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Features
]

TMPZ84C013AT-10
TLCS-Z80 MICROPROCESSOR

OUTLINE AND FEATURES

The TMPZ84C013A is a high-performance CMOS 8-bit microprocessor incorporating
the counter timer circuit (CTC), the serial I/O port (SIO), the clock generator/controller
(CGCQC), 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 TMPZ84C013A is based on the new CMOS process and housed in a standard 84-
pin PLCC package, greatly contributing to system miniaturization and power saving.

The TMPZ84C013A incorporates the high-performance serial I/0O 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.

] Built-in TLCS-Z80 series MPU, CTC, SIO, 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:

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%:10MHz VERSION) supported.
L] Wide operating temperature range (—40°C to +70°C : 10MHz VERSION)

. Low power dissipation
In operation: (RUN mode) 40mA TYP. at 10 MHz
In idle: (IDLE-1 mode) 2.5mA TYP. at 10 MHz

(IDLE-2 mode) 19mA TYP. at 10 MHz
In standby: (STOP mode) 500nA TYP.
. Built-in TLCS-Z80 series SIO capability
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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 watchdog timer

Programmed daisy-chain interrupt control
Built-in dynamic RAM refresh controller
TTL/CMOS compatible

Housed in compact standard 84-pin PLCC package

The Toshiba real-time emulator (RTES0) and the commercially available Z80 ICE
can be used (the TMPZ84C013A used as the evaluator).

The Toshiba evaluator board installed.

780 is a trade mark of Zilog Inc.
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2. PIN ASSIGNMENT AND FUNCTIONS
2.1 Pin Assignments (Top View)
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Note: The ICT pin is the test pin. Do not make any external connection to this pin.

Figure 2.1.1 Pin Assignment
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2.2 (A)Pin Functions
(1/5)

. Q'ty
Pin (Number)
DO-D7 8 Input/output | The 8-bit bi-directional data bus.
(76-83) 3-state

AD0-A15 16 Output The 16-bit address bus.

(1-16) 3-state These pins specify memory and I/0 port addresses.
During a refresh cycle, the refresh address is output to
the low-order 7 bits and A7RF.

Type Function

VKD 1 Output The Machine Cycle 1 signal.

(7) 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 TORQ signal. When
the EV signal is applied, this pin is put in the high-
impedance state.

RD 1 Output The Read signal. It indicates that the MPU is ready for
(30) 3-state accepting data from memory or IfO device. The data
from the addressed memory or I/0 devices is gated by
this signat 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 data
(20) 3-state to be stored in the addressed memory or /O device is
on the data bus. When the BUSREQ signal is applied,
this pin is putin the high-impedance state.

MREQ 1 Output The Memory Request signal. When the execution
(23) 3-state 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
B
Ol

Output The Input/Output Request signal. This pin goes “0"
(21) 3-state when the address for an I/O read or write operation is
on the low-arder 8 bits (A0 through A7) of the address
bus. The IORQ signal is also output with the M7 signal
atinterrupt 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
TMPZ84C013A CTC, and SIO is selected by a program.

IEO 1 Output The Interrupt Enable Output signal. In the daisy chain
(59) interrupt control, this signal controls the interrupt
from the peripheral LSis connected next to the
TMPZ84C013A. The IEO pin goes “1” only when the
IEl pin is “1" and the MPU is not servicing an interrupt
from the built-in peripheral LSI.

190589
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(2/5)

Pin

Q'ty
(Number)

Type Function

XTAL1
XTAL2

2
(63)
(64)

Input The crystal oscillator connection.
Output Connects an oscillator having the oscillation frequency
2 times as high as the system clock (CLKOUT)
frequency.

CLKIN

1
(67

Input The Single-phase Clock Input.

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

(66)

Output The Single-phase Clock Output.

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 modes, the clock is kept output. This
pin provides the clock to other peripheral ICs.

(28)

Input The Reset signal input. This signal resets the internal
states of the TMPZ84C013A. This signal is also used to
return from the standby state in the Stop or Idle
mode.

(25)

Input The Maskable Interrupt signal. An interrupt is caused
by the internal CTC, SIO 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 also used to return from the stand-by state in
the Stop or Idle mode.

2
»
-]

(19)

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

BUSREQ

(18)

Input The bus Request signal. The BUSREQ signal 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.

BUSACK

(29)

Output The Bus Acknowledge signal. In response to the
BUSREQ signal, the BUSACK signal indicates to the
requesting peripheral LS| that the MPU address bus,
data bus, and control signals MREQ, TORQ, RD and WR
have been putin th high-impedance state.

190589
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(3/5)

Q'ty
{(Number)
HALT 1 Output The Halt signal. This pin goes “0” when the MPU has
(31 3-state executed a Halt instruction and is in the Halt state. Itis
put in the high-impedance state when the EV signal is
applied.

Pin Type Function

RFSH 1 Output The refresh signal. When the dynamic memory refresh
(26) 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 EV signal is applied.

CLK/TRGO 4 input The external clock/timer trigger. These 4 CLK/TRG pins

~ (72-75) correspond to 4 channels. In the counter mode, the
CLK/TRG3 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/TO0 4 Output The Zero Count/Timer Out signal. In either the Timer
~ZC/TO3 (68-71) made, or counter mode, pulses are output from these
pins when the down counter has reached zero.

1] 1 Input The Interrupt Enable Input signal. This signal is used
(60) with the IEO to form a priority daisy chain when there
is more than one interrupt-driven peripherai LS.

NMI 1 Input The Non-maskable Interrupt Request signal.

(56) 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, the
{58) M1, HALT, and RFSH pins are put in the high-
impedance state. In using the TMPZ84C013A 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 A0 through A15, DO
through D7, MREQ, 1ORQ, RD, WR, M1, HALT, and
RFSH. BUSACK needs to be disconnected by an
externally connected circuit. The evaluator board is
available to use the TMPZ84C013A as an evaluator
chip.

190589
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(4/5)
: Q'ty .
P
in (Number) Type Function
A7RF 1 Output The 1-bit auxiliary address bus. This pin outputs the
{55) 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.
W/RDYA 2 Output The Wait/Ready signal A and the Wait/Ready signal B.
W/RDYB (32, 54) 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 (33,53) receive maode, 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 (34,52)
| RXCA 2 Input The Receive Clock signal. In the asynchronous mode,
‘ RXCB (35,51) the Receive Clocks may be 1, 16, 32 or 64 times the
data transfer rate.
| TXCA 2 Input The Transmitter Clock signal. In the asynchronous
TXCB (36, 50) 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 (37,49)
DTRA 2 Output The Data Terminal Ready signal. These signals
DTRB (38, 48) 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” when
RTSB (39, 47) transmitting serial data. That is, to transmit data,
these signals are made active to enable their receivers.

190589
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(5/5)
; Q'ty )
Pin (Number) Type Function
CTSA 2 Input The Clear To Send signal. When these pins are “0”,
CTSB (40, 46) 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 are
DCDB (41, 45) “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.
(42, 44)
WDTOUT 1 Output The Watchdog Timer signal.
(61) The output pulse width depends on the externally
connected pin.
VvCC 2 The power supply ( + 5 V) pins.
(43, 84)
VssS 2 The ground {0 V) pins.
(22,62)

190589

2.2 (B) TMPZ84C013A Internal I/O Address Map

Internal IO Channel 1/0 Address
ch 0 — # 10
CcTC 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 # 18
Watch Dog Timer
Stand-by mode Register WDTER, WDTPR, HALTMR # FO
Watch Dog Timer Clear command (4En) 4 F1
command Register disable command (B1y)
Daisy-chaine interrupt . .
precedence Register Only use bit2~bit0 # F4

190589
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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 TMPZ84C013A
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3.1.2 Operational Outline

The TMPZ84C013A largely consists of a processor (MPU), a counter/timer circuit

(CTC), a serial input/output controller (SIO), 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 LSI. The four independent timer channels are I/O-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 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 TMPZ84CO013A.

The CGC provides the four operation modes to control the entire TMPZ84C013A
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 TMPZ84C013A 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
TMPZ84C013A 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
TMPZ84C013A and peripheral LSI, thereby saving the system power consumption
and shortening the time required for system restart.

This Materia
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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 TMPZ84C013A,
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 TMPZ84C013A 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 TMPZ84C013A 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 TMPZ84C013A 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, 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
operations of the MPU of the TMPZ84C013A.

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

_|/ T Ag~Ars ASRF

Ag~Ag
Adress bus output circuit
CLKIN ZN
JEE— Accumulator (A) Accumulator (A)
Flag (F) Flag (F)
‘3 B register B’ register
@ Cregister C’ register
5 D register D’ register
g E register E’ register
w B H register H’ register
< < L register L’ register
< 2 - o
; @ | register R’ register
ﬁ "|_” IX register
Do~D;| | Z z 1Y register
Stack pointer (SP)
v 4
g O o Program counter (PC)
< b ﬂ Temporary register
l&- o f Incrementer/decrementer
o =y -
- Instruction 2 :E
decoder = =
2 w
[e 4
O ow
< :: T «— EV
- I
Data I/O 110 Control | < < RESET
,IFF! IFF2 Control Control s'ign’;?;;° @& | . RFSH
T T v -—> MT
RN [ l Control bus controller
NMIT INT TORG HALT WAIT MREQ RD WR  BUSREQ BUSACK
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Figure3.2.1 MPU Block Diagram
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3.2.2 MPU System Configuration

(1l

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 TMPZ84C013A:

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,D,E H, 1Y
(3) Special purpose registers
LR,IX,1IY,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.
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MSB LsB
7 6 5 2 0
s [z . TnT. [pov] v [ c]

Figure 3.2.2 Flag Register Configuration

(* = Undefined)

120489

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

General-purpose
register

Ms8 LSB MSB LSB
7 0
Accumulator Flag reister
A F
B C
D E
H L
Accumulator Flag reister

. E
B’ P
. I
H L

Interrupt vector

Memory refresh

Alternate register

J R
MSB | SB|
Special register
Index register 1X
General-purpose Index register Y
register Stack pointer Sp
Program counter PC

120489

Figure 3.2.3 Flag Register Configuration

MPUZB0ASSP-198

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C013A

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 (7Z)

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 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.
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{c)

()

(3)

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
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
“TMPZ84C013A 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 registers 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’ (AoA’, FoP)
EXX (BoPB, CoC’, DoD’, EoR, 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 (I, R, IX, IY, SP, PC)

This Materi al
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(a)

(b)

(c)

interrupt page address register (1)

The TMPZ84C013A 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, IM1, 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
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 (I1X, 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.
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()

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 return 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
areturn 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 instructions 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.

(ex)

ADDRESS INSTRUCTION before the instruction

MEMORY ADDRESS MEMORY The contents of the SP
HEX) (HEX) is accepted.

LOWER

1230 CALL 1500H FFF1

FFEC | B2
FFED | 23
FFEE | 05
l FFEF | 33
FFFO | 12

1500  PUSH AF FFEF ; A=05, F=23
1601  PUSH BC FFED ;: B=B2, C=CO

T FFEB | CO

save direction

1600 POP BC FFEB
1601 POP  AF FFED
1602 RET FFEF

“— restore directio

—_—

HIGHER
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2]

(e

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. For the

details of halt operation, see [3] “Basic Timing”.

(M

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 TMPZ84C013A contains the
clock generator/controller, easily implementing the clock input control for these
halt operations.
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(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”.

[31 RESET Signal

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

6}
(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 (“17), the MPU starts executing instructions
from address 0000H after at least 2T state dummy cycles.

When reset, the MPU performs the following processing:

(a)

(b)

(9]

(a)

(e)

Program counter
0000H is set.
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.

Control output

All control outputs are made inactive (“17). Therefore, the halt state is also
cleared.

Interrupt page address register (I register)
The content of the R register becomes 00H.
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.
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[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 before the interrupt has been accepted.

The TMPZ84C013A 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” (reset) 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:

° 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 El instruction

Actually, the waiting maskable interrupt request is accepted after the
execution of the instruction that follows 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.
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Table 3.2.1 Processing by Interrupt Source

Interrupt
Interrupt Source Priority | Programmed condition Vector address 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 |at the address specified
by I register (high-order
8 bits) and data from

peripheral LSI {low-
order 8 bits, LSB = “0").

120489
Note: Mode 0 applies when the instruction from peripheral LSI is CALL or RST instruction.

Parity flag l

(RfTN) | (LD A, lorLD A, R)
(Determination of L IFF1 L IFF2 | i
ac_tu%l INT enable (for holding IFF1)
/disable) Executed instruction
0 0 : MPU reset
Dl instruction
INT acceptance
1 1 : Elinstruction
RETN instruction
when IFF2 = 1.
0 state of IFF1 : NMIlacceptance
before NMI
acceptance

120489

Figure 3.2.4 Interrupt Enable Flip-Flop (IFF)
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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 inte 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:

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

® The load instruction (LD A, R) 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.
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, * * Parity flage—IFfF2
RETN 1 1 IFF1<IFF2
LD A,R * * Parity flage—IFF2
INT acceptance 0 0
RETI * *
El 1 1
NMI acceptance 0 1
D! 0 o]
RETN * *
Note: * =nochange. 120489
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o))

(a)

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
BUREQ 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:

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

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

The content of the current program counter is saved into the stack.

