
T ETTISCTTPRISIROTPURTIN P PP SO . FPTOTIUOUUNRN ¢4 SPALSAIRAAT Aot OUNUOURNRURTOS JEPUESOUE SN SN S SRR SR U PO SO _
o
LI OSSO B RS SOOTTE Sie o SOOI SNUUSUUO VRS UDRRURNUN SRS SN SR SUPRR S SURURR RO SR DURUON DOPRE
“““ “B[<>0]
«[B=0] |*2
. 15 21 «reeon
10 111 010 Repeat until B=D : 4 | 16§ +[B=0] _]
Note: e *M ifthe result of B 1iszero, the Z flag is set, otherwise it is reset. 1 g:::::;& I::Z :;; :‘:?f;:::
® AQthrough A15 indicate the address bus. 2 CoA0-AT 2} oo1 | zero
® [ ]indicates the total condition of the number of cycles and states BAB-ALS NC| 010 | No-Carry
indicated by arrow C] 011 | Carry
PO{ 100 | Odd Parity
PE| 101 | Even Parity
P| 110 | Sign Positive
N| 111 | Sign negative
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TMPZ84C015A Instruction Map (1/7)
MPU Instruction Table ( I )

H t [ 1 2 3 4 5 6 7 8 9 A B C D E F
0 NOP LD LD INC INC DEC LD RLCA EX ADD LD DEC INC DEC LD RRCA
BC,mn [ (BC)L. A BC 8 8 B.n AF,AF | HCBC | A, (BC) BC C C Cn
1 DINZ LD LD INC INC DEC LD RLA JE ADD LD DEC INC DEC iD RRA
e DE.mn [ (DE), A DE o} D DN e HL,DE | A.(DE) DE E E E.n
2 JR NZ, LD LD INC INC DEC LD DAA JRZ ADD LD DEC INC DEC LD CPL
e HL, mn | (mn)HL HL D R H,n e HLHL HL{mn) HL L L L.n
3 JR NC, LD LD INC INC DEC LD SCF JRC ADD LD DEC INC DEC Lo CCF
e SP,mn [ {mn),A SP (HL) (HL) {HL)., n e HLSP | A(mn) SP A A A.n
a4 LD LD LD LD LD LD LD Lo Lo D LD LD Lo LD LD LD
B.B B.C 3,D B.E B.H B.L B, (HL) B.A C.B ccC <D CE CH cL C, {HL) A
5 LD LD LD LD LD LD LD LD LD LD iD LD LD LD Lo LD
D.B D.C 0,0 D.E D.H D.L D, (HL) D.A E.B E.C £,D EE E.H E.L E.(HL) E.A
[ LD LD LD LD LD LD LD Lo LD iD Lo LD LD LD LD LD
H, B H.C -4,D HE H.H H,L H, (HL) H. A LB LC LD LE LH Lt L, (HL) LA
7 LD LD LD LD LD LD HALT LD LD LD LD Lo Lo LD LD b
(HL).B | (HL).C | (HLYLD | (HU,E | (HLL,H | (HL),L (HL), A A.B A C A D A.E AH AL A, (HL) AA
8 ADD ADD ADD ADD ADD ADD ADD ADD ADC ADC ADC ADC ADC ADC ADC ADC
A.B A, C A, D A E AH AL A, (HL) AR A8 A C A.D A E AH AL A, (HL) AA
9 SUB SUB SUB sus SUB SUB SUB SUB S8C SBC $8C $8C sBC sBC SBC SBC
8 C D E H L {HL) A A B AC A D AE A H AL A (HL) AA
A AND AND AND AND AND AND AND AND XOR XOR XOR XOR XOR XOR XOR XOR
B C o] E H L (HL) A B C D E H L (HL) A
B OR OR OR OR OR OR OR OR cpP la g cp CcpP cpP cpP cpP XOR
B C D E H L (HL) A B C D E H L (HL) A
C RET POP 2 NZ, iP CALL PUSH ADD RST RET RET P Z.2HL (D CALL CALL ADC RST
NZ BC mn mn NZ, mn BC A.n 00H C mn Z, mn mn A.n 08H
[»] RET POP JPNC, ouT CALL PUSH sus RST RET EXX JPC, IN CALL @ SBC RST
NC DE m,n (n), A NC, mn DE n 10H C mn A, (n) C,. mn A.n 18H
E RET PQP P PO, EX CALL PUSH AND RST RET bl JPPE, EX CALL @ XOR RST
PO HL m,n (SP),HL | PO, mn HL n 20H PE (HL) mn DE.HL PL.mn n 28H
F RET POP PP, DI CALL PUSH OR RST RET LD »pwm, El CALL @ cpP RST
P AF mn P, mn AF n 30H ™M SP,HL mn M, mn n 38H

Note ®~®@: Multi-Opcode Instructions (ref. Table (11)~(VI))
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TMPZ84C015A Instruction Map (2/7)

@ Bytel“CB”
Instruction Table ( II ) (Byte 2 of 2-byte Opcode)

y oo 1 2 3 a 5 6 7 8 9 A 8 < o E 2

0 mic | re | re | re | mie | mie | e | mic | rrc | RrRc | Rrc | RRC | RRC | RRC | RRC | RRC
B C D E H L (HL) A B C D E H L (HL} A

1 RL RL RL RL RL RL RL RL RR RR RR RR RR RR RR RR
8 c D e H L HL A 8 c D 3 H L (HL) A

2 SLA SLA SLA SLA SLA SLA SLA SLA SRA SRA SRA SRA SRA SRA SRA SRA
8 c o £ H L () A 8 c o 3 H L (HL A

3 sat | sre | sre | seu | ske | sRu | s | sme
8 C D 3 H L (HL) I

4 BIT BIT BiT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT

0.8 0.C 0,0 0.E 0.H 0.L 0.(HL) 0,A 1.8 1.C 1,D 1.E 1,H 1,L 1.{HL) 1, A

5 BIT BIT BIT BIT BITT B8IT BIT BIT BiT BIT BT 81T BIT BIT BIT BIT

28 | 2¢ | 20 | 28 | 24 | 20 |20 | 2a | 38 | 3¢ | 3p | 3& | 3w | 3L [0 | 3aA

[ BIT BIT BIT BIT BIT BIT BIT 8IT BIT 8IT BIT BIT BIT BIT 8IT BIT

a5 | ac | a0 | ae | an | aL |amu| aa | 58 | sc | 5o | se | sH [ st [5¢H0] sa

7 BIT BIT BIT BIT BIT BIT BIT BIT BIT B8IT BIT BIT BIT BIT BIT BIT

68 | 6c | 60 | 66 | &4 | 6L |6 | 6.4 | 78 | 7¢ | 70 | 7e | 7w | 70 |00 | 7.4

8 Res | Res | Res | mes | mes | Res | mes | Res | Res | Res | Res | Res | Res | REs | REs | REs

08 | oc | oo | og | on | ot Jowy| ea | 18 | e | no | e | LH [ nL [t 1A

9 res | Rres | Res | mes | mes | mes | mes | mes | Res | mes | mes | Res | Res | Rmes | Res | Res

28 | 2¢ | 20 | 28 | 2w | 20 |2mu| 2a | ze | 3¢ | 30 | e | e | 3L |ae0]| 3a

A Res | mes | mes | mes | mes | mes | mres | mes | Res | Rmes | Rmes | Res | RES | Res | RES | RES

4,B 4,C 4,D 4, 4. H a,L a, (HL) 4.A 5.B 5.C 5.0 5, E 5.H S.t 5, (HL) S, A

8 Res | Rmes | Res | mes | Rmes | Res | mes | mes | Rres | Res | Rmes | Res | mes | Res | RES | REs

6.B 6,C 6,0 6. E 6, H 6. L 6, (HL) 6,.A 7.B 7.€ 7.0 7.E 7.H 7.L 7.(HL) 7.A

c set | set | se= | ser | ser | ser | ser | ser | ser | ser | sev | ser | sev | ser | sev | seT

0,8 0.C o.D 0. & O.H 0,L 0, (HL) 0.A 1.B 1.C 1.D 1.E 1.H L 1. (HL) 1,A

D set | set | se= | ser | ser | ser [ ser | sev | ser | ser | ser | sev | sev | ser [ ser | seT

28 [ 2¢c | 2p | 28 | 2w | 2t lamn | 2a | 38 | 3¢ | 3o | oze | nH | 3L (30| 3a

£ set | set | se- | ser | ser | ser | sev | sev | ser | ser | ser | sev | sev | seT | ser | seT

4,B 4,C 4,0 4, ¢ 4, H 4,1 4,(HL) a A 5,8 5.C 5.D 5,E 5.H 5L 5.(HL) 5. A

F ser | ser | se= | ser | ser | ser | sev | sev | sev | sev | ser | ser | sev | ser | seT | sET

6.8 6.C 6, D 6,E 6, H 6. L 6, (HL) 6, A 7.8 7.C 7.D 7.E 7.H 7.L 7.(HL) 7.A
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TMPZ84C015A Instruction Map (3/7)
@ Bytel “ED”
instruction Table (Il ) ( Byte 2 of 2-byte Opcode)

H L 0 1 2 3 a4 S 6 7 8 9 A B C D 3 fF
[}
1
2
3
4 IN out SBC LD NEG RETN MO LD N ouT ADC LD RET! LD
B.(C) (C).8 HL,BC | (mnBc LA Q) @.cC HL,BC | 8C(mn) R, A
5 iN ouTt SBC LD M1 LD IN out ADC LD M2 LD
D, Q) {Q.D HLDE [ (mn).DE Al E.(Q) (O.E HL,DE | DE(mn) AR
6 IN ouT SBC LD RRD iN ouT ADC LD RLD
H, (O (Q).H HLHL | (ma)HL L (O ©.L HLHL } Hi(mn)
7 SBC LD IN ouTt ADC iD
HLSP | (mmsp A (C) | (O.,A | HLSP | spimn)
8
9
A LDI CcP! INI ouTI LDD CPD IND OuTD
B LDIR CPIR INIR OTIR LDDR CPDR INDR OTDR
C
D
E
3
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TMPZ84C015A Instruction Map (4/7)
® Bytel“DD”
Instruction Table (IV ) (Byte 2 of 2-byte Opcode)

" oo ) 2 3 2 5 s 7 8 9 A B c D E F
0 ADD
1X,8C
1 ADD
IX,0E
2 o LD INC apd | w0 | bec
X, mn (mnj. X IX 1X, IX 1X,(mn) X
3 nc | oec | ADD
(X+d) | (X+d) | X+ ) X, 5P
.n
4 LDB, LDC,
(X + d) (X +d)
s LoD, LoE,
X + &) (X +d)
6 LDH, oL,
(X +d) {(IX +d}
7 LD Lo LD LD LD LD Lo LD A,
(IX+d) [ (X+d) [ {(IX+d) | (X+d) | (X+d) | IX+d) {IX+d) {IX +d)
.8 c ) £ H L A
8 ADD : ADC1,
(X +d) (1X + d)
9 sus SBCA,
(X +d) (X +d)
8 AND XOR
(IX +d) (IX + d)
9 oRr P
{IX+d) (IX+d)
c ®
D
€ POP £x PUSH »
X (sP), 1X X (1x)
F o
SP,IX

Note ®: Special 2 byte Opcode Instructions (ref. Table (V1))
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TMPZ84C015A Instruction Map (5/7)
@ Byte 1 “FD”
Instruction Table ( V ) (Byte 2 of 2-byte Opcode)
" H oo ) 2 3 a 5 6 7 8 s A B D 3 F
0 ADD
1Y,BC
1 ADD
I¥.DE
2 LD s} INC ADD LD DEC
1Y, nn (mn), 1Y Y 1Y, 1Y 1Y, (mn} Y
3 INC DEC Lo ADD
avsdy | Qv +d) v +a) IY,sP
.n
4 LDB, oC,
(Y +d) (1Y +d)
5 LoD, LDE,
(v +dy (Y +d)
6 LOH, LD L,
(IY + d) (Y +d)
7 Lo Lo Lo Lo Lo Lo Lo DA,
(v+d) |Gy+a) | 0y +d) | OY+d) | (Y+d) | aY+d) (Y +d) (Y +d)
B .C D .E .H L A
8 ADD ADDC
A,
(Y +dy (1Y +d)
9 sus SUBC
A,
QY + d) {IY + )
8 AND XOR
(1Y +d) (1Y +d)
9 OR CP
(1Y + d) (Y +d)
C ®
0
£ POP EX PUSH »
A4 (SP), 1Y Yy (1Y)
3 Lo
SP,IY
Note ®: Special 2 byte Opcode Instructions (ref. Table (VI))
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TMPZ84C015A Instruction Map (6/7)
® Bytel“DD”
Byte 2 “CB”
Instruction Table (V1) ( Special case of 2-byte Opcode : Byte 3)

H t 0 1 2 3 ] S 6 7 8 9 A ] C [ E £

0 RLC RRC
(X +d) (X +d)

1 RL RR
(IX +d) (X +d)

2 SLA SRA
(1X +3) (X +d)

3 SRL
(IX +d)
a 8ITO, BIT 1,
(IX +d) (IX +d)

5 BIT2, BIT3,
(IX+d) (X +d)

6 BIT 4, BITS,
(X +d) (X +d)

7 BITS, 8IT7,
(X +d) (X +d)
8 RES O, RES 1,
(X +d) (IX +d)
9 RES 2, RES 3,
(1X +d) (IX +d)
A RES 4, RES 5,
(X +d) (X +d)
8 RES 6, RES 7,
(X +d) (X +d)
C SETO, SET1,
(IX+d) (IX +d)
D SET2, SET3,
(IX +d} (X +d)
E SET4, SETS,
(X +d) (X +d)
F SET6, SET 7.
(1X +d) (IX+d)
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TMPZ84C015A Instruction Map (7/7)
® Bytel “FD”
Byte 2 “CB”
Instruction Table (VII) (Special case of 2-byte Opcode : Byte 3)

P 1 2 3 a 5 6 7 8 9 A B c o E F
0 RLC RRC
(Y +d) (1Y +d)
1 RL RR
QY +dy (1Y +d)
2 SLA SRA
(Y +d) (1Y +d)
3 SRL
{ly +d)
a aito, BIT1,
(Y +d) {IY +d)
5 BIT2, BIT3,
(Y +d) {IY +d)
6 BIT 4, BITS,
(Y + ) ay +dy
7 BITS, BIT7,
(1Y +d) (1Y +d}
8 RES 0, RES 1,
Y + d) (Y +d)
9 RES 2, RES 3,
1Y +d) (1Y +d)
A RES 4, RES S,
(1Y +d) (1Y +d)
B RES 6, RES 7,
0y +d) 1Y + d)
[d SETO, SET1,
(1Y +d) Y +d)
D SET2, SET3,
(1Y +d) {IY +d)
£ SETA4, SETS,
ty +d) 0Y +d)
F SETS, SET7,
QY +d) (1Y +d)
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3.3 CGC OPERATIONS

This subsection describes the system configuration, functions, and basic operations of
the clock generator/controller (CGC).

3.3.1 Block Diagram
Figure 3.3.1 shows the block diagram of CGC.

HALT MODE SETTING REGISTER

HALT (HALTMR : bit4,bit3) ,  INT NMI M1 RESET
' ¥ v Yoy v
5 & K
a cL
XTAL2 e 2
<3 CONTROL CIRCUIT
-
XTAL1 = o
— [V Y
v
S %
+
INTERNAL COUNTER

Figure 3.3.1 Block Diagram
3.3.2 CGC System Configuration

The internal configuration of the CGC is shown in Figure 3.3.1. The waveform from
the external oscillator oscillated by the internal oscillator and divided by the divider is
converted into the square wave for clock. The clock is controlled by the control circuit
and the counter to be sent to the outside the CGC. The following describes the CGC’s
main components and their functions.

(1) Clock Generation
(2) Operation Modes
[1] Clock Generation

The CGC contains an oscillation circuit. By connecting oscillator to external pins
(XTAL1 and XTAL2), the required clock can be generated easily. The CGC provides the
clock whose frequency is 1/2 of the osicillation frequency. Figure 3.3.2 shows an
example of oscillator connection.
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(1) For the quartz crystal oscillator, use the MR8000-C20 (oscillation frequency 8
MHz) or MR12000-C20 (oscillation frequency 12 MHz) manufactured by Tokyo Denpa
Company Ltd., or the equivalent;

e Oscillation frequency f=8 MHz

Quartz Crystal oscillator: MR8000-C20
Cs=4 PF
Rs=30Q

Cin=22 pF, Cout=33 pF
e Oscillation frequency f=12 MHz
Quartz Crystal oscillator: MR12000-C20

Cs=4 PF
Rs<25Q
Cin=Cout=33 pF
XTAL1 XTAL2 Cs
i
0 . -
. ]
Cin ; Cout ;— L C Rs
Figure 3.3.2 (a) Example of Crystal Figure 3.3.2 (b) Oscillator
Connection Equivalent Circuit

(2) For the ceramic resonator, use the CSA8.00MT (oscillation frequency 8 MHz) or
CSA, 12.000MT (oscillation frequency 12 MHz)manufactured by Murata MFG Co.,
Ltd. or the equivalent:

® Oscillation frequency f=8 MHz, Cin =Cout=30 pF
Ceramic resonator: CSA8.00MT

® Oscillation frequency f=12 MHz, Cin=Cout=30pF
Ceramic resonator: CSA12.00MT

[2] Operation Modes

The CGC has the capability to control 4 operation modes; Run, Idle 1, Idle 2, and Stop.
Any one of them can be selected through the mode setting register (#F0: bit4, bit3:
HALTMR). These modes become valid when the MPU executes a HALT instruction.
Fetching a HALT instruction, the MPU sets the HALT signal to “0”, indicating that it
has been put in the halt state. After the execution of the HALT instruction, the CGC
performs the operation in the specified mode. Table 3.3.1 shows the operations in each

mode.
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Table 3.3.1 CGC Operation Modes

Halt mode setting register

(#F0:HALTMR) Operational Description
- : Mode
Bit 4 Bit 3
Only the internal oscillator operates, stopping the
0 0 IDLE1 Mode supply of clock outside. The clock output (CLKOUT)
is held at “0".

The internal oscillator continues operating with the
supply of clock outside (CLKOUT) continued. When

0 ! IDLE2 Mode pins CLKOUT and CLKIN are connected, only the
supply of clock (CLKOUT) to the CTC is continued.
All internal operations are stopped. The clock
! 0 STOPMode | | |\ it (CLK) is held at "0”.
1 1 RUN Mode The supply of clock outside is continued.

The restart from the clock stop state in Idle 1, Idle 2 (these two modes are referred to
as Idle mode hereafter), or Stop mode is performed by reset (RESET signal) or
acknowledge of maskable interrupt (INT signal) or non-maskable interrupt (NMI
signal).

[3] Warm-up Time for Restart (from Stop mode)

Releasing the halt state by interrupt acknowledge, the MPU begins executing
interrupt processing. Therefore, when restarting the clock by the NMI or INT restart
signal in the Stop mode, the oscillation must be fully stabilized before supplied outside.
The CGC provides, by means of the internal counter, the warm-up time enough for the
clock to stabilize frequency. The warm-up ends on the rising edge of the internal counter
output dividing the oscillation frequency to start clock output. The warm-up time is
equal to the time derived by dividing the frequency of the externally attached oscillator
by 214.

Figure 3.3.3 shows the block diagram of the internal counter. Table 3.3.2 shows the
relationship between the oscillation frequency and the warm-up time.

In the restart by the RESET signal, no warm-up is performed for the quick operation
at power-on. Therefore, expand the width of the RESET signal adequately to provide the
warm-up time.
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co
Cl

-4
w
a
>
o

NTROL
RCUIT

COUNTER

215

CONTROL

CIRCUIT

CLK OUT
)

Figure 3.3.3 Block Diagram of internal Counter

Table 3.3.2 Warm-up Time

Counter output

Warm-up Time

fXTAL=12MHz | {XTAL=8MHz
215 214/ fc
2.7 ms 4 ms
*fe=fxTAL/2
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3.3.3 CGC Status Transition Diagram and Basic Timing

The following describes the status transition and basic timing to be provided when
the CGC operates.

[11 Status Transition Diagram

NTERNAL
OSCILLATOR

NO QPERATION

YES

MODE
NO CHANGE?

CLOCK QUTPUT

SUCCESSION 9

STOP MODE

IDLE MODE

INTERNAL
CLOCK OUTPUT OSCILLATION STOP
sToP (CLOCK OUTPUT STOP)
|

STOP MODE
CLOCK OUTPUT J

STOP

INTERNAL
OSCILLATOR START

IDLE MODE

WARMING-UP
(214/71q)

]

CLOCK OUTPUT
START

- |

Figure 3.3.4 Status Transition Diagram
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[2] Basic Timing

The following describes the CGC basic timing when the CGC clock output pin
(CLKOUT) and clock input pin (CLKIN) are connected.

