TOSHIBA TMPZ84C015B

TMPZ84C015BF-10
TLCS-Z80 MICROPROCESSOR

OUTLINE AND FEATURES

The TMPZ84C015B 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 (PIO), the
clock generator/controller (CGC), and the watchdog timer (WDT) around the TL.CS-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 TMPZ84C015B 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 TMPZ84C015B 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.
. High speed operation (10MHz operation)

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

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

Runmode  (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 (53V*10%: 10MHz VERSION) supported.
L Wide operating temperature range (—40°C to +70°C : 10MHz VERSION)
. Low power dissipation

Inoperation : (RUN mode) 45mA TYP. at10MHz

Inidle : (IDLE-1 mode) 2.5mA TYP. at 10 MHz
(IDLE-2 mode) 19mA TYP. at 10 MHz

Instandby : (STOP mode) 500nA TYP.

. Built-in TLCS-Z80 series SIO capability
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TOSHIBA TMPZ84C015B

note :

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 2000 K bits/sec (10 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)

Built-in watchdog timer

Programmed daisy-chain interrupt control

Built-in dynamic RAM refresh controller
TTL/CMOS compatible

Housed compact standard 100-pin mini-flat package

The Toshiba real time emulator (RTE80) and the Z80 ICE commercially available
can be used (the TMPZ84C015B used as the evaluator).

The Toshiba evaluator board installed.

280 is a trade mark of Zilog Inc.
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TOSHIBA TMPZ84C015B
2. PIN ASSIGNMENT AND FUNCTIONS
2.1 Pin Assignments (Top View)
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Note: TheICT 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 (A)Pin Functions

{1/6)

Pin

Q'ty
{Number)

Type

Function

DO-D7

8
(82-89)

Input/output
3-state

The 8-bit bi-directional data bus.

AQ-A15

16
(91-100)
(1-6)

Output
3-state

The 16-bit address bus.

These pins specify memory and 1/0 port
addresses. During a refresh cycle, the refresh
address is output to the low-order 7 bits and
A7RF.

(8)

Output
3-state

The Machine Cycle 1 signal. .

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
pin is putin the high-impedance state.

(14)

Output
3-state

The Read signal. It indicates that the MPU is
ready for accepting data from memory or /O
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.

(13)

Output
3-state

The Write signal. This signal is output when the
data to be stored in the addressed memory or IfO
device is on the data bus. When the BUSREQ
signal is applied, this pin is put in the high-
impedance state.

(17)

Output
3-state

The Memory Request signal. When the
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.

|

&)
B
[e)

(15)

Qutput
3-state

The Input/Output Request signal. This pin goes
“0" when the address for an I/O read or write
operation is on the low-order 8 bits (A0 through
A7) of the address bus. The TORQ signal is also
output with the M1 signal at interrupt
acknowledge to tell an I/0 device that the
interrupt response vector can be placed on the
data bus. Note that the interrupt priority among
the TMPZ284C015B CTC, and SIO is selected by a
program.

170489
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{2/6)

Pin Qty

F .
(Number) Type unction

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 TMPZ84C015B. The IEO pin goes “1”
only when the IEI pin is “1” and the MPU is not
servicing an interrupt from the built-in
peripheral LSI.

XTAL1 2 Input The crystal 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 Output.

(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 clack is kept
output. This pin provides the clock to other
peripheral ICs.

2|
m)|
v
m;
-
-

Input The Reset signal input. This signal resets the
9) internal states of the TMPZ84C0158. This signal
is also used to return from the standby state in
the Stop or Idle mode.

]
Y

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 nermally wire-ORed and requires
an external pullup resistor for these applications.
This signal is also used to return from the stand-
by state in the Stop or Idle made.

|

3
>
_‘

Input The Wait Request signal. This signal indicates the
(1) MPU that the addressed memory or 1/0 device is
not ready for data transfer. Aslong as this signal
is “0" , the MPU is in the Wait state.

170489
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(3/6)

. 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 Halt
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.

2C/T00 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.

1EI 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.

|

2|
g

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.

170489
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(4/6)

Pin Qty

(Number) Type Function

EV 1 Input The Evaluator signal. When this signal is active,
(67) the M1, HALT, and RFSH pins are putin the high-
impedance state. In using the TMPZ84C0158B 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, IORG, RD, WR, M1, HALT,
and RFSH. BUSACK needs to be disconnected by
an externally connected circuit. The evaluator
board is available to use the TMPZ84C0158B 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 “PIO 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”.)

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.

170489
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(5/6)
Pin (Nt?mtger) Type Function

PBO-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 I/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.

CA 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)

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.

170489
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(6/6)
. Q'ty .
Pin (Number) Type Function
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 disable 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.
VCC 2 The power supply ( + 5 V) pins.
(41, 90)
VsS 1 The ground (0 V) pins.
(16, 64)

170489

2.2 (B) TMPZ84C0158 Internal I/O Address Map

Internal VO Channel 1/0 Address
ch 0 # 10
CTC ch 1 # 11
{Counter Timer) ch 2 # 12
ch 3 # 13
ch A Send/Receive buffer # 18
SIO ch A Command/Status Register # 19
(Serial 1/0) ch B Send/Receive buffer # 1A
ch B Command/Status Register # 1B
A Port Data # 1C
PIO A Port Command # 1D
(Parallel 1/Q) B Port Data # 1E
B Port Command # 1F
Watch Dog Timer
Stand-by mode Register WDTER, WDTPR, HALTMR # FO
Watch Dog Timer Clear command (4En) # F1
command Register disable command (B1g)
Daisy-chaine interrupt Only use bit2~bit0 # F4
precedence Register

180489
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TOSHIBA TMPZ84C015B
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 TMPZ84C0158

170489
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3.1.2 Operational Outline

The TMPZ84C015B 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).

e  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 LSI. 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/O-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/O-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 TMPZ84C015B.

L The CGC provides the four operation modes to control the entire TMPZ84C015B
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 TMPZ84C015B 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
TMPZ84C015B 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
TMPZ84C015B and peripheral LSI, thereby saving the system power consumption
and shortening the time required for system restart.