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 followings:

1
2

The contents of the current IFF2 are copied into IFF1.

The contents of the program counter are restored from the stack.

Acceptance of non-maskable interrupt (NMI)

l

L Execution of ordinary pragram

| L

'—»‘ Service routine

Address 0066H Execution of RETN instruction

120489

Figure 3.2.5 Non-Maskable Interrupt Processing
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(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 content of the current program counter is 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, IMlor IM2 before the interrupt is
serviced. The instructions are executed starting from the vector address
corresponding to the selected mode.

° Mode O

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 J

I t

|—>| Service routine 1—’

RST from peripheral LS| Address specified by CALL or Execution of RET! instruction.
120489

Figure 3.2.6 Interrupt Processing in Mode 0
L 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

1

| Execution of ordinary program |

] t

’—>| Service routine

Address 0038H Execution of RET} instruction

120489

Figure 3.2.7 Interrupt Processing in Mode 1
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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
address begins with the low-order byte followed by the high-order byte as shown in
Fig. 3.2.8.

Interrupt in mode 2

l

| Execution of ordinary program

Table l

t
l—rL Service routine "—‘

Execution of

f . Lower RETI instruction
8 bits | 7 bits I 0 ,-——» byte —’

| register CTC or TLCS-Z80 family

T

T Higher
byte

peripheral LSI

120489

Figure 3.2.8 Interrupt Processing in Mode 2

Mode 2 is used in the daisy chain interrupt processing using the CTC and TLCS-
Z80 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 enabled by the EI instruction to form an interrupt nesting.
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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.

3.2.3 MPU Status Transition Diagram and Basic Timing

{11

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

Instruction Cycle

Each TMPZ84C013A 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 WATT 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

[e——

Maachine cycle

M, M M
(Opcode fetch) (Memor§ read) (Memor)? write)

Cycle instruction

120489

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

RESET =0

%1 M1IMMEDIATELY AFTER ACCEPTING INT ?

TW WAIT

YES

IS M 3TSTATE ?

ISMATSTATE ?

NO

M1 CYCLE?

YES

ISM5TSTATE ?

YES

NO

YES

120483

Figure 3.2.10 Status Transition Diagram
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(31

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
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 ATRF 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 low-order 7 bits of address (A6
through A0) and the A7RF are used as the 8-bits 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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|T2| |T3| |T4| |T1| |T2| [73] [7a ] IT1|
[V e I E—
{4

Ag~Ap X _RFsH ADDR=7FH_X___ X _RFSH ADDR = 00H ﬁs’

RFSH l [ l I
A7RF Ay \ / Ay / \_A

120489

Figure 3.2.11 Refresh 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 Ta T
ak MV /_\
Ag~Ais X Program counter Refresh address
g T\ /ST
5 T\ /
[

z

|
-
N

Dp~D7 (Cinput }—

RFSH /

120489

Figure 3.2.12 Opcode Fetch Timing
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M1cycle
T T2 Tw Tw T3 Ta

CLK 4 /1 \ /_T I/ 1 1
Ao~Ais X Program counter Refresh address ) &
VMREQ |\ /\ /|

RO [\ /

M\ /

WAIT NI/ T NL/ZT/ '\

RFSH \ /-

120489

Figure 3.2.13 Opcode Fetch Timing Including Wait State
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(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 WK signal
can be used as the memory write signal.

[— For memory read cycle —|—— For memory write cycle —>
T T2 T3 T T2 T3
CLK Y { \__/ w 7\ /_\ ) 4 TL L/
Ap~Ais :X Memory address Memory address
MREQ — [ \_ /] /T
RO T\l /

W AN Y e

Do~Dy { input K- { Data output >—
WAIT / \ / \

120489

Figure 3.2.14 Memory Read/Write Cycle Timing
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(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 T, then the IORQ
and WR signals go “0” in clock state T2. The WR signal can be used as the output
port write signal.

T T2 Tw* T3 T
cLK 4 1 \ ) U A N S
Ag~A7 x Port address X
iORQ \ /
RD \ / Read cycle
(input)
Do~D7 “ Input (‘
WAIT -/ \
WR \ I Write cycle
(output)
Do~D7 ————-—-——( Output )——

120489

Figure 3.2.15 1/O Operating Timing
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(4) Busrequest 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 interrupt (NMI) can be accepted.

Each machinecycle |, Busenable state [

LastT Tx Tx Tx '-|-1
state
ak — Nof f S \_F
BUSREQ /
BUSACK \ /_

Floating state
Ag~A1s Dol T e pai S . <
e <

MREQ, RD, R It
WR, TORQ De C
RFSH /

120489

Figure 3.2.16 BusRequest and Bus Acknowledge Timing
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(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”.
® 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
sinserted 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 IORQ 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”.

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.
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Instruction’s last M cycle Mi
et T T2 Tw* Tw* T3
CLK _/_\__/—-\_/,_\_/—\_/_—\_I \_/_\_
NT AN V4
Ag~A1s X Program counter Rsfiesh

;
1]

130489

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.

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.
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— last M cycle M1
Last T
state Ty T2 T3 Ta T
ak _f\ Y \ ¢ N/ \ — \ y— \ — \
R 1/ I ! U U U SN O
NMlinternal =T—=¥¢ | = [-—= === T —==T === =T7T~~"~""="77~771 =
latch | <
Ag~A1s ~— X Progfam counter [ X Refrash address X
W \ /
D \ /o Y
Fo \ /
RFSH \ —

130483

Figure 3.2.18 Non-Maaskable Inpterrupt Acknowledge Timing

{(7) Halt operation

When a HALT instruction is fetched in the Opcode fetch cycle, the MPU sets the
HATLT 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
«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.
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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 —
Tg T T2 T3 Ta T4 T2

ak —f N/ 4 \/ \__4 T\_/_\_

INT

OF e e e . ———— e
NMI e e e e e - -_———— - e e [ J I
NMlinternal — oo — 4 _ o _ _] - o e e e 2
latch a 4
——— —————

Figure 3.2.19 Timing of Clearing Halt State Caused by Interrupt Acknowledge

30489

Clock supply stop Restarting clock supply
R . from CGC from CGC
| NOP instruction [ | NOP instruction |
! I I }
Ty T4 T2 T3 Ta T T2 T3 T4 T T2
CLK
— T LT LT 14

NMi internal
latch

INT

130483

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 2 clock states.

M1 of address 0
< Dummycycle —»>le———
T
CLK y—
RESET ——
| J‘
Ag~A1s D R S lttate bttt < 1
Floating state
Do~D7 D et ettt ettt EX ottt bkl
Mt / |
MREQ
RD, WR / \
IOR
RFSH
BUSACK
HALT

130489

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, TORQ, 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

LastT T T T T
state X X X !
ak — N/ f £/ 1\
BUSREQ N\ /
BUSACK \__ /|

Floating star¢g
Ap~Ais > mm e _<
Floating stare]
Do~D7 [ STREY il ik D <
MREQ, R Floating stare
WR, J—LIORQ ).___ ___________ _<

EV /

130489

Figure 3.2.22 Evaluation Timing

Figure 3.2.23 shows the block diagram of the TMPZ84C013A 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 TMPZ84C013A.
(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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§
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DECODER
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]

;
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™M1 RESET IEI WR
Do~D7
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Figure 3.2.23 Block Diagram of the TMPZ84C013A Functioning As Evaluator
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3.2.4 TMPZ84C013A Instruction Set

This subsection lists the TMPZ84C013A 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.

L] Symbols (1/2)

Classification Symbol Meaning
Register r,g Register B,C,D,E,H, LA,
t Register pair BC, DE, HL
Stack pointer SP
q Register pair BC, DE, HL, AF
p Register pair BC, DE
Index register X
Stack pointer SP
s Register pair BC, DE
Index register Y
Stack pointer SP
tH Higher register of register pair
(8,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 1X
1Yy Higher 8 bits of index register IY
PCy Higher 8 bits of program counter (PC)
L Lower register of register pair
(C,E, L)
Lower 8 bits of stack pointer (SP)
ac Lower register of register pair
(C,E, L F)
Xy 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)

120489
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. 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 memory
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
Vv Handled as overflow flag.
V=0: Nooverflow
V=1: Overflow
Operator « Transfer
IS Exchange
+ Add
- Subtract
A Logical and between bits.
v Logical or between bits.
® Exclusive or between bits
Others IFF Interrupt enable flip-flop
cYy Carry flag
z Zero flag

120489
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TMPZ84C013A Instruction Set (1/9)
1TEm/ Object code No. | No.
cLAsS) bl " . Flag of |oF
-FICA. mnemonic Binary Hex Function cy. | s1a
TION 210 cLEs | Tes
ree
999
B [ DOO
re(IX+d) ¢ | oot
D|o10
...... EJ011
re{Iv+d) H | 100
L|101
......................... _Af111
T o
LD (IX+d)er
(Iv+d)-—r ....................................
o
I ob | 98,80 ddd e G
o
)
<«
—
<
o
[
@
'
o B L
Ae(ma)y T T I T I T Ty
(mn)«A
4 0
=8 t]tt
R PSRRI DO T SO OO T WO O O BC | 00
= DE |01
Iy HL | 10
- SP 11
b mm_mmm_mmmn m
Note : r.gmeansany of the registers A, B,C, D, E, H, L.
iFFin “Flag” column indicates that the content of the interrupt enable flip-fiop is copied into the PV flag. 120489
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TMPZ84C013A Instruction Set (2/9)
ITEM? Object code No. | No.
CcLAsst bl . Flag of | of
“FiCA Binary Hex Function cr- | sta
TIaN 76 543 210
Lo IY,mn 11 111 101 FD IYemn
00 100 001 21
an nnn nnn n
Le(mn)
TSSO SOOI |
ED tHe(mn+1)
4B+t x 10 tpe(ma) sp |11
n
L= T S B T
< IYye(mn+1)
[} 2A 1Y ~(mn)
-
L S UREPRUURRUPRRRUPR DUUUUE ORI AUNUN-SSN- SR SRS SUDROCSRION SUNY RN
f_( 22 (ma+1)eH
« n (mn)eL
O e L e
ED {mn+1)ety
" 43+t x 10 (mn)ety
o
L e L T L L LT R R T ST TP E-TP PR PP RERPRTRPPPPPSEPR PEPERE PRETE
© DD (mn+1)+«IXy
- 22 (mn)eIXL
T § T |
22 (mn}eIYy
q9]199
BC | 00
DE | 01
HL | 10
AF |11
IXye(SP+1),IX <(SP)
SPesPe2
IYHe(SP+1),1Y «(SP)
SP+SP+2
*1
11 011 001 BC«BC’ ,DEeDE” ,HLoHL"
Note : tis any of the register pairs 8C, DE, HL, SP.
@ 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, AFy=A
*1 : EXCHANGE 120489
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TMPZ84C013A Instruction Set (3/9)

TEM/ Object code Na. | No.
cLAsSI A bl - . Flag oF |of
-FICA- mnemonic Binary Hex Function
TION 76 543 210
w
v
z
<
T
;) Hel(
w 11 100 011  [E3 IV e {SP)
(DE)«(HL),DE+DE+1
MieHr1BeeBCt
(DE)«(HL),DE«DE+1 «[BC< >0]
10 110 000 BO HLeHL+1,BC+BC~1 Repeat until «[BC=0]
o
w
w T
w U
2 : (DE)«(HL),DE+DE-1 «[8C< >0]
o w HL+HL-1,BC+BC-1 Repeat until «[BC=0]
[
PRV 173 SRS SUIEHEITUCERE ISR I SotIORNSIESRISRISRRNOY [FSVOE SORS SOUOS-SUURt SO SNOUOUN SUNNSNUOR IO SO
v
OO orwreennn f L L O
25 “[BC< >0 &
@ o ;i 4 A< > (HL)]
.......................... . o220k [BC=0 or
A= (HL)]
...... o[BC< >0 &
A< > (HL)]
x[BC=0 or
.............................. A= (HL)]
L
B | 000
a C |oo1
I b | 99,499 ddd L e A B b{o1n
w
— E|o011
@
o H | 100
SN L|101
N A1
2 —_—
<
(%)
-
w
Z ol [ A9 ddd ddd dd e | B
x A, {1Y+d)
o«
S AT IIEAT IStXPISOrsCCEer RIS e DPSRUROY AU OURRUOUPUTOURRRSUURRURNY UUE ORI SUDUS NN SUUNU SUNRN UURE U SN SR
.......... A
: 7
©
OUSUB 0 (HLY 0 11D 10 190 Tap T e s e s s b e e e [ b
R P T TOMES DITITLIEET S SRR e SRRRRRRIPRRN RANMATE Mir? SUSCUIIUIRIUIRRURPRON ISl SRS SR P, SN VSN WS SN2 N 7
AA-(IX+d) 5] 19
10 010 110 96
.......................... S O N
SUB  (I¥+d) 11 111101 FO AeA-(IV4d) . 5( 19
10 010 110 |g6 :
dd ddd ddd d
Note : *M P/ flag is O if the result of BC - 1 =0, otherwise PAV= 1.
*N Zflagis 1if A=(HL), otherwise Z=0.
[ lJindicates the total condition of the number of cycles and states indicated by arrow.
r means any of the registers A, B, C,D, E, H, L. 120489
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TMPZ84C013A Instruction Set (4/9)
EMY Object code No. | Ne.
CLASSI A bl - X Flag of |or
<FICA- B'nary Hex Function (ag STA.
TIoN 76 643 210 P/V cLEs | TES
Jorgoay_ogree
2 7 8 000
............ c o1
2f 7] pjoi
A, (IX+d) 5] 10| €011
H | 100
I SR
A, {TV+d) 5[ 19) A f111
e B I T i S R R TETEAY ISRt SRR IR LIS AL SLAAL SLLACLL ALASE Il ARAbA i
«
9]
o FOLATRL
P AND  (IX+d)
o
[a}
z
<«
L Tt S SOOI
-
w
-3
z (1x+d)
-
e FoRT gy
<
-
o
B O e O R TSOE TP Socl IS SIS
gy i e Ton Too T Rehegiay T e T T e T T T T e { s
(1Y+d) A-(1Y+d)
(IX+d) 011 101 (IX+d)«(IX+d)+1
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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TMPZ84CO013A Instruction Set (5/9)