(1) Operation at execution of HALT instruction

The following describes the basic timing in each mode to be provided when the
MPU executes a HALT instruction. The MPU sets the HALT signal to “0”
synchronized with the falling edge of clock state T4 of the HALT Instruction
Opcode fetch cycle (M1). This signal indicates to the CGC that the MPU is going to
enter into the halt state.

(a) Run mode (#F0: bit4=1, bit3=1: HALTMR)

Figure 3.3.5 shows the basic timing in the Run mode. In the Run mode, the
CGC continues supplying the clock to the outside even when the MPU is in the halt
state. Therefore, the MPU continues executing NOPs during the halt state. The
systems which need memory address refresh use this mode.

M1 cycle —-’-‘<——— M1 cycle i M1 cycle
T1 T2 T3 T4 T1 T2 T3

;__J_i%\}r\ (AIIl!\III(AI
/ \

J \

M1

HALT instruciton
Opecode fetch cycle

——">|<——“ NOP execution I NOP execution

Figure 3.3.5 Basic Timing in Run Mode

(b) Idle 1 mode (#F0: bit 4=0, bit 3=0: HALTMR), idle 2 mode (#F0: bit 4=0, bit
3=1: HALTMR), and Stop mode (#F0: bit4=1, bit 3=0)

Figure 3.3.6 shows the basic timing in the Idle modes and Stop mode. In these
modes, the clock output is stopped with clock state T4 being “0” by the HALT
signal and the M1 signal which follows the HALT instruction.

However, in the Stop mode, the CGC’s internal oscillator also stops.
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T4 T1 72
CLK [ L1 L1 1

AT - X
S

HALT instruction
—————————— P
Opecode fetch cycle NOP exection ‘

Figure 3.3.6 Basic Timing in Idle and Stop Modes

CLK Stopped ———

(2) Clock output restart from each mode

The clock stopped state in the Idle or Stop mode is cleared by setting any of the
following signals to “0” (for the system restart operation, see Subsection 3.3.4) :

) INT (level trigger input)

° NMI (edge trigger input)

° RESET (level trigger input)
(a) Clock output restart from idie mode

Figure 3.3.7 (a) shows the basic timing for the sequence of the output restart
from the clock stopped state in the Idle 1 mode. In the restart in the Idle 1 mode,
the clock output is restarted in a relatively short delay time because the internal
oscillator operates even in the clock stopped state.

(Clock stopped state) I ' I I I I

MPU clock

HAL 9

v \ S
L1
Figure 3.3.7 (a) Basic Timing for Sequenc of Restart from
Clock stopped State (idle 1 Mode)
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(b) Clock output restart from Stop mode

Figure 3.3.8 shows the basic timing for the sequence of the restart from the
clock stopped state in the Stop mode. When restarting by setting the INT or NMI
signal to “0”, the warm-up time is automatically created by the internal counter.
In the restart by the RESET signal, oscillation restarts without warm-up.

akour _ L T LML LI I LI 1 I 1
T4

T1 T2 73
é‘f&p’( (Clock stopped state) rj r—l l_l__
HALT 0
™M1 \
INT_ /
NMI
RESET u

Figre 3.3.7 (b) Basic Timing for Sequency of Restart from
Clock stopped State {Idle’2 Mode)

T2 T3
CLK OUT | 1 1
HALT —0"

M1 /_
INT

NMIT

Figre 3.3.8 Basic Timing for Sequency of Restart from
Clock stopped State (Stop Mode)
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3.3.4 Relationship with MPU

The following describes the relationship between the CGC and the MPU mainly in
terms of the halt clear operation.

[11 RESET Signal

Figure 3.3.9 shows an example of the timing for the restart from the Stop mode on the
TMPZ84C015A using RESET signal for both the MPU and CGC . To reset the MPU, the
RESET signal must be set to “0” for at least 3 stable clocks. When the RESET signal
goes “1”, the MPU releases the halt state after a dummy cycle of 2T clock states to start
executing instructions from address 0000H.

To restart the clock output by the RESET signal in the Stop mode, the internal
counter to determine the warm-up time does not operate.

Therefore, if the MPU does not restart correctly due to the unstable clock output

immediately after the restart of the internal oscillator, or the unstability of the crystal
at power-on, the RESET signal must be held at “0” for a time long enough for the MPU
to be reset securely.

NOP Dummy Execution from
| execution |* cycle ’{ > address 0000H
T4 T T2 T3 T4 m T2 T3 T4
CLKOUTl | | | I I | | I I ¢ r]ll | |“I | | | I l I | I I I |
)

HALT —
I (i - Ny

K4 T 7

£ L0 e

WU W )] e \__-—/—-
RESET §
a\ 6 5/

Figure 3.3.9 Example of clock Restart Timing by RESET Signal

[2] Releasing Halt State by Interrupt Signal

The CGC restarts the clock output from the Idle or Stop mode by the input of INT or
NMI signal. By this clock, the MPU starts operating. However, when the CGC restarts
the clock output, the MPU is still in the halt state executing NOPs. To clear the halt
state, the interrupt signal must be entered into the MPU (in the case of the INT signal)
for at least one instruction. The MPU interrupt is detected on the rising edge of the last
clock of each instruction (NOP for the halt state).
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(1)  When using non-maskable interrupt (NM1)

MPU’s non-maskable interrupt is edge trigger input. The MPU contains the
flip-flop to detect an interrupt. The state of this internal NMI flip-flop is sampled
on the rising edge of the last clock of each instruction. Therefore, when a short
active low (“0”) pulse has been inserted before the interrupt detection timing, the
interrupt is acknowledged. The NMI input of the TMPZ84C015A is connected to
the NMI input of the MPU via the CGC, performing the same operations as above.
(See Figure 3.3.11)

(2) When using maskable interrupt (INT)

With a maskable interrupt, the maskable interrupt enable flip-flop (IFF) must
be set to “1” by program before the INT input signal is detected “0”. Even if the
CGC accepts the INT signal to restart supply of the clock, no interrupt is
acknowledged unless the INT signal is kept inserted until one instruction (NOP)
has been executed. Figure 3.3.10 shows the timing for clearing the halt state by
the interrupt signal.

T4 T1 T2 T3 T4
CLKOouUT

HALT

INTERRUPT S;\MPLING TIMING

Figure 3.3.10 Timing for Clearing Halt State by Interrupt Signal
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[3] Connecting CGC to MPU on TMPZ84C015A

Figure 3.3.11 shows the connection between the CGC and the MPU on the

TMPZ84C015A
Cin == == Cout
1 O CLKIN
XTAL CLK OUT | HALT M1
L |
XTAL1 XTAL2 MPU
HALTMR CLK CLK
Bit4 MS1 HALT HALT
Bit 3 MS2 CGC (VK M1
v l————{ NMI NMI NMI
RESET INT
RESET $ RESET
NT INT
CTC, PIO, SIO Internal [nternal
INT CLK

Figure 3.3.11 Connection Between CGC and MPU
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3.4 CTC OPERATIONAL DESCRIPTION

The CTC has 4 independent channels. To these channels, addresses are allocated on
the TMPZ84C015A’s I/O map, permitting the read/write of the channels in the MPU’s
1/0 cycle. (See Figure 3.4.1) This subsection mainly describes the CTC operation to be
performed after accessed.

3.4.1 CTC Block Diagram

Figure 3.4.1 shows the block diagram of the CTC.

DATA
Do~D7

CONTROL
CE(A7~A2)
CSo (Ag)
CS1 (A1)
M1

RQ

0

x|
Ol

{—

—

MPU BUS
7o
LOGICAL
OPERATION
CIRCUIT

INTERNAL
CONTROL

LOGICAL
OPERATION
CIRCUIT

CHANNELO

L > 2¢/T00
< CLK/TRGg

-

(

Figure 3.4.1

3.4.2 CTC System Configuration

(1

(2]

The CTC system consists of the following 4 logic circuits:
(1) MPU bus I/0 logic circuit
(2) Internal control logic circuit
(3) Interrupt control logic circuit

(4) Four independent counter/timer channel logic circuits

MPU Bus I/0 Logic Circuit

CHANNEL 3

BN L~ zcrmo,
INTERNAL BUS CHANNEL 1
—V < CLK/TRG,
LN L . 2¢/T0;
. CHANNEL 2
INTERNAL —] < CLK/TRG2
CONTROL
LOGICAL
OPERATION
CIRCUIT N > 2¢/TO;

!

<— CLK/TRG3

IEO IEt INT

Block Diagram of CTC

This circuit transfers data between the MPU and the CTC.

Internal Control Logic Circuit

This circuit controls the CTC operational functions such as the CTC selecting chip

enable, reset, and read/write circuits.

This Materi al
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[3] Interrupt Control Logic Circuit

This circuit performs the MPU interrupt related processing such as priority
determination. The order of priority with other LSIs is determined according to the
physical location in daisy chain connection.

[4] Counter/Timer Channel Logic Circuit

This circuit consists of the following 2 registers and 2 counters.
Figure 3.4.2 shows the configuration of this circuit.

L Time-constant register (8 bits)
] Channel control register (8 bits)
° Down-counter (8 bits)

° Prescaler (8 bits)

CHANNEL CONTROL TIME CONSTANT
REGISTER (8 BITS) REGISTER (8 BITS)

il ]

INTERNAL BUS

SYSTEM CLOCK PRESCALER DOWN COUNTER 2C/TO
—_— ————————————————
(8 BITS) (8 BITS)

1

CLK/TRG
Figure 3.4.2 Configuration of Counter/Timer Channel Logic Circuit

(1) Time-constant register

This register holds the time constant to be written in the down counter. When
the CTC is initialized or the down-counter has reached zero, the time constant is
loaded into down-counter. The time constant is set immediately after the MPU has
written the channel control word in the channel control register. For a time
constant, an integer from 1 to 256 can be used.

(2) Channel control register

This register is used to choose the channel mode or condition according to the
channel control word sent from the MPU.
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(3) Down-counter

The contents of the time-constant register are loaded into the down counter. In
the counter mode, these contents are decremented for each edge of the external
clock; in the timer mode, they are decremented for each prescaler clock output.
The contents of the time-constant register are loaded at initialization or when the
down-counter has reached zero.

The contents of the down-counter can be read any time. Also, the system can be
programmed so that an interrupt request is generated each time the down-counter
has reached zero.

(4) Prescaler

The prescaler, used only in the timer mode, divides the system clock by 16 or
256. The dividing number is programmed by channel control word. The output of
the prescaler becomes the clock input to the down-counter.

3.4.3 CTC Basic Operations
[1] Reset

The state of the CTC is unstable after it is powered on. To initialize the CTC, the low
level signal needs to be applied to the RESET pin. On any channel, the channel control
word and time-constant data must be written to be started before it is started in the
counter or timer mode. To program the system to enable interrupts, the interrupt vector
word must be written in the interrupt controller. When these data have been written in
the CTC, it is ready to start.

[2] interrupt

The CTC can cause an interrupt when the MPU is operating in the mode 2. The CTC
interrupt can be programmed for each channel. Each time the channel’s down-counter
has reached zero, the CTC outputs the interrupt request signal (INT). When the MPU
accepts the CTC’s interrupt request, the CTC outputs the interrupt vector. Based on this
interrupt vector, the MPU specifies the start address of the interrupt processing routine
and calls it to start interrupt processing.

The MPU specifies the start address of the interrupt processing routine by the
interrupt vector output from the CTC, so that the user can change the vector value to
call any desired address.

The interrupt processing is terminated when the MPU executes an RETI instruction.
The CTC has the circuit which decodes the RETI instruction. By constantly monitoring
the data bus the CTC can detect the termination of the interrupt processing.
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The order of interrupt priority with the Z80 peripheral LSIs is determined by the
daisy chain connection. That is, the peripheral LSIs are connected one after another and
the one physically near the MPU is given a higher priority. The priority of the Z80
peripheral LSIs (CTC, PIO, and SIO) contained in the TMPZ84C015A is determined by
the contents of the interrupt priority register (#F4: bits 2 through 0). Inside the CTC,
channel 0 is given the highest priority, followed by channels 1, 2 and 3 in this order.

The CTC and other peripheral LSIs on the TMPZ84C015A have the signal lines IEO
and IEI. Connect the IEO of a higher peripheral LSI to the IEI of a lower perpheral LSI.
Connect the IEI of the highest peripheral LSI to VCC. Leave the IEQ of the peripheral
LSI unused. In this connection, the CTC interrupt is caused under the following

conditions:

L When both IEI and IEO are high, no interrupt is caused. At this time, the INT
signal is high. An interrupt can be requested in this state.

(] When the CTC outputs the interrupt request signal (INT), the IEO of the CTC
becomes low. When the MPU accepts the interrupt, the INT goes high again.

] When the IEI goes low, the IEO also goes low.
. While the IEI is low, no interrupt can be requested.

L] When the IEI goes low while an interrupt is being serviced, the interrupt
processing is aborted.

[31 Operation Modes

The CTC operates in either the counter mode or the timer mode. Mode is selected by
writing the channel control word.

(1) Counter mode

In the counter mode, the number of edge of the pulses applied to the channel’s
CLK/TRG pin is counted. When pulses have been input, the contents of the down-
counter are decremented synchronizing with the rising edge of the next system
clock. The pulse’s rising edge or falling edge to be counted can be specified by the
channel control word.

When the contents of the down-counter has reached zero, the high level pulse is
output from the ZC/TO pin. When the interrupt is enabled by the channel control
word, the INT pin goes low and an interrupt is requested. When the contents of the
down-counter has reached zero, the time constant data written in the time
constant register is automatically loaded into the down-counter. To load a new
time constant value into the down-counter, write the data to the time constant
register, and it is loaded into the down-counter after the current count operation is
terminated.
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(2) Timer mode

In the timer mode, the time intervals which are integral multiples of the system
clock period. A timer interval is measured according to the system clock. The
system clock is supplied to the prescaler which divides it by a factor of 16 or 256.
The output of the prescaler provides the clock to decrement the down-counter by 1.
The time constant data is automatically loaded into the down-counter each time it
has reached zero as in the counter mode. When the contents of the down-counter
has reached zero, the high level pulse is output from the ZC/TO pin.

This pulse period is given by the following expression:

te*P*TC
Where, tc = System clock period
P = Prescaler value (16 or 256)
TC = Time constant data (256 for 00H)

The user can select, by means of the channel control word, to start the timer
automatically or to start the timer on the edge of the pulse at CLK/TRG pin. In
case the user select the CLK/TRG pin, the user can also select the rising edge or
falling edge of the pulse.
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3.4.4 CTC Status Transition Diagram and Basic Timing
[1]1 Transition Diagram

Figure 3.4.3 shows the CTC status transition diagram.

POWER ON

RD=H
LEVEL? NO

CHANNEL
DESIGNATION CHANNEL
T DESIGNATION
I
DATA RECEIVE LOAD OF
DOWNCOUNTER

NO  INTERRUPT VECTOR l
OUTPUT TG MPU

DGEMEN

YES | CHANNEL CONTROL
WRITE OF CHANNEL | WORD | \wRriTE OF INTERRUPT
CONTROL WORD VECTOR WORD

YES
TIME CONSTANT

DATA
DATA RECEIVE

|
WRITE OF TIME
CONSTANT
1

JUDGEMEN
OF OPERATION
MODE

COUNTER MODE
TIMER MODE
DIVIDE THE MEASUREMENT OF
SYSTEM CLOCK INPUT EDGE

1
PULSE QUTPUT OF
INTERNAL NUMBER
TIME OF THE CLOCK
[

ow
COUNTER =02

PULSE OUTPUT
FROM ZCU/TO
I
INTERRUPT
VECTOR OUTPUT
I
TIME CONSTANT
LOAD
L__

Figure 3.4.3 (a) CTC Transition Diagram (a)
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DOWN COUNTER

TIME CONSTANT LOAD

I
|

DOWN COUNTER-1
(DECREMENT)

DOWNCOUNTER =0?

YES

TIME CONSTANT LOAD

Figure 3.4.3(b) CTC Transition Diagram (b)

[2] Basic Timing
(1) Write cycle

The write cycle is used to write a channel control word, an interrupt vector, or a
time constant. The C MPU drives the IORQ pin of the CTC low in the subsequent
system clock cycle T2 to start the write cycle.

It is required to make the M1 pin of the CTC high to indicate that the write cycle is
on.

At the start of the cycle, the channel is specified by CS1 (A1) or CS0 (A0) of the
CTC. Thus, the CTC’s internal registers are ready to accept data in system clock
T38. Tw is the state to be automatically inserted by the MPU.

T T2 ™ T3 1
CLKIN [ l | l | L 1 | | |
CSo, CSy, CE
(Ag)’ (A:)' (Ag~7) X CHANNEL ADDRESS X

TORQ - U ya

g 3

DATA X INPUT X
Figure 3.4.4 Write Timing

MPUZ80-648

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C015A

(2) Read cycle

The read cycle is used to read the contents of the down-counter. During clock
cycle T2, the MPU initiates a read cycle by driving the RD and IORQ pins low. It is
required to make the M1 pin high to indicate that the read cycle is on. At the start
of the read cycle, the channel is specified by CS1 (A1) or CSg (Ag) of the CTC.

At the rising edge of system clock TW, the contents of the down-counter at the time
of the rising edge of T2 are put on the data bus. TW is the wait state to be
automatically inserted by the MPU.

T1 T2 T™W T3 T

CLK IN | | B | | B | i | |

CSg, €Sy, CE
(Ac), (A1), (Aa~7) X CHANNEL ADDRESS X

ORQ . o
AN

RD

M1 (High)

Figure 3.4.5 Read Timing

[3] Counter mode

In the counter mode, the down-counter is decremented synchronizing with the system
clock, at the edge of the pulse applied from the external circuit connected to the
CLK/TRG pin. The period of the pulse to be applied to the CLK/TRG pin must be greater
than 2 times the system clock period. Also, it is required to insert the setup time
between the active edge of the CLK/TRG pin signal and the rising edge of the succeeding
system clock. When the interval between these pulses is short, the down-counter is
decremented one system clock later. When the down-counter has reached zero, a high
level pulse is output from the ZC/TO pin.

CLK IN | l 3 ] [ 2 ] L I 1
CLK/TRG
INTERNAL ZERO
COUNTER QZU(NT
2C/TO BN

Figure 3.4.6 Counter Mode Timing
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f4] Timer mode

The timer starts operating at the second rising edge of the system clock from the
rising edge of the pulse applied from the external circuit connected to the CLK/TRG pin.
The period of the pulse to be applied to the CLK/TRG pin must be greater than 2 times
the system clock period. Also, it is required to insert the setup time between the active
edge of the CLK/TRG pin signal and the rising edge of the succeeding system clock.
When the interval between these pulses is short, the timer starts one system clock cycle
later.

CLK IN | [ | § ] I l | L

CLK/TRG / /\\

INTERNAL
TIMER /TIMER OPERATION START

Figure 3.4.7 Timer Mode Timing

[S] Interrupt acknowledge cycle

Having received the interrupt request signal (INT) from the CTC, the MPU drives the
CTC’s M1 pin and TORQ pin low to provide the acknowledge signal. The TORQ pin goes
low 2.5 system clocks later than the M1 pin. To stabilize the signal lines (IEI and IEO)
in daisy chain connection, the interrupt request cannot be changed on each channel
while the M1 pin is low. The RD pin is held high to make distinction between the
instruction fetch cycle and the interrupt acknowledge cycle. While the RD pin is high,
the CTC’s interrupt control circuit determines the interrupt-requesting channel of
highest priority. When the CTC’s IEI is high and the M1 pin and IORQ pin go low, the
interrupt vector is output from the interrupt requesting channel of highest priority. At
this time, 2 system clock cycles are automatically inserted by the MPU as a wait state to
maintain the stabilization of the daisy chain connection.

T1 T2 ™ TW T3 T4

akmn — L1 .| [ I I I 11"
IORQ \\ /

RD (High)
o N ___C
C e \
DATA . VECTOR )

Figure 3.4.8 Interrupt Acknowledge Timing
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[6] Return from interrupt processing

Return from the interrupt processing is performed when the MPU executes the RETI
instruction. This RETI instruction must be used at the end of the interrupt processing
routine. When this instruction is executed by the MPU, the CTC’s IEI and IEO return to
the state active before the interrupt has been serviced.

The RETI instruction is a 2-byte instruction. Its code is EDH 4DH. The CTC decodes
this instruction to check if there is the next interrupt request channel.

In the daisy chain structure, the interrupting LSI’s IEI and IEO are held high and low
respectively at the time the instruction code EDH has been decoded.

The code following EDH is 4DH, only the peripheral LSI which has sent the last
interrupt vector (that is, the LSI whose IEI is high and IEO is low) returns from the
interrupt processing. This restarts the processing of the suspended interrupt of the

peripheral LSI of the next higher priority.

T2 T3 T4 T1 T2 T3 T4

T1
S5SNI I [ N R N I N B AN I O B N

Figure 3.4.9 Interrupt Return Timing

MPUZ80-651

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C015A

3.4.5 CTC Operational Procedure

To operate the CTC in the counter mode or the timer mode, the channel control word
and time-constant data must be written in the CTC. To enable interrupts by the channel
control word, the interrupt vector must be written in the CTC.