MPUZ80ASSP-11
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L 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 TMPZ84C015B,
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.

° 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 TMPZ84C015B has also the EV pin which is used with the
BUSRERQ 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 TMPZ84C015B 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 TMPZ84C015B 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 A0 through A15, DO through D7, MREQ, IORQ, RD, MI, HALT, and RFSH,
BUSACK needs to be disconnected by an externally connected circuit.

MPUZ80ASSP-12
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3.2 MPU Operations

This subsection describes the system configuration, functions and the basic operation
of the MPU of the TMPZ84C015B.

3.2.1 Block Diagram
Figure 3.2.1 shows the block diagram of the MPU.
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Figure 3.2.1 MPU Block Diagram
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3.2.2 MPU System Configuration

[1

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 TMPZ84C015B:

Internal Register Groups
The configuration of the internal register groups is as follows:
(1)  Main registers
AF,B,C,D,E,H,L
(2) Alternate registers
AP B,C, DB, H’, I’
(3) Special purpose registers
LR,IX,IY,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) Main registers (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.

MPUZ80ASSP-14
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MSB LSB
5 4 3 2 1 0 (* =Undefined)

F:]§|*]H[*|PN[N|CI

Figure 3.2.2 Flag Register Configuration

170489

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

MsSB LSB MSB LSB
7 07 0
Accumulator Flag register ]
A F
Main register
B C
General-purpose D
register
H L
Accumulator Flag register ]
A F
B’ C Alternate register
D’ E
H’ L
Interrupt vector Memory refresh ]
I R
MSB LSB
15 Special register
Index register 1X
General-purpose Index register Y
register Stack pointer SP
Program counter PC

170489

Figure 3.2.3 Flag Register Configuration
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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 (7)

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
alogical operation (AND A, B etc.). The P flag is set to “1” if the parity iseven 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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(0

@

(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
“TMPZ84C015B 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 I/0, 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:

EXAF,AF’ (Ao A Fol)
EXX. (Bf-’B,,CGC’,DGD,,EGE’,HHH”L(—)L’)

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 {I, R, IX, 1YY, SP, PC)
Interrupt page address register (1}

The TMPZ84C015B 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)

(9]

(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 painter (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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(ex)
MEMORY The contents of the SP
MEMO?I_TEQI))DRESS ADDRESS INSTRUCTION before the instruction
(HEX) is accepted.
f =4
o o
LOWER | : o - 1230 CALL 1500H FFF1
: : - b : H
FFEB | CO | @ e : :
— © H :
[ FFEC | B2 | 5 ° 1500 PUSH AF FFEF ; A=05, F=23
FFED | 23 | g 5 1501  PUSH BC FFED ; B=B2, C=CO
FFEE | 06 | o 2 :
l FFEF | 33 o
FFFO | 12 “ : ;
: : 1600 POP BC FFEB
HIGHER j 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 isno
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.

(e) 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.

2] 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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(3]

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 TMPZ84C015B contains the
clock generator/controller, easily implementing the clock input control for these
halt operations.

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”.

RESET Signal

Holding the RESET pin at the low level (“0”) under the following conditions, the

MPU’s internal states are reset:

(1)
(2)
3)

The supply voltage level is within the operational voltage range.
System clock stabilization.

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

0000H 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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[4]

(3) 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.

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 TMPZ84C015B 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 LS, 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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® 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 LSI is CALL or RST instruction.

170489
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{ Parity flag

(RETN) I (LDA,lorLDA,R)
(Determination of | IFF1 J { IFE2 | ;
actual INT nable (foar holding IFF1)
/disable) Executed instruction
0 0 : MPU reset
Diinstruction
INT acceptance
1 1 : Elinstruction
RETN instruction
when IFF2 =1.
0 state of IFF1 : NMl acceptance
before NMI
acceptance

170489

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 [FF2 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:

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

] 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

El

NMI acceptance
LDA,I

RETN

LDA,R

INT acceptance

RETI

El

NMI acceptance
DI

RETN

o

* O O = O F e O =

o

* O =2 O k= e

Parity flag<IFF2
IFF1e-IFF2
Parity flage—IFF2

170489

Note: * =no change.

(2) 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 (“1”) ) is on. The following is the processing to be
performed after a non-maskable interrupt and a maskable interrupt are accepted:
(@) Non-maskable interrupt (NMI)
When a non-maskable interrupt has been accepted, the MPU performs the
following processing:
1 The internai 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
3 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

| t

Service routine
Address 0066H Execution of RETN instruction

170489

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 IM0, IM1 or IM2 before the interrupt is serviced.
The instructions are executed starting from the vector address corresponding to the
selected mode.

L 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

|

‘ Execution of ordinary program l

| t

|—>| Service routine }-J

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

170489

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 .

Interrupt in mode 1

l

| Execution of ordinary program ,

| L

|——>| Service routine

Address 0038H Execution of RETI instruction

170489

Figure 3.2.7 Interrupt Pracessing 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

| Execution of ordinary program |

Table | T

|—>| Service routine J—I

Execution of

. : Lower RETlinstruction
I 8 bits [ 7 bits | 0 |———> byte _|

T T Higher

Iregister  CTCor TLCS-Z80 family byte

peripheral LSI

170489

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.

® 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

(1l

The following describes the MPU status transition and the basic timing of each MPU
operation.

Instruction Cycle

Each TMPZ84C015B 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 cycle

[—

CLK —
T T2 T3

Maachine cycle

My M; M3
(Opcode fetch) (Memory read) (Memory write)

Cycle instruction

170489

Figure3.2.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction)
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Status Transition Diagram

RESET 0
¥ 1: M1 IMMEDIATELY AFTER ACCEPTING INT?

2

e B S
}Tw*

TW WAIT
T™W

TBI
-

<

M1 CYCLE ?

15

16{ TXWAIT
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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 MT 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 WATT signal.