TEM/ Object code No. | No.
cuassi b - ) Flag o |or
FiCA- mnemonic Binary Hex Function — — cv- | sta
TiON 76 543 210 . SiZ! IHI IP/VINIC|cwes|res
u  [INC  (Iv+d) 11 111 101 [FD (IV+d)e(IY+d}+1 sieixieix:ivioi-| 6]z3
-
= —
= r rrr
I o .
- < 8 [ 000
= v (Ix+d) € | 001
< v Djo10
[}
Ll SETE ST R ST FITTY BEorRRIoybrR hero- TR N re e URos R SR SPOOUNRRRRURUURRTI E 011
- H 100
© N
=z L {101
© < Al111
o
(Sl o A IPHSUSICESItES) SIEALSISITESIENE) O PFLECE I IR AR b rb e vt ekt A IO SR 8 S-SR 0 SIE SN AN NEol St NOTE. U1 DK 1
o R R Ot iy URRRRIRSRIRN K{ysJFSSSRURSSSPRSOURIRRRRRRNN 5ol fo 8 3 JF 06 WD SN 06 U et L IO
ot
z
o
Oh
St
al!
b3
w h
w a
o 21,
[
o
> U}
a =
v -
QS gy A e b B
<3
oI
ur
ol BT R ] RSAEE SIS i N RRORS ISy syuu oS RUSO N UOVUUUONY (OUUNE JUNU SO NN SUUUT SURVR SUNTESUURY NUUO SO
w Set interrupt mode 2
©
HLvHL+t " 31 t]ee
BC | 00
______ DE |01
bt HL | 10
SP| 11
wo Pasy s e e AR b
= RS
S Vg S0 BRA00L 108%X10 | e b B E —p —pp
v IYeIY+s B8C | 00
< | 09+s % 10 N DE |01
< Ix{10
- SP |11
@ b e 90,300 01 28 i it —
' s|ss
e LIS LI L5 0 SN WS I MU S0 S O O I 8C | 00
____________ DE | 0t
IY |10
......... sp 11
i
=
<
53
© A
Note : ss is any of the register pairs BC, DE, HL, SP. PPis any of the register pairs 8C, DE, IX, SP.
rrisany of the register pairs BC, DE, 1Y, SP. 120489
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TMPZ84C013A Instruction Set (6/9)

ITEM/ Object code No. | No.
cLasst A bl - Functi Flag o | oF
fCa mnemonic Binary Hex unction . cr- | sta
TION 76 543 210 st cLEs | Tes
ALA 00 010 111 |17 - 1| a
4
4
g e
........................................ 8 ooo
C |oo1
........................................ 0 010
£ | 011
. H y 100
“ L (HL),(IX+d), (IY+d) L | 101
T i | 00000 10 408 b kg bbb A
T | RLC (IY+d) 6|23
w
w
L N e e S i | LTI LTI T
< RL r
-
o lerwi e e ta el pebebeste bbb baTis
- (HL) 4|15
st e e Toe ] ey [T T T STy
r,(HL),{(IX+d),{1Y+d)
P e vt v e i [ 8 S S P S S ot e sTss
r, (HL), (IX+d), (IY+d)
Tt Kervemrrat -l IR B Sy S S S s S 08 5y
e O T ] I v St S S P B .
s e e e | —_————y [t byiy ety helar -
I e kAt O T
r,(HL), (IX+d) 23
11 001 o011 CB
dd ddd ddd d
00 011 110 1E
Note : rmeansany of the registers A, B, C, D, E. H, L. 120489
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TMPZ84C013A Instruction Set (7/9)

1TEME
CLASSI )
. Function
-FICA- mnemonic
TION
RR
I rrr
B { 000
€ |o01
D |o010
E {011
[ o]<o | 100
T (HL), {TX7d), (IY+d) L] 101
_Ajut
-
o
=S
“
w
-
<
[
[o]
-4
0—=7-0
©,(HL), (IX+d),(IY+d)
.
*1
"o [bbb
[ 2| 8] o]ooo
w 1 [ o001
g _ 3f 12| 2ot
| Ze(HL)p 3 {011
oG 4 | 100
- 51101
6 1110
Note : Rotatedigitleft and right between the accmulator and location (HL). rjut
The content of the upper hatf of the accumulator is unaffected.
The notation (HL)y, indicates bit b {0 to 7) withir the contents of the HL register pair.
The notation ry, indicates bit , {0 to 7) within the r register. 120489
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TMPZ84C013A Instruction Set (8/9)
ITEM/ Object code No. | No.
CLASS( A bi Flag of | oF
fca Binary Hex Function cv- | sta
TION 76 543 210
BIT b,(IX+d) |11 011 101 DD
11 001 011 |CB 2e(IX+d)p
dd ddd ddd d
......................... 01 bbb 110 46+bx8 B R LT T T TR P TP P PR
BIT b, (IY+d) ’ ’

-

P

w

- I rer

a B8 | 000

2 (HL)p*1 ¢ [o01

<« . D {010

e etssl e on

- cB : H | 100

- d L | 101

w CO+b X8 e o NSO SO Ajur

S bser e ey SRDPTETURS St | T ITI TS R et
b [wbb

- 0 jooo

o e 1 BBD 110, COebxE L] t foo1

rh+0 2 |o10

C 3|o11

- AR AR « L100

@ 5| 101

L o S — 6 | 110
-7_ 111
i
e represents the
inthe
{Gnly when condition is met} relative
addressing
mode,a=e-2.

b e isasigned

-3 twa's

=)

- camplement
number in the
range of
-126<e <129

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

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

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

® a=e-2inthe op-code provides effective address of PC + ¢ as PCis incremented by 2 prior to the addition ofe.

Condition

Non-Zero
Zero
No-carry
Carry

Odd Parity
Even Parity
Sign Positive
Sign Negative

110;
111]

270489
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TMPZ84C013A Instruction Set (9/9)
Temr Object code No. | No.
cLassi Flag oF |oF
FICA- mnemonic Binary Hex or- | sta.
TION 76 543 210 CLES | TES
a JP (IX) 11 011 101 DD PCe(1IX) 2 8
=
> PCe(1Y)
CALL  mn (SP-1)+«PCy, (SP-2)«PC -
2 PCemn
e
2 |ealt “e,mn If condltlm'{'c'i's"rn"e:-t','s'a'mve:';s""m“—
-
w | CALL mn.
L RN Bl B UL SO
o
= b
<«
o | Returnfrom interrupt Processing |
- RIS RN |
<
[
(SP-1)ePCy, (SP-2jepey T
PCH«0,PCL+j,SPeSP-2
IN A, (n) 11 011 011 |oDB Ae(n)
.......................... nnoann_nan in OA0-ATADAB-ALS
N r.(C) 11 101 101 ED re(C) If r=110, only the flags
.......................... 0L rrr 000 [40+rx8 will be affected.
5 (HU){C) BB 1  HL<HL
a
- “[B<>0]
> «[B=0] *1
(o]
o
E «[B¢>0]
< “[B=0]
—
= j—
a
=z
+8[<>0]
+[B=0] *1
(C)<(HL),B<8 «[B<>0]
10 111 010 [BB Repeat untit B=0 «[8=01_|
* AQ~, ¢ | cce | Condition
Note: o *m Iftheresultoﬂiw1iszero,theZflagisset,othetwisentlsreset. ! s:Ag ::5 NZ[ 000 ND:-Zero
® A0through Al15indicate the address bus. z| 001 | zero
e | ]indlcatesthetotal:onditionofthenumberofcyclesandnates NC| 010 | No-Carry
indicated by arrow. Clot1 | Carry
PO| 100 | Odd Parity
PE| 101 | Even Parity
P[ 110 | Sign Positive
M| 111 Sign negative
120489
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TMPZ84C013A Instruction Map (1/7)
MPU Instruction Table ( T )

R 1 2 3 4 s 6 7 8 9 A 8 c D £ F
0 NOP LD LD INC INC DEC Lo RLCA EX ADD LD DEC INC DEC LD RRCA
8C, mn | (BCLA BC B B B,n AFAF | HCBC | A,{BC) BC C C <n
1 BINZ LD LD INC INC DEC LD RLA JE ADD Lo DEC INC DEC LD RRA
e DE. mn | (DE). A DE D [s] D.N e HL,DE | A, {DE} DE E E E.n
2 IR NZ, LD Lo INC INC DEC LD DAA JRZ ADD LD DEC INC DEC LD CPL
e HL mn [ (mn)HL HL D H H,n e HLHL | Himn} HL L L Lan
3 JR NC, Lo LD INC INC DEC Lo SCF JRC ADD LD OEC INC DEC LD CCF
e SP.mn | (mn}LA SP {HL) {HL) (HL), n e HLSP | A,(mn) SP A A An
4 Lo Lo Lo LD LD LD LD LD LD Lo D> o] LD Lo o] LD
B.B B,C B,D B.E B, H 8,L B, (HL) B A B ccC D CE CH oL C, (HL) CA
5 LD LD Lo LD LD LD LD Lo LD LD Lo LD (1] LD o LD
D.B D.C D.D D,E D,H D,L D,{HL) D.A EB E.C E.D E.E E.H E.L £, (HL) E.A
6 Lo LD Lo Lo LD Lo LD LD LD LD Lo LD LD Lo Lo LD
H.B H,C H,D H,E H,H H, L H,{HL} H A LB LC LD LE LH LL L, (HL} LA
7 LD LD LD Lo LD Lo HALT LD Lo Lo LD LD LD LD LD LD
{HL),B | (HL),C | (HL).D | (HL),E | (HL).H | {HL),L (KL}, A A,B 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 AD AE AH AL A, (HL) AA A B A C A.D AE A H AL A, {HL) AA
9 sUB sus SUB SuB suB suB SUB sus SBC SBC SBC s$8C SBC SBC $BC SBC
B C D € H L (HL) A A B A C 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
8 C D E ] L (HL) A B C D E H L (HL) A
B aRrR OR OR OR OR OR OR OR cP cpP cpP cP CcpP cpP cP XOR
B C [o4 E H L {HL) A B C D E H L {HL) A
C RET POP 1P NZ, 1P CALL PUSH ADD RST RET RET Pz, @ CALL CALL ADC RST
NZ BC mn mn NZ, mn BC A.n 00H C mn Z, mn mn A, n 08H
o] RET POR JPNC, ouT CALL PUSH sue RST RET EXX JPC, IN CALL (<) SBC RST
NC DE mn {n),A [NC,mn DE n 10H C mn A, (n) C,mn An 18H
€ RET POP IPPO, EX CALL PUSH AND RST RET »P 1P PE, EX CALL ] XOR RST
PO HL mn (SPYHL | PO, mn HL n 20H PE (HL) mn DEHL | PLLmn n 28H
F RET POP JPP, DI CALL PUSH OR RST RET LD M, Et CALL @ (a4 RST
P AF mn P.mn AF n 30H M SP,HL mn M, mn n 38H
120489

Note @ ~@: Multi-Opcode Instructions (ref. Table (1I )~(VII}))
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TMPZ84C013A Instruction Map (2/7)
® Bytel1“CB”
Instruction Table ( II ) (Byte 2 of 2-byte Opcode)