[1]1 /O Address and Channel Control Word

To write the channel control word in the CTC, the channel must be specified by the
corresponding channel I/O address.

Table 3.4.1 Channel I/O Addresses

Channel 1/0 address
0 #10
1 #11
2 #12
3 #13

The channel control word to be written in the CTC consists of 8 bits. The system data
bus DO through D7 correspond to bit 0 through 7 respectively. Figure 3.4.10 shows the
meaning of each bit. Table 3.4.2 shows the function of each bit.

D7 D6 DS D4 D3 D2 D1 DO

C Pi fe . i
ounter/ rescaler Edge Trigger Time Reset 1
timer constant

interrupt

Figure 3.4.10 Channel Control Word

For the channel control word, DO must always be 1.

Table 3.4.2 Meanings and Function of Channel Control Words

Meaning and function

Bit

0 1
Bit 7 Disables channel interrupt Enables channel interrupt. In either
(D7) counter or timer mode, the interrupt is

requested every time the down-counter
has reached zero. When this bit is set to
“1", the interrupt vector must be written
in the CTC before the down-counter
starts. When the channel control word
whose D7 bitis “1” is written in an already
operating channel, the interrupt occurs
only when the down-counter has reached
zero for the first time after the writing of
the new channel! control word.
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Bit

Meaning and function

0

1

Bit6
(D6}

Puts the channel in the timer mode. Puts
the system clock into the prescaler and
outputs the divided signal to the down-
counter.

Puts the channel in the counter mode.
The down-counter is decremented for
each edge trigger applied to the CLK/TRG
pin. In the counter mode, the prescaler is
not used.

Bit S
(D5)

Used only in the timer mode. The
prescaler is set to divide the system clock
by 16.

Used only in the timer mode. The
prescaler is set to divide the system clock
by 256.

Bit4
(D4)

in the timer mode, the timer operation
starts on the falling edge of the trigger
PULSE (CLK/TRG). Iin the counter mode,
the down-counter is decremented at the
falling edge of the external clock pulse
(CLK/TRQG)

in the timer mode, the timer operation
starts on the rising edge of the trigger
pulse (CLK/TRG). in the counter mode, the
down-counter is decremented at the
rising edge of the trigger pulse (CLK
/TRG).

Bit3
(D3)

Used only in the timer mode.

The timer oparation starts on the rising
edge of the trigger pulse clocks after a
time constant is loaded onto the down-
counter.

Used only in the timer mode. The timer
operation is started at the leading edge of
the external trigger pulse that inputs 2
system clocks after a time constant is
loaded onto the down counter.

when a time lag between the system clock
and trigger pulse satisfies a setup time,
the prescaler starts to operate from the
second leading edge of the trigger puise.
If a time lag between the system clock and
trigger pulse dose not satisfy the setup
time, the prescaler starts to operate at the
leading edge of the trigger pulse after 3
system clocks. If the trigger pulse is input
before loading of a time constant, the
operation is the same as that when Bit
3=0.

Bit2
(D2)

This bit (0) indicates that there is no time
constant written after channel control
word. However, when the channel is in
the reset state and this bit cannot be
changed to "0” in the channel control
word which is given first after the channel
reset. To change other state without
changing a time constant, input a
channel control word with this bit
changed to 0.

This bit (1) indicates that there is a time
constant written immediately after a
channel control word. If a time constant is
written while the downcounter is
operating, a new time constant is set in
the time constant register. The counting
which is in progress is carried out
continuously when the downcounter
becomes zero, and a new time constant is
loaded onto the downcounter.
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Meaning and function

0 1

Bit

Bit 1 Continues the current channel operation |Stops the down-counter operation.

(D1) When this bit is set to “1”, the channel
operation stops but all the channel
control register bits remain unchanged.
When bit 2 = “1” and bit 1 = ”1”, the
channel operation remains stopped until
a new time constant is written. Channel
restart is set up after the new time
constant is programmed. The channel is
restarted acoording to the state of bit 3.
When bit 2 = “0” and bit 1 = "1, the
channel operation does not start until a
new channel control word is written.

[2] Time-Constant Data

In either the time mode or the counter mode, the time-constant data must be loaded
into the time constant register. When bit 2 (D2) of the channel control word is “1”, the
time constant is loaded into the time constant register immediately after the channel
control word is written. A time-constant value must be an integer in a range of 1 to 256.
When the 8 bits of a time constant are all “0”s, such a time constant is assumed to be
256. Figure 3.4.11 shows the bit configuration of time-constant data.

[D7|D6|D51D4]D3|D2JD‘IIDOI
TC7 Tc6 TC5 TC4A TC3  TC2  TC1  TCO

Figure 3.4.11 Time-Constant Data

[3] Interrupt Vector

In interrupt in the MPU mode-2, the interrupting channel must give an interrupt
vector to the MPU. An interrupt vector is written in the channel-0 interrupt vector
register with bit 0 (D0) =“0”. The vector is written in the same way as the channel
control word is written on channel 0. However, bit 0 (D0) of the vector should always be
“0”. Bit 7 (D7) through bit 3 (D3) are user-defined values. Bit 2 (D2) and bit 1 (D1) are
automatically given and contain the code of the interrupt-requesting channel having the
highest priority. Table 3.4.3 shows the channel codes. Figure 3.4.12 shows the interrupt
vector bit configuration.
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Table 3.4.3 Channel Codes

Bit 2 (D2) Bit1(D1) Channel number |interrupt priority
0 0 0 (High)
0 1 1
1 0 2
1 7 3 {Low)
[vi[ve [vs [valvs] x [ x| o]
i J 1 |
Fix to “0”

Channet codes
interrupt vector given by user

Figure 3.4.12 Interrupt Vector
3.4.6 Using CTC
[1] Counter Mode

The following describes how to use the CTC by referring to a program using channel 0
with interrupt disabled.

(a) The counter programming procedure is shown in Figure 3.4.13

START

LOAD OF CHANNEL
CONTROL WORD

|

LOAD OF
TIME CONSTANT

l

Figure 3.4.13 Counter Programming Procedure
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The block diagram for converting the 100 kHz system clock into the 10 kHz

(b)
equivalent is shown in Figure 3.4.14.
CHANNELO
TIME CONSTANT
PRESCALER REGISTER

NOT USED ‘ 10 J

A TIME CONSTANT IS LOADED EVERY TIME
{ WHEN THE DOWN COUNTER COUNTS ZERO

Y
CLK/TRGO (100kH2) [ pown COUNTERJ

INPUT 1
OUTPUT 1 2C/TOO (10kHz)

Figure 3.4.14 Down-Counter Block Diagram

The channel control word configuration is shown in Figure 3.4.15

(c)

D7 D6 D5 D4 D3 D2 D1 DO
?I1I?I1I?I1I%I1J
INTERRUPT NOT USED N ED HANN
R OT USE oT US SESAET EL
COUNTER MODE - 1ATTHE SETTING OF CHANNEL
RISING EDGE TIME CONSTANT  CONTROL WORD
OF
EXTERNAL
cLocK

Figure 3.4.15 Channel Control Word Configuration
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[2] Timer Mode

(a) The timer programming procedure without using interrupt is shown in Figure

3.4.16.

LOAD OF CHANNEL
CONTROL WORD

l

TIME CONSTANT
LOAD

!

END

Figure 3.4.16 Timer Programming Procedure

(b) The block diagram for converting the 4 MHz system clock into the 1 kHz
equivalent is shown in Figure 3.4.17.

CHANNEL 1
TIME CONSTANT
PRESCALER REEGISTER
SYSTEM CLOCK (4MHZ)[  16.pvIDE I | 250 l
INPUT | i
(250kH2) { ATIME CONSTANT IS LOADED EVERY TIME
; WHEN THE DOWN COUNTER COUNTS ZERO.
DOWN COUNTER ]

OUTPUT lZC/T01 (1kHz)

Figure 3.4.17 Timer Block Diagram

(¢) 'The channel control word is shown in Figure 3.4.18.

D7 D6 D5 D4 D3 D2 D1 DO
o [ o J o J o[ of + [+ [
INTERRUPT PRESCALER TIMER CHANNEL
DISABLE VALUE (16) START RESET
TIMER MODE  START THE TIMER SETTING OF CHANNEL

OPERATION ATTHE  TIME CONSTANT CONTROL WORD
FALLING EDGE OF
THE EXTERNAL CLOCK.

Figure 3.4.18 Channel Control Word
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3.5 PIO OPERATIONAL DESCRIPTION

The PIO has two independent, programmable 8-bit ports. These ports are assigned
addresses on the TMPZ84C015A’s I/0 map and therefore can be read/written in the
MPU’s I/O cycle. This subsection mainly describes the operations that take place after
accessing the PIO.

3.5.1 PIO Block Diagram
Figure 3.5.1 shows the PIO block diagram

I(_!\lTrSRNéL
TROL ~
OtIcAL PORT A PA~PA7
OPERATION /0 DATA CONTROL LINE
CIRCUIT N LOGICAL | (PORT /O LiNE)
{X OPERATION f«——————— ASTB
IRCUIT |———————> ARDY
CIRCY HANDSHAKE
8 MPU BUS CONTROL LINE
Po~D7 1o
DATA BUS LOGICAL <INTERNAL BUS
S OPERATION
CE, M1, IOR 6 ~] CIRCUIT
CD,B/A,RD  CONTROL LINE PBy~PB
PORT B 0 rE7
<. /0 DATA CONTROL LINE
LOGICAL | (PORT /O LINE)
INTERRUPT __
c%g*rggr_ V| oPERATION j«————————— BSTE
LOGICAL ——————————» BRDY
OPERATION CIRcuiT HANDSHAKE
CIRCUIT CONTROL LINE
m <——]
IEO ‘——I
Bl T INTERUPT

CONTROL LINE
Figure 3.5.1 PIO Block Diagaram
3.5.2 PIO System Configuration
The PIO system consists of the four logic circuits:
(1) MPU bus I/0 logic circuit
(2) Internal control logic circuit
(3) Interrupt control logic circuit
(4) Port I/O logic circuit
[11  MPU Bus I/0 Logic circuit
The MPU bus I/0 logic circuit transfers data between the MPU and the PIO.
[2] Internal Control Logic circuit

The internal control logic circuit controls the PIO operating functions like the PIO
selecting chip enable and the read/write circuits.
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{31 Interrupt Control Logic circuit

The interrupt control logic circuit performs the MPU interrupt-associated processing

such as determining interrupt priorities. The priorities with other LSI peripherals are

determined by the physical location in daisy chain connection.

[4] Port I/O Logic Circuit

consists of the following 7 registers and 1 flip-flop. Data are written in the registers by
the MPU as specified in the program. Figure 3.5.2 shows the internal configuration of

The port I/O logic circuits are used to directly connect to peripheral devices. Each

the ports

Data output register (8 bits)
Data input register (8 bits)

Mode control register (2 bits)
Interrupt vector register (8 bits)
Interrupt control register (2 bits)
Mask control register (8 bits)
Data I/0 control register (8 bits)

Handshake control logic circuit

DATA
CONTROL LINE

INTERRUPT MODE DATA INPUT/
VECTOR CONTROL N\ C%%TT';L(')TL
REGISTER REGISTER —‘/ ST
(8 BITS) (2BITS) (8 BITS)
> OUTPUT ENABLE
\ MODE
[ INTERNAL BUS ggg;[‘rgk
(8BITS)
<~ 7
INTERRUPT MASK DATA
controt | contrOL INPUT

REGISTER A ReGISTER \M REGISTER
(2 BITS) (8BITS) (8BITS)

U HANDSHAKE
INTERRUPT CONTROL
REQUEST CIRCUIT

READY
HANDSHAKE
CONTROL LINE
STROBE

Figure 3.5.2 Port Internal Configuration
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(M

()

(3

4

(5)

(6)

)

(8)

Data Output register
This register holds the data to be transferred from the MPU to peripheral devices.
Data input register

This register latches the data to be transferred from peripheral devices to the
MPU.
The input data to the MPU is read through this register

Mode control register

This register specifies the operation mode. The operation mode is set by MPU
control.

Interrupt vector register

This register holds the vector which makes up the address of the table storing
the start address of the interrupt processing routine.

This register is used only for interrupt processing.
Interrupt control register

This register specifies how the I/O ports are to be monitored. This register is
used only in the PIO mode 3.

Mask control register

This register specifies which I/O port pin is to be monitored. This register is
used only in the PIO mode 3.

Data I/O control register

This register specifies whether each port pin is to be used as output or input.
This register is used only in P1IO mode 3.

Handshake control logic

This circuit controls the data transfer to the peripheral devices connected to the
8-bit I/0 ports.

3.5.3 PIO Basic Operations

[1] Reset

m

The PIO provides the following two reset capabilities:

Power-on reset

The PIO contains the circuit which automatically resets the PIO at the time of
power-on.
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(2) Hardware reset

Making the RESET pin low for 2 system clock periods with the RD and TORQ
pins being high resets the PIO on the rising edge of the RESET pin. This hardware
reset inside the TMPZ84C015A by external pin is possible because the output of
the AND circuit between the RESET and M1 pins is put on the M1 signal of the
PIO.

Reset state

(a) The operation mode is set to mode 1 for both ports.

(b) Interrupt is disabled

(c)  Allthe bits of the data I/O register of each port are reset.

(d)  All the bits of the mask control register of each port are set and masked.

(e) The port I/O lines of each port are put in the high-impedance state (floating) .
(f)  The RDY pin of each port goes low.

The reset state is held until the control word is written. For the function of the
control word, see Subsection 3.5.5 “Operational Procedure”.

[2] Interrupt

The PIO can cause an interrupt when the MPU is operating in mode 2. The interrupt
request signal (INT) from the PIO is accepted when the MPU is in the interrupt enabled
state (caused after the execution of E1 instruction). Receiving the INT signal, the MPU
latches the interrupt vector (8-bit data) sent from the PIO, specifies the start address of
the interrupt processing routine based on the vector, and calls the routine to start the
processing.

Thus, since the start address of the interrupt processing routine can be specified by
the interrupt vector sent from the PIO, the user can change the vector value to call any
desired address.

Interrupt processing is terminated when the MPU executes the RETI instruction.
The PIO has the circuit to decode the RETI instruction to detect the termination of
interrupt processing by constantly monitoring the data bus.

The interrupt priority among the Z80 peripheral LSIs is determined by the daisy
chain structure. In daisy chain, the peripheral LSIs are connected one after another as
shown in Figure 3.5.3. The more a peripheral LSI is physically located near the MPU,
the higher the priority of the peripheral is. Actually, the priority of the Z80 peripheral
LSIs (CTC, PIO, and SIO) on the TMPZ84CO015A is specified by the contents of the
interrupt priority register (# F4 bits 2 through 0). Within the PIO, port A is given
higher priority than port B.
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The TMPZ84C015A’s PIO and peripheral LSIs have the signal lines IEO and IEI
connected to the IEO of a higher peripheral LSIs and the IEI of a lower peripheral LSI
respectively. However, the IEI of the highest peripheral LSI is connected to the IEI pin
and the IEO of the lowest peripheral LSI is connected to the IEO pin. In this state, the
PIO interrupt follows the conditions:

[} When both IEI and IEO are high, no interrupt has occurred. This time, the
interrupt request signal (INT) is high. In this state, the PIO can request interrupt.

] When the PIO sends the TNT signal, it sets the IEO line to the low level. When the
interrupt request is accepted by the MPU, INT goes back to the low level.

(] When the IEI goes low, the IEO also goes low.
] When the IEI is low, the PIO cannot request an interrupt.

L] If the IEI goes low during interrupt occurrence, the interrupt processing is
suspended.

The operations of the 4 Z80 peripheral LSIs (the states of IEI, IEO and INT signal)
daisy-chained as shown in Figure 3.5.3 are as follows:

(1) Before interrupt occurrence

LVCC
1
___iH T
MPU INT I I I
Vee gy INT H INT H INT H INT |
1EI IEO tEl IEC 1E! IEO IEI |IEO

(M (2) (3) (4)

(2) Interrupt request from LSI-2 to the MPU

? Ve

Veeq y | INT H INT L INT
1E| IEQ IEI IEO IEI IEO IEI IEO
(m (2) (3) (4)

‘ -

z
=
-
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The MPU acknowledges (enables) the interrupt. Interrupt processing for LSI-2 is
performed.

| |
Veeqy | INT INT L INT L
IEO 13}

Ve
—, :
MPU INT I I

INT

1EI IEQ IE|

M

IEO IEI B

IEOQ
(2) (3) (4)
(4) Interrupt request from LSI-1 to the MPU. The interrupt processing for LSI-2 is
suspended.
1 Vec
i 3
MPU INT T I I
Vccm INT L INT L INT L INT
IEI IEO IEI IEO IE1 IEO IE| IEO
(1 (2) (3) (4)
(5)

The MPU acknowledges (enables) the interrupt. Interrupt processing for LSI-1 is
performed.

Vee
H :
ey ] I 1 I
Vccm_‘ INT L INT L INT L INT |
IEt 1IEO IEI IEC IEI IEQ IEl IEO
(M (2) (3) (4)
(6)

Interrupt processing for LSI-1 terminates (upon execution of the RETI
instruction). Interrupt processing for LSI-2 is restarted.

b £
MPU INT I l_ %

Veeg INT H INT L INT L
IEI IEO IE| 1EO 1 IEOQ IEl IEO
(1 (2) (3) (4)
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Interrupt processing for LSI-2 terminates (upon execution of the RETI
instruction).

Vee
H %

(7

(31

T | | 1
Veeq y | INT INT H INT INT |
|E IEQ IEl IEC 1EI IEO 1EY IEQ
(n (2) (3 (4)

Interrupt priority is given to LSI-1, LSI-2, LSI-3 and LSI-4 in this order.

Figure 3.5.3 Signal States in Daisy Chain Structure

Operation Modes

The PIO operates in one of the 4 operation modes. The mode is selected by writing the

mode control word.

° Mode 0 (byte output mode)
° Mode 1 (byte input mode)

L Mode 2 (byte I/O mode)

. Mode 3 (bit mode)

(1) Mode 0 (byte output mode)

In mode 0, the PIO sends the data received from the MPU to the external device
through the port data output register. The contents of this register can be
rewritten by using an output instruction. If the data on the bus change, the
register contents remain unchanged until the next output instruction is executed.
When the MPU executes an output instruction, the write signal is generated in the
PIO in the write cycle. Using the signal, the data on the data bus can be latched in
the data output register.

(2) Mode 1 (byte input mode)

In this mode, the PIO sends the data received from the external device to the
MPU through the port data input register. The data transfer to the MPU is
suspended until the MPU has read the current data.

(3) Mode 2 (byte I/O mode)

Mode 2 is a combination of mode 0 and mode 1. This mode is used only for port
A. In this mode, all 4 handshake control lines are used. Port A’s handshake
control lines are used for data output and the port B’s handshake control lines are
used for data input. For data transfer, port A is used. Port B is set in mode 3 (bit
mode) in which no handshake control line is used.
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(4)

In this mode, the interrupt timing occurs almost at the same time in mode 0 and
mode 1. In an input operation, the port B’s handshake control lines are used, so
that the interrupt vector written in port B is transferred. Therefore, the interrupts
in input and output can be controlled by different vectors.

Mode 3 (bit mode)

In mode 3, the 8-bit port I/O lines are controlled for each bit. Since no
handshake control lines are used, ordinary read/write operations can be
performed. I/O operations can be performed on the port as well. In a write
operation, the data sent from the MPU to the PIO are latched in the data output
register corresponding to the bit set for output in the same timing as in mode 0.

An interrupt occurs in the interrupt enabled state and when the bit set for input
satisfies the condition specified in the interrupt control word. However, if port A is
operating in mode 2, port B cannot cause an interrupt in the bit mode. Note that,
to use the interrupt capability, the mask control register bit corresponding to the
bit set for output must be set to “1” to disable its interrupt.
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3.5.4 PIO Transition and Basic Timing

[1]  Statis Transition

. Figure 3.5.4 shows the pio status transition diagram.

POWER ON

@

MODE ¢

INITIAL SETTING

I

SELECT PORT

UD=H

LEVEL?

JUDGMENT

OF MODE

DATA RECEIVE
FROM MPU

DATA RECEIVE FROM
THE EXTERNAL
DEVICE

DATA RECEIVE
FROM MPU

DATA RECEIVE FROM
THE EXTERNAL
DEVICE

WRITE TO QUTPUT
REGISTER

WRITE TO INPUT
REGISTER

T

WRITE TO OUTPUT
REGISTER

WRITE TO INPUT
REGISTER

QUTPUT TO
DXTERNAL DEVICE

OUTPUT TO MPU

COMPLETION

DATA
COMPOSITION

OF READING

YES

INTERRUPTABLE

DATA QUTPUT

COINCIDENCE IN
INTERRUPT
CONDITION

OUTPUT OF
INTERRUPT VECTOR

OUTPUT OF
INTERRUPT VECTOR

[

Figure 3.5.4 (a) PIO Status Transition
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DATA RECEIVE
FROM MPU

JUDGMENT

OF @%’}‘JDROL INTERRUPT CONTROL INTERRUPT
CHARACTER VECTOR
MODE CONTROL
WORD
SETTING OF
SETTING MODO S TERRLOF WRITE OF INTERRUPT
CONDITION VECTOR
NO NO
YES YES
DATA RECEIVE DATA RECEIVE
FROM MPU FROM MPU
SETTING OF PORT SETTING OF MASK
INPUT/OUTPUT

O

Figure 3.5.4 (b) PIO Status Transition
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[2] Write Cycle

The TORQ, RD, C/D (A0), B/A (A1), and CE (A7 through A2) signals generate the
write signal (*WR) inside the PIO.