The data (Opcode) on the data bus is fetched on the rising edge of clock state T3
then, the MREQ, RD, and MT 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 ATRF 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 A7RF are used as the 8-bit refresh address. That is, when
ATRF is used for the refresh address, signals “00H” 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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170489

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 T
ak /_\__
Ag~Ais X Proagram counter Refresh address >(
we |\ 2N
- _

W \
{ In

Do~D7 {_Inpu

- U ﬁ ™

1

170489

Figure 3.2.12 Opcode Fetch Timing
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CLK I_—\_' - /__\ e
Ag~As X Program counter Refresh address
MREQ T\ /N /[
RD T\ /
T AN /
WAIT L 1N/
RFSH \ A

@)
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Figure 3.2.13 Opcode Fetch Timing Including Wait State
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 WATT 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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Figure 3.2.14 Memory Read/Write Cycle Timing
(3) 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/O 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 JORQ
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 T1
CLK N\ \ [ T [ 4 \_
Ag~Az L Port address X
TORQ A\ /]
RD /_ Read cycle
(input)
Do~D7 1‘ Input >——
WAIT / O\
WR /— Write cycle
{output)
Do~D7 —_—Q Output
170489

@

Figure 3.2.15 1/ Operating Timing
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 (D0 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“I”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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Each machinecycle - »]e—— Busenablestate

SL,f;;‘eT 1P ™ ™ T
AP N SN SN S N SN SN S
BUSREQ \
BUSACK \ /|

Floating state

Ag~Ass D itk shalltete Sl -<:
Do~D7 SRS Rl bl e

REQ, RD,
R, IORQ

213

RFS /

xI

170489

Figure 3.2.16 Bus Request and Bus Acknowtedge 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 BUSREQ 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
et T T1 T2 TW* TW* T3
cik _/_\__/_\__/_\_/’__\__/_\_/L  \_
INT A l/
Ag~Ais X Program counter Ralesh

TOR —\
Do~D7 { Input
WAIT / \
RD

170489

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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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

ak M N_ /7 f / '\ — \_ /S \J

NMI

NMlinternal =T ™ hmiteiennth st st Henienienainl R =
latch | S O <

Apg~A1s —X__ Program counter | X___ Refreshaddress | X

M1 \
VREQ \ ST/
RD \ /S
RFSH N\ /[

170489

Figure 3.2.18 Non-Maskable Inpterrupt Acknowledge Timing
(7) Halt 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

MPUZB0ASSP-37



TOSHIBA TMPZ84C015B

“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)
— M M1 M1
T4 T1 T2 T3 T4 T1 T2

CLK _/—\_/_\_/_—\_/_\_J Y\_/_L
wr TN ]
INT \ \ |/

Lo A P R S L R

NMI e e e - R R R e~ ————

NMlinternal — _ 4 o o — _ ] e I N R U S N
latch _'__ _____ | S

Figure 3.2.19 Timing of Clearing Halt State Caused by Interrupt Acknowledge

Clock supply stop Restarting clock supply
. . from CGC from CGC
| NOP instruction | ! NOP instruction |
! | | 1
T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2

CLK

NMl internal
latch

INT

170489

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 “1”, instruction execution starts from address 0000H
after a dummy cycle of at least 2T clock states.

M1 of address 0
B SR —
T1

S o N an Y SN SN SR SR AR S

<« Dummy cycle —

170489

Figure 3.2.21 ResetTiming

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 __,
st;,}eT ™ TX T T
ak — A S/ 4 /M
BUSREQ /
BUSACK /7

Floating starg
Ag~A1s D=t q=—=-- <
Do~D7 —_—— e ——— - _<
WR, IOR e
™M1 HALT —C
EV /

170489

Figure 3.2.22 Evaluation Timing

Figure 3.2.23 shows the block diagram of the TMPZ84C015B 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 TMPZ84C015B.
(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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CLK
—~| MS1 HALT
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ESET —& = 1
INT i:) Do~D7
ZC/T0, INT CLK
§ i —] 7o
ZUT03 //1 10RQ
CLK/TRGg Dg~D7 N WR
§ RD - RFSH
CLK/TRG; ORG | |
RESET -
DCDA
l CTSA
IEY o RTSA
IEO M1 |=— ¥ { OTRA
g0 s [ e
I o e i
CSo § B | RESE o AOA
CTC CSy fal I INT ~— AXCA
— - l— TXCA
- 1 > TXDA
| | sI0 —» TXDB
TXCB
1 — L ]IEO, IEl DI ==
IEl G % TE < RXDB
— IEO INT D <> SYNCB
ASTB INT /1 'l/ g ;; 2 W/RDYB
ARDY Do~D7 o
N [ DTRE
PAg N RD ul RTSB
§ ORQ || CTSB
PA; ¥ DCDB
P8y - L N [M1 RESET IEl WR RFSH
o, V| /|Po~D7 IO .. woTouT
___ CEE mA ;Iﬁg Watchdog timer [—> A7RF
BRDY [ § & reagisters —> ICT
B5TB /6 § [w] #F1 — ICT
A fa ] & P
PIO a MT-RESET _MS1,MS2
|

170489

Figure 3.2.23 Block Diagram of the TMPZ84C015B Functioning As Evaluator
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3.2.4 TMPZ84C015B Instruction Set

This subsection lists the TMPZ84C015B 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 IX
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)
qH Higher register of register pair
(B, D, H, A)
IXH Higher 8 bits of index register I1X
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,LLF)
IXy Lower 8 bits of index register IX
1YL Lower 8 bits of index register IY
PCL Lower 8 bits of program counter (PC)
rb Bit b (0-7) of register (B, C, D, E, H, L, A)

120489
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e  Symbols (2/2)

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

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

(1Y +d)p 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 IY.