H L 0 1 2 3 a4 5 6 7 8 9 A ] C o] € F
0 RLC RLC RLC RLC RLC RLC RLC RLC RRC RRC RRC RRC RRC RRC RRC RRC
B C o] 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 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 £ H L (HL) A
3 SRL SRL SRL SRL SRL SRL SRL SRL
:] C ] E H L (HL) A
4 BIT 8IT 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 G.(HL) 0, A 1,8 1.C 1.0 1,E 1,H 1.L 1, (HL) 1A
5 BIT BIT BIT BIT BITT BIT BIT BIT BIT BIT BIT 8IT BIT ar BIT BIT
2,B 2,C 2,0 2,E 2.H 2L 2,{HL) 2,A 3.8 3.C 3.0 3E 3 H 3L 3,(HL) A
6 BIT BIT BIT BIT BIT BIT BIT 8IT BIT 8T BIT 8IT BIT BIT BIT BIT
4,8 4.C 4,0 4,E 4,H 4,L 4,{HL} a4,A 5.8 5. C 5.D 5.E S.H S.L S.(HL) 5. A
7 BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
6,8 6,C 6,D 6,E 6. H 6, L 6, (HL) 6. A 7.B 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 1B 1.C 1.0 1E 1H LL 1.(HL) 1A
9 RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES
2,8 2,C 2,0 2,E 2,H 2,L 2, (HL) 2,A 3,B 3.C 3.D 3E 3,H 3L 3.(HL) 3.A
A RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES
4,B 4,C 4,0 4,E 4,H 4,1 4, (HL) 4,A 5.8 5C 5.0 S.E 5, H S.L 5.{HL) S.A
B RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES
6,8 6,C 6,0 6,E 6, H 6L 6, (HL) 6.A 7.8 7.C 7.0 T.E 7.H 7L 7.(HL) 7.A
C SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET
0,8 0,C 0,0 0.E O H 0L 0, (HL} 0.A 1.8 1.C 1.D 1E 1.H L 1, (HL) 1A
o SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET
2,B 2,C 2,0 2,E 2,H 2,L 2,{HL) 2,A 3,8 3,C 3,0 3E 3.H 3.L 3.(HL) 3.A
E SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET
4.B a.¢C 4,0 4.k 4, H 4,1 4,(HL) 4,A S.8 5.C 5.D S.E 5.H S.L S, (HL) 5,A
F SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET
6, B 6,C 6,0 6, E 6, H 6L 6, (HL) 6, A 7.8 7.C 7.D 7.E 7.H 7.L 7.{HL) 7.A
120489
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TMPZ84C013A Instruction Map (3/7)
@ Bytel“ED”
Instruction Table (1Il ) ( Byte 2 of 2-byte Opcode)

S A 1 2 3 4 5 6 7 8 9 A 8 c D 3 £
0
1
2
3
a w | our | sec | w | nee | Rew | wmo [ o wn | out | anc | b RETI o
B,(€) | (B | HLBC | tmesc La | co | ©.c | HuBe | scimm R.A
5 wn | our | sec | w M1 D N ] outr | aoc | o wm2 | o
D, (C} (C}.D HL.DE | imn).DE Al E(CQ) (C),E HL,DE | pe(mn} AR
6 N | our | sec | w R0 | N | out } apc | w RLD
HAO | (O H | HUAL | tmmsn L© | @ | Hse | s
7 sec | Lo w | out | apc | o
HLSP | (mnrse A Q) | (CLA | HLSP [ spimn)
8
9
A w | cp m | our wo | ceo | o | outp
B ik | cPr | R | OTIR LDDR | CPDR | INDR | OTDR
c
[»]
E
F
120489
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TMPZ84C013A Instruction Map (4/7)
® Bytel“DD”
Instruction Table (IV ) (Byte 2 of 2-byte Opcode)

M 1 2 3 a s 6 7 8 9 A 8 c D E ;
[ ADD
IX,BC
1 ADD
IX.DE
2 Lo LD INC ADD LD DEC
X.mn | (mn),ix 1X X, 1X 1X {mn) X
3 INC DEC Lo ADD
(1X+d) [ (X +d) [ 0X+a) IX, SP
.n
a LD 8, wC,
(IX+d) (IX +d)
5 DD, LDE,
(X +d) (X +d)
6 LDH, LDL,
{IX +d) UX +d)
7 LD LD LD D LD LD Lo LDA,
(1X+d) | (X+d) | 0X+d) | 4X+d) [ 0x+d) | (X +d) (X +d) {IX +d)
.8 .C ,0 LE H L A
8 ADD ADC1,
(1X +d) (X +d)
9 suB SBCA,
(IX+d) M +d)
8 AND XOR
{1X +d) (1X +d)
g OR cp
(IX +d) (X +d)
C ®
D
E POP EX PUSH i3
1X (SP). 1X 1X {Ix)
F Lo
P, IX
120489

Note @: Special 2 byte Opcode Instructions (ref. Table (V1))
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TMPZ84C013A Instruction Map (5/7)
@ Bytel1“FD”
Instruction Table ( V ) ( Byte 2 of 2-byte Opcode)

H L ) 1 2 3 4 5 6 7 8 9 A 8 C *} E F
0 ADD
1Y,BC
1 ADD
IY.DE
2 LD D INC ADD LD DEC
Y. nn (mn), 1Y Y 1Y, 1y 1Y, (enn) 1y
3 INC DEC LD ADD
(Y +d) | (1Y +d} 1 (1Y +d) Iy, sp
.n
4 LD B, LoC,
Iy +d) (Y +d)
S DD, LDE,
(Y +d) (Y +d)
6 LDH, LDL,
(Y +d) (Y +d}
7 Lo LD Lo LD LD L> LD LD A,
(Y +d) | (Y +d) | (IY+d) | Y +d) | (Y +d) | (IY +d) (Y +d) (¥ +d)
.8 .C D .E WH L A
8 ADD ADDC
A,
(Y +d} (Y +d)
9 SUB SUBC
A,
QY +d) (1Y +d)
8 AND XOR
(Y +d) Y +d)
9 OR CcP
QY +d) Y +d)
< ®
D
E POP EX PUSH w»
Y {SP), 1Y 34 (4]
F LD
SP, 1Y
120489

Note ®: Special 2 byte Opcode Instructions (ref. Table (V)
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TMPZ84C013A Instruction Map (6/7)
® Bytel1“DD”
Byte 2 “CB”
Instruction Table (V1) (Special case of 2-byte Opcode : Byte 3)

P 1 2 3 a 5 6 7 8 s A B < D 3 F

0 RLC RRC
X +d) {IX+d)

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

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

3 SRL
(X +d)

a BITO, BIT1,
(1X+d) (I1X +d)

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

6 8IT4, BITS,
(X +d) (IX + d)

7 BIT6, BIT7,
IX+d) (X +d)
8 RESO, RES 1,
(X +d} (X +d}
9 RES 2, RES 3,
(X +d) (IX +d)
A RES 4, RES S,
(1X +d) (1X +d)
8 RES 6, RES7,
(1X +d) (IX +d)
C SETO, SET1,
(X +d) (IX +d)
D SET2, SET3,
(1X +d) (X +d}
E SET4, SETS,
X +d) (X +d}
F SET6, SET7,
(X +d) (IX+d)

120489
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TMPZ84C013A Instruction Map (7/7)
® Bytel“FD”

Byte 2 “CB”
Instruction Table (VI1) (Special case of 2-byte Opcode : Byte 3)
M 1 2 3 4 5 6 7 8 9 A [ c D 3 F
0 RLC RRC
{IY +d) QY +d)
1 RL RR
(Y +d} (Y +d)
2 SLA SRA
{IY +d) {Y +d)
3 SRL
{IY +d)
4 BITO, BIT1,
Y +d) {lY +d)
5 BIT2, BIT3,
(Y +d} (1Y +d}
6 BIT4, BITS5,
(Y +d} QY +d)
7 BIT 6, BIT?7,
(1Y +d) {IY +d)
8 RES O, RES 1,
(1Y +d) (1Y +d})
9 RES 2, RES 3.
{IY +d} Y +d)
A RES 4, RESS,
QY +d) (1Y +d)
B RES 6, RES7,
(Y +d) (1Y +d)
C SETO, SET 1,
(Y +d} Y +d)
D SET 2, SET 3,
(Y +d) (Y +d)
E SETA4, SETS,
(Y +d) (Y +d)
F SET6, SET 7,
(1Y +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
{ I ¥ | B S TR
5 5 e
XTAL2 E N CLK OUT
-— |52 CONTROL CIRCUIT
-~ 0
XTAL1 y]
=LY 2
© g
[
INTERNAL COUNTER

140489

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]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.

XTAL1 XTAL2

0

Cin ;; Cout ;; 170289 L ¢ Rs

Figure 3.3.2 (b) Oscillator
Equivalent Circuit

170489

Figure 3.3.2{a) Example of Crystal
Connection

(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;

3 Quartz Crystal . Condition
Product No Holder| Frequency | Cin | Cout Parameter (Typ.) Drive Level 'Tgad
' MHz F F) mW Capacitance

Type (MHz) (pF) | (PF) 1 (0P [ Co (0P | Ry (@) (mwW) %pF)
MR8000-C20 8 22 33 — 4.00 | 30.0 — —
MR8000-C14__ | HC-49 8 20 | 20 [0.0189] 3.87 6.0 0.5 12.67
MR12000-C20 U 12 33 33 — 4.00 | 25.0 — —
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 | 25.0 0.5 14.00

170890

(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

170890

Note: 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 (#FO0: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

Halt mode setting register
(#F0:HALTMR) Operational Description
- - Mode
Bit4 Bit3
Only the internal oscillator operates, stopping the
0 0 Idle 1 Made supply of clock outside. The clock output
(CLKOUT) is held at “0”.
The internal oscillator continues operating with the
0 1 Idle 2 Mode supply of clock outside (CLKOUT) continued. When
pins CLKOUT and CLKIN are connected, only the
supply of clock (CLKOUT) to the CTC is continued.
All internal operations are stopped. The clock
1
0 StopMode | tput (CLKOUT) is held at “0".
1 1 Run Mode The supply of clock outside is continued.

140489

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).

This Materi al
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31

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
equa}%to the time derived by dividing the frequency of the externally attached oscillator
by 2

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.

; «
} CGC =
i fa)
| >
Cout {XTAL2 a
1 —P>
! * D COUNTER
L iz 215
[
i
]
L
N *:XTAU CONTROL |, CLKOUT
! CIRCUIT (fo)
E CONTROL
: CIRCUIT
ittt ettt bl it 140489

Figure 3.3.3 Block Diagram of Internal Counter

* fc = fxTAL2
Table 3.3.2 Warm-up Time
Counter output Warm-up Time
TAL = =
215 24 fXTAL=12MHz | fXTAL=8MHz
2.7 ms 4 ms

140489
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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]1 Status Transition Diagram

— RESET=0

TERNAL
OSCILLATOR
QPERATION
YES

MODE
CHANGE?

NO

CLOCK QUTPUT
SUCCESSION

IDLE MODE
CLOCK OUTPUT INTERNAL
OSCILLATION STOP
sTOP (CLOCK OUTPUT STOP)
]
STOP MODE

CLOCK OUTPUT p,
STOP

INTERNAL
OSCILLATOR START

IDLE MODE

WARMING-UP
(214/fc)

|

CLOCK OUTPUT
START

: L

Figure 3.3.4 Status Transition Diagram

140489
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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 states.

(@) Run mode (#F0:bit 4 =1, bit 3 =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 ——————»l<——— M1 cycle E M1 cycle
1 T3 T T2 T3

mw—

HALT instruciton
Opecode fetch cycle

Ta
L1 1

—>’<— NOP execution I NOP execution
140489

Figure 3.3.5 Basic Timing in Ruin Mode

(b) Idle 1 mode (#F0:bit 4=0, bit 3=0:HALTMR), idle 2 mode (#FO0:bit 4=0, bit
3=0:HALTMR), and Stop mode (#F0:bit 4=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 FTALT 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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—7 S

HALT instruction NOP cti
Opecode fetch cycle eéxection

Figure 3.3.6 Basic Timing in Idle and Stop Modes

CLK Stopped —>

140489

(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 Idle 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.

CLK OUT = Ta T T2 T3
MPU Clock (Clock stopped state) [ i | 1 l__l_
HALT 0"
i \_ /.
_IN_T
NMI

L

Figure 3.3.7 (a) Basic Timing for Sequence of Restart from
Clock stopped State (Idle 1 MOde)

]
m
v
m
—

140489
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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 L o I LI LI I LT 1L-
Ta T T2 T3
L

Mgg( (Clock stopped state) I | I l |
HALT 0
14 \ e
NT
NMI
RESET | 140489
Figre3.3.7(b) Basic Timing for Sequence of Restart from
Clock stopped State (Idle 2 Mode)
Ty T2 T3
CLK OUT « I | J I__I L_
AALT —C A/ i E
M1 Warm-up E\ f
time :.
INT T
NMI :
L_ Warm-up E
T time :

140489

Figre 3.3.8 Basic Timing for Sequence 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.

[1] RESET Signal

Figure 3.3.9 shows an example of the timing for the restart from the Stop mode on the
TMPZ84C013A 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.

Dummy Execution from

NOP
~— cycde [T address 0000H

execution

Ta T T2 T3 Ta T T2 T3 Ta
HALT
1 {«{ ¢ l,‘,/

M M

£ {C i<

W_\——/ ths ks 1)) \—/—
RESET 4
| — i/

140489

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 hait
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 (NMI)

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 TMPZ84C013A 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.