The MPU sets the PIO’s IORQ signal to the low level at system clock T2, to start the
write cycle. At this time, to indicate that this cycle is a write cycle, the PIO’s M1 signal
must be set to the high level. At the same time, the MPU sends signals to the PIO’s B/A
(A1) and C/D (A0) to specify the port or select control signal or the data. This allows the
port data output register of the PIO’s selected port to latch the data at system clock T3.
TW is a wait state automatically inserted by the MPU.

T T2 ™ T3 T

CLKIN 17 LI ©L1 1

C/D, B/A
(Ag) (A1) X

|

X

SN _/
/

CHANNEL ADDRESS

(A2~A7)

DATA BUS X INPUT X
* WR N\ /

Figure 3.5.5 Write Cycle Timing
[3] Read Cycle

The MPU sets the PIO’s, RD pin, CE signal, and IORQ pin to the low level at system
clock T2 to start the read cycle. At this time, to indicate that this cycle is a read cycle,
the PIO’s M1 pin must be set to the high level. The PIO outputs data in the CE, IORQ,
and RD signals. TW is a wait state automatically inserted by the MPU.
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T T2 W T3 T
CLKIN ] 1 41 1 1 °L—1 1
¢/b, B/A
(Ao) (A1) X X
CE \
(A2~A7) /
ORO AN /
RD AN /
-
—
DATA BUS _ouTkut )
*RD AN /

*RD=¢/D-CE-RD-IORQ
Figure 3.5.6 Read Cycle Timing

[4] Mode 0 (Byte Output Mode)

The mode 0 output cycle starts when the MPU executes an output instruction. When
an output instruction is executed, the write signal (*WR) is generated in the PIO in the
write cycle. This signal latches the data on the data bus to the data output register of
the selected port. The RDY pin goes high on the first falling edge of the system clock
after the rise of the write signal (*WR). This indicates that the data in the data output
register are already on the port I/O pin. The peripheral device sets the RDY pin to the
low level on the first falling edge of the system clock after the rise of the STB pin to be
input to the PIO to indicate that the peripheral device has received the data from the
port I/O pin, waiting for the next output instruction. If, at this time, the PIO is enabled
for interrupts, it sets the INT pin to the low level on the rising edge of the STB signal to
output the interrupt request signal to the MPU. Figure 3.5.7 shows the timing chart of
mode 0.

[5] Mode 1 (Byte Input Mode)

The input cycle starts when the MPU has completed the previous data read operation.
The peripheral device sets the PIO’s STB pin to the lower level, putting data on the port
I/0 line. The RDY pin is driven low on the first falling edge of the system clock after the
rise of the STB pin, disabling the peripheral device to send the next data. If at this time,
the PIO is enabled for interrupts,it sets the INT pin to the low level on the rising edge of
the STB pin, making an interrupt request to the MPU. When the MPU executes the
input instruction in the interrupt processing routine, the read signal (*RD) is generated
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in the PIO in the read cycle. This signal puts the data in the data input register of the
selected port on the data bus. The MPU receives this data. The PIO sets the RDY pin to
the high level on the first falling edge of the system clock after the rise of the read signal
(*RD) to wait for the input of the next data. Figure 3.5.8 shows the mode 1 timing chart.

T2 TWA T3

CLK|N_J|J42J||/€|]||/‘#\I|_
RDY \ 2___

|

v
|
oe]

|

Z

=
N\ | 1
|

PORT INPUT/
OUTPUT LINE prRevious DaTa X [ DATA FROM MPU

*

3

*
3
1]
(a)
~
ol
laal
x
v}
0
P
O

Figure 3.5.7 Mode 0 Timing Chart

T2 T™W T3

PORTINPUT/ == —=——~— ,,
OUTPUT LINE = — —— — = X X g

Figure 3.5.8 Mode 1 Timing Chart
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[6] Mode 2 (Byte I/O Mode)

Mode 2 is a combination of mode O and mode 1. The timing for output operation is
generally the same as in mode 0 except that, in mode 2, data is output only when the
ASTB pin is low while, in mode 0, data is always on the port I/O line. The peripheral
device can receive data on the rising edge of the ASTB signal being used as the latch
signal.

The input timing is the same as in mode 1.

The port A handshake line is used as output control and the port B handshake line is
as input control.

The value of the interrupt vector generated by the BSTB signal during a port A input
operation is the same as the value of the interrupt vector generated when port B is used
in mode 3. Hence, all port B bits are masked by setting the mask control word to disable
port B for the interrupt capability.

o // bl |
|

l

BST

i

I

N

-
PORT A INPUT \\
JOUTPUT LINE \}

=C/D-CE-RD-IORQ

*

3

:

Figure 3.5.9 Mode 2 Timing Chart
[7] Mode 3 (Bit Mode)

In this mode, no handshake line is used. Therefore, the ordinary port read/write
operations can be performed, permitting access to the ports any time. The write data
from the MPU is latched to the data output register corresponding to the bit set for
output in the same timing as in mode 0. Except when port B is used in mode 2, the STB
pin of the port operating in mode 3 is fixed to the low level. The transfer data consists of
the data in the data output register and in the data input register. That is, the data of
the bit set for output and the data of the bit set for input make up the transfer data.
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An interrupt occurs when the interrupt enabled state is on and the bits set for input
satisfy the condition specified by the mask control word, etc. However, if port A is
operating in mode 2, port B is disabled for interrupt in the bit mode. Note that, to use
the interrupt capability, the bit of the mask register corresponding to the bit set for
output must be set to “1” to disable it for interrupts.

An interrupt request occurs when the logic condition becomes true. If the logic
condition becomes true immediately before the M1 pin becomes low or while M1 pin is
low, an interrupt request occurs on the rising edge of the M1 pin.

PORT INPUT/

OUTPUT LINE X DATAI X DATAZ A
INTERRUPT CONDITION ( DATA 115 PUT ON BUS

IS SATISFIED
Figure 3.5.10 Mode 3 Timng Chart

[8] Interrupt Acknowledge Cycle

Outputting the interrupt request signal (INT) , the PIO sets the IEO signal to the low
level, disabling the low-priority peripheral LSIs for interrupt requests.

Receiving the interrupt request signal (INT) from the PIO, the MPU sets the PIO’s
M1 and IORQ pins to the low level to indicate that the MPU has acknowledged the
interrupt request. The IORQ pin goes low 2.5 system clocks later than the M1 pin. To
stabilize the daisy-chained signal lines (IEI and IEO), the ports and peripheral LSIs
cannot change the interrupt request.

The RD pin remains high to make distinction between the instruction fetch and
interrupt acknowledge cycles. While the RD pin is high, the interrupt control logic in
the PIO determines the interrupt requesting port of the highest priority. When the
IORQ pin goes low with the IEI pin being high, the interrupt vector is put on the data
bus from the interrupt requesting port. At the same time, two system clocks are
automatically inserted by the MPU as a wait state to stabilize the daisy chain structure.
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(9l

T T2 T™W T™W T3

RD / &

Figure 3.5.11 Interrupt Acknowledge Cycle Timing Charts

Return from Interrupt Cycle

Return from interrupt processing is performed when the MPU executes the RETI
instruction. This RETI instruction must be used at the end of the interrupt processing
routine. When the MPU executes this instruction, the PIO’s IEI and IEO return to the
states active before interrupt processing.

The RETI instruction consists of two bytes and its code are EDH and 4DH. The PIO
decodes the RETI instruction to determine whether there is any interrupt requesting
port. In the daisy chain structure, the IEI and IEO of the interrupting LSI remain high
and low respectively at the time the instruction code EDH has been decoded. If the code
following EDH is 4DH, only the peripheral LSI which has sent an interrupt vector
immediately before, that is, the LSI whose IEI is high and IEO is low, returns from
interrupt processing. This restarts the interrupt processing of the suspended peripheral
LSI of lower interrupt priority.
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Figure 3.5.12 Interrupt Cycle Return Timing Chart
3.5.5 PIO Operational Procedure

To operate the PIO the control words shown below must be written in it as the initial
settings. They must be written in the PIO’s ports, A and B, separately. Specify the I/O
address listed in Table 3.5.1 to write control words and data in the PIO.

Table 3.5.1 I/OAddresses

1/0 function /O address
Port A data #1C
Port A command #1D
Port B data #1E
Port B command #1F

(1) Interrupt vector word

[p7 [ o6 [ ps [ pa [ o3 [ b2 [ D1 | 0 ]

l—' Identifies the interrupt vector word.

User-defined interrupt vector

. Using this vector and the contents of the address indicated by the MPU’s I register,
the MPU generates the start address of the interrupt processing routine.

] DO through D7 are written in the interrupt vector register.

L This word is not needed when the interrupt capability is not used.
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(2) Mode control word

[p7 [ o6 [ps [pa [ 1 | 1+ [ 1 ] 1]

I———> Identifies the mode control word.

Don’t care

Mode Select

D7=0,D6=0 : Mode0
D7=0,D6=1: Mode 1
D7=1,D6=0 : Mode 2
D7=1,D6=1: Mode 3

L] This word specifies an operation mode.
L] D7 and D6 are written in the mode control register.

(3) Datal/O control word

[ 07 [ o6 | ps [ pa [ p3 | o2 | o1 [ DO |

| |—6 : output
|_1 : input

] This word is needed only in mode 3.

L] When mode 3 is specified by the mode control word, the data I/O control word is
written after it.

. Each port is specified for output or input.

® DO through D7 are written in the data I/O register.
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(4) Interrupt control word

[o7 [ o6 [os [pa [ o [+ [ 1+ ] 1]
L 1

l___, Identifies the interrupt

control word.
=

: Mask word not required.
. Mask word requied.

Lol

: Active level is low.
: Active level is high

—=an

: Interrupt occurs when logic condition is OR.
: Interrupt occurs when logic contidion is AND.

Lol

: Interrupt disabled.
: Interrupt enabled

Lol

L] This word is for interrupt control such as interrupt condition setting.
° D4, D5, and D6 are used only in mode 3.

] With D6=0, interrupt occurs when one of the bits not masked (the bit to be
monitored) by the mask control word goes active.

L] With D6=1, interrupt occurs when all bits not masked (the bits to be monitored)
by the mask control word go active.

[ With D4 =1, the suspended interrupts are all reset regardless of the mode.
. D5 and D6 are written in the control register.

(5) Mask control word

57 [ b6 [ ps [ pa [ p3 [ o2 | D1 | Do |

L 1
I |_0 : Not masked (to be monitored)
L‘I : Masked (not to be monitored)

L] This word is needed only in mode 3.

L] When D4=1 is set by the interrupt control word, the mask control word must be
written after it.

° This word specifies whether to monitor the port I/O line specified for input by the
data I/O control word.

. When the bit is set to 0, the corresponding input line is monitored and regarded as
the input associated with interrupt occurrence.
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set in mode 3 which uses no handshake lines. At the same time, all mask control word
bits must be set to 1 (masked).

When the bit is set to 1, the corresponding input line is masked to provide the input
not related to interrupt occurrence.

The PIO checks only the input line with the bit being 0 to see if the interrupt
condition is satisfied. If the condition is satisfied, the PIO requests an interrupt.

DO through D7 are written in the mask control register.

When port A is put in mode 2, all 4 handshake lines are used, so that port B must be

Note: Only interrupt enable/disable can be set by the following control word:

|07 [ o6 [ps [pa ] o [ o [ 1] 1]

L 1 t 1

Identifies the control word
which sets only interrupt enable/disable.

Don’t care

I—O : Disables interrupt.

l_1 : Enables interrupt.

3.5.6 Using PIO

The following is a programming example to operate the PIO’s port in mode 3. This

program is followed by the main routine and the interrupt processing program.

] The MPU is used in the mode 2 interrupt.
(] The table storing the start address of the interrupt processing routine is 0802H.
° Interrupts occur when both PIO’s port input lines A6 and A5 go high.
. The I/O addresses of the PIO are the addresses listed in Table 3.5.1.
A0~A7 D0~D7
MPU PN PIO External device
DO~D7 (}: D2~D7 PAO
PA1
no ra:
A1l B/A PA4
PAS
Address — PAG6
A2~AT ;> decoder CE PA7
T iNT
INT

Figure 3.5.13 PIO Connection
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ORG 100H
LD  SP, 100H - Sets the stack pointer.
M 2 e Sets for MPU mode 2 interrupt.
LD A, 08H e Writes data in MPU I register.
LD I, A
LD A, 02H e Writes the interrupt vector word.
OUT (1DH) , A
LD A, OCFH e Writes the mode control word.
OUT (1DH) . A
LD A, 62H e Writes the data I/O control word, Sets PIO.
OUT (1DH) , A
LD A, OFFTH - Writes interrupt control word.
OUT (1DH) , A
LD A, 9FH e Writes the mask control word.
OUT (1DH) , A
EL e Sets interrupt enable.

3.6 SIO OPERATIONAL DESCRIPTION

The SIO has two independent, programmable full-duplex serial ports. These ports are
assigned addresses on the TMPZ84C015A’s I/0 map. This subsection mainly describes
the operations that take place after accessing the SIO.

3.6.1 SIO Block Diagram

internal Read/Write - ] data
control register Y Channel 1. “clock
circuit Channel A A <> SYNC
{ ) = WAIT/READY
External [
MPU | 4 J ontrel > L Control line
BUS \J Internal bus (Channel A) |<—
110
::} data
’:> Channel «— CLOCK
- B <> SYNC
Internal Reaerlte = WAM/READY
control register
circuit {Channe!B)
INT ] External
control > :
1 circuit '« [ Controlline
IE| (Channel B) |«—

interruput control line

Figure 3.6.1 SIO Block Diagram
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3.6.2 SIO System Configuration

As shown in Figure 3.6.1, the SIO consists of the MPU bus interface, the internal
controller, the interrupt controller, and two independently operating full-duplex

channels.

Each channel has the read register, the write register, and the external

controller which controls the connection with peripheral LSIs or external devices.
The TMPZ84C015A contains all the functions and pins of the 40-pin, DIP-type

TMPZ84C40A (SI0/0), TMPZ84C41A (SIO/1), and TMPZ84C42A (SI0/2).
when using the SIO of the TMPZ84C015A, the SIO/0, SIO/1, or SIO/2 must be used

alone. The pin assignments are as shown in Figure 3.6.2.

PA4
PA3
PA2
PA1
PAO
W/RDYA

PAL
PA3
PA2
PA1
PAO
W/RDYA
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Figure 3.6.2 SIO Pin Assignments

V‘O
- v
via

However,

P83
PB2
Pa1
P80
WRDYS
SYNCE —
(a) SiO/0
P83
°82
PBY
PBO
WRDYE
SYNCE —>
(b) S10/1
PB3
PB2
P81
P80
WRDYE
SYNCB —= N.C
(c) SI0/2
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Table 3.6.1 shows the types and functions of the SIO registers. Each channel has 8
write registers and 3 read registers.
(1) Communication data path
Figure 3.6.2 shows the communication path of each channel’s transfer data.
1 Receive operation

The receiver has an 8-bit receive register and a 3-stage 8-bit buffer register in
FIFO configuration. This saves time in high-speed data block transfers. The
receivers also have the receive error FIFO which holds the status information such as
parity and framing errors. The receive data follow different paths according to the
operation mode and character length as shown in Figure 3.6.3.

Table 3.6.1 (a) Write Regosters

Register Function

Write register0 (WR0) |Resets CRC. Sets pointers of registers, and commands.

Write register1 (WR1) |Sets the interrupt mode.

Write register2 (WR2) |Sets the vector to be transmitted at interrupt.

Write register3 (WR3) |Provides the parameters to control the receiver.

Write registerd (WR4) | Provides the parameters to control the receiver and transmitter.

Write register5 (WRS5) |Controls the transmitter.

Write register6 (WR6) |Sets the sync character or the SDLC address field.

Write register7 (WR7) |Sets the sync character or the SDLC flag

Table 3.6.1 (b) Read Regosters

Register Function
Read register0 (RRO) Indicates the receive/transmit buffer state and the pin state.
Read register1 (RR1) Indicates the error status and the end-of-frame code.
Read register2 (RR2) |indicates the interrupt vector contents. (Channel B only)
MPUZ80-680

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C015A

MPU, t/0

/1

[ /O data biffer }

Omternal data bus :

Receiving Receiving WR7 WR6 Transmission
""""" h===~=--mr synchronous synchronous data
. E)-aia_ ______ Error ] register register
FIFO FIFO
Receiving 20-bit | | start
circuit transmission | Shiftregistaer 1 bit
) Synchronous | Asynchronous
Hunt mode (bibsychronous CRC data
e i L e 2
i '
i t -
s Transmit [
RxDA | 1-bit Delete Receiving SDLC data multiplexer [ TxDA
x detay synzc%fgoggus lem| 3-bit | o shiftregister 2-bit delay
register (8 BITS) - INSZEERRTOION
T 1t bi)
Asynchronous data SDLC-CRC Syncharonous
CRC CRC l
—_ | Receiving delay register T
RxCA, | clock 8BITS ;yar;;hronous N CRC Tranmission |Txca
circuit GENERATOR <‘l'1ec!<t -~
circui
CRC
checker
SDLC-CRC Assemble CRC

Figure 3.6.3 Transfer Data Path (Channel A)
° Asynchronous mode

In the asynchronous mode, the receive data enters the 3-bit buffer if the
character length is 7 or 8 bits or the 8-bit receive shift register if the character
length is 5 or 6 bits.

L] Synchronous mode

In the synchronous mode, the data path depends on the receive processing phase
at the time. The receiver operation starts from the hunt phase. In this mode, the
receiver searches the receiver data for the bit pattern which matches the specified
sync character. If the SIO is set in the monosynce mode, the receiver searches for
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the bit pattern which matches the sync character set in WR7;if the SIO is set in the
bisync mode, the receiver searches for the bit pattern which matches two
consecutive sync characters set in WR6 and WR7. When synchronization has been
established, the subsequent data enter the 3-bit buffer by bypassing the sync
register.

SDLC mode

In the SDLC mode, the sync register constantly monitors the receive data
performing zero deletion as required. When the sync register detects 5 “1”s
consecutively in the receive data, the following bit is deleted if it is “0”. If it is “17,
the bit that follows is checked. If it is “0”, it is assumed as a flag, if it is “17, it is
assumed an abort sequence (7 consecutive “17s).

The reformatted data are put in the receive shift register via the 3-bit buffer.
When synchronization has been established, the subsequent data follow the same
path regardless of the character length.

Transmission

The transmitter has an 8-bit transmit data register and a 20-bit transmit shift
register. The 20-bit transmit shift register holds the data from the WR6, WR7, and
transmit data register.

Asynchronous mode

In the asynchronous mode, the data in the 20-bit transmit shift register are
added with the start and stop bits to be sent to the transmit multiplexer.
Synchronous mode

In the synchronous mode, the WR6 and WR7 hold the sync character. The
contents of these registers are sent to the 20-bit transmit register as the sync

character at the transmission of data blocks or as the idle sync character if a
transmitter underrun occurs in data block transmission.

SDLC mode

In the SDLC mode, the WR6 holds the station address and the WR7 holds the
flag. The flag (WR?7) is sent to the 20-bit transmit register at the start and end of
each frame. For each of the other data fields, one “0” follows five consecutive “1”s.
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(2) /O functions

To transfer data from the MPU, the SIO must be set in the polling, interrupt, or block
transfer mode.

] Polling

To operate the SIO in the polling mode, all interrupts mode must be disabled. In
the polling mode, the MPU reads the status bits DO and D2 in each channel’s RRO
to check for reception or transmission.

] Interrupts

There are 3 types of SIO interrupt: transmit interrupt, receive interrupt, and
external/status interrupt. These interrupts can be enabled by program. The
receive interrupt is further divided into the following three:

® Interrupt on the first received character
® Interrupt on all received characters

® Interrupt on special receive conditions
Higher priority is given to channel A than channel B. On the same channel,
higher priority is given to reception, transmission, and external/status in this
order.

The SIO provides the daisy-chained interrupt priority control feature and the
interrupt vector generating feature. Further, it provides the “status affected
vector” feature. This feature outputs 4 interrupts depending on the interrupt
source.