Flag change symbol 0 Reset to “0"” by operation.
1 Setto “1" by operation.
- No change
* Affected by operation
X Undefined
P Handled as parity flag.
P=0: odd parity
P=1: even parity
\ Handled as overflow flag.
V=0: No overflow
V=1: Overflow
Operator <« Transfer
o Exchange
+ Add
- Subtract
A Logical and between bits.
v Logical or between bits.
® Exclusive or between bits
Others IFF Interrupt enable flip-flop
cY Carry flag
z Zero flag

120489

MPUZBOASSP-43



TOSHIBA TMPZ84C015B

TMPZ84C015B Instruction Set (1/9)

ITEM/ Object code No. | No.
casst A bl - Functi Flag oF |or
-FICA. mnemonic Binary Hex unction
TION 543
rre
999
goo
001
010
o011
r,{1Y+d) 100
101
111
(IY+d)er
a
<
Q
o
< {IX+d}, n
-
<«
o
-
o@
«©
< o
- T
40 _tlee
a BC | 00
- DE | 01
@ HL | 10
.
© SP |11
Note : r,gmeansany of the registers A, 8, C, D, E.H. L.
IFFin “Flag” column indicates that the content of the interrupt enable flip-flop is copied into the PAV flag. 120489
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TMPZ84C015B Instruction Set (2/9)

TEM/ Object code
CLASSI bl
A ie Binary Hex Function
TION 76 543 210
LD IY,mn i1 111 101 FD IYemn
00 100 001 21
na ann
'H'-L'( 'r.n.ﬁ;i‘). ..............................
n Le(mn)
m e
B t‘(mn) TR LH«(mnﬂ) ..........................
4B+t x 10 tye{mn)
n
IXye(mn+1)
2A IXpe(mn)
nn nAn nnpn n
P SO | oo o n AR
« |0 IV, {mn) 11111 101 |FD IYe(mn+1)
o 00 101 010 2A 1Y «(mn)
- an nnn onan n
mm mmn mmm m
: Ry on 100 010 5 (.;';r.‘.;.l..);i{ ................................
« nn anp nnn n {mn}eL
a mm mmm mmm m
o (mn),L ........ R i (mn+1)«-tH ...............................
" 01 tt0 011 43+t x 10 (mn)ety
; nn ann ann n
N mm mmm mmm m
o T T B [ et '(-rﬁh';Ai')';'Il)'(H ............................
- 00 100 010 |22 (mn)eIXp
nn nnn nnn n
o FD (mn+1)Ivy
22 (mn)«IYp
au+(SP+1),qL<(SP),
SP«SP+2
R e P i'ii;é'(é{#?i')",'i')ii_'#'('s'é') ............
SPeSP+2
IYWe(SP+1),1Y  «(SP)
El SPeSP+2
IO LT
EX AF ,AF"
T

Note :  tisany of the register pairs BC, DE, HL, SP.
qis any of the register pairs AF, BC, DE, HL.

(PAIR),,, (PAIR), refer to high order and low order eight bits of the register pair respectively. (Ex} BC = C, Afy=A.

*1 : EXCHANGE

120489
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TMPZ84C0158B Instruction Set (3/9)

ITEM/ Object code
cLAssI A bl - Functi
FiCA mnemonic Binary Hex unction
TION 76 543 210
W pEX SRR 111 %00 011 fes T Ho(SPri),Lo(sP) ...
S [exX7(sP) X 11 011 101 | DD IXyeo(SP+1)
E NS 11,100 011 LS o [ IXOUSP)
o LB (SP)TY 11 111 101 [¥D IYye(SP+1)
w 11 100 011 JE3 1Y, @ (SP)
(DE }+(HL),DE<DE+1
(DE )« (HL +[BC< >0]
10 110 000 Bo HL+HL+1,BC+BC~1 Repeat until 4| 18] «[BCL=0]
E e L B e
w L |top 11 101 101 [ED {(DE)&(HL),DE~DE-1
LY} 10,101 000 B8 o |HLHLELBCBCL il b i ]
i: LDDR 11 101 101 ED (DE)«(HL),DE+DE~1 5] 21] «[BC< >0]
= w 10 111 000 B8 HL¢HL-1,BC+BC-1 Repeat until «[BC=0]
v
N 7T SRS ERIUTIIUNUIIS ITCUTTIITR 5e) 5T NSUISIISRRTSITISPRS N PR S0 JOR: SRS SN SOOIO0 SUUOE N0 MUY SO
[
GO boonn L T e i
S5 [cpIr «[BC< >0 &
oo N A< > (HL))
.......................... 42 Rpac=o or
[ol] A= (HL)]
hor T e ey Tag e [ TR e S b L < 0 &
A< > (HL)]
~x[BC=0 or
ADD A FROE RTINS, SUF-SLN-Roel HE N SV A= (HL)]
ADD  A,n
ADO_ A, (HL)
ADD A, (IX+d)
-
4
v Ach+{IY+d)
L}
Q
o
g ‘;\’*A*H*CY
e fnn enn e
L LTI AT BT PRy RSy PP ORPRRNN AN Liog 2 3 OO
e AcA+(IX+d)+CY
—
w
=
Iz A, (IY+d)
«
<
-
o
©
(IX+d)
suB (ivea) ACA-(IY+d)
10 010 110 96
dd ddd ddd d
Note :  *M P/ flagisQif the result of BC~ 1 =0, otherwise PAV=1.

*N Zflagis1if A=(HL}, otherwise Z=0.
[ lindicates the total condition of the number of cycles and states indicated by arrow.
r means any of the registers A,B,C,D, £, H, L. 120489
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TMPZB4C015B Instruction Set (4/9)

TEM/ Object code Mo. | No.
cuassi bl - . Flag of | oOF
FICA- mnemonic Binary Hex Function
TION 76 543 210
rer
oo
001
010
A, [IX+d) AcA-(IX+d)-CY 011
10 011 110 |9E 100
..................... dd ddd ddd 1 e to1
A, (IY+d) 111
-
<
v
U]
o {IX+d)
-
P T
z
<
@)
—
e freee
s om0
< (IX+d) Ay (IX+d)
-
o
<«
-
o
«©
A-(IV+d)
INC (HL) ] 99.110 100 134 LIS SR XN s AL
ING  (IX+d) 11 011 101 |DD (IX+d)e(IN+d)+1 6| 23
00 110 100 34
dd ddd ddd  |d
Note : rmeans any of the registers A, 8,C, D, E, H, L. 120489
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TMPZ84C015B Instruction Set (5/9)