Ta Tq T2 T3 Ta Tq T2 T3 Ta T1 T2
CLK OQUT

HALT 4 s‘.

)
[
)
[
1
1
1
1
1
1
1
1
1
I
I
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I
I
i
1
)
1
i
1
1
1
1
1
1
i

NI
MPU NMI — S A VU
INTERNAL N Va
LATCH N S R
5 5
INT \ I« E /

INTERRUPT SI/-\MPLING TIMING
140489

Figure 3.3.10 Timing for Clearing Halt State by Interrupt Signal
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[3] Connecting CGC to MPU on TMPZ84C013A
Figure 3.3.11 shows the connection between the CGC and the MPU on the

TMPZ84C013A.
XTAL1 XTAL2 MPU
HALTMR CLK CLK
Bit4 MS1 HALT HALT
Bit 3 Ms2 CGC [k [Vl
NM]H}- NmIT NMI NMI
RESET INT
RESET [ }— ! RESET
NT INT
CTC, PIO, SIO Y
iNT CLK M1

140489
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 TMPZ84C013A’s I/0O 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.

INTERNAL
i
—N — 2C/TOg
O%IEéUIT N CHANNELO
DATA ZN 4 <— CLK/TRGp
-
Do~D7 { MPU BUS
110 LN — ZC/TOY
CONTROL INTERNAL BUS CHANNEL 1
e LOGICAL —l/ CLK/TRG
OPERATION
E:o CIRCUIT oo
| )
T N7 N CHANNEL 2
TORO INTERRUPT V CLK/TRG
IORQ QNIESL = 2
RD OP. GA(':I'ALN
clmcu| N |l— Z2C/TO3
CHANNEL 3
l T l 4 l«— CLK/TRG3
IEO IEI INT

140489

Figure 3.4.1 Block Diagram of CTC
3.4.2 CTC System Configuration
The CTC system consists of the following 4 logic circuits:
(1) MPU bus I/O logic circuit
(2) Internal control logic circuit
(3) Interrupt control logic circuit
(4) Four independent counter/timer channel logic circuits
[11 MPU Bus I/O Logic Circuit
This circuit transfers data between the MPU and the CTC.
[2] Internal Control Logic Circuit

This circuit controls the CTC operational functions such as the CTC selecting chip
enable, reset, and read/write circuits.
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[3]1 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.

[ ] Time-constant register (8 bits)

] Channel control register (8 bits)

® Down-counter (8 bits)

° Prescaler (8 bits)

CHANNEL CONTROL
REGISTER (8 BITS)

i

TIME CONSTANT
REGISTER (8 BITS)

INTERNAL BUS

SYSTEM CLOCK

|

PRESCALER DOWN COUNTER
(8 BITS) (8 BITS)
CLK/TRG

Z0/TO

140489

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 at 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 stabilize 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 isready 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 TMPZ84C013A is determincd 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 TMPZ84C013A have the signal lines IEQ
and IEL. 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
signalis high. An interrupt can be requested in this state.

L] When the CTC outputs the interrupt request signal (INT), the IEQ 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.

] 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, t¢ = 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

[11 Transition Diagram

Figure 3.4.3 shows the CTC status transition diagram.
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Figure 3.4.3 (a) CTC Transition Diagram (a)
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DOWN COUNTER

TIME CONSTANT LOAD

DOWN COUNTER-1
(DECREMENT)

DOWN COUNTER = 0?

YES

TIME CONSTANT LOAD

[ 140489

Figure 3.4.3 (b) CTC Transition Diagram (b)

{2] BasicTiming
(1)  Write cycle

The write cycle is used to write a channel control word, an interrupt vector, or a
time constant. The 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 CSO (A0) of the
CTC. Thus, the CTC’s internal registers are ready to accept data in system clock
T3. Tw is the state to be automatically inserted by the MPU.

T4 T2 Tw T3 Ty
CLKIN ! 1 ] L1 | l | |

CSq, CS1, CE
(Ag), (A1), {A2~7) X

TORQ AN /

CHANNEL ADDRESS X

3

DATA p 4 INPUT X
Figure 3.4.4 Write Timing
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(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. Itis
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 CS0 (A0) of the CTC.

On 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
automatially inserted by the MPU.

T1 T2 Tw T3 Ti
CLKIN | 1 | L1 ] | L l
(Ao, (2\510)', %:lf S p ¢ CHANNEL ADDRESS X

ORG AN o
RD N /
™i

140489

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/T'O pin.

# | |

CLKIN | l

CLK/TRG

INTERNAL
COUNTER wm
zc/TO N

Figure 3.4.6 Counter Mode Timing
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[4] 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.

wen _ L Ly LI LT 1
/

CLK/TRG / \
INTERNAL
TIMER S/TIMER OPERATION START

120489

Figure 3.4.7 Timer Mode Timing
[5]1 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 IORQ 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 on
the data bus. 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.

T T Tw Tw T3 Ta
axn — LI LI LI L 1 T I L I
M\ S
IORQ \\ /
RD
e TS N .
DATA { VECTOR >

140489

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 LST of the next higher priority.

Ty T2 T3 T4

IEO ya

140489

Figure 3.4.9 Interrupt Return Timing
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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 shows the channel I/O addresses.

Table 3.4.1 Channel I/O Addresses

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

140489
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 D5 D4 D3 D2 D1 DO
Counter/ ) Time
Interrupt timer Prescaler Edge Trigger constant Reset 1

140489

Figure 3.4.10 Channel Control Word
For the channel control word, DO must be always 1.

Table 3.4.2 Meanings and Function of Channel Control Words (1/3)

Meaning and function

Bit

0 1
Bit7 [Disables channelinterrupt 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 channe! control woard
whose D7 bitis “1” is written in an already
aperating 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.

140489
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(2/3)

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.

Bit5
(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) . In the counter mode,
the down-counter is decremented on the
falling edge of the external clock pulse
{CLK/TRG)

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 on 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 following 2 system clocks after the
time constant has been loaded into the
down-counter.

Used only in the timer mode. The timer
operation is started by the external
trigger pulse. That is, the timer starts
operating at the trigger pulse entered
after the rising edge following 2 system
clocks after the time constant has been
loaded into the down-counter. If the
interval between the system clock and the
trigger pulse satisfies the setup time, the
prescaler starts operating on the second
rising edge. Otherwise, the prescaler
starts operating on the rising edge
following 3 system clocks. If the trigger
pulse is entered before the time constant
is loaded the same effect as when bit 3 =
“0" takes place.

Bit 2
(D2)

Indicates that the channel control word is
not followed by the writing of time
constant. When the channel is in the reset
state, this bit cannot be set to “0” in the
first channel control word . To change
states with the time constant unchanged,
the channel control word with this bit set
to “0” must be entered.

Indicates that the channel contro! word is
followed by the writing of time constant.
If the time constant is written during
down-counter operation, the new time
constant is set to the time constant
register with proceeding the current
counting. When the down-counter has
reached zero, the new time constant is
loaded into the down-counter.

140489
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(2]

(3]

(3/3)

Meaning and function
Bit

0 1

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 bit2 = “1” and bit1 = “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.

140489

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|D3IDZ|D1|DM
TC7 TC6 TC5 TC4 TC3 TC2 TC1 TCO
140489

Figure 3.4.11 Time-Constant Data
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
0 0 0 (high)
¢] 1 1 o
1 0 2 . Priority
1 1 3 (low)

140489

Lvi[ve [vs[va |vi]x]x]o |
L ) L | L
Fixto “0"

Channel codes
Interrupt vector given by user.

140489

Figure 3.4.12 Interrupt Vector
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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

Figure 3.4.13 Counter Programming Procedure

(b) The block diagram for converting the 100 kHz system clock into the 10 kHz
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 DOWNCOUNTER COUNTS ZERO.

CLK/TRGO (100kHz)
INPUT

DOWN COUNTER

OUTPUT | ZC/TOO (10kHz)
140489

Figure 3.4.14 Down-Counter Block Diagram
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(¢) Thechannel control word cenfiguration is shown in Figure 3.4.15.

D7 D6 D5 D4 D3 D2 D1 DO

o [ 1 Jo [ 1 Jo 1T 1T
INTERRUPT NOT USED NOT USED CHANNEL
DISAB ROL
LE SETTING OF CONTROL WORD
COUNTER TIME
MODE - 1ATTHERISING CONSTANT
EDGE OF EXTERNAL
CLOCK CHANNEL RESET

140489

Figure 3.4.15 Channel Control Word Configuration
[2] Timer Mode

(a) The timer programming procedure with interrupt disabled is shown in Figure

3.4.16.

LOAD OF CHANNEL
CONTROL WORD

!

LOAD OF
TIME CONSTANT

l

Figure 3.4.16 Timer Programming Procedure

140489
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(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 REGISTER
SYSTEM CLOCK (4MHz) o0 0 | | 250
iINPUT L :
(250KHz) i ATIME CONSTANTIS
! LOADED EVERY TIME
! WHEN THE DOWNCOUNTER
iCOUNTSZERO.
DOWN COUNTER |

OUTPUTJ ZC/T01 (1KHz2)
140489

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 Jo oo Jo] 1] 1]
le;EzraBli:T CRAELSS:(L.IEg TIMER START CHANNEL
D
e SETTING OF CONTROL WOR
MODE  START THE TIMER TIME

OPERATIONATTHE ~ CONSTANT
FALLING EDGE OF THE

EXTERNAL CLOCK. CHANNEL RESET 140489

Figure 3.4.18 Channel Control Word
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3.5 SIO Operational Description

The SIO has two independent, programmable full-duplex serial ports. These ports are
assigned addresses on the TMPZ84C013A’s I/O map. This subsection mainly describes
the operations that take place after accessing the SIO.

3.5.1 SIO Block Diagram

—>
Internal Read/Write N . } Data
control register Channel A |=<— CLOCK
ircuit ch 1A 4 <> SYNC
bkl {Channel A) .~ WAIT/READY
Do~7 External |—
MPU N control }— .
/1 A circuit | Controlline
bus internal bus (Channel A) |e—
N 1/0 \
SIO control line } Data
CE, M1, IORQ_ N channelB < CLOCK
C/D, B/A, RD - ~—/ > SYNC
Interrupt Read/Write i
control register
circuit (Channel B) 3 I
N xternal [—
INT ) Cg&gﬂl [ ¢ Control line
IEO (Channel B) Je—
1El
interrupt control 140489
line

Figure 3.5.1 SIO Block Diagram

3.5.2 SIO System Configuration

As shown in Figure 3.5.1, 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 TMPZ84C013A contains all the functions and pins of the 40-pin, DIP-type
TMPZ84C40A (SIO/0), TMPZ84C41A (SIO/1), and TMPZ84C42A (S10/2). However,
when using the SIO of the TMPZ84C013A, the SI0/0, SIO/1, or SIO/2 must be used
alone. The pin assignments are as shown in Figure 3.5.2.
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Figure 3.5.2 SIO Pin Assignments
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Table 3.5.1 shows the types and functions of the SIO registers. Each channel has 8
write registers and 3 read registers.

(1) Communication data path
Figure 3.5.3 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 3.5.3.

Table 3.5.1 (a) Write Registers

Register Function

Write Resets CRC. Sets pointers of registers, and commands.
register 0 (WRO) ‘
Write .
register 1 (WR1) Sets the interrupt mode.
Wri.te Sets the vector to be transmitted at interrupt. (Channel B only)
register 2 (WR2)
Write . .
register 3 (WR3) Provides the parameters to control the receiver.
Write Provides the parameters to control the receiver and transmitter.
register 4 (WR4)
Write .
register 5 (WR5) Controls the transmitter.
Write "
register 6 (WR6) Sets the sync character or the SDLC address field.
Write

. h h lag.
register 7 (WR7) Sets the sync character or the SDLC flag

140489

Table 3.5.1 (b) Read Registers

Register Function
Rea.d Indicates the receive/transmit buffer state and the pin state.
register 0 (RRO) >
Read .
. Indicates the error status and the end-of-frame code.
register 1 (RR1)
Read

Indicates the interrupt vector contents. (Channel B only)

register 2 {(RR2)

140489
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Figure 3.5.3 Transfer Data Path (Channel A)
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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
Iength is 5 or 6 bits.

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 monosync mode, the receiver searches for
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 syne
register.

SDLC mode

In the SDLC mode, the sync register constantly monitors the receive data
perform-ing 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”. Ifit 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 “1”s).

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 Iength.

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.

This Materia
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° SDLC mode

In the SDLC mode, the WR6 holds the station address and the WR7 holds the
flag. The flag (WR7) 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.

(2) 1/0 functions

To transfer data from/to 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.

L 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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3.5.3 SIO Basic Operations

(1

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 3.5.4 shows the data format of the asynchronous mode.

| S
WH_E@I@ID}I.;;I@IT | Marking

Start bit Parity bit Stop bit

Message direction

140489

Figure 3.5.4 Data Format of Asynchoronous Mode
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 to be supplied to the transmit clock
input (TxC). The serial data are output on the falling edge of TxC.