[} Block transfer

The SIO has the block transfer mode to adapt to the MPU”s block transfer and
the DMA controller. For block transfer, the W/RDY line is used. For the MPU’s
block transfer, this line is used as the wait line;for the DMA block transfer, it is
used as the ready line. The SIO’s ready output indicates to the DMA controller
that the data is ready to transfer. The SIO’s wait output indicates to the MPU that
the SIO is not ready for data transfer and therefore requesting the extension of the
output cycle.
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3.6.3
(1

SIO Basic Operations
Asynchronous mode

For data transfer in the asynchronous mode, the character length, clock rate, and
interrupt mode must be set. These parameters are written in the write registers. Note
that WR4 must be set before the other registers are set.

Data transfer does not start until the transmit enable bit is set. When the auto
enable bit is set, the SIO starts transmission upon the CTS pin’s going “0”, allowing the
programmer to send a message to the SIO without waiting for the CTS signal. Figure
3.6.4 shows the data format of the asynchronous mode.

R | S
W@IDJID_ZI _;S_ID_'JIT:I Marking

Start bit Parity bit Stop bit

Message direction

Figure 3.6.4 Data Format of Asynchronous Mode
1 Transmission

Serial data are output from the TxD pin. Its transfer clock rate can be set to one of
1, 1/16, 1/32, and 1/64 times the clock rate ot be supplied to the trandmit clock input
(TxC). The serial data are output on the falling edge of TxC.

2 Reception

The receiver operation in the asynchronous mode starts when the receive enable
bit (DO of WR3) is set. When the receive data input RxD is set to “0” for the duration
of at least 1/2 bit time, the SIO interprets it as the start bit, sampling the input data
at the middle of the bit time. The sampling is performed on the rising edge of the RxC
signal.

When the receiver receives the data whose character length is not 8 bits, it
converts the data into the one composed of the necessary bits, the parity bit and the
unused bit set to “1”.

Example : a6-bitcharacter l 1 | P ] D5 | D4 I D3 I D2 [ D1 ] DO I
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When the external/status interrupt is enabled and a break state is detected in the
receive data, the interrupt is generated and the break/abort status bit (D7 of RRO) is
set and the SIO monitors the transmit data until the break state is cleared. The

interrupt is also generated when the DCD signal is in the inactive state for more than
the specified pulse width. The DCD status bit is set to “1”.

In the polling mode, the MPU must refer the receive character valid bit (DO of
RRO) to read the data. This bit is automatically reset when the receive buffer is read.

In the polling mode, the transmit buffer status must be checked before writing data in
the transmitter to avoid overwrite.

(2) Synchronous mode

There are 3 kinds of character synchronization : monosyne, bisyne, and external sync.
In each of these synchronous modes, the times 1 clock rate is used for both transmission

and reception. The receive data is sampled on the rising edge of the receive clock input

(RxC). The transmit data changes on the falling edge of the transmit clock input.

(&
27
Synchronous . CRC CRC
character Data field 1 2
£
:: Monosynchronous mode
24
Synchronous Synchronous ) CRC CRC
character character Data field 1 2
£
:: Bisynchronous mode
7
Data field CcRe CcRe
1 2
%(]

. . External synchronous mode
Message direction Y

-

Figure 3.6.5 Data Format of Synchronous Mode
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1

(a)

()

(9]

Monosync

In this mode, synchronization is established when a match with the sync character
(8 bits) set to WR7 is found, enabling data transfer.

Bisync
In this mode, synchronization is established when a match with 2 consecutive sync
characters set to WR6 and WR7 is found, enabling data transfer. In this mode as well

as the monosync mode SYNC is active during the receive clock period in which the
sync character is being detected.

External sync

In this mode, synchronization is performed externally. When synchronization is
established, it is indicated by the SYNC pin. The SYNC input must be kept to “0”
until the character synchronization is lost. Character assembly starts from the rising
edge of the RxC after the falling of the SYNC.

After reset, the SIO enters the hunt phase to search for the sync character. If
synchronization is lost, the SIO sets the enter-hunt-phase-bit (D4 of WR3) to reenter
the hunt phase.

Transmission
Data transfer using interrupt

When the transmit interrupt is enabled, the interrupt is caused upon the
transmit buffer’s being emptied. For the interrupt processing, other data are
written in the transmitter. If these data are not ready for some reason, the
transmit underrun condition occurs.

Bisync mode

In the bisync mode, if the transmitter runs out of data during transmission,
supply characters are inserted. This is done in two methods. In one method, sync
characters are inserted. In the other, characters generated so far are transmitted
followed by sync characters. Either of these methods can be selected by the reset
transmit underrun/EOM command in WRO.

End of transmission

Break can be performed by setting bit D4 of WR5. When break is performed, the
data in the transmit buffer and the shift register are lost. When the
external/status interrupt is enabled, the SIO generates the interrupt depending on
the transmitter state and outputs the vector. This mode can be used for block

transfer.
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L] Reception
(a) Interrupt on the first received character

This mode is used for ordinary block transfer. In this mode, the SIO generates
the interrupt only for the first character;subsequently, it does not generate the
interrupt unless special receive conditions are satisfied.

To initialize these settings, command 4 of WRO (to be enabled by the next
receive interrupt) must be set in advance.

(b) Interrupt on all received characters

In this mode, the SIO generates the interrupt for all characters coming into the
receive buffer. When the status affect vector has been set, a special vector is
generated on a special receive condition.

(¢) Special receive condition interrupt

This interrupt occurs when any of the above interrupts is selected. The special
receive conditions include parity error, receive overrun error, framing error, and
end-of-frame (SDLC). These error status bits are latched, so that they must be
reset after they are read. They can be reset by command 6 of WRO (error reset).

(3) SDLC mode

The SIO supports both the SDLC and HDLC protocols. They resemble each other, so
that only the SDLC mode is explained here.

Figure 3.6.6 shows the data format in the SDLC mode. In the SDLC mode, one data
block is called a frame and the message in it is put between the open flag and the close.
The address field in the frame contains the address of a secondary station. Checking this
address, the SIO receives or ignores the frame.

i Frame {

L
7
Address . CRC CRC
field Data field 1 N
£
2T

Message direction

Open flag Close flag

Figure 3.6.6 Data Format in SDLC Mode
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(a)

(b)

(0

(d)

(e)

Transmission
Data transfer using interrupt

When the transmit interrupt has been set, the interrupt occurs each time the
transmit buffer becomes empty. In the SDLC mode, data are sent to the SIO by
this interrupt.

Data transfer using wait/ready

The wait function in the wait/ready capability is used to make the MPU extend
the output cycle when the SIO’s transmit buffer is not empty. The ready function
indicates to the DMA that the SIO’s transmit buffer is empty and therefore ready
to receive data. If no data has been written in the transmit shift register before
transmission, the SIO goes in the underrun state. This capability permits data
transfer to the SIO.

Transmit underrun/EOM

The SIO automatically ends the SDLC frame if there is no data to be
transmitted to the transmit data buffer. To implement this, the SIO sends a 2-byte
CRC when there is no data to send, then the SIO transmits one or more flags. After
reset, the transmit underrun/EOM status bit is set to prevent the CRC character
from being inserted when there is no data to be sent. Using this function, the SIO
starts frame transmission. Here, the transmit underrun/EOM reset command
must be set in advance between the transmission of the first data and the data end.
Thus, the SIO goes in the reset state at the end of each message with the CRC
character being sent automatically.

CRC generation

For CRC calculation, the CRC generator must be reset before transmission (bits
D6 and D7 of WR0). CRC calculation starts when the address field is written in the
SIO (WR6). The transmit CRC enable bit (D0 of WR5) must be set before the
address field is written. '

End of transmission

When the transmitter is disabled during transmission, the data currently
transmitted is all transmitted to its end. The subsequent data is put in the
marking state. When the transmitter is disabled, characters remain in the buffer.
However, the abort sequence is made active when the abort command is written in
the command register, deleting all data.
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(a

(b)

(d)

(e)

Reception

As in the transmit mode, several parameters must be preset in the receive
mode. The address field is written in WR7 and the flag character in WR7.
Receiving the open flag, the receiver compares the contents of the following
address field with the address set in WR6 or the global address (“1111 11117). If
the contents of the address field in frame matches either of these address, the SIO
starts reception.

Interrupt on the first received character

This mode is generally used for the block transfer using the wait/ready
capability. In this mode, the SIO generates the interrupt only on the first
character. The status flag of this interrupt is latched, so that command 4 (to be
enabled by the next received character) of WRO must be preset for re-initialization.
When the external/status interrupt is set, an interrupt occurs every time the DCD
changes. This interrupt also occurs when the special receive condition is satisfied.

Interrupt on all received characters

In this mode, the SIO generates an interrupt on all received characters. When
the status affect vector has been set, the SIO generates a special vector on the
special receive condition interrupt.

Special receive condition interrupt

Using the special receive condition, the interrupt on the first received character
or the interrupt on all received characters must be selected in advance. The
receive overrun status of the special receive condition interrupt is latched. The
status bit can be reset by the error reset command (WR0 command).

CRC check

The receive CRC check is reset when the open flag at the head of a frame is
received. CRC calculation is performed on the subsequent characters up to the
close flag. In the SDLC mode, the transmit CRC is inverted, so that a special check
sequence is used. The check must end with “0001 1101 0000 1111.” Since SIO
handles the CRC character as a data, the MPU must discard it after reading it.

End of transmission

When the SIO receives the close flag, the end-of-frame-bit is set to indicate that
the close flag has been received. When the status affect vector has been set, the
special receive condition interrupt occurs and the interrupt vector is output. Any
frame can be aborted by abort transmission. When the external/status interrupt
has been set, the interrupt occurs and the break/abort bit in RRO is set.
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3.6.4 SIO Status Transition Diagram and Basic Timing
[1] Status Transition Diagram

Figure 3.6.7 shows the SIO status transition diagram.

ASynchronous mode
transmission

= I

_ c/b=1

CE,IORQ=0 Status read RRO
RD=0

Buffer empty?

=0 X .
Write transmission
E.1ORQ :(Z data character

Set command
write mode
(WRO-WR?7)

Transmission
interrupt

Transmission
(TxD)

@ Start bit “0”
Do
D4
N
O Auto enab|e7 Recemng :
YES Dn
Parity bit
cTs No Stop bit “1”
CTS=0?
YES External / Status interrupt tran{-_'smgifon? NO

Enable
transmission

Figure 3.6.7 (b) State Transition Diagram
moge

YES

transmission transmission

Asynchronous mode <Synchronous mode SDLC External synchronous
transmission issi transmission

Figure 3.6.7 (a) S!O Status Transition Diagram

MPUZ80-690

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C015A

Synchronous mode
transmission

TxD telminals

TxCINPUT Synchronous character SYNCH1 (DO~D7)
------ b
feed (TXD)
l SYNCH2 (D0O~D7)
!
C/D=1
CE,IORQ=0 Status read RRO
RD=0
Buffer empty ?
YES
3 Tg—égig Write transmission
‘ R_:1 data character

Transmission interrupt

Transmission  \ ______ Do
-
D1
D7
End of NO
transmission 2
Add CRC?
YES
CRC feed  ES— ~  CRC(DO~D15)
End of
CRC feed ?
YES
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Figure 3.6.7 (¢) State Transition Diagram
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Figure 3.6.7 (d) SIO Status Transition Diagram
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Figure 3.6.7 (e) State Transition Diagram
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(2]

Basic Timing

Figure 3.6.8 shows the timing in which data or a command is written from the MPU
to the SIO. Figure 3.6.9 shows the timing in which data is read from the SIO to the
MPU. Figure 3.6.10 shows the interrupt acknowledge timing in which the MPU gives
an interrupt response to the SIO’s interrupt request to set the IORQ pin to “0” several
clocks after setting the M1 pin to “0” as the acknowledge signal. To maintain the
interrupt serviced state in daisy chain structure, the interrupt request state cannot be
changed while M1 is active.

Figure 3.6.11 shows the timing in which the return from interrupt is performed.

Figure 3.6.12 shows how the daisy chain structure works. First, suppose that the SIO
is servicing interrupt. When the PIO issues an interrupt request immediately before the
first byte “EDH” of the RETI instruction is decoded with MT being active, “IEO” of the
PIO goes “0”. However, when “EDH” is decoded, the PIO’s interrupt request is not
acknowledged. Therefore, the P10’s “IEO” returns to “1”. When the second byte “4DH”
is decoded, the SIO’s “IEO” returns to “1”. Therefore, the “IEI” and “IEO” of each
peripheral LSI at this point of time all go “1”, or out of the interrupt serviced state. The
PIO keeps the INT pin at “0” until this state is set. Then, the interrupt is serviced
starting with the peripheral device of the higher priority.

T T2 T™W T3 T

CLKIN | ] ] | 1 | | | I 1

B/A,C/D,CE
_ X X

(Ag), (A1), (Ag~Ay7)

PN

Input data S

DATA

Figure 3.6.8 Write Timing
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T1 T2 ™w T3 T1
CLKIN [ | | [ | | ! I |
B/A,C/D,CE X X
(A1), (Ag), (Ag~Ay7)
ORQ \ -
RD \ /
M1
DATA @_—
Figure 3.6.9 Read Timing
T T2 T™W T™W T3 T4
SV e SRS e SR e AN o AN H
Mo\ /
TORQ \ /
RD
o DDIDIIIIIITITI7 o __-.N\CIIIIIIIii:
DATA CEgt >
iNT /

Figure 3.6.10 Interrupt Acknowledge Timing
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Figure 3.6.11 Return Timing from Interrupt
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IEI IEO IEI IEO IEl IEO IEi IEO  IEl IEO

The SIO is servicing the interrupt.

e wan wqn s

el {3 ]

The PIO has made an interrupt request immediately before “EDH" is decoded by the SIO. By
the PIO's interrupt request, PIO’s IEOQ isset to “0”.

# 1 " “ T W o uo “

1" T "0" “0"
= F{we { F{se{ ]

Because “EDH" has been decoded, the PIO’s interrupt request is not acknowledged. Therefore,
PIO’s [EQ returnsto “1".

“ 1 " “ 1 " mT— ” 1 " ” 1 " uon

= Fore { +H{so |

Because "4DH” hasbeen decoded, the SIO’siEQ issetto “1".

1" INT “1" ‘1" 1"
= +{m o +{so o ]

The PIO’s interrupt request is acknowledged and the PIO’s IEO issetto “0”.

uqn "

= e { _F{s{ ]

Figure 3.6.12 Daisy Chain at Execution of RETI Instruction
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3.6.5 SIO Operational Procedure

The following mainly describes the meaning of each bit of the write and read
registers. Special attention should be directed to the fact that the parameters of the
write register (WR4) should be set before the others.

Some registers can use only a signal channel. The I/O addresses listed in Table 3.6.2
must be specified to write the control word and read/write data on the SIO.

Table 3.6.2 1/0 Addresses

/0 function 1/ 0 address
Channel A data #18
Channel A command #19
Channel B data #1A
Channel B command . #1B

[1] Write Registers

1 F/VR 0; Write register 0 I

Table 3.6.3  Configuration of Write Register 0

D7‘D6 05‘04}03 DZ|D1|D0
| | I | I

CRC reset code Primary command bit Register pointer bit

l I | I |

Bits DO through D2: Register pointer bits

These bits specify the register on which read/write is performed by the next byte.
When read/write is completed, the register pointer points to WRO.

Bits D3 through D5: Basic command bits

L] Command 0 (=000): No operation

This command only sets the register pointer without making the SIO operate. It
is used to invalidate the command in the command chain for the SIO or hold the
location at which a command is inserted in the command chain if required.

] Command 1 (=001): Abort sequence generation

This command is used to generate the abort sequence (7 or more consecutive
“1”s). Note that command 1 is used only in the SDLC.
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(] Command 2 (=010): External/status interrupt reset

Once an external interrupt or a status interrupt has occurred, the status bit of
RRO is latched. This command is issued to enable the RRO’s status bit in order to
enable the interrupt again.

° Command 3 (=011): Channel reset

This command performs generally the same operation as when the RESET pin
is set. The difference is that reset is performed only on a single channel. The
command for channel A resets the interrupt priority circuit as well.

] Command 4 (=100): Enable the interrupt at the next character reception.

This command is used to enable an interrupt when the end of block a data block
has been detected followed by the reception of the next block.

(] Command 5 (=101): Reset transmit interrupt pending

If the transmit buffer becomes empty in the transmit interrupt enable mode, an
interrupt occurs. This command is used to disable the transmit interrupt when
there is no data in the transmit buffer.

L Command 6 (=110): Error reset

The error (parity or overrun error) caused in block transfer is latched in bits D4
and D5 of RR1. This commands is used to clear these bits.

] Command 7 (=111): Return from interrupt

This command performs the same operation as the operation required to execute
the RETI instruction on the SIO’s data bus. Therefore, non-Z80 MPUs (that is,
systems using no RETI instruction) can use the daisy chain in the SIO. This
command is available only on channel A.

Bits D6 and D7: CRC reset code

These 2 bits allow the programmer to select between the receive CRC checker reset,
the transmit CRC generator reset, and the transmit underrun/EOM reset.

Table 3.6.4 List of Reset Command Codes

Reset command D7 Dé
No operation ] 0
Reset the receive CRC checker o] 1
Reset the transmit CRC generator 1 0
Reset the transmit underrun / EOM 1 1
MPUZ80-699
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2 [WR 1; Write register 1_|

Table 3.6.5 Configuration of Write Register 1

D7 D6 | D5 D4 | D3 D2 D1 DO
* |
; . Status Enable Enable
Wait/ ready Select Receivin -affect trans- external /
receiving / interryp vector mission | status
Select transmission mode interrupt | interrupt
Enable function l

Bit DO: External/status interrupt enable

When this bit is set, an interrupt is generated at the start of sync character
transmission even if the execution is terminated upon detection of break/abort, the
DCD, CTS or SYNC signal has changed, or the transmit underrun/EOM latch is set.

Bit D1: Transmit interrupt enable

When this bit is set, a transmit interrupt is generated upon the transmit buffer
becoming empty.
Bit D2: Status affect vector

When this bit is set, bits D1 through D3 (V1 through V3) of WR2 is changed. When

this bit is not set, the same interrupt vector as the contents of WR2 issued. Note that
this bit is available only on channel B.

Bits D3 and D4: Receive interrupt mode

These bits are used to select a receive interrupt mode.

Bits D5 through D7: Selection wait/ready functions

These 3 bits are used to select a W/RDY pin function. The wait or the ready function
is selected by program and they are not used simultaneously. The meaning of these bits
are:

L] When D5 is set to “1”, it indicates that the W/RDY pin responds to the receive
buffer; when D5 is reset to “0”, it indicates that the pin responds to the transmit
buffer.

L] When D6 is set to “17, the W/RDY pin functions as the READY pin; when D6 is
reset to “0”, the pin functions as the WAIT pin.
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(] When D7 is set to “1”, the wait/ready function is enabled;when D7 is reset to “0”,
the function is disabled.

For example, when D7, D6, and D5 are “1”, “1”, and “0” respectively, and the transmit
buffer is full, the READY pin goes “1”, when the transmit buffer is empty, the pin goes

“0”.
Table 3.6.6 shows the summary of the above description of bits D3 and D4 and D5
through D7.
Table 3.6.6 List of Receive Interrupt Mode Codes
Receive interrupt mode D4 D3

Receive interrupt disable 0 0

Interrupt on first received character or special receive condition* 0 1

Interrupt on received character or special receive condition* 1 0
Interrupt on received character or special receive condition . 1

* (except for parity error)

*Special receive conditions:

[ End of frame (in SDLC mode only)

L] Receive overrun error

] Parity error

[ Framing error

Table 3.6.7 Wait/Ready Select Function (D5 through D7)
Pin state

B D D5
Pin (Function) | Pin output uffer state b7 6
WAIT Floating - 0
DISABLE 0 -
READY | High - 1
Low The transmit buffer is full and
WAIT the SIO data port is selected. 0
Floating |The transmit buffer is empty. 0
READY High The transmft buffer fs full. ; 1
ENABLE Low The transmit buffer is empty.
Floating |[The receive bufferis full.
WAIT The receive buffer is empty 0
Low and the SIO data port is 1
selected.
Th i i .
READY Low e receive bufferis fuli 1

High The receive buffer is empty.
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3 IWR 2; Write register 2 ]

Table 3.6.8  Configuration of Write Register 2

D7 } D6 I D5 | D4 | D3 I D2 1 D1 I Do

v7 l V6 l V5 ’ 2 V3 V2 V1 Vo

L J
]

Subject to change under different
interrupt conditions if the status-
affect vector bitis set.

This write register is the interrupt vector register. When bit D2 of WR1 (B channel)
is not set, the interrupt vector is issued. When bit D2 of WR1 (B channel) is set, bits D1
through D3 (V1 through V3) are changed depending on the interrupt generation
condition. This time, the contents of WR2 remain unchanged. Because WR2 is available
only on channel B, WR2 must be programmed even if only channel A of the SIO is used.

Table 3.6.9 shows the WR2 bit states in the interrupt condition with the status affect
vector being set.