ITEM/ Object code No. | No.
CLASSI bl . Flag or |or
-FICA- mnemonic Binary Hex Function . cr- | sta
TION 76 543 210 S N 1 C |cesires

o [INC T (Iv+d) T11 111 101 |FO (IY+d)e(IY+d)+1 - 0i-| ef 23
: 110
w
= T rrr
T 4 —_———
T )00 210 10t (185 ety e e x T v o T B 1000
z v (Ix+d) c|oo01
a4 v 00 110 101 35 D |o1a
) S | 9 9dd 999 14 b, E o1t
—  |DEC  (IY+d) 11 111 101 |FD (IVed)e(IY+d)-1 H {100
o O
> 2 Lj101
© Ajilt
_ 1 adjust accumulator
[e]
-4
—
z
[}
(v
St
af:
b3
w K
“ o
[o -4
o o/
o
= L
@ -
v
—w
a4 3
- I
w
= - 2 .
w Set interrupt mode 2 : H : H : : H 2 8
v < N A H

HLeHL+t

IYeIY-1

RLCA 00 000 111 |07 7¢0
A

ROTATE

Note : ssis any of the register pairs BC, DE, HL, SP. PP is any of the register pairs BC, DE, IX, SP.
rris any of the register pairs BC, DE, IY, SP. 120489
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TMPZ84C015B Instruction Set (6/9)
TEm/ Object code No. { No.
CcLasst Assembler - _ Flag o |oF
FICA- mnemonic Binary Hex Function CY- {S1A-
TION 16 543 210 CLES | TES
/]
4
4
.......... N I —
............ 8 oo
C oot
0010
E 011
- H | 100
“w dd ddd ddd |d r, (HL), (IX+d), (IY+d) L | 101
- A |11
T —
“
w
-
«
[
Q
4
P, (ALY, (IX+d), (1Y+d)
r, (HLY, (IX+d), (IY+d)
Ari'liﬁu(“l‘;(;ﬁ‘s ..............
R L4 P IR D Dot ol o Sl P [
ﬁ.ﬁu.(m_.), ........................
e e a0 T O o 108 Y
r, (HLY, (IX+d)
dd ddd ddd d
00 011 110 1E
Note : rmeans any of the registers A, B,C, 0, E, H, L. 120489

MPUZ80ASSP-49




TOSHIBA TMPZ84C015B

TMPZ84C015B Instruction Set (7/9)

ITEM/ Object code No. | No.
CLass| bi - Functi Flag oF |oF
~FICA- mnemonic Binary Hex unction L — S— cv- | sTa-
TIoN 76 543 210 szl iHD ipviNc|aes|tes
RR  (IY+d) 101 D el 0iXx: P igie 6| 23
011 |cB 7 >0 : HE
(IY+d)
............................. Ry z —
........... B 000
4| 15] C|o01
...... EEr 0 (o010
6] 23 E[011
[T o] b | 100
T (HL), (TX¥3), { I¥+d) L|101
_______ A
-
w
T
w
w
-
<«
-
[}
-4
.......................... 00 111 110 J3E ... To(HLY, (1X+d), (IY+d)
SRL  (IY+d) 11 111 101 FD
"1
..... “
"o [bbb
= 0 {000
’u: ........................................ 1 oot
g 2 1010
" 01 bbb 110 46+bx 8 Ze(HL)p 3 o011
S 41100
= v
o v 5 [ 101
6110
Note : *1: Rotate digit left and right between the accmulator and location (HL). AR
The content of the upper half of the accumulator is unaffected.
Thenotatxon(HL)bindicalesbntb(0t07)W|thinthecontentsoftheHLregisterpair.
The notation r, indicates bit b {0 t0 7) within the r register. 120489
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TMPZ84C015B Instruction Set (8/9)
ITEM/ Object code no. | No.
CLASSI bl . OF OF
FICA Binary Hex Function cv. | sta-
TION 76 543 210 cLes | TS
BIT b, {IX+d) |11 011 101 DD 5] 20
11 001 011 [CB Ze(IX+d)p
BT '.'(I“V.:dj"
-
»
w
B B Z —
= T S T L LI R B 000
> |SET  b,(HL) ¢ joat
L s b {010
SET b, {1X+d) o011
g H | 100
w
“w L |01
W e ILERSEE
« [SET b, (1¥+d) -
ZoJoun_
L 0} 000
w
” 1]001
RES b,r 2010
L T jjonn
- [Res b (HD) 4| 100
® 51101
RES b, (IX+d) (1¥+d)p+0 61110
ol
d
86+bx 8
Je mn
e represents the
¥ extension in the
{Only when condition is met) relative
........................ addressing
IR g PCeSte mode,a=e-2.
o e is a signed
E JR C,8+e continue  Jtwo's
En TS PET T TP PP PRI . complement
JR NC,$+e number in the
................ 7 raﬂgeof
R s |-126=e <129
BN e
DINZ §+e
GE (HL) ........
¢ | ccef Condition
Note : a=e~2inthe Opcode provides an effective address of PC + e as PCis incremented by 2 before the addition of e.

$ indicates the reference to the location counter value of the current segment.

The notation r, indicates bit, (0 to 7} within the r register.

a=e-2 in the op-code provides effective address of PC +e as PCis incremented by 2 prior to the additionof e,

.
L]
® The natation (HL),, {IX + d)y, indicates bit , (0 to 7) within the contents of the register pair.
L]
.