Reception

The receive 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 : a 6-bit character ’ t I p lns | D4|03 , Dzlm IDFI "

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”.
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)

In the polling mode, the MPU must refer the receive character valid bit (D0 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.

Synchronous mode

There are 3 kinds of character synchronization : monosyne, bisync, and external
syne. 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.

£C
Synchronous . CRC CRC
character aeb 1 2

£¢
)Y

Monosynchronous mode

{C
T
Synchronous Synchronous CRC CRC

character character Data field 1 2

£<
)Y

Bisynchronous mode

4(’(’
Data field cRe CRe
1 2
£<
T
Message direction External synchronous mode

-
140489

Figure 3.5.5 Data Format of Synchronous Mode

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.
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3

(a)

(b)

(c)

(@

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 cne 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.

Reception
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.

This Materi al
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(b)

(©

(3)

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).

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 3.5.6 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 flag. The address field in the frame contains the address of a secondary
station. Checking this address, the SIO receives or ignores the frame.

Frame |

I
3

Address ) CRC CRC
field Data field

e

Open flag Close flag

(a)

(b)

)T

Message direction
140489

Figure 3.5.6 Data Formatin SDLC Mode

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.
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(o

(d)

(e)

(a)

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 WRO0). CRC calculation starts when the address field is written in the
SIO (WR6). The transmit CRC enable bit (DO 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.

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 1111”). 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 alsc occurs when the special receive condition is satisfied.
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(b)

(9]

(d)

(e)

Interrupt on all received characters

In this mede, 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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3.5.4 SIO Status Transition Diagram and Basic Timing
[1] Status Transition Diagram

Figure 3.5.7 shows the SIO status transition diagram.

n m
Power ON Asy chrom?u_s ode
transmission

— 1
D=1
CE,IORQ=0 Status read RRO
D=0
Buffer empty?
YES
D=0 N .
o e Write transmission
CE, '0“%—‘2 1 data character

Transmission

Set command interrupt
write mode Transmission
(WRD-WR7) TxD,

Start bit “0”
Do
Dy
Auto Receivin
YE On
— P
Parity bit
Stop bit”“1”
YES External/Status interrupt ,ani?rﬂ;jfonti

YES
End of frame
transmission 140489

NO
Asynchronous A .
Figure 3.6.7(b) State Transition
YES Diagram
Mono or

YES

I Enable transmission —]

NO
YES
Asynchronous mode Synchronous mode SDLC External synchronous
transmission transmission transmission transmission

140489

Figure 3.5.7 (a) SIO Status Transition Diagram
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Synchronous mode
transamission
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Figure 3.6.7 (¢) State Transition Diagram
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SDLC transmission
TxD terminal

TxCinput Open flag Open flag
(%réﬂaf;:& ------ > character (7EH)
S Status read
E, IORQ=0 RRO
RD=0

Buffer empty?

1. Write addres
2. Write transmission
data

ransmission interrupt

______ »{ 1. Address (Do~Djy)
2. Transmission data
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NO Add CRC?
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[ CRC feed —l _______ { CRC(Do~D15)
En? of

CRC feed?
YES

L Close flag feed l _______ Close flag transmission

{7EH)

End of frame
transmission
140489

Figure 3.6.7 (d) SiO Status Transition Diagram
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[2] BasicTiming

Figure 3.5.8 shows the timing in which data or a command is written from the MPU
to the SIO. Figure 3.5.9 shows the timing in which data is read from the SIO to the
MPU. Figure 3.5.10 shows the interrupt acknowledge timing in which the MPU gives
an interrupt response to the SIO’s interrupt request to set the TORQ pin to “0” several
clocks after setting the MI 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 8.5.11 shows the timing in which the return from interrupt is performed.

Figure 3.5.12 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 M1 being active, “IEQ” of the
PIO goes “0”. However, when “EDH” is decoded, the PIO’s interrupt request is not
acknowledged. Therefore, the PIO’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.

T1 T2 Tw T3 T
cLkiN | ] [ 1 [ | | l [ 1
B/A, C/D, CE
(Ao), (A1), (Ap~A7) X X

IORQ |- /

140489

Figure 3.5.8 Write Timing
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(A1), (Ag), (A2~7) A
ORQ \ /
RD \ /
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. L. 140489
Figure 3.5.9 Read Timing
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awon T LI 1_ I 11 r
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DATA { Interruptvector >
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Figure 3.5.10 Interrupt Acknowledge Timing
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Figure 3.5.11 Return Timing from Interrupt
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1 The SIO has made an interrupt request T
"1" "1" "1n ll-‘" IN_T 110"
PIO — sio |

IEI IEO  IEI IEO IEI {IEO IEI IEQ IEl IEOQ

2 The SIO is servicing the interrupt.

uqn “qn 0"

B T T T e

3 The PIO has made an interrupt request immediately before “EDH” is decoded by
the SIO. By the PIO’s interrupt request, PIO’s IEO is set to “0”.

I

B N o T30 o R T B o

4 Because “EDH” has been decoded, the PIO’s interrupt request is not acknowledged.
Therefore, PIO’s IEO returns to “1”.

nqm 1" aqe ugn

i S o o Y o BT SR

5 Because “4DH” has been decoded, the SIO’s IEO is set to “1”.

6 The PIO’s interrupt request is acknowledged and the PIO’s IEO is set to “0”.

1" ‘1" “Q" “0" Q"

Figure 3.5.12 Daisy Chain at Execution of RET! Instruction

140489
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3.5.5 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 3.5.2
must be specified to write the control word and read/write data on the SIO.

Table 3.5.2 1/O Addresses

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

1404839

[1]  Write Registers

1 IWR 0; Write register 0 I

Table 3.5.3 Configuration of Write Register 0

D7 | D6 D5 | D4 | D3 D2 l D1 L DO

CRC reset code Primary command bit Register pointer bit

! I [ I I

140489

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.

L 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 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.

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 3.5.4 List of Reset Command Codes

Rest command D7 Dé
No operation 0 0
Reset the receive CRC checker 0 1
Reset the transmit CRC generator 1 0
Reset the transmit underrun/EOM 1 1

140489
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2 |WR 1; Write register 1 I

Table 3.5.5 Configuration of Write Register 1

D7 l D6 | D5 D4 D3 D2 D1 DO
Wait/ready l Enable Enable
Receiving Status transmission external/
Select interrupt -affect interrupt status
", interrupt
Select receiving/ mode vector ! up
Enable function | transmission |

140489

Bit D0: 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:

] 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.

. When D6 is set to “1”, the W/RDY pin functions as the READY pin; when D6 is
reset to “0”, the pin functions as the WAIT pin.

L] When D7 is set to “1”, the wait/ready function is enabled; when D7 is reset to “0”,
the function is disabled.
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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

140489
*  Special receive conditions:

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

® Parity error

]

Framing error

“0!).
Table 3.5.6 shows the summary of the above description of bits D3 and D4 and D5
through D7.
Table 3.5.6 List of Receive Interrupt Mode Codes
| Receive interrupt mode D4 D3
} Receive interrupt disable ] 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* (except for parity error) 1 1

Table 3.5.7 Wait/Ready Select Function (D5 through D7)

Pin state
- . Buffer state D7 D6 D5
Pin (Function) Pin output
DISABLE | WAIT Floating - 0
0 -
READY High - 1
ENABLE | WAIT Low The transmit buffer is full and the SIO data port
is selected. 0
Floating | The transmit buffer is empty. 0

READY High The transmit buffer is fuil.

Low The transmit buffer is empty.

WAIT Floating | The receive buffer is full.

Low The receive buffer is empty and the SIO data
port is selected.

READY Low The receive buffer is full.

High The receive bufferis empty.

140489
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3 |WR 2; Write register 2 I

Table 3.5.8 Configuration of Write Register 2

D7 i D6 | D5 | D4 | D3 I D2 | D1 I DO

v7 ‘ V6 l V5 ; V4 V3 V2 Vi1 Vo

Subject to change under different
interrupt conditions if the status-
affect vector bitis set. 140489

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

Table 3.5.9 Channel Interrupt Condition Codes

Channel Interrupt condition V3 V2 Vi
Transmit buffer empty 0 0 ]

B Change of external/status 0 0 1
Received character available 0 1 0

Special receive condition* 0 1 1

Transmit buffer empty 1 0 Q

A Change of external/status 1 0 1
Received character available 1 1 0

Special receive condition* 1 1 1

140489
* Special receive conditions:
¢ End of frame (in SDLC mode only)
® Receive overrun error
® Parity error
¢ Framing error
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4 LWR 3; Write register 3

Table 3.5.10 Configuration of Write Register 3

D7 , D6 D5 D4 D3 D2 D1 DO
o . Enter Address Prohibit
Receiving bit Auto hunt Enable search synchronous | Enable
fcharacter enable receivin
phase CRC g mode character receiving
I load

140489

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 syne 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.

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 3.5.11 shows the number of bits per character.
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Table 3.5.11 Receive Character Length Codes
Bits/character D7 D6
5 0
7 1
6 1 0
8 1 1
140489
5 IWR 4; Write register ﬂ
Table 3.5.12 Configuration of Write Register 4
D7 l D6 D5 I D4 D3 D2 D1 DO
T 1 T T
Clock mode Synchronous mode Stop bit Parity
Even/Odd  Enable
| I |

This Materia

140489

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 3.5.13 Stop Bit Length Codes

top bit

D3

D2

Sync mode

1 stop bit/character

1.5 stop bits/character

2 stop bits/character

Bits D4 and D5: Sync mode

These bits are used to select the sync mode.

Table 3.5.14 Sync Mode Codes

140489

Sync mode

DS

D4

8-bit sync mode

16-bit sync mode (bisync mode)

SDLC mode (flag character; 7EH)

External sync mode

Bits D6 and D7: Clock mode

140489

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 3.5.15 Clock Mode Codes

(d atglfr‘:akn:r:ffate) b7 D6
x 1 data transfer rate 0
x 16 data transfer rate 1
x 32 data transfer rate 1 0
x 64 data transfer rate 1 1

140489
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6 IWR 5; Write register 5 I

Table 3.5.16 Configuration of Write Register 5

D7 D6 l DS D4 D3 D2 D1 DO
Transmit bit Break Enable CRC-16 Enable CRC
DTR /character transmission | transmission /SDLC RTS transmission
140489

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: Request 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 X154 X2+ 1) is selected. When
this bit is reset to “0”, the CRC-CCITT polynomial (X6 + 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.
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Bits D5 and D6: Transmit character length

These bits indicate the character length of transmit data.

Table 3.5.17 Transmit Character Length Codes

Bits/character D6 D5

Less than 5 bits 0 0
7 bits 1
6 bits 1 0
8 bits 1 1

140489

As shown in Table 8.5.17, for the transmission of less than 5 bits (4 bits or 3 bits) per
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 8.5.18. Note that D indicates data.

Table 3.5.18 Data Transfer Format with Transmit Data Consisting of Less than S bits

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

140489

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| WR 6; Write register 6 l

Table 3.5.19 Configuration of Write Register 6

D7 | D6 ' D5 I D4 J D3 | D2 l D1 l DO

140489
This register is programmed as follows:

® Intheexternal syncmode : Transmitsynccharacter

@ Inthe monosync mode

In the bisync mode
In the SDLC mode

: Transmit sync character
: First sync character
: Slave station address

This Materia
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8 |WR T, Write register 7 |

Table 3.5.20 Configuration of Write Register 7

D7 I D6 \ D5 | D4 | D3 | D2 | D1 | DO
SYNC
15 14 13 ’ 12 11 I 10 ’ 9 } 8
) ® (5) 4 3 0 (1) (0)
140489

This register is programmed as follows:
e Inthe monosync mode : Receive sync character
¢ In the bisync mode : Second sync character
¢ Inthe SDLC mode : Flag character (TEH)
This register is not used in the external sync mode.

[2] Read Registers
1 |RR 0; Read register 0 l

Table 3.5.21 Configuration of Read Register 0
D7 D6 DS D4 D3 D2 D1 DO
Break/ Trasmission CcTs Synchronize DCD Trasmission interrupt Receiving
Abort underrun/ /Hunt buffer empty pending character
EOM effective

140489

Used with the external/status interrupt

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.
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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:

(1)

(ii)

(iii)

@iv)

Asynchronous mode

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

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.

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.

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.

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.