Table 3.6.9 Channel Interrupt Condition Codes
Channel Interrupt condition

<
w
<
N
s

Transmit buffer empty 0 0 0
8 Change of external /status 0 0 1
Received character condition available 0 1 0
Special receive condition* 0 1 1
Transmit buffer empty 1 0 0
A Change of external / status 1 0 1
Received character available 1 1 0
Special receive condition* 1 1 1

*Special receive conditions:

L] End of frame (in SDLC mode only)
L] Receive overrun error

L] Parity error

[ Framing error
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4 IWR 3; Write register 3

Table 3.6.10 Configuration of Write Register 3

D7 l D6 DS D4 D3 D2 D1 Do
Prohibit
Receiving bit Auto ir:)t:{ reEge?\t/’:: ﬁgg:s;s synchro- Enable
/ character enable phase CRC 9 mode nous receiving
character
| load

Bit DO: Receive enable

When this bit is set, the receive operation starts. Because this bit is used to start the
receive operation, it must be set after the receive-associated programming has been all
completed.

Bit D1: Sync character load inhibit

When this bit is set in the sync mode, the sync character is not loaded into the receive
buffer. This bit is used to remove the sync character and idle sync from the received
characters.

Bit D2: Address search mode

When this bit is set in the SDLC mode, any message having a programmed address or
an address other than the global address (FFH) is not received by WR6. Therefore, the
receive interrupt does not occur unless an address match occurs.

Bit D3: Receive CRC enable

When this bit is set, CRC calculation starts at the start of the last data transfer from
the receive shift register to the receiver buffer.

Bit D4: Enter hunt Phase

When the establishment of synchronization is required, set this bit to enter the SIO
into the hunt phase. The hunt phase is automatically cleared upon establishment of
synchronization.

Bit D5: Auto enable

When this bit is set, the transmitter is enabled at the time the CTS pin is “0”. When
the DCD pin is “0”, the receiver is enabled.
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Bits D6 and D7: Receive character length

These bits are used to specify the number of receive bits which make up one character
(character length). Table 3.6.11 shows the number of bits per character.

Table 3.6.11 Receive Character Length Codes
Bits / character D7 D6
0 0
7 0 1
6 1 0
8 1 1

5 WVR 4; Write register 4 J

Table 3.6.12 Configuration of Write Register 4

D7

D6

os |

D4

D3

D2

D1

DO

Clock mode

|

Synchronous mode

1

I
Stop bit

Parity

Even/Odd | Enable

Bit DO: Parity enable

When this bit is set, 1-bit transmit data is added to the number of bits specified by D6
and D7 of WR3 and the data is received in the resulting number of bits. If a character
length other than 8 bits is selected, the added parity bit is set to the MSB side to be
transferred to the receive data FIFO. When the 8-bit character length is selected, the
parity bit is not transferred to the receive data FIFO.

Bit D1: Parity even/odd

This bit is used to determine whether to perform transfer and check in even or odd
parity. (Even parity =“1”, odd parity =“0")

Bit D2 and D3: Stop bit length

These bits are used to select the stop bit length in the asynchronous mode. In the
synchronous mode, both D2 and D3 must be set to “0”.
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Table 3.6.13 Stop Bit Length Codes

Stop bit D3 D2
Sync mode 0 0
1 stop bit/character 0 1
1.5 stop bits/ character 1 0
2 stop bits/ character 1 1

Bits D4 and D5: Sync mode

These bits are used to select the sync mode.

Table 3.6.14 Sync Mode Codes

Sync mode DS D4
8-bit sync mode 0 0
16-bit sync mode (bisync mode) 0 1
SDLC mode (flag character ; 7EH) 1 0
External sync mode 1 1

Bits D6 and D7: Clock mode

These bits are used to select the factor between the transmit/receive clock and the
data transfer rate. In the synchronous mode, the X1 clock mode must be set. In the
asynchronous mode, the transmit side and the receive side must have the same factor.

Table 3.6.15 Clock Mode Codes

(dat%kt)rcakng}grdreate) b7 D6
x 1 data transfer rate 0 0
x 16 data transfer rate 0 1
x 32 data transfer rate 1 0
x 64 data transfer rate 1 1
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6 F/VRS; Write registeril

Table 3.6.16 Configuration of Write Register 5

D7 D6 l D5 D4 D3 D2 D1 DO
Transmit bit Break Enable CRC-16 Enable

DTR / character trans- trans- /SDLC RTS CRC trans-
] mission mission mission

Bit DO: Transmit CRC enable

When this bit is set at the time the transmit data is loaded from the transmit data
buffer into the transmit shift register, the CRC calculation is performed on that data. If
this bit is not set, the CRC calculation and transmission are not performed in the
transmit underrun state in the synchronous or SDLC mode. '

Bit D1: Reguest to send

When this bit is set, the RTS pin goes “0”. When this bit is not set, the RTS pin goes
“1”. In the asynchronous mode, the RTS pin goes “1” when the transmit buffer becomes
empty. In the synchronous or SDLC mode, this bit state is followed by the RTS pin state.

Bit D2: CRC-16/SDLC

When this bit is set, the CRC-16 polynomial (X164 X15+X2+1) is selected. When
this bit is reset to “0”, the CRC-CCITT polynomial (X164 X124 X5+ 1) is selected.

Bit D3: Transmit enable

When this bit is set, the transmitter is enabled. Even if this bit is reset to “0” after
the start of transmission, the sync character and the data being transmitted are
transmitted to the last.

Bit D4: Transmit break

When this bit is set, transmitting any data forcibly puts the transmit data line (TxD
pin) in the space state. When this bit is reset to “0”, the TxD pin is put in the marking
state.

Bits D5 and D6: Transmit character length

These bits indicate the character length of transmit data.
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As shown in Table 3.6.17, for the transmission of less than 5 bits (4 bits or 3 bits) per

Table 3.6.17 Transmit Character Length Codes

Bits / character D6 D5
Less than 5 bits 0 0
7 bits 0 1
6 bits 1 0
8 bits 1 1

character, D6 and D5 are “0” and “0”, which do not indicate how many bits the transmit

data consists of. To solve this problem, the data characters must be processed by the
format shown in Table 3.6.18. Note that D indicates data.

Table 3.6.18 Data Transfer Format with Transmit Data Consisting of Less than 5 bits

Transmit bits / character D7 D6 D5 D4 D3 D2 D1 DO
1 1 1 1 1 0 0 0 D
2 1 1 1 0 0 0 D D
3 1 1 0 0 0 D D D
4 1 0 0 0 D 3] D D
5 0 0 0 D D D D D

Bit D7: Data terminal ready

This bit indicates the DTR pin state. When this bit is set, the DTR pin goes “0”, when
it is reset, the DTR pin goes “1”.

7 IWRS; Write register BJ

D7 I

Table 3.6.19 Configuration of Write Register 6

D6 ‘ D5 | D4 l D3 | D2 ! D1

DO

” |
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This register is programmed as follows:
] In the external sync mode Transmit sync character
° In the monosync mode Transmit sync character
] In the bisync mode First sync character
o In the SDLC mode Slave station address
8 |WR7; Write register 7 |
Table 3.6.20 Configuration of Write Register 7
D7 D6 D5 l D4 D3 D2 D1 l DO
SYNC
15 14 13 12 1 10 9 8
)] (6) {5) 4 (3) (2) (1 (0)
This register is programmed as follows:
L] In the monosync mode Receive sync character
L] In the bisync mode Second sync character
° In the SDLC mode Flag character (TEH)
This register is not used in the external sync mode.
[2] Read Registers
1 [RRO; READ REGISTER O |
Table 3.6.21 Configuration of Read Register 0
D7 D6 DS D4 D3 D2 D1 DO
Trasmission . L
Synchro- [Frasmission Receiving
Break/ underrun N Interrupt
CcTS nize DCD buffer h character
Abort fEOM /Hunt empty pending effective
|
I
Used with the external /status interrupt
MPUZ80-708
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Bit DO: Receive character available

This bit is set when the receive buffer holds characters of 1 byte or more. This bit is
reset when the buffer becomes empty.

Bit D1: Interrupt pending

This bit is set when an interrupt occurs in the SIO regardless of the interrupt
condition type. This bit is available only on channel A.

Bit D2: Transmit buffer empty

This bit is set when the transmit data buffer becomes empty or the SIO is reset.
However, in the sync and SDLC modes where the CRC character is being transmitted,
bit D2 is reset.

Bit D3: Data carrier detect

This bit indicates the DCD pin input state. This bit is latched when the
external/status interrupt occurs.

Bit D4: Sync/hunt

The meaning of this bit depends on the operation mode:
(i)  Asynchronous mode

Bit D4 indicates the SIO’s SYNC pin state. When the SYNC pin state changes,
the external/status interrupt occurs.

(i) External sync mode

When synchronization has been established by the detection of external
synchronization, the last bit of the sync character must be set to “0” at the second
RxC falling edge from the rising edge of the received RxC. That is, to set the SYNC
input to “0” by the external circuit after the detection of synchronization, full 2
receive cycle clocks must be awaited.

When the SYNC input goes “0”, the sync hunt bit is set. When synchronization
is lost or the end of message is detected, the enter hunt phase bit is set.

(iii)  Internal sync mode

In the monosync and bisync modes, bit D4 is initialized to “1” by the enter hunt
phase command (D4 of WR3). This bit is reset when the SIO detects the sync
character.

(iv) SDLC mode

Bit D4 is set when the receiver is disabled or the enter hunt phase command is
issued. Then, when the frame open flag is detected, this bit is reset.
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Bit D5: Clear to send

This bit indicates the opposite of the CTS pin input state.
Bit D6: Transmit underrun/EOM

This bit is set when the SIO is reset (including channel reset). Only the reset
transmitter underrun/EOM latch command (WRO bits D7, D6=%1", “1”) can reset this
bit. When the transmit underrun state occurs, the external/status interrupt is
generated. Bit D5 is also used to control transmission in the sync or SDLC mode.

Bit D7: Break/abort

In the asynchronous mode in reception, this bit indicates the break state detection.
When the break state is detected, this bit is set, generating the external/status
interrupt. This bit is reset by the external/status interrupt reset command.

After break, the external/status interrupt is generated again. In the SDLC mode, bit D7
is set when the abort sequence is detected, generating the external/status interrupt.

2 {RR1; READ REGISTER 1

Table 3.6.22 Configuration of Read Register 1

D7 D6 D5 D4 D3 | D2 ‘ D1 DO
End of framing Receiving Parit ‘ l Feed
frame error overrun erro? Fraction all

error I i characters

Bit DO: All sent

In the asynchronous mode, this bit is set when all characters are sent from the
transmitter or there is no transmit data in the SIO. In the synchronous mode, this bit is
always set.

Bits D1 through D3: Fraction codes

Normally, I field is an integral multiple of character length. If it is not, these bits
show the number of fraction bits. These codes are effective only for the transmission for
which the end of frame bit is set in the SDLC mode.

Example: Figure 3.6.13 shows examples of fractions in which the number of
bits/character at the end of I field is 8 bits (1) and 4 bits (2).
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5 -~

1 field

; CRCy CRC; S

1 field |

o<

Figure 3.6.13 Examples of Fraction Bits Field

Table 3.6.23 (a) shows the fraction codes for the receive character whose character
length is 8 bits.
Table 3.6.23 (a) Bit Patterns by Fraction Bits at End of | Field

Number of fraction bits at end of | field
D3 D2 D1
1 byte before 2 bytes before
0 3 1 0 0
0 4 0 1 0
0 5 1 1 0
4] 6 0 0 1
0 7 1 0 1
0 8 0 1 1
1 8 1 1 1
2 8 Y] 0 0

The same table can also be provided for each character length when the receive
character length of I field is other than 8 bits.
Table 3.6.23 (b) Bit Patterns by Number of Bit
/ Character (No Fractions)

Bits/character D3 D2 D1
5 bits/ Character 0 0 1
6 bits/ Character 0 1 0
7 bits / Character 0 0 0
8 bits/ Character o] 1 1
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Bit D4: Parity error

This bit is latched when the parity select bit (DO of WR4) is set and a parity error is
detected in the receive data. Latch can be cleared by the error reset command (WRO bits
D5, D4’ D3 _:“1”, ‘Kl’!, ‘tO!?)-

Bit D5: Receive overrun error

The receive data FIFO holds up to 3 characters. When more characters are received
without read out by the MPU, the excess character is set to the receive FIFO. When this
character is read by the MPU, this receive overrun error is set. Once set, bit D5 latches
that state. When the error reset command (command 6 of WRO bits D3 through D5) is
written, this bit is also reset.

Bit D6: CRC/framing error

In the asynchronous mode, this bit is set when a framing error is detected in the
received character. Because this bit is not latched, it is always updated.

In the synchronous and SDLC modes, this bit indicates the transmitted CRC check
result. This bit is reset when the error reset command (command 6 of WRO bits D3
through D5) is written.

Bit D7: End of frame

This bit is set when the end flag is detected in the receive data and the CRC check and
the fraction code are found normal. This bit is reset when the error reset command
(command 6 of WRO bits D3 through D5) is written. This bit is used only in the SDLC
mode and is updated when the first character of the next frame is received.

3 IRR 2; Read register 2 |

Table 3.6.24 Configuration of Read Register 2

D7 l D6 ! D5 ‘ D4 J D3 I D2 D1 DO

Interrupt vector

v7 ‘ V6 ' V5 ’ va V3 V2 Vi Vo

{ )
T

Subject to change under differentinterrupt
conditions if the status-affect bitis set
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When the status affect vector bit (D2 of WR1 (Channel B) ) is set, bits V3 through V1
are changed depending on the interrupt condition at the time. The vector to be read is

determined by the interrupt condition having the highest priority at the time of read.

When the status affect vector bit is reset, the contents of this register are the same as

those of WR2.

3.6.6 Using SIO

The following describes some system examples using the SIO. Figure 3.6.14 shows an
In this example, the MPU on the left side

inter-processor communication system.

controls the data transfer with the modules on the right side. Both diagrams shown in
Figure 3.6.14 (a) and (b) are communication systems.

SIO is the smaller number of data lines than parallel communication.

280
MPU

Z280
SIO

N rsxyz
Driver
/receiver

As shown, the SIO is used to
interface with external devices in data communication. The greatest advantage of the

RSXYZ 280 280
REL D
V] /receiver o) MPU
RSXYZ 280 280
L e (5D
/receiver V| silo MPU

Figure 3.6.14 (a) Example of Data Communication Between Processors

Channel No.1

Z80

=

CH.A
Z80

SIO
CH.B

Chnnel No.2
J

Figure 3.6.14 (b)

RS232C
driver/
receiver

(=)
(=)

Modem
(Synchro-
nous,
Asynchro-
nous)

—

Data linking
for remote
processor

Example of Data Communication Between Processors
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3.7

3.71

STANDBY CAPABILITY

When a HALT instruction is executed, the TMPZ84C015A is put in one of the Run,
Idle-1, Idle-2, or Stop mode depending on the contents of the halt mode setting register
(#F0:bit 4, bit 3:HALTMR). (However, the TMPZ84C015A is put in the Run mode
immediately after the reset operation by the RESET pin.) The halt mode setting register
is set as follows. For the description and timing of each mode, see Subsection 3.3 “CGC
Operations. ”

The halt mode setting register is assigned to bits 4 and 3 of address FO in the I/O
address area. The halt mode is releasad by the interrupt (the nonmaskable interrupt by
the NMI pin or the maskable interrupt by the INT pin) or by the reset through the
RESET pin. A maskable interrupt is accepted when the MPU is in the EI state (in the
state after the execution of EI instruction). A nonmaskable interrupt is accepted
unconditionally. When an interrupt is accepted, the interrupt processing starts.

When the MPU is in the DI state (after the reset operation and the execution of DI
instruction) with maskable interrupt, the TMPZ84CO015A returns to the halt mode after
executing a HALT instruction (actually a NOP instruction).

Setting Halt Mode

Duplicate control is provided to prevent the stop of the watchdog timer operation
which may be caused by the halt mode setting error due to program runaway.

The halt mode is set by the halt mode setting register (HALTMR) and the halt mode
control register (#F1:bits 7 through 0:HALTMCR). Figure 3.7.1 shows the contents of
the halt mode control register (HALTMCR). Figure 3.7.2 shows the contents of the halt
mode setting register (HALTMR).
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Address F1 . 6 . - 4 T 3ﬁ 2 T ! T 0
(HALTCR) 1 1 0 1 1 0 1 1
Write only | . . . . + L . ]

Figure 3.7.1 Halt Mode Control Register (HLTMCR)

6 5 4 3 2 1 0
WDTERI WD‘ITPR | HALiﬂVIR l 0 ] 1 J 1 J

I—"I'——JI_—I—J

See 3.8 Watchdog Timer. Always write “011".

Address FO Write I

IDLE1
IDLE2
STOP
RUN

- a00
-0 = O

nowonou

7 6 5 4 3 2 1 0

Address FO Write IWDTERI WDTPR l HALTMR I 1] I 1 l 1—|
See 3.8 Watchdog Timer. Read written data “011”".

(Note) * : State after reset

Figure 3.7.2 Halt Mode Set Register

Figure 3.7.3 shows the device states in the halt state with the CLKOUT pin connected
to the CLKIN pin.

MPUZ80-715
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MODE | €GC | MPU | CTC PIO slo Tvathsety | CHRRYT
IDLE1 @) x x X X x x
IDLE2 @) x O X x x O
STOP X x X X X X X
RUN @] O O @) O O O

O - Operating
X e Stop
Note : CLKOUT and CLKIN must be connected.

Figure 3.7.3 Device States in Halt State

For the halt mode in which the clock is supplied from the CLKIN pin (with the CGC
oscillator unused), the Run mode must be used.

3.7.2 Halt Mode Setting procedure

After reset, the halt mode is changed to the Run mode. Figure 3.7.4 shows the
procedure to set a new mode.

START

Write Data “DB”
into F1 address
(HALTMCR)

l

Write new mode
into address FO.

Figure 3.7.4 Setting Halt Mode
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3.8 WATCHDOG TIMER

The watchdog timer (WDT) detects an operation error caused by the program

runaway to return to the normal operation.

3.8.1 Block Diagram of Watchdog Timer

Figure 3.8.1 shows the block diagram of the watchdog timer.

WDTOUT
#FO
WDTPR ——| enable
(Bits 6 and 5) —|
2164 2184 2204 222
4 22-step binary counter F?F
(WDTCLK) for watchdog timer R S
reset
reset reset
B1H WDTE
[TL_4 4EH write write
Watchdog timer control Watchdog timer
; enable register
register #F1 (WDTCR) #F0 (WDTER)

{}

internal data bus

Figure 3.8.1

Block Diagram of Watchdog Timer

MPUZ80-717
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3.8.2 Setting watchdog Timer
(1) Enabling the watchdog timer

The watchdog timer can be set by the watchdog timer enable register (#F0:bit
7:WDTER) and the watchdog timer periodic register (#F0:bit 6, bit 5:WDTPR).

5 4 2 1
Address FO 7 & . . 3 °
Write  |worer| woTPR | HALTMR [o] 1] ]
L ] L J
I T
See 3.7 Always write “"011".
Standby
functivon
0 0 = TcCs216
0 1 = TcC»218
1 0 = TcC*220
*1 1 = 22
TeCx2 (TcC:Master clock)
*1=Enable .
0 = Disable (Note) : State after reset

Figure 3.8.2 Enabling Watching Timer

(2) Disabling the watchdog timer

The watchdog timer can be disabled by disabling the watchdog timer enable register
(WDTER) then writing data “B1” in the watchdog timer control register (#F1:bit 7
through bit 0:WDTCR).

This function has a duplicate structure to prevent the watchdog timer setting error,
which may lead to the watchdog timer operation stop, caused by program runaway.

Address FO 7 6 . > 4 . 3 2 ! 0
Write [wom] WDTPR J HALTMR I 0 I 1 | 1 ]

l L } L }
T

0 =Disable gee 3di7> Always write “011".
tan.
' funr.tio%
[ 1
Address F1 7 T T T T Y T
(WDTCR) tr, 0 1 1 0 0 0 1
Write only

Figure 3.8.3 Disabling Watchdog Timer
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(3) Clearing the watchdog timer

The watchdog timer can be cleared by writing data “4E” in the watchdog timer
control register (WDTCR).

7 6 1
Address F1 , > 4 3 2 °
(WDTCR) | o' 1 0 0 1 1 10 j
Write only . L L = L ! L .

Figure 3.8.4 Clearing Watchdog Timer

Address FO 7 6 5 4 3 2 1 0

(Read) [wmea[ WD:TPR HALiI'MR l 0 l 1 | 1 I
£ 1L J
T T
See 3.7 Read out writen data”011”
Standby
function
0 0 = TcCx216
0 1 = TcC+218
1 0 = TcC+220
1 1 = TcCs222
0 =Disable
1=Enable

Figure 3.8.5 Reading Watchdog Timer Setting Register

3.8.3 Watchdog Timer Output

When the enabled watchdog timer is used, the “0” level signal is output to the
WDTOUT pin after the duration of time specified in the watchdog timer periodic
register (WDTPR). The output pulse width is one of the following two types depending
on the WDTOUT pin connection:

(1) The WDTOUT connected to the RESET pin:The “0” level pulse of 5TcC (System
clock) is output.