NZ| 000| Nor-Zero

Z| 001] Zero

NC| 010] No-carry

C| 011 Carry

PO| 100f Odd Parity
PE| 101} Even Parity
P| 110] SignPositive
M| 111} Sign Negative

270483
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TMPZ84C015B Instruction Set (9/9)

ITEM/ Object code No. | No.
CLASSI A bl i Flag of |oF
FICA mnemonic Binary Hex Function _— . cv- | sta
TIoN 76 543 210 Sizi MWl P/VINGC | ces|res
a |JP (1X) 11 011 101 Db PCe(IX) - i 4 8
2 .........................................................
> PCH(1Y) 2|8
- 11 101 o001 EQ I
{SP-1)PCy, (SP-2)<PCL [ -5 |17 ] _d [kkk
z PCemn o 00H [ 000
« 1. 08H { 001
2 If condition ¢ is met, same as 5 17 10H | 010
" eatten, o pp i 184 | 011
x -3 L] 2o 100
PCLE(SP}. PCHe( 3 [1o] 284|101
o 30H | 110
2 1| 3snfin
< If condition cis not met,continue | 1.1 jjj .
o ReturnfrominterruptPro:ess:ﬁg 4 114] rjrer
- L | O B | 000
< Return from non-maskable |~ A4 ¢ oo
e interrupt Processingroutine | 1 G icio i Djoto
(SP-1)«PCy, (SP-2)ePC, [ : 3 [11] e o1t
PCye0,PCL* ], SPeSP-2 I ; #| 100
3|1 L]101
.......... Al
3|12 ]
R I A PSS SATCIEEC LRI MR Tr LS T IV IR IR OPETYPREPPRE SROTE SOPUYS SN SUPPUE SUNE A AR FUUPI SUTUN
=) 4 |16
R ST RRIRETRARERNTS bty SN Y o SO OUNUIY KOO SUROURURRRURURRTRE INURNSURNULSUNRE-SUUNE SARRILSURURE SUUIE ST IR SO
I (HL}«(C), B+ 5 | 21 ] «[B<>0]
> Repeat until B .4 118 | «[B=0] |*1
© 4|16
L= I T TERPION] Sy ey s RSre sy PUH R\ SUVOUURNN KSR TTOUROIPRURRRITUIUY NUUOLSUON-SONE AT UUURINN SUUUE SN IRRRTN SO
z 5 j 21| <[80]
< 4 (16 ] «[B=0]
3|11 —
-
" ENEYY ]
a
L SEITITSRIPOISTPPURPIUN Iedr P SO S Wod Al SOOI HUNOOOUUOUUN O URUARRUTOUVRUR ISV SV VUV SR SURNE A U VO
— 4 116
s [ 21| ~ero0]
= *1
....... 16| «B=0]
4 | 16
{(Cy«(HL),B+B=1,HL*HL-1 “s |21 «rse>0]
Repeat until B=0 4 |16} «[B=0]_ |

*1 C—A0-~-A7 ¢ | ccc | Condition
B—Ag~ALS NZ{ 000 | Non-Zero

Note: e *M Iftheresultof B-1is zero, the Z flag is set, otherwise it is reset.

¢ A0 through A15 indicate the address bus. 2| 001 ( zero
& [ Jindicates the total condition of the number of cycles and states NC| 010 | No-Carry
indicated by arrow. €| 011 ] Carry

PO| 100 | Odd Parity
PE]| 101 | Even Parity
P| 110 | Sign Positive
M| 111 | Sign negative

120489
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TMPZ84C0158 Instruction Map (1/7)
MPU instruction Table ( I )

I 1 2 3 a 5 6 7 8 9 A B c > E F
[} NOP LD LD INC INC DEC LD RLCA EX ADD LD DEC INC DEC LD RRCA
BC,mn | (BChL A BC B B B.n AFAF | HCBC | A{BO) BC C C n
1 DINZ LD LD INC INC DEC e RLA JE ADD LD DEC INC DEC Lo RRA
e DE, mn { (DE}, A DE o] D D.N e HLDE | A, {DE) DE E E E.n
2 JR NZ, LD LD INC INC DEC [Ae] DAA JRZ ADD LD DEC INC DEC Lo cPL
e HL, mn | ma)He HL D H H,.n e HLHL | Hi(mn) HL L L Ln
3 JR NC, LD LD INC INC DEC LD SCF JRC ADD LD DEC INC DEC LD CCF
e SP.mn | (mn),A SP (HL) (HL) (HLLn e HLSP [ A{mn) SP A A An
4 LD D LD Lo Lo Lo LD Lo LD LD LD LD LD LD Lo LD
B.,B B.C B,D :33 B.H B, L B, {HL) B, A cs8 C.C cD CE CH CL C,(HL) CA
5 LD LD LD LD LD LD LD Lo LD LD LD Lo LD LD LD Lo
OB D.C 0.0 D.E D.H D.L D, {HL) D,A E.B EC E.D EE E.H E.L E (HL) E.A
6 Lo LD LD o Lo LD LD LD Lo LD LD LD LD LD Lo Lo
H,B H,C H,D H.E H,H H.L H, (HL) H. A LB LC LD LE LH Lt L, (HL} LA
7 LD Lo LD LD LD LD HALT Lo LD Lb LD LD LD [1s] LD LD
(HL)Y, 8 { (HL),C | (HL},D | (HL)LE | {(HLLH | (HL), L (HL), A AB A C A D AE AH AL A, (HL) A A
8 ADD ADD ADD ADD ADD ADD ADD ADD ADC ADC ADC ADC ADC ADC ADC ADC
A,B A C A D AE AH AL A, (HL) AA A,B AC A D AE AH AL A, (HL) AA
9 SUB suB suB suB sue suB suB SuUB SBC $8C $B8C $BC SBC S8C SBC SBC
B C D E H L (HL) A A.B AC AD AE AH 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 o] E H L (HL) A
B OR OR OR OR OR QR OR OR P cp cp cP CcP cP P XOR
B C o] E H L (HL) A B C o] E H L {HL) A
C RET POP JP NZ, 1P CALL PUSH ADD RST RET RET PV 0] CALL CALL ADC RST
NZ BC mn mn NZ, mn BC An Q0H C mn Z,mn mn A.n 0BH
] RET POP JPNC, ouT CALL PUSH sSuB RST RET EXX PC, IN CALL Q@ SBC RST
NC DE mn {n}.A { NC,mn DE n 10H C mn A, (n) c.mn A n 1BH
E RET POP JPPO, EX CALL PUSH AND RST RET JP JP PE, EX CALL @ XOR RST
PO HL mn {SP},HL | PO, mn HL n 20H PE (HL) mn DEHL | Pl mn n 28H
F RET POP PP, o] CALL PUSH OR RST RET LD IPM, El CALL @ P RST
P AF mn P, mn AF n 30H M SP,HL mn M, mn n 38H
120489