This Materia
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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 |RR 1; Read register 1 I

Table 3.5.22 Configuration of Read Register 1

D7 D6 D5 D4 D3 | D2 | D1 DO

End of framing | Receiving Parity | I Feed
frame error overrun error Fraction all
error [ | characters

140489

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.
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Example : Figure 3.5.13 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).

| ]

—~
®

I field

@

~—M

5 CRC;4 CRC3 5

| field |
|

140489
Figure 3.5.13 Examples of Fraction Bits in | Field
Table 3.5.23 (a) shows the fraction codes for the receive character whose character
length is 8 bits.
Table 3.5.23 (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
o} 3 1 0 0
0 4 0 1 0
0 5 1 1 0
o 6 0 0 1
(v 7 1 1] 1
0 8 0 1 1
1 8 1 1 1
2 8 0 0 0

140489

The same table can also be provided for each character length when the receive
character length of I field is other than 8 bits.
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Table 3.5.23 (b) Bit Patterns by Number of Bits
/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 0 1 1

140489

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
Ds, D4’ D3 — “1,” “1”, “07’)‘

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 WRQ 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.
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3 |RR 2; Read register 2 |

Table 3.5.24 Configuration of Read Register 2

D7 | D6 I D5 I D4 I D3 I D2 I D1 { Do

Interrupt vector

V7 . V6 | V5 ‘ va V3 V2 V1 Vo

L |
T

Subject to change under different
interrupt conditions if the status-
affect bit is set

140489

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.

3.5.6 Using SI1O0

The following describes some system examples using the SIO. Figure 3.5.14 shows an
inter-processor communication system. In this example, the MPU on the left side
controls the data transfer with the modules on the right side. Both diagrams shown in
Figure 3.5.14 (a) and (b) are communication systems. As shown, the SIO is used to
interface with external devices in data communication. The greatest advantage of the
SIO is the smaller number of data lines than parallel communication.
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RSXYZ 280 Z80
driver LN —N
V|receiver N TV} sio NTV] mpu
]
80 zs0 Y- Rsxvz
—N driver E
MPU N 4 (e} Ireceiver
\‘—‘ \\«
RSXYZ Z80 280
"N driver C:J\ —N
freceiver "Vl sio N V] mpu
140489
Figure 3.5.14 (a) Example of Data Communication Between Processors
|
Cr;\f;r_:el Modem
cHA WY—N Rrs232c (Synchro o
280 14 N] Z80 ﬂ:l/,\ driver/ _nous Data linking for
\h/ g remote processor
MPU SIO receiver Asynchro P
CH.B R
Channel nous)
No.2
]

140489

Figure 3.5.14(b) Example of Data Communication Between Processor

This Materi al

MPUZ8B0ASSP-307

Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C013A

3.6 Standby Capability

When a HALT instruction is executed, the TMPZ84C013A 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 TMPZ84C013A 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 F0 in the I/O
address area. The halt mode is released 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 TMPZ84C013A returns to the halt mode after
executing a HALT instruction (actually a NOP instruction).

3.6.1 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 3.6.1 shows the contents of
the halt mode control register (HALTMCR). Figure 3.6.2 shows the contents of the halt
mode setting register (HALTMR).

MPUZ80ASSP-308

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA

TMPZ84C013A

l?ddress F)‘I 7 6 5 4 3 2 1 0
HALTCR T T T T T
Write only [ 1 . 1 L 0 , 1 1 L 0 1 X 1 I
L |
Figure 3.6.1 Halt Mode Control Register
(HALTMCR)
1
Address FO 7 6 5 a4 3 2 1 0
Wri T T
rite |wmsa WDTPR | HALTMR [ o[ 1 | 1 J
See 3.7 Watchdog Timer Always write "011"
0 0 = |DLE1
0 1 = |IDLE2
1 0 = STOP
*1 1 = RUN
Address FO 7 6 5 4 3 2 1 0

Write

frorea] woen [ macwvr [0 [ 1 [ 1]

I__]_____I

See 3.7 Watchdog Timer

;_I__I

Read written data “011”

(Note) * : State after reset

Figure 3.6.2 Halt Mode Setting Register (HALTMR)

140489
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Figure 3.6.3 shows the device states in the halt state with the CLKOUT pin connected

to the CLKIN pin.
MODE cec | mpu | cte | sio ;ﬁ;fgzg% cLouT
IDLET O x x x x x
IDLE2 O x @) x X O
sTOP X X X pd X X
RUN O O O O O O

140489
O--+Operating (CLKOUT and CLKIN must be connected.)
x ---Stop
Note: CLK OUT and CLK IN must be connected.

Figure 3.6.3 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.

3.6.2 Halt Mode Setting Procedure
After reset, the halt mode is changed to the Run mode. Figure 3.6.4 shows the

procedure to set a new mode.
START

Write Data “DB” into
1 address(HALTMCR)

I

Write new mode
into address FO.

Figure 3.6.4 Setting Halt Mode

140489
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TOSHIBA TMPZ84C013A

3.7 Watchdog Timer

The watchdog timer (WDT) detects an operation error caused by the program
runaway to return to the normal operation.

3.7.1 Block Diagram of Watchdog Timer
Figure 3.7.1 shows the block diagram of the watchdog timer.

WDTOUT

#FO
WDTPR —] enable

(Bits 6and 5) —>

216 218 220 222

i 22-step binary counter F(/?F
(WDTCLK) — for watchdog timer R s
reset

reset reset

WDTE

4EH B1H
_] l_ WRITE -J I— Write —I
Watchdog timer control v::;ﬂ;g?gg?s?eerr
register #F1 (WDTCR) #£F0 (WDTER)

iR

Internal data bus

140489

Figure 3.7.1 Block Diagram of Watchdog Timer
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TOSHIBA TMPZ84C013A

3.7.2 setting Watchdog Timer
(1)  Enabling the watchdog timer

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

Address FO ’ 6 T > 4 T 3 2 ! 0
Write  |worer] WDTPR [ HACTMR [ 0 | [ 1]
L [ T |
See 3.6 Always wrtie "011”
Standby functiuon

0 0 = TcCs216 (TcC:Master clock)
0 1 = TcCs218
1 0 = TcC*220
*1 1 = TcCs222
*+ 1=Enable
0 = Disable (Note) » : State afterreset

140489

Figure 3.7.2 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.

7 6 5 4 3 2 1 0

Address FO
Write  [worea] WDTPR IHAL:I'MRI 0] [ 1
L : I L r J
0 =Disable See 3.6 Always write 011",

Standby function

il

[
Address F1 . . . . r . r
{WDTCR) 1 0 1 1 0 0 0 1
Write oniy . ! t : : : t

140489

Figure 3.7.3 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).

Address F1

T T T T T

7 6 5 4 3 2 1 0
(WDTCR) |o'1‘lo R 1 170
L

Write only . ! : * : ! |
140489

‘ Figure 3.7.4 Cleaning The Watchdog Timer

AddressFo 7 6 > 4 3 2 ! 9
(Read)  [wore] WDTPR [HALTMR [ 0 [ 1 [ 1 |

L l I1 : |
See 3.6 Read out writen data”011”
| Standby function
|
} 0 0 = TcC+216
| 0 1 = TcCs218
1 0 = TcCsx220
1 1 = TcCs222
0 = Disable
1=Enable 140489

Figure 3.7.5 Reading Watchdog Timer Setting Register

3.7.3 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.

MPUZ80ASSP-313
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3.8

TMPZ84C013A
Interrupt Priority

The programmable interrupt priority register (#F4 : bits 2 through 0 : INTPR) is

provided to determine the interrupt priority for the CTC, SIO, in the TMPZ84C013A.
3.8.1 Setting Interrupt Priority

Figure 3.8.1 shows the register to determine the daisy chain interrupt priority for the
CTC, SIO.

AddressF47,6|5,4|3|2,1,0
(INTPR) | |
Write only L . . . . . !
Priority order
High — Low |
» CTC- SIO = 0 (¢} 0
SIO- CTC= 0 [} 1
* State after reset 140489
Figure 3.8.1 Interrupt Priority Register (INTPR)
| [Example]

When “001” is written in address F4 (INTPR), the daisy chain interrupt priority is
given as shown in Figure 3.8.2.
External pull up

\

ED—L—D IEO

IEl  SIO [EO

IEl  CTC IEO

140489
Figure 3.8.2 Daisy Chain Interrupt Priority
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TOSHIBA TMPZ84C013A
4. ELECTRICAL CHARACTERISTICS
4.1 Maximum Ratings
SYMBOL ITEM RATING
vCC Vec Supply Voltage with respect to Vss -0.5Vto 7V
VIN Input Voltage -0.5Vto VCC+ 0.5V
PD Power Dissipation (10MHz VERSION : TA =70°C) 250mwW
TSOLDER {Soldering Temperature (Soldering Time 10sec) 260°C
TSTG Storage Temperature —-55°C to 125°C
TORP Operating Temperature 10MHz VERSION —-40°C to 70°C

4.2 DC Electrical Characteristics

170890

10MHz VERSION : TOPR=—40°C to +70°C, VCC=5V £10%, VSS=0V

(1/2)

SYMBOL PARAMETER TEST CONDITION | MIN. |[TYP. MAX. UNIT.
VILC Clock Input Low Voltage (CLKIN) -0.3 - 0.6 A"
VIHC |Clock Input High Voltage (CLKIN) VCC-06| — |VCC+03| V
VIL Input Low Voltage {except XTAL1, RESET) -0.5 - 0.8 Y
VIH input High Voltage (except XTAL1,RESET) 2.2 - vCC v
VILR [Input Low Voltage (RESET) -0.5 - 0.45 \Y
VIHR |Input High Voltage (RESET) VCC-06| — vCC %
VOLC |OutputLow Voltage (CLKOUT) I0L=2.0mA — - 0.6 \)
VOHC | Output High Voltage (CLKOUT) IOH = -2.0mA VCC-06 | — - v
VOL [Output Low Voltage (except CLKOUT) 1IOL=2.0mA - - 0.4 Vv
VOH1 [Output High Voltage 1 (except CLKOUT) IOH = - 1.6mA 2.4 - - \%
VOH2 |Output High Voltage 2 (except CLKOUT) IOH = - 250uA VCC-0.8| — - \Y
] Input Leakage Current Vss= VIN= Vce - - +10 RA
ILO 3-state Output Leakage Current in Float Vss= Vout= VCC - - +10 A

170890
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TOSHIBA TMPZ84C013A
(2/2)
SYMBOL PARAMETER TEST CONDITION MIN. { TYP. | MAX. | UNIT.
VCC=5V,
fCtK = (1
[ddl] Power Supply Current vﬁ»:c =(V|)HR= VIH=vcco.2v, |AT-10| — 40 43 mA
VILC=VILR =VIL=0.2V
vVCC=5v,
fCLK = Stopped, _
1CcC2 Stand-by Supply Current VIHC = VIH = VIHR = vCC-0.2v, [AT-10 0.5 50 pA
(See Note(2) ) VILC=VIL=VILR=0.2V
VCC=5Y,
Power Supply Current fCLK =(1), _
'CC3 | (IDLE1 Mode VIHC = VIH = VIHR = vcc-0.2v, |AT-10 2.5 5 mA
VILC=VIL=VILR = 0.2V
vcC=5v,
Power Supply Current fCLK = (1), _
ICC4 | (IDLE2 Mode) VIHC=VIH= VIHR = VCC0.2v, [AT-10 19125 | mA
VILC = VIL = VILR = 0.2V
170890
Note :

(1) fCLK =1/TcC (MIN)
(2) ICC2 Stand-by Supply Current is guaranteed only when the supplied clock is stopped at a low
level during T4 state of the following machin Cycle (M1) next to OP code fetch Cycle of HALT
instruction.

Except SYNCA =0 or SYNCB =0 state

MPUZ80ASSP-316
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TOSHIBA TMPZ84C013A
4.3 AC Electrical Characteristics (1) (in Active State)
10MHz VERSION : TA= —40°C~70°C, VCC=5V+10%, VSS=0V
4.3.1 AC Characteristics of CPU (in Active State)
(1/2)
TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. | TYP. | MAX.
1 |TcC Clock Cycle Time 100 | — DC ns
2 |TwcCh Clock Pulse Width {High) 38| — DC ns
3 | Twdl Clock Pulse Width {Low) 38 — DC ns
4 |TfC Clock Fall Time - - 12 ns
5 |TrC Clock Rise Time - — 12 ns
6 |[TdCr(A) Clock T to Address Valid Delay - - 75 ns
7 |TdA (MREQf) Address Valid to MREQ | Delay 15] — - ns
8 |TdCf(MREQf) [Clock | to MREQ ]} Delay - - 55| ns
9 |TdCr(MREQr) [Clock T to MREQ T Delay - - 55| ns
10 |TWMREQh MREQ pulse Width (High) 32| — — ns
11 |[TwMREQ1 MREQ pulse Width (Low) 75 - - ns
12 |TdCf(MREQr)  |Clock | to MREQ 7 Delay - - 55| ns
13 | TdCf (RDf) Clock | to RD | Delay - - 65| ns
14 |TdCr (RDr} Clock 1 to RD 1 Delay - - 55 ns
15 {TsD (Cr) Data Setup Time to Clock 25| — - ns
16 |ThD (RDr) Data Hold Time to RD 1 0| — — ns
17 | TSWAIT (Cf) WAIT Setup Time to Clock |, 25| — - ns
18 | ThWAIT {Cf) WAIT Hold Time after Clock | 10| — — ns
19 |[TdCr(M1f) Clock 1 to M1 | Delay - - 65 ( ns
20 |TdCr{m1r) Clock 1 to M1 T Delay - - 65| ns
21 | TdCr (RFSHf) Clock 7 to RFSH |, Delay - - 80| ns
22 | TdCr (RFSHr) Clock T to RFSH 1 Delay - - 80| ns
23 {TdCf (RDr) Clock | to RD 1 Delay - - 55| ns
24 | TdCr (RDf) Clock 7 to RD | Delay — - 55 ns
25 |TsD(ChH Eﬂiczfﬁﬂt:%;gl;lockj,during M2, M3, 25 _ _ ns
26 |TdA (1O0RQf) Address Stable prior to [ORQ |, 70| — - ns
27 |TdCr(IORQf) Clock 7 to TORQ |, Delay - — 50 ns

170830
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TOSHIBA TMPZ84C013A

(2/2)
TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. | TYP. | MAX.
28 |TdCf (IORQr) Clock | to TORQ T Delay - - 55| ns
29 |TdD (WRf) Data Stable Prior to WR |, 0 — - ns
30 |TdCf (WRf) Clock | to WR | Delay - - 55| ns
31 |TwwR WR Pulse Width 75| — - ns
32 | TdCf{WRr) Clock | to WR 7 Delay - - 55| ns
33 |TdD (WRf) Data Stable Prior to WR |, -8 — - ns
34 | TdCr (WRf) Clock 1 to WR | Delay - - 50 | ns
35 |TdWRr (D) Data Stable from WR ¢ 12 - - ns
36 |TdCf(HALT) Clock | to HALT for |, - - 90 | ns
37 [TwihMI NMI Pulse Width 65| — - ns
38 |TsBUSREQ(Cr) |BUSREQ Setup Time to Clock 1 30| - - ns
39 |ThBUSREQ(Cr) (BUSREQ Hold Time after Clock 7 0| — - ns
40 |TdCr (BUSACKS) |Clock T to BUSACK | Delay - - 75| ns
41 |TdCf (BUSACKr) [Clockt | to BUSACK ¢ Delay - - 75( ns
42 | TdCr(Dz) Clock 1 to Data Float Delay - — 65 ns
43 |TdcCr(CT2) (CI\';’T"%‘I‘:J%"‘%! g:;’%)’: loatDelay | _ | _ 60 | ns
44 |TdCr(AZ) Clock 1 to Address Float Delay - - 65 ns
o [ [ W | [~ | |
46 | TsRESET (Cr) RESET to Clock 1 Setup Time 40| - - ns
47 | ThRESET (Cr) RESET to Clock 1 Hold Time 0| — - ns
48 | TsINTf (Cr) INT to Clock 1 Setup Time 50 — — ns
49 [ TsINTr (Cr) INT to Clock 1 Hold Time 10} - - ns
50 [TdM1f(IORQf) M7 | toTORQ | Delay 222 | - - ns
51 |TdCf (IO0RQf) Clock | to IORQ | Delay - - 55| ns
52 [TdCr(1IORQr) Clock 1 to TORQ 7 Delay - - 55| ns
53 |TdCf(D) Clock | to Data Valid Delay - - 110 ns

110690
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TMPZ84C013A

4.3.2 AC Characteristics of CGC (in Active State)

TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
. MIN. [ TYP. | MAX.
54 |TcCCLK Output clock cycle - 100 - ns
55 |TwCh CLK Output clock Width{High) 38 - - ns
56 [TwCICLK Output clock Width (Low) 38 - - ns
57 |TfCCLK Output clock fail time - - 12 ns
58 [TrCCLK Output clock rise time - - 12 ns
CLK out restart time by INT {(STOP I AL
53 {TRST (INT)S Mode) 2.5TcC ns
CLK out restart time by NMI (STOP |24+ |
60 [TRST (NMI)}S Mode) 2.5TcC ns
CLK out restart time by INT {IDLE 1/2 _ 25 _
61 |[TRST(INT)I Mode) “TeC ns
CLK out restart time by NMI (IDLE 1/2 _ 25 _
62 | TRST (NMI) | Mode) *TeC ns
CLK out restart time by RESET _ _
63 |TRST (RESET) | (IDLE 172 Mode) TcC ns

110630
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TOSHIBA TMPZ84C013A

4.3.3 AC Characteristics of CTC (in Active State)

TMPZ84C013AF-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. | TYP. | MAX.

Delay from MT fall to IEQ fall (in case
64 |TdM1 (IEQ) of generating only interrupt — - 130 ns
immediately before M1 cycle)

65 |[TdIEI (IEOT) Delay from IEl fall to IEO fall - - 50 ns
Delay from IE] rise to IEO rise _ _
66 |TdIEI (IEQr) (after ED decode) 120 ns
CLK/TRG setup to TL 1 for detection of | TcC
interrupt +100| __ _
tsCTR () Satisfied +Te68
_ +T48
67 |IsCLK (INT) ns
tsCTR (c) not Satisfied 2TcC
+100| _ _
+768
+T48
68 |TcCTR CLK/TRG Frequency Mec| = | - | ns
{counter mode)
69 |TrCTR CLK/TRG rising time - - 30 ns
70 |TCTR CLK/TRG falling time - - 30 ns
71 [TwCTR1 CLK/TRG Pulse Width (Low) 90 — - ns
72 |TwCTRh CLK/TRG Puise Width (High) 90 - - ns

CLK/TRG 7 to Clock T
73 | TsCTR (Cs) Setup Time for Immediate Count 110 - — ns
(counter mode)

CLK/TRG 1 to Clock 1 Setup Time for
74 | TsCTR (CT) enabling of Prescaler on following 10| — - ns
clock T (timer mode)

75 |TdC(ZC/TOr) Clock 1 to ZUTO 1 Delay - - 110 ns

76 |TdC(2C/TOf) Clock | to ZC/TO | Delay - - 110 | ns

110690
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TMPZ84C013A

4.3.4 AC Characteristics of SiO (in Active State)

(1/2)

TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. [ TYP. | MAX.
77 |TsM1(C) M7 1 to clock 1 Setup time 50| — - ns
IEl | to IORQ | Setup time _ _
78 |TsIEL{IO) (INTACK cycle) 100 ns
M1 | to IEO | Delay
79 |TdM1(IEQ) (Interrupt before M1) - - 120 ns
TE1 | to IEO T Delay | _
80 | TdIEI (IEOr) (after ED decode) 120 ns
81 | TdIEI (IEOf) IEl | to IEO | Delay - d 50 ns
82 |TdIo (WRWH IOR(_)J,or CE | to W/RDY | Delay _ _ 130 ns
(Wait mode)
Clock 1 to W/RDY | Delay _ _
88 |TdC (W/RRf) (Ready Mode) 80| ns
Clock | to W/RDY float delay _ _
89 |TdC{(W/RWZ) (Wait mode) 90 ns
90 | TwPh Pulse Width {(High) 200 [ — - ns
91 | TwP! Pulse Width (Low) 200 = - ns
92 |TcTxC TxC cycle time 250 | — o ns
93 |TwTxCl TxC Width (Low) 80| — o ns
94 | TwTxCh TxC Width (High) 80| — o ns
95 [TdTxC (TxD) TxC | toTxD Delay — | = | 18| ns
(x1 mode) .
96 |TdTXC(W/RRf) |TXC | toW/RDY | Delay (Ready mode) 5| — 9 pfriLc'fis
97 | TcRxC RxC cycle time 250 | — S ns
98 | TwRxCl RxC Width (Low) 80 - o ns
99 |TwRxCh RxC Width (High) 80 | — © ns
100 |TsRxD (Rxc) RxD to RxC 1 Setup time wl| - _ ns
(x1 mode)
101 | ThRxD (Rxc) RxC 7 to RxD Hold time (x1 mode) 80| — - ns
102 | TdRxC (W/RRf)  |RXC } to W/RDY | Delay (Ready mode) | 10| — 13 Pec_”zs
{g]e]
== PRvINTe CLK
103 [ TdRxC (SYNC) RxC 7 to SYNC | Delay (Output mode) 4 — 7 periods
Tl
SYNC 7 to RxC | Setup B _ _
104 | TsSYNC (RxC) (External SYNC modes) 100 ns

170890
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(2/2)

TMPZ84C0O13AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT

MIN. | TYP. | MAX.
TxC Setup to TL 1 for detection of 5«T1 9:T1

105 [IsTxC interrupt +Ta8| T |+Tag| ™
RxC Setup to TL 1 for detection of 10+T1 13+T1

106 | IsRxC interrupt +Ta8| — |+Tag| ™

170890

4.3.5 AC Chracteristics of WDT (in Active State)

TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. | TYP. | MAX.
107 | TdC(WDTf) Clock 1 to WDTOUT | Delay - - 120 ns
108 Tdc (WDTr) Clock 1 to WDTOUT 1 Delay - - 125 ns
109 | TCWDT WDTOUT OUTPUT Period
WDT Mode0 — |T1s2'6] —
WDT Mode1 — |T1s2'8] — ns
WDT Mode2 — [T1x220| —
WDT Mode3 —  |T1=22| -

170890
Notel: 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, (Except CLK OUT)
CL=100pF
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4.4 ACTiming Charts (1) (in Active State)

4.4.1 AC Timing Charts of CPU (in Active State)

Figure 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.

T1 @ T2 TW T3 T4
CLKIN oN 2 - R/ A« n_/ ) -
O} . ®
Ao;%é @) Prograrq’i"counter ) Refresh aTdress X
o @~
sk | Tobaye™
MREQ i« ) SECIN: /
. ) @,
—R_D- ﬂ® ({4
! - v ')"’4—
@»i« rO@
WATT \ 7 X\
T ; :
@ < @ il 4_
Do~D7 _;:-———“6( ('(' "nputdata (
e " =@ .
RFSH " \

Figure 4.4.1 Opcode Fetch Cycle

040489
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T T2 ™W T3
CLKIN _/ X/ snhgy_/ A shil_\_
® — S
£ SC
Agp~Ais X Program cc{gnter «
—p . <- @_’_ ;_»
MREQ @ £
> - — <— — @
@_;L A e
WAIT : RV
RD « £«
ad o — pe—
geZ?ati n _l <_ « O ! I |~ inputdata
peration { bo~Dy < &' i
—— \J ———
WR 1” ss $ @
Write . <—@—><— 29) ! « > @ <—
operatlon{ Do~D7 Data output —
040489
Figure 4.4.2 Memory Read/Write Cycle
T2 TW* TW T3
akn_7 N N/ Ry /S N /S R A\
® . ®
Ag~Ars D Port address ,"(, X
® & H
IORQ Vi
@ - 4
@~ @. A -®
WAIT \L ’ 7 X «
- ~— @
RD "
input A ._> be—
operation —> T « @) e H— input data
Do~D7 ] o i
— -

WR '_ | @}_» —
output ® T <5
operatio —> @ ~— (o @

Do~D7 ————o outpyt data }—

Note: 1-waitstate (TW*)isinserted automatically by MPU.
040489

Figure 4.4.3 /O Cycle
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) TL T T2 TW* TW“'I T™W T3
CLKIN \._/ N/ \N /N [/ Bt Hepedl  \
o=@
INT
« ®
Ag~Ais X Program counter ot ).
_
M1 A « i
—| @  -— v — <-—@
IORQ J
(§§> (:é)—a— — -(—-L(-_ :ji 17 18]~
WAIT £ £ X
N j @ |« ®
Do~D7 o< At ]
Notes : .
1. TL: Last state of instruction 1 VALID DATA

2. 2-wait state (TW*) is inserted automatically by MPU

040489

Figure 4.4.4 Interrupt Request/Acknowledge Cycle
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Last M cycle M1

r—

RFSH

Note: NMIis asynchronous, but its falling edge signal must occur synchronously with the

040489

rising edge of previous TL state for correct response to the subsequent machine cycles.

Figure 4.4.5 Non-maskable Interrupt Request Cycle

T X T LT 1
CLKIN / \ \ 7 \ s_/ \ \ ;
A:Xﬂ &
BUSREQ \ ) P
® rs
BUSACK \ ® ) —
e B @,, Floating state - (‘97 ~—
A0~A1 5 A w
— :_ u Floating state g ,:___
DO"[)7 )] ¥,
—MRE — :_® I Floating state ™ @ ::_
RD—’ WR b H
TORQ _ G;
M1
— @ \
RFSH Vi
HALT unchanged
Notes

1. TL: Laststate of a given machine cycle
2. TX: Clock used by peripheral LSI that made request.

Figure 4.4.6 Bus Request/Acknowledge Cycle

040489
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M1 of haltinstruction

M1 > M1 I M1
TA T T2 T3 T4 T1 T2
- | ‘:’ <‘—)1£:’
HALT =\ Vi
3T
NMI X Y

Note: INTsignalis also used for releasing HALT state.
040489

Figure 4.4.7 Halt Acknowledge Cycle

—— M1 —-———-
T1 T2
CLKIN | N A
-® “‘
" - 1@
RESET / \ “F N7
@ -
Ag~A1s © - « Floating state @3,___—
} <
>|(a2)| =
Do~D7 O‘. « Floating state
—_— I > -
7 7
i
RD