(2) The WDTOUT connected to a pin other than RESET pin :The “0” level pulse is
kept output until the watchdog timer is cleared by software or reset by the RESET
pin.

MPUZ80-719
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3.9 INTERRUPT PRIORITY

The programmable interrupt priority register (#F4:bits 2 through 0:INTPR) is
provided to determine the interrupt priority for the CTC, SIO, and PIO in the
TMPZ84CO015A.

3.9.1 Setting Interrupt Priority

Figure 3.9.1 shows the register to determine the daisy chain interrupt priority for the
CTC, SIO, and PIO.

Address F4
(I NTPR) | T T T T T T T —I
Write only

Priority order

High Low

* CTC- SIO - PIO
SIO - CTC- PIO
CTC- PIO - SIO
PIO - SIO - CTC
PIO - CTC- SIO
SIO - PIO - CTC =

(Note) * State after reset

LI O T 1}
—~ 0000
CO-—-00
—=0=20-20

Figure 3.9.1 Interrupt priority Register (INTPR)

Example :

When “101” is written in address F4 (INTPR), the daisy chain interrupt priority is
given as shown in Figure 3.9.2.

— Jieo

IEI
} IEl SIO IEO IEl  PIO IEO IEF CTC IEO

Figure 3.9.2 Daisy Chain interrupt Priority
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4. ELECTRICAL CHARACTERISTICS
4.1 MAXIMUM RATINGS

SYMBOL ITEM RATING
\Yds Vee Supply Voltage with respect to Vss -0.5Vto +7.0V
ViIN Input Voltage -0.5Vto Vcc+0.5V
PD Power Dissipation {TA = 85°C) 250mw
TSOLDER | Soldering Temperature (Soldering Time 10 sec) 260°C
TSTG Storage Temperature -55°Cto 125°C
TOPR Operating Temperature —-40°C to 85°C

4.2 DC Electrical Characteristics

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | Max. | uN.
VILC Clo(cckL:gzl)Jt Low Voltage _03 _ 0.6 v
VIHC C"’(CCkL‘K”IZ‘;" High Voltage VCC-0.6 - |vec+03 v
| e EEE
o | | - | we |
VILR '””(‘;‘E;‘E’% Voltage -05 | - 045 | V
VIHR '”"(‘;"E?é?r;‘ Voltage vcc-06 | - vce v
voLc O“(tgL"éOLB"T")V“age IOL = 2.0mA - - 0.6 v
VOHC O“(tgt‘}:gbg;)‘ Voltage IOH = - 2.0mA vcc-06 | - - v
e HEIRE
VOH1 O“(t:x“cte’;igc'l“(/g'lﬁ?e ' |ioH=-16ma 24 | - - v
VOH2 O“(t:x“;e:lgchL:g'G"T?e 2 | 1oH=-250pA vcc-08 | - - v

iLl Input Leakage Current Vss= VIN S Vec - - +10 uA
o | et | Svee - - ro | oA
MPUZ80-721
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SYMBOL

PARAMETER

TEST CONDITION

MIN.

MAX.

UNIT.

icci

Power Supply Current

VCC =5V
fCLK=( 1) AF
VIHC = VIHR = VIH

15

25

mA

=VCC-0.2V,
VILC=VILR AF-6
=VIL=0.2V

25

35

mA

1ICC2

Stand-by Supply Current
(See Note (2))

VCC=5V
fCLK=( 1)
VIHC = VIH = VIHR AF/
=VCC-0.2V, AF-6
VILC=VIL
=VILR =0.2V

0.5

50

pA

1CC3

Power Supply Current
(IDLE 1 Mode)

VCC=5V
fCLK={( 1) AF
VIHC = VIH = VIHR

mA

=VCC-0.2v,
VILC =VIL AF-6
=VILR =0.2V

mA

ICC4

Power Supply Current
(IDLE 2 Mode)

VCC =5V
fCLK=( 1) AF
VIHC = VIH = VIHR

10

mA

=VCC-0.2v,
VILC = VIL AF-6
=VILR=0.2V

L

15

mA

Note 1:
Note 2:

fCLK = 1/TcC {(MIN)

ICC2 Stand-by Supply Current is guaranteed only when the supplied clock is stopped at a
low level during T4 state of the following machine Cycle (M1) next to OP code fetch Cycle

of HALT instruction.

Except SYNCA =0 or SYNCB =0 state

MPUZ80-722
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4.3 AC ELECTRICAL CHARACTERISTICS (1) (in Active State)
TA= ~40°C~85°C, VCC=5V+10%, VSS=0V
4.3.1 AC Characteristics of MPU (in Active State)

TMPZ84C0O15AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
1 |TeC Ciock Cycle Time 250 - DC 162 - DC ns
2 |TwcCh Clock Pulse Width (High) 110 - DC 65 - DC ns
3 | Twdl Clock Pulse Width (Low) 110 - DC 65 - DC ns
4 |TfC Clock Fall Time - - 30 - - 20 ns
5 [(TrC Clock Rise Time - - 30 - - 20 ns
6 |Tdcria) (I;I:I:i;‘rto Address Valid _ _ 110 . _ 30 ns
7 |TdA (MREQH a_délgsi \éZ'l‘:ym 65| — | — 35| — | - ns
8 | TdCf (MREQf) Clock | to MREQ |, Delay - - 85 - - 70 ns
9 | TdCr(MREQr) Clock 1 to MREQ 1 Delay - - 85| — - 70 ns
10 | TWMREQh WIREQ Pulse Width (High) 110 | — - 65| — - ns-
11 | TWMREQI MREQ Pulse Width (Low) 220 - - 135 - - ns
12 | TdCf(MREQr) Clock | to MREQ 1 Delay - - 85 | - - 70 ns
13 | TdCf (RDf) Clock | to RD | Delay - - 95 - - 80 ns
14 | TdCr(RDr) Clock 1 to RD 7 Delay - - 85 - - 70 ns
15 |TsD(Cr) Data Setup Time to Clock 1 35 - - 30 - - ns
16 |ThD{RDr) Data Hold Time toRD ¢ 0 - - 0 - - ns
17 | TSWAIT (Cf) WAIT Setup Time to Clock |, 70 - — 60 - - ns
18 | ThWAIT (Cf) ‘éﬁ?md Time after 0] — - 0] — - ns
19 | TdCr(M1f) Clock 1 to M1 | Delay - - 100 | - - 80 ns
20 | TdCr{M1r) Clock 1 to M1 1 Delay - - 100 = - 80 ns
21 | TdCr {RFSHf) CIocthoW‘L Delay - - 130 — - 110 ns
22 | TdCr (RFSHr) Clock 1 to RFSH 1 Delay - - 120 — - 100 ns
23 | TdCf(RDr) Clock | to RD 1 Delay — = 8s - = 70 ns
24 | TdCr(RDf) Clock 1 to RD |, Delay - - 85 - - 70 ns
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TMPZ84CO15AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz2) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Data Setup to
25 | TsD (Cf) Clock | during M2, M3, M4 50 - - 40 - - ns
or M5 Cycles
26 |TdA (I0RQD g’;éef‘ Stable prior wo| — | = | 1o = | = | ns
27 }TdCr (IORQf) Clock 1 to TORQ | Delay - - 75| — - 65 ns
28 |TdCf (IORQr) Clock | to TORQ 1 Delay - - 85| — - 70 ns
29 | TdD (WRf) Data Stable Prior to WR |, 80 — - 25 — — ns
30 [TdCf(WRf) Clock | to WR | Delay - - 80 - - 70 ns
31 |TwWR WR Pulse Width 220 | — - 135 | — - ns
32 | TdCf(WRr) Clock | to WR 7 Delay - - 80 — - 70 ns
33 [TdD(WRf) Data Stable Prior to WR |, -10 - - -55 - - ns
34 [TdCr (WRf) Clock 7 to WR | Delay - - 65 | - - 60 ns
35 [TdWRr (D) Data Stable from WR ¢ 60 — - 30 - — ns
36 | TdCf (HALT) Clock | to HALT { or | - - 300 | — - 260 | ns
37 [TwNMI NMJ Pulse Width 80| — - 80| — - ns
38 |TsBUSREQ (Cr) ﬁl‘fciEf Setup Time to so| — | - so| — | - ns
39 |ThBUSREQ (Cr) ElkfciEf Hold Time after 10| — - 10| - - ns
40 |TdCr(BUSACKf) | Clock 1to BUSACK | Delay | — - 100 | — - 90 | ns
41 | TdCf (BUSACKTr) Clock | to m'r Delay - - 100 — - 90 ns
42 |TdCr(Dz) Clock 1 to Data Float Delay - - 90 - - 80 ns
Clock 1 to Control Outputs
43 | TdCr (CT2) Fioat Deliy__ o . - - 80 - - 70 ns
{(MREQ, IORQ, RD, and WR)
44 |Tdcr(A2) g'e"lg;“" Adress Float - | - 90| - | - 80 | ns
MREQ1.,IORQT,RD 7,
45 | TdCr(A) and WR 1 to Address Hold 80 - - 35 - - ns
Time
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TMPZ84CO15AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
46 | TSRESET (Cr) RESET to Clock [ Setup Time | 60 | — - 60 | — - ns
47 |ThRESET (Cr) RESET to Clock 1 Hold Time 10 - — 10 - - ns
48 | TsINTf (Cr) TNT to Clock T Setup Time 80 — — 70 - — ns
43 | TsINTr (Cr) INT to Clock T Hold Time 0] — - 0| — - ns
50 |TdM1f(IORQf) [MT | to TORQ | Delay 565 | — - 365 — - ns
51 | TdCf (IORQf) Clock | to TORQ | Delay - - 85| — - 70 ns
52 | TdCr {IORQr) Clock 1 to TORQ 1 Delay - - 85 - - 70 ns
53 | TdCf(D) Clock | to Data Valid Delay - - 150 - - 130 ns

4.3.2 AC Characteristics of CGC (in Active State)

TMPZ84C015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz2) (6MHz) UNIT
MIN. | TYP. [MAX. [ MIN. | TYP. | MAX.
54 |TcC CLK Output-Clock Cycle - 250 - - 162 - ns
55 [TwCh CLK Output-Clock Width(High) - 110 - - 70 - ns
56 |TwCl CLK Output-Clock Width(Low) - 110 - - 70 - ns
57 |TfC CLK Output Clock fall time - 15 - - 12 - ns
58 |TrC CLK Output Clock rise time - 15 - - 12 - ns
CLKOUT restart time by 214 4+ 214 4+
INT = — - - -
59 |TRSTAND)S INT (STOP Mode) 2.5TcC 2.5TcC ns
CLKOUT restart time by NMI| | 214+ | _ o f2ee |
60 | TRST(NMD)S (STOP Mode) 2.5TcC 2.5TcC ns
CLKOUT restart time by _ 25 _ _ 251 _
61 | TRST(NT)! TNT (IDLE 1/2 Mode) «TcC «TeC ns
CLKOUT restart time by NMI| 25 _ _ 25| _
62 | TRST(NMD) I (IDLE 1/2 Mode) «TeC YTeC ns
CLKOUT restart time by
63 | TRST (RESET)! RESET - TcC - - TcC - ns
(IDLE 1/2 Mode)
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4.3.3 AC Characteristics of CTC (in Active State)

TMPZ84CO15AF TMPZ84C015AF-6

NO.|  SymsoL PARAMETER (4MHz) (6MH2) UNIT
MIN. | TYp. [MAX. | MIN. | TYP. I MAX.

64 | TdM1 (IEO) Delay from MT fall to IEO - - | 220 | - — | 160 | M
fall (in case of generating
only interrupt immediately
before M1 cycle)

65 | TdIEI (IEOf) Delay from IEl fall to IEQ fall | — - 100 | — - 70 ns
66 | TdIEI(IEOT) Delay from IEl rise to IEQ - - | 160 | — — | 150 | ms
rise

(after ED decode)

CLK/TRG setup to TL 1 for TcC TcC
detection of interrupt +140| _ _ +120; _ _
tsCTR (c) Satisfied +T68 +T68
+T48 +T48
67 |IsCLK (INT) ns
tsCTR (c) not Satisfied 2TcC 2TcC
+ 140 _ _ +120 _ _
+T68 +T68
+T48 +T48
68 |TcCTR CLK/TRG Frequency oec | = | — |2Tec| - | - ns
(counter mode)
69 TrCTR CLK /TRG rising time - - 50 - - 40 ns
70 |TfCTR CLK/TRG falling time — s 50 - - 40 ns
71 | TwCTR1 CLK /TRG Pulse Width (Low) | 200 - - 120 - - ns
73 | TwCTRR CLK/TRG Pulse Width 50 | — _ 120 | — _ ns
(High)
CLK/TRG * to Clock 7
73 | TSCTR (Cs) Setup Time for Immediate 210 _ _ 150 _ _ ns
count
(counter mode)
CLK/TRG 1 to Clock 1
Setup Time for enabling of
74 | TsCTR (CT) Prescaler on following 210 — — 150 - - ns
clock 1
(timer mode)
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TMPZ84C015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
75 | TdC(ZC/TOr) Clock 1 to ZC/TO T Delay - - 190 - - 140 ns
76 | TdC(2C/TOf) Clock | to 2C/TO | - - 190 — - 140 ns
Delay
4.3.4 AC Characteristics of PIO (in Active State)
TMPZ84CO15AF TMPZ84CO15AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
77 |TdM1 (1EO) fDa‘fllay from M1 fall to 1EO1 _ | _ | 490 | = | = | 100 | ns
IE! Set-up time for _ _ _ _
78 |TsIEI(10) TORQ fall (INTA cycle) 140 100 ns
79 | TdIElI (IEO) Delay from IEI fall to IEO fall — — 100 — — 70 ns
80 |TdIEI (IEON) Ssee'ay from IEl rise to 1EO) _ 1 _ 1460 | — | = | 150 | ns
Delay from clock fall to| _ _ _ _
81 [TdC(RDYr) READY rise 190 170 ns
Delay from clock fall to
f— p— 4 — —
82 |TdC (RDYf) READY fall 140 120 ns
83 | TwSTB (Q) STROBE pulse width 150 — - 120 — — ns
Set-up time of STROBE rise
for clock fall
— — 1 —_— -—
84 |TsSTB(C) (in case of making READY to 220 50 ns
active by next cycie)
Delay from IORQ rise to port
85 |TdIO (PD) data stable - — 180 — — 160 ns
(Mode 0)
Port Data set-up time for
86 |TsPD (STB) STROBE rise 230 - - 190 - - ns
(Mode 1)
Output Port data delay time
87 | TdSTB (PD) from STROBE fall - - 210 — - 180 ns
(Mode 2)
Delay from STROBE rise to
88 | TdSTB (PDr) data float - - 180 - - 160 ns
(Mode 2)
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TMPZ84C015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
STROBE setup to TL 1 for 440 _ _ 350 _ _
89 |IsSTRB detection of interrupt +T48 +T48 ns
Port data stable setup to
90 |isPD TL 1 for detection of f.?gs - - +41?:28 - - ns
interrupt (Mode 3)
Data Hold time for STROBE
91 |[ThPD (STB) rise 40 - — 40 - - ns
(Mode 1)
4.3.5 AC Characteristics of SIO (in Active State)
TMPZ84CO15AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
92 [TsM1(C) M1 7 to clock T Setup time 90 - - 75 - - ns
IE! | to TORQ | Setup
93 | TsIEI(1O) time 140 - - 120 — - ns
(INTACK cycle)
M7 | to IEO | Delay _ _ _ _
94 |[TdM1 (IEO) (interrupt before M1) 190 160 ns
IEl 1 to IEQ T Delay _ _ _ .
95 |[TdIEI (IEOTN) (after ED decode) 160 150 ns
96 | TdIEI (IEOf) IEl | to IEO | Delay - - 100 - et 70 ns
IORQ | or CE | to
97 | TdIO (W/RWT) W/RDY | Delay - - 210 — - 175 ns
(Wait mode)
Clock 7 to W/RDY
98 |TdC (W/RRf) | delay - - 120 - - 100 ns
(Ready Mode)
Clock | to W/RDY float _ _ _ _
99 | TdC (W/RWZ) delay (Wait mode) 130 110 ns
100 | TwPh Pulse Width (High) 200 - - 200 - - ns
101 | TwPI Pulse Width (Low) 200 - - 200 — - ns
102 |TcTxC TxC cycle time 400 - o 330 - B ns
103 | TwWTxCl TxC Width (Low) 180 - o 100 - o ns
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TMPZ84CO015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz2) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
104 | TwTxCh TxC Width (High) 180 — S 100 - o ns
105 | TdTxC (TxD) TxC | to TxD delay - | = |30 | = | = |[220] ns
(x1 mode)
TxC | to W/RDY | delay CLK
- - 9
106 TdTXC (WRR | o> dy mode) 5 9 5 periods
107 | TcRxC RxC cycle time 400 it L 330 - o ns
108 | TwRxCl RxC Width (Low) 180 - o 100 — L ns
109 [ TwRxCh RxC width (High) 180 | — o 100 - o ns
RxD to RxC 1 Setup _ _ _ _
110 | TsRxD (Rxc) time (x1 mode) 0 0 ns
111 | ThRxD (Rxc) RxC T to RxD hold time 0| — | — |10 | - | - ns
(x1 mode)
RxC T to W/RDY CLK
112 [ TdRxC (W /RRf) | delay 10 had 13 10 - 13 .
Periods
(Ready mode)
RxC 7 to SYNC | delay _ _ CLK
113 | TdRxC (SYNC) (Output mode) 4 7 4 7 Periods
SYNC | to RxC 7T Setup
1 - — — - — _
114 | TsSYNC (Rxc) (External SYNC modes) 100 100 ns
115 |1sTxc TxC |, Setup to TL1 for SaT1l | 9«T1| SaT1| | 9+T1|
detection of interrupt +T48 +T48 | +T48 +T48
116 | 1sRxe RxC T Setup to TL 1 for 10571 [13«T1[102T1| 13TV
detection of interrupt +T48 +T48 | +T48 +T48
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4.3.6 AC Characteristic of WDT (in Active State)

TMPZ84C015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
117 | Tdc(WDTH) Clock 1 to WDTOUT | Delay - - 240 - - 160 ns
118 | Tde (WDTr) Clock 1 to WDTOUT 1 Delay - - 250 - - 165 ns
WDTOUT Out put period
WDT Mode 0 —  [T1«216[ - —  [T1«216f — ns
119 | TeWDT WDT Mode 1 — [T1<278[ — — |T1x218| — ns
WDT Mode 2 —  [T1s220( — —  [T1x220f — ns
WDT Mode 3 —  |T1x222| -— - |T1x222( — ns
Note 1: Timing Measurements are made at the following voltage.

Input VIH=2.4V, VIL=0.4V, VIHC=VCC-0.6V, VILC=0.6V
Output VOH=2.2V, VOL=0.8V (Exept CLKOUT)

CL=100pF
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4.4 AC TIMING CHARTS (1) (in Active State)

4.4.1 AC Timing Charts of MPU (in Active State)

Figures 4.4.1 through 4.4.8 show the basic timing charts. The circled numbers in
these charts correspond to the numbers in the number column of the AC Electrical

Characteristics Tables.

T @ T2 T™W T3 T4
CLKIN 7 ORI / A 7 \_/ 7/ .
STolM g ®
~ :
AD Agi;?: - X Programgounter X Refresh adcliress X
| @
o "?'i Ol 0)
MREQ « (9 N /
=@
s N, g i
' E. gl d - -l-"—
O-Te " O@-{T<]
WAIT "7 \
— |
T “”\CD « COF
DO~D7 ’[—.é(-(-( z:’ )_mputdata(
« l(——»@ > @
RFSH v \
Figure 4.4.1 Opcode Fetch Cycle
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T T2 ™W T3
CLKIN —/ ® N\ /T K/ A/ N/ N\
k{4 £ e @
AO~A15 X Program gounter « .
P <— @_’_ }“’
MREQ Q) e
> < — <— ] @
®‘1 T @“’1 ~
WAIT A < .
- ¢<—® —)»@ ]
RD (¢ ¢
45 4 (1
Read operation — <— « « ® <= I_/ Input data
i S S G — S R
WR jrx s It <—-
Write operation <) =3 « @) <
D0~D7 .« Data output P
Figure 4.4.2 Memory Read / Write Cycle
T2 TW* TW T3
CLKIN 7@ YN T N/ Ay / he s/ S —
¢ @
AO0~A7 X Poré@address ’::' 5 X
— @ -t
IORQ L F
o NENEEC @
WaTT R
) ¥
s e
Input X £ _,{

)  e—
operation - < ) @ e |l Input data
L — &= =%

- : -~ ®)+E
v .
Output { @_) @T‘_ R ‘@‘*
operation s
DO~D7 — output data e
Note 1:

wait state (TW*) is inserted automatically by MPU.