Note @ ~@: Multi-Opcode Instructions (ref. Table (11)~(VI))
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TMPZB4C0158B Instruction Map (2/7)
® Bytel1“CB”
Instruction Table ( II ) (Byte 2 of 2-byte Opcode)

H 0 1 2 3 L 5 6 7 8 9 A B C o] E f
0 RLC RLC RLC RLC RLC RLC RLC RLC RRC RRC RRC RRC RRC RRC RRC RRC
B C D E H L (HL) A 8 C D E H L (HL) A
1 RL RL RL RL RL RL RL AL RR RR RR RR RR RR RR RR
B C o] E H L (HL) A B C D E H L {HL) A
2 SLA SLA SLA SLA SLA SLA SLA SLA SRA. SRA SRA SRA SRA SRA SRA SRA
B C D E H L (HL) A B C D E H L (HL) A
3 SRL SRL SRL SRL SRL SRL SRL SRL
B C D E H L {HL) A
4 BIT BIT T BIT BIT BIT BIT BIT BIT 8IT BIT BIT 8IT BIT BIT BIT

0.B ¢,C 0.D 0,E 0.H oL 0,(HL) 0,A 1,B 1,C 1.0 1€ LH 1L 1,{HL) 1A

5 BIT 8IT BIT BIT BITT 8IT BIT BIT BIT BIT BIT BIT BIT 8 BIT BIT
2,8 2,C 2,0 2,E 2,H 2,L 2, (HL) 2,A 3,B 3.C 3,D 3.E 3,H 3L 3,(HL) 3,A

6 BIT 8IT 8IT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
4,8 4,C 4,D 4,k 4.H 4,L 4, (HL) 4,A 5B 5.C 5.0 S5.E 5.H S.L S, (HL) 5.A
7 BIT BIT 8IT BIT BIT BIT BIT BIT BIT BiT BIT BIT BIT BIT 8IT BIT
6,8 6.C 6,D B, E 6. H 6L 6, (HL) 6,A 7B 7.C 7,0 7,E 7.H 7.L 7.(HL) 7.A
8 RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES

0.8 0,C 0.0 0.E 0,H 0L 0, (HL) 0.A 1.8 1,C 1.0 1.E LH 1L 1,(HL) 1A
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TMPZ84C015B Instruction Map (3/7)
@ Bytel“ED”
Instruction Table (Il ) ( Byte 2 of 2-byte Opcode)

H t 0 1 2 3 4 5 6 7 8 9 A B C D E F
0
1
2
3
4 IN out SBC LD NEG RETN MO (1] IN out ADC o] RETI LD
B, [C) {C).B HL.BC | (mm.BC I, A GO {0, C HL,BC | sc{mn) R.A
5 IN out $SBC LD mM1 Lo N our ADC Lo M2 LD
0. (C) {C),D | HLDE | (mn)0E Al £.(Q (C).E HL,DE | DEfmn) AR
6 IN out SBC LD RRD IN out ADC LD RLD
H,{C) {QO.H HLHL | (ma)LHL L Q) {Q.L HLHL | HLtmn)
7 SBC Lo IN ouT ADC LD
HLSP | (mn)se ALC) | (O.A | HLSP | spiwn)
8
9
A LDt CPI INI ouTI LoD CPD IND ouTD
B LOIR CPIR INIR OTIR LODR CPDR INDR OTDR
C
o]
E
F
120489
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TMPZ84C015B Instruction Map (4/7)
® Bytel1“DD”
Instruction Table (IV ) (Byte 2 of 2-byte Opcode)

R 1 2 3 4 5 5 7 8 9 A B c o E F
0 ADD
IX.BC
1 ADD
IX,DE
2 Lo Lo INC ADD LD DEC
IX,mn | (mn),ix 2.4 X, 1X X, {mn} X
3 INC DEC b ADD
(X +d) | X+d)} | X +d) X, 5P
.n
a Lo B, LDC,
{IX + d) (X +d)
5 LDD, LDE,
{IX+d) (X +d)
6 LDH, LDL,
{IX +d} {IX +d)
7 LD LD LD LD Lo LD Lo LD A,
(X +d} | 0X+d) | (IX+d) | (X +d) {IX +d) | (X +d) (X +d) X +d)
.B .C .0 .E .H v LA
8 ADD ADCH,
(X +d) (X +d)
9 sug SBCA,
{IX +d) (IX+d}
B AND XOR
{IX + d} {IX +d)
9 OR CcP
(IX+d) (X +0)
c ©
D
E POP EX PUSH 1
iX {SP), IX X [(E3]
F LD
SP,IX
120489

Note ®: Special 2 byte Opcode Instructions (ref. Table (V1))
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TMPZ84C015B Instruction Map (5/7)
@® Bytel“FD”
instruction Table ( V ) (Byte 2 of 2-byte Opcode )

H L 0 1 2 3 4 5 6 7 8 9 A B C 2} E F
4] ADD
1Y,BC
1 ADD
IY,DE
2 Lo D INC ADD LD DEC
IY.nn | (mn)1y Y Y, 1y 5, {mn) Y
3 INC DEC Lo ADD
y+d) [ (Y +d) { (1Y +d} 1Y.SP
.n
a4 LDB, wc,
(Y +d) (1Y + d}
5 LD D, LDE,
(Y +d) {IY +d)
6 LDH, LDL,
{IY +d) {IY +d}
7 LD LD LD LD Lo 0 LD LD A,
(Y +d) | Y +d) [ (Y +d) | (1Y +d) | (1Y +d) | (Y +d) {IY +d) {IY +d}
B .C ,D LE +H L A
8 ADD ADDC
A,
{IY +d) {IY +d)
9 suB SUBC
A,
{IY +d) (Y +d)
8 AND XOR
(1Y +d) QY +d)
9 OR CcP
Y +d) QY +d)
c ®
o}
E POP EX PUSH JP
Y {se) 1Y Y )
£ LD
SP.IY
120489

Note ®: Special 2 byte Opcode Instructions (ref. Table (VI))
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TMPZ84C015B Instruction Map (6/7)
® Bytel1“DD”
Byte 2 “CB”
Instruction Table (V1) (Special case of 2-byte Opcode : Byte 3)

W oo 1 2 3 2 5 6 7 8 9 A 8 c D E F
0 RLC RRC
(X +d) (X +d}
1 RL RR
(X +d) X +d)
2 SLA SRA
(X +d) (X +d)
3 | SRL
(X +dy
2 BITO, BIT1,
(X +d) X +d)
5 BIT2, BIT3,
(X +d} {X+d)
6 BITS, BITS,
(X +d) (X +d)
7 BITE, BIT7,
X +d) (X +dy
8 RES 0, RES 1,
{IX +d) X +d)
9 RES 2, RES 3,
(% +d) (1X+d)
A RES 4, RES S,
X +d) (IX +d)
B RES 6, RES 7,
1x+d) X +d)
4 SETO, SET 1,
X +d) X +d)
D ' SET2, SET3,
{IX +d) (X +d)
3 SETA, SETS,
(IX+d) {IX+d}
3 SET6, SET7,
(IX+d) (X +d)
120489
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TMPZ84C015B Instruction Map (7/7)
® Bytel“FD”

Byte 2 “CB”
Instruction Table { VIl ) (Special case of 2-byte Opcode : Byte 3)
W Yoo 1 2 3 a 5 6 7 8 9 A 8 c D 3 3

0 RLC RRC
(1Y + d} {IY +d)

1 RL RR
(IY +d) {IY +d)

2 sLa SRA
(Y +d) (¥ +d)

3 SRL
(IY +d}

4 BITO, BITI,
(Y +d) (IY +d)

H BIT2, BIT3,
(¥ +d) (Y +d)

6 BIT 4, BITS,
ay +d) (Y +d)

7 BITS, BIT7,
{IY +d) {IY +d)
8 RESO, RES 1,
(Y +d) (Y +d)
9 RES 2, RES 3,
(Y +d) Y +d)
A RES 4, RESS,
(Y +d) (v +d
B RES 6, RES 7,
Y +d) (Y +d)
c SETO, SET1,
{IY +d) Y +d)
D SET2, SET3,
(Y +d) v +d)
E SET4, SETS.
(1Y +d) {IY +d)
F SETS, SET7,
(I +d) (1Y +d)

120489
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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

Y Y t

XTAL2 CLK

CONTROL CIRCUIT

XTAL1
—|

OSCILLATOR
AND DIVIDER

-

INTERNAL COUNTER

170489

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
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(1

Clock Generation

The CGC contains an oscillation circuit. By connecting oscillator to external pins
(XTAL1 and XTALZ2), 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.

XTAL1

Cin

Figure 3.3.2(a} Example of Crystal

(1)

0

XTAL2

Connection

170489

Figure 3.3.2 (b) Oscillator

Cs
11
I
L C Rs

170489

Equivalent Circuit

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;

) Quartz Crystal . Condition
Product No. Holder| Frequency | Cin | Cout Parameter (Typ.) Drive Level [Toad .
Type (MHz) (pF) | (pF) G R [ CoeR [ Rr (@) {mw) Cap(;c;)tance
MR8000-C20 8 22 | 33 — | 400 | 30.0 — —
MR8000-C14 | HC-49 8 20 | 20 [0.0189] 3.87 6.0 0.5 12.67
MRr12000c20 | Y 12 33 | 33 | — | 400 | 250 — —
MR12000-C14 |(TR-49) 12 20 | 20 [0.0190} 3.81 6.9 0.5 12.55
MR16000-C14 16 20 | 20 [0.0197] 4.00 5.7 0.5 12.20
MR20000-C14 20 20 | 20 — [ 400 | 250 05 14.00
020790

Note: The load capacitance in the condition does not include any stray capacitance.

(2)

For the ceramic resonater, use the CSA8.00MT, CST8.00MT (oscillation frequency

8 MHz) or CSA12.00MT, CST12.00MT (osillation frequency 12 MHz) manufactured
by Murata MFG Co., Ltd.

Product No. Frequency (MHz) Cin{pF) Cout(pF)
CSA8.00MT 8 30 30
CST8.00MT 8
CSA12.0MT 12 30 30
CST12.0MT 12
CSA20.00MX040 20 5 5

Note :

020790

The CST8.00MT and CST12.0MT need no outer capacitance.
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[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.

Table 3.3.1 CGC Operation Modes

Hait mode setting register
(#F0:HALTMR) Op:;‘;gz”a' Description
Bit4 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 CTCis continued.
All internal operations are stopped. The clock

! ¢ STOP Mode output (CLK) is held at “0”.

1 1 RUN Mode The supply of clock outside is continued.

170489

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).
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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 914,

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.

Cour _5
COUNTER
215
|_

Cin ! CONTROL |, CLKOUT
! CIRCUIT (fc)
i CONTROL
i CIRCUIT
L e ittt ittt ittt 170489

Figure 3.3.3 Block Diagram of internal Counter

Table 3.3.2 Warm-up Time

Counter output Warm-up Time

fXTAL=12MHz | fXTAL=8MHz
2.7 ms 4 ms

215 214/1fc

170489
*fe=fxraL/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.

{1] Status Transition Diagram

RESET =
P
TERNAL

OSCILLATOR
NO QPERATION

YES

MODE
CHANGE?

NO

CLOCK OUTPUT J

SUCCESSION
.
IDLE MODE
INTERNAL
CLOCK OUTPUT OSCILLATION STOP
STOP (CLACK BUTPUT STOP)
]
STOP MODE
CLOCK OUTPUT
STOP
INTERNAL
OSCILLATOR START
IDLE MODE
WARMING-UP
(214/1¢)
CLOCK OUTPUT
START

- L

Figure 3.3.4 Status Transition Diagram

170489
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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.

(@) Runmode (#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 | M1 cycle

T4 T1 T2 T3 T4 IT‘I T2 T3
ax _| L] |74 L] 1| I_(A L
T
HALT
/ \
M1

HALT instruciton
Opecode fetch cycle

|

'—>‘<—— NOP execution I NOP execution

170489

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,bit3=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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This datasheet has been downloaded from:
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Datasheets for electronic components.