Figure 4.4.3 1/0 Cycle
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L T T2 W ™w- ™w T3
CLKIN 4 Y S /S /S A \
@=] j;
INT
® . ®©
AO~A1S X Program counter « ).
;
. s =
—] ®.<— " -1 *—®
TORQ .
— TG
WAIT —i 7 £ K
— 4_. 3 @—» . ‘_ﬂ
DO~D7 e ). 13

*1: LID DATA
Notes 1. TL: Last state of instruction VA

2. 2- wait state (TW*) is inserted automatically by MPU

Figure 4.4.4 Interrupt Request/Acknowledge Cycle

Last M cycle

A0~A15
— _
M1
—s
MREQ
__,@.<_
RD \
RFSH
Note : NMI is asynchronous, but its falling edge signal must occur synchronously with the rising

edge of previous TL state for correct response to the subsequent machine cycles.

Figure 4.4.5 Non-maskable Interrupt Request Cycle
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TL X X X T1
CLKIN / \ \ 7 \ “ / \ 7 \ Vil \
T |&
BUSREQ \ « VY
T T k4 L .
—® =
BUSACK N
L
= [« Floating state ] :—:—-—
AD~A15 ik - 4
= = o Floating state ] :_——
D0~D7 A ] e
_MBE_Q — :_“ Floating state ] :_—
RD, WR %2 )3 e
IORQ — ® J;
M1
—@® |‘_
RFSH i
HALT Unchanged
Notes 1. TL: Laststate ofa given machine cycle
2. Tx: Clock used by peripheral LSI that made request.
Figure 4.4.6 Bus Request/Acknowlege Cycle
M1 of halt instruction
M1 J M1 | M1
T4 T1 T2 T3 T4 T1 T2
CLKIN ww
-~ &
HALT S 7’-
<—>@
NI Y
Note : INT signal is also used for releasing HALT state.

Figure 4.4.7 HALT Acknowledge Cycle
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@, 1-[@ @
weer NN\ L\ R
—» - >

. Floating state

CLKIN _;:—\_ss F a5 m
©

A0~A15

1AL

DO~D7 ¢ Floating state

[
—>®<—
7 g

3

2
g

777" -

_3
3

b
il
w
T

or]
C
v
»
0
=~

1

I
>
—
o

Figure 4.4.8 Reset Cycle
4.4.2 AC Timing Charts of CGC (in Active State)

The following Figures show the timings in each operation mode with the CLKOUT
pin connected to the CLKIN pin.

CLKOUT _74_@_,' 0~ \__/  \_/  \_/

&—I— ~l—®
@

Figure 4.4.9 CLKOUT Waveform

T T2 3
CLKOUT 4 <& <G~ \ / \
@—> - <——
@
_\j‘ ®
INT J
® |
W X /

Figure 4.4.10 Clock Restart Timing (STOP Mode)
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T T2 T3
CLKOUT T4 Vi \ / \ / \
o ©
INT
) |
] Y /

Figure 4.4.11 Clock Restart Timing (IDLE1 Mode)

CLKOUT _/—\_/_—\—/——\_/_\_

™ T2
Internal CLK T4 / \ / -\
Q)
W —\
|
® |
NMI — \ /

P
my
W
mj
—
N

Figure 4.4.13 Timing of Clock Start by RESET (IDLE1 and IDLE2 Modes)
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4.4.3 AC Timing Charts of CTC (in Active State)

O g\ I\ "\ —\
CLKIN _]<—®—>
—] | —— — <~—®
~——0
M1 \
@
IEL y 4
@ T
IEO \ _/
@~ ®
CLK/TRGO-3
{Counter mode) llﬂ / N
® @— ® @
CLK/TRGO-3 \
(Timer mode) — o~ /
@

\
<—®—>‘ —»
Z2C/T0¢-3 f

Figure 4.4.14 CTCTiming Diagram

TL
akn /T N/ \_ / \ i \ / \
[ T
TNT N R
P
4§ 124
CLK/TRGO-3 A .\

TL : Last state of instruction

Figure 4.4.15 CTC Interrupt Occurrence Timing
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4.4.4 ACTiming Charts of PIO (in Active State)

1.6
CLKIN L/ N/
®
IORQ h ¥,
M1 /
IEI —_\®_> y,
IEO —— = |
\
\.__/T
READY A S
(ARDY OR BRDY)
STROBE ® 7
(ASTB OR BSTB) A
4—4.—>'
MODEQ
¥
PAO~PA7 / MODE1 X
PBO~PB7
MODE2 {
Figure 4.4.16 PIO Timing Diagram
TL
akn /N [/ \ 1 \ / \
INT o S
[
- )
STROBE g ~
(ASTB OR BSTB) y
.
PAO~PA7 5 »
PBO~PB7 X «

MODE3 7
TL : Last state of instruction

Figure 4.4.17 PIO Interrupt Occurrence Timing
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4.4.5 AC Timing Charts of SIO (in Active State)

Q] 1.
CLKIN _]L N 5 \ 7L T2 \ /1'3/1'\,\/\ 7':[4/1'3\ JT1 \
fOR KO
IORQ \_ /—'—
|
M1 ——\ j‘

1N ®

) «}
IEO \
o e

Figure 4.4.18 (a) SIO Timing Diagram
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CTs, DD, SYNC ; G
X I N
. G) N
s N/ N
e —® ®

TxD

N & ’
W/RDY KL

RxD ;(

Figure 4.4.18 (b) SIO Timing Diagram
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L
v ST\ T\ N\
iNT ————————=——~———=—= ===
|
TXC ‘_ 115 N
(¢
RXC 4 "

TL : Last state of instruction

Figure 4.4.19 SIO Interrupt Occurrence Timing
4.4.6 AC Timing Charts of WDT (in Active State)

CLKIN f ™/ \_
~/ \—“j’ )} -
3 \ f @ 3

Figure 4.4.20 WDT Timing Diagram

WDTOUT 4

7
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4.5 AC ELECTRICAL CHARACTERISTICS (2) {IN INACTIVE STATE)
TA=—40°C~ +85°C, VCC=5V +10%, VSS=0V
4.5.1 AC Characteristics of CGC (in Inactive State)

TMPZ84CO15AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MH2) UNIT

MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
1 |TeCCLK Output Clock Cycle — 250 - - 162 - ns
2 |TwChCLK Output Clock Width (High) - 110 - - 70 - ns
3 [TwCICLK Output Clock Width (Low) - 110 — - 70 - ns
4 | TfCCLK Output Clock fall Time - 15 - - 12 - ns
5 |[TrCCLK Output Clock rise Time - 15 - - 12 ns
6 lrstanm)s E!o%(CLKOUT) restart Time 24, 2144
y - - - - ns
(STOP mode) 2.5TcC 2.5TcC
N Eloﬁmcmoun restart Time 2144 2144
y - - - - ns
(STOP mode) 2.57cC 2.5TcC
Clock (CLKOUT) restart Time 25 2.5
8 |TRST(INT)I by INT - *ch - - *Tc‘C - ns
(IDLE 1/ 2 mode)
Clock (CLKOUT) restart Time 25 25
9 |TRST{NMI} I by NMI - *Tct - - *TC'C - ns
{IDLE 1/2 mode)
Clock (CLKOUT) restart Time
10 |TRST(RESET) I by RESET - 1TcC - - 1TcC - ns
(IDLE 1/2 mode)
11 | TsHALT (M1r) HALT Set up Time 10 - - 10 - — ns

4.5.2 AC Characteristics of CTC (in Inactive State)

TMPZ84CO15AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
12 | TcC ClocK Cycle Time 250 - - 162 — - ns
13 | Twch ClocK width (High) 110 - - 65 — - ns
14 | Twel ClocK width (Low) 110 - - 65 — = ns
15 |TfC ClocK falling time - - 30 - 20 ns
16 |TrC ClocK rising time - - 30 - - 20 ns
17 |Th Hold Time 10 - - 10 - - ns
MPUZ80-742
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TMPZ84C015AF TMPZ84CO15AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. |[MAX. | MIN. | TYP. | MAX.

CS (A1, AQ) Set up time to

18 | TcCS(C) clock 1 160 - - 100 - - ns
19 | TSCE (0) CE (A7~A2) Set up time to 200 _ _ 150 _ _ ns
. clock
20 |Ts10 Q) 'ORQ | Set up time to} ,,q | _ | _ 70| - | - ns
clock 1
21 |TsRD(Q) RD | Setup time to 15 | — - 70| - | - ns
clock 1
22 |Tdc (Do) Clock T to Data Valid _ _ 200 _ _ 130 ns
Delay
23 |Tdc (DO2) IORQ, RD 1 to Data Float _ _ 110 _ _ 90 ns
Delay
24 {TdCr(M19) Data Input Set up time to 50 _ _ 20 _ _ ns
clock T
25 [TsM1(Q) M1 Setup time to 0 | - | - 70| - | - ns

clock T

M1 | to IEO | Delay

in case of generating onl
26 |TdM1 (IEO) ( generating only — | = | - | = [130] ns
interrupt immediately

before M1 cycle)

IORQ | to Data out Delay

27 |{TdIO (DO (INTA Cycle) - - 160 - - 110 ns
28 | TdIEI (1IEOF) IEl | to IEO | Delay — - 100 - - 70 ns
29 |TdieiaEoH {El 1 to IEO 1 Delay (after ED| _ _ 160 _ _ 150 ns
decode)
= TcC TcC
[ | ] | = = - -
30 {TdC(INT) Clock 1 to INT | Delay +140 +120 ns
CLK /TRG 1 to INT | Delay TeC+ TeC +
TsCTR {c) Satisfied 140 + 120 +
31 | TdA (IORQf) 80 + - — — 70 + - ns
T37 T37
. 2TcC + - — - 2TcC + —
f
TsCTR (c) not Satisfied 140 + 120 +
80 + 70 +
T37 T37
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TMPZ84CO15AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz)
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
32 |TcCTR CLK / TRG Frequency 2TcC - - - 2TcC - ns
33 [TrCTR CLK/TRG rising time - - 50 - - 40 ns
34 |[TfCTR CLK /TRG falling time - - 50 - - 40 ns
35 | TWCTRI CLK/TRG pulse width w | - | = [120] = | = ns
{Low)
36 | TwCTRh CLK/TRG pulse width 200 | — - | 120 | - - ns
(High)
CLK/TKG 1 to clock T Setup
37 |TsCTR(CS) Time for Immediate Count| 210 - - 150 - - ns
{counter mode)
CLK/TRG 1 to clock 1 Setup
38 [TsCTR(CT) Time for enabliling of} ;5 | _ - |s0 | - - ns
Prescaler on following
clock 1 (timer mode)
39 {TdC(ZC/TOr) Clock 1 to 2C/TO 1 Delay - - 190 - - 140 ns
40 |TdC(2C/TOf) Clock | to ZC/TO | Delay - - 190 - - 140 ns
4.5.3 AC Characteristics of PIO (in Inactive State)
TMPZ84CO15AF TMPZ84CO15AF-6
NO. SYMBOL PARAMETER (4MHz2) (6MHz) UNIT
MIN. | TYP. | MAX. { MIN. | TYP. | MAX.
CE(A7 to A3z), B/A(Ay),
41 [TsCS(RI) C/D(Ag) Set up Time to RD, 50 - - 50 — - ns
I0RQ
42 |Th Hold Time 40 - - 40 - - ns
43 |TsRI(C) RD, IORQ Set up time to| , _ _ 70 _ _ ns
clock 1
44 |TdRI (DO) RD, IORQ| to Data out| _ | _ |30 | — | — | 300 | ns
Delay
45 |TdRI(DOs) RD, IORQ fto Data float) _ | _ | 499 | - | - 70 | ns
Delay
46 | TsDI(C) Data Set up time to so | — | - w | - | - ns
clock 1
IORQ | to Data out Delay
| — — — a—
47 | TdIO (DO (INTA Cycle) 160 120 ns
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TMPZ84C015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz)
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.

48 | TsM1(Cr) M1 | Setup time to clock 1 90 - - 70 - - ns

MT 1 Setup time to clock |,

49 [(TsM1 (Cf) (M1 cycle) 0 - - 0 - - ns
MT ] toIEO | Delay

50 {TdM1 (IEQ) (Interrupt Immediately - - 190 - - 100 |' ns
receding M1 })
IEl Set up time to IORQ |,

14 - - - -

51 | TsIEl ({0) (INTA Cycle) 0 100 ns

52 |TdIE! (IEOT) IEl | to JEO | Delay - - 100 - - 70 ns
IEIT to IEO T Delay

TdIEI (! - - 1 - -

53 dIEIl (1EOT) (after ED Decade) 60 150 ns

54 |TdiO (C) IORQ T Setup time to 200 | = | = |0 ] = | - ns
Clock |,

55 |[TdC(RDYr) Clock | to READY T Delay - - 190 - - 170 ns

56 |[TdC(RDYf) Clock | to READY | Delay - - 140 — - 120 ns

57 |TwSTB (Q) STROBE Pulse width 150 — had 120 - - ns
Set up time of STROBE rise
for clock fall

T — — - —

58 |TsSTB(C) (in case of making READY to 220 150 ns
active by next cycle)
Delay from iORQ rise to Port

59 |TdIO (PD) data stable — — 180 _ _ 160 ns
(Mode 0)
Port data set up time for

60 |TsPD (STB) STROBE rise 230 - - 190 — — ns
(Mode 1)
Output Port data delay time

61 |TdSTB (PD) from STROBE fall — - 210 - - 180 ns
(Mode 2)
Delay from STROBE rise to

62 |TdSTB (PDr) Port data float - - 180 — - 160 ns
{(Mode 2)
Delay from port data match

63 | TdPD (INT) to INT fall - - 490 - - 430 ns
{(Mode 3)

64 |TdSTB (INT) :)Te;af’a’[flmm STROBE rise to - — | a0 | - - 135 | ns
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4.5.4 AC Characteristics of SIO (in Inactive State)

TMPZ84CO15AF TMPZB4CO15AF-6
NO. SYMBOL PARAMETER (4MHz2) (6MH2) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
CE(A7to A2),C/D(A0),B/
hly L 14 - - 60 - -
65 | TsCs(Q) A (A1) Set up time to clock T > ns
66 | TsRD (C) I0RQ, RD Set up Time to 115 _ _ 60 _ _ ns
clock T
67 |TdC (DO) Clock 7T to Data output Delay - — 220 — - 150 ns
Data input set up time to
68 |TsDI(C) clock 1 50 - - 30 - - ns
(write cycle or M1 cycle)
69 |TdRD (DOz) RD 7 to Data Out Float Delay - - 110 — — 90 ns
IORQ | to Data out put
70 | TdIO (DOI) Delay - - 160 - - 120 ns
(INTACK cycle)
71 |TsM1(Q) M1 Set up time to clock 1 90 - - 75 - - ns
IEl Set up time to TORQ |,
14 - - N .
72 | TsIEI (1O) (INTACK Cycle) 0 120 ns
MT | to IEO | Delay
M 2y - - | - -
73 |TdM1 (IEO) (interrupt before M1) %0 160 ns
IEI } to IEQ 1 Delay _ _ _ _
74 | TdIEI (IEOT) (After ED Decode) 160 150 ns
75 | TdIEI (IEO) IEl | to IEO | Delay - - 100 - - 70 ns
76 | TdC(INT) Clock 1 to INT | Delay - - 200 - - 150 ns
TORQ, CE (A7 t0 A2) | to
77 | TdIO (W /RWT) W/RDY | Delay - - 210 — - 175 ns
{(Wait Mode)
Clock 1 to W/RDY |, Delay
W/RR - - 12 - -
78 | TdC (W /RRf) (Ready Mode) 0 100 ns
Clock |, to W/RDY Float
79 | TdC(W/RWz) Delay - - 130 - - 110 ns
(Wait Mode)
80 |Th, Th(CS) Any unvspecrf.nevd hold When 0 _ _ 0 _ = ns
set up is specified
81 [TwPh Pulse width (High) 200 - - 200 - — ns
82 | TwPI Pulse width (Low) 200 - - 200 - - ns
83 |TcTxC TxC Cycle time 400 — S 330 — o0 ns
84 |TwTxCl TxC width (Low) 180 - o 100 - o0 ns
85 |TwTxCh TxC width (High) 180 - oo 100 - oo ns
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TMPZ84C015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. [MAX. | MIN. | TYP. | MAX.
86 |TdTxC (TxD) TxC | to TxD Delay — | = 300 | = | = | 220] s
(x1 Mode)
TxC | to W/RDY |, Delay CLK
RR - 9 - 9
87 | TdTxC(W/RRf) (Ready mode) 5 > Periods
88 |TdTxC (INT) TXC | to INT | Delay 5 | — 9 5 | — g | _CtK
Periods
89 |[TcRxC RxC Cycle time 400 - oo 330 - o ns
90 | TwRxCl RxC width (Low) 180 - ] 100 - o0 ns
91 [TwRxCh RxC width (High) 180 - =] 100 - 0 ns
92 | TsRxD (RxC) RxD to RxC 7 Set up time 0 _ _ 0 _ _ ns
(x1 mode)
93 | ThRxD (RxC) RxC1 to RxD Hold time 10 | — | = |00 | = | - ns
(x1 mode)
RxC 7 to W/RDY | Delay CLK
‘] — —
94 | TARXC (W/RRT) | b e 0 13 10 13 i
95 |TdRxC (INT) RXC 1} to INT | Delay 0| - 13 10| — 13 | CK
Periods
96 |TdRxC(sYNC) | RXCTtoSYNC | Delay a4 | - 7 4| - 7 | CK
(output modes) Periods
97 |TssyNC(rRxc)  [SYNCLtoRxCT SetupTime | 0 | | — | .00 | — | - ns
(External sync modes)
98 |TsAdd (Cr) Address Set up time to 00| - | - |10 | - | - ns
clock T
99 |TsI0 (Cr) IORQ | Set up time to s | - | = | 0} - | - ns
clock T
100 {TdRD (Cr) RD | Set up time to clock T 115 - - 70 - - ns
101 |TdCr (Do) Data out Delay to clock T - — 200 — — 130 ns
102 | TdIORDr (Do2) RD_ST? FloatDelaytoIORQT. | _ | _ | 450 | ~ | — 9 | ns
103 | TSWR (Cr) WR | Set up time to clock 7 115 - - 70 - - ns
104 | TsDI (Cr) Data Input Set up time to 0 _ _ 0 _ _ ns
clock 7
105 |TdIowRf (D)  |Data Holdtime 10 IORQ T, so | — | — | 20| - | - ns
WR T
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4.5.5. AC Characteristics of WDT (in Inactive State)

TMPZ84C015AF TMPZ84C015AF-6
NO. SYMBOL PARAMETER (4MHz) (6MHz) UNIT
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
106 | TdC (WDTY) Clock 1 to WDTOUT | Delay - - 240 - - 160 ns
107 | TdC (WDTr) Clock 1 to WDTOUT 1 Delay - - 250 - - 165 ns
WDTOUT out put period
WDT Mode 0 - T12% - - T12% - ns
216 216
WDT Mode 1 - T12% - - T12% - ns
108 | TCWDT 218 218
WDT Mode 2 - T12% - - T12% - ns
220 220
WDT Mode 3 - T12% - - T12+% - ns
222 222
Notel : Timing Measurements are made at the following voltage.
Input VIH=2.4V, VIL=04V
VIHC=VCC-0.6V, VILC=0.6V
Output VOH=2.2V, VOL=0.8V (Except CLKOUT)
CL=100pF
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4.6 ACTIMING CHARTS (2) (IN INACTIVE STATE)
4.6.1 AC Timing Charts of CGC (in Inactive State)

The following Figures show the timing charts in each operation mode with the
CLKOUT pin connected to the CLKIN pin.

CLKOUT _L_ =~
-®

Figure 4.6.1 CLKOUT waveform
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Figure 4.6.2 Clock restart timing (STOP mode)
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Figure 4.6.3 Clock restart timing (IDLE1 mode)
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Figure 4.6.4 Clock restart timing (IDLE2 mode)
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Figure 4.6.5 Timing of clock restart by RESET (IDLE1, IDLE2 mode)
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Figure 4.6.6 Clock suspension timing (IDLE1,IDLE2 and STOP modes)
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4.6.2 AC Timing Charts of CTC (in Inactive State)
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Figure 4.6.7 CTCtiming diagram (Inactive)
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4.6.3 AC Timing Charts of PIO (in Inactive State)
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Figure 4.6.8 PIO timing diagram (Inactive)
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4.6.4 AC Timing Charts of SIO (in Inactive State)
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Figure 4.6.9 SIO timing diagram (a) (Inactive)
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Figure 4.6.9 SIO timing diagram (b) (Inactive)
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4.6.5 AC Timing Charts of WDT (in Inactive State)

(The mode setting and daisy chain interrupt setting registers on WDT)
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Figure 4.6.10 RD/WRITE, WDTOUT timing Diagram
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4.7 PIN CAPACITANCE

SYMBOL ITEM TEST CONDITION MIN. | TYP. [ MAX. | UNIT
CLOCK [ Clock Input Capacitance F = 1MHz - - 8
CIN Input Capacitance All terminals except that to - - 6 PF
be measured be earthed
couT Output Capacitance - - 10
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5. EXETERNAL DIMENSIONS
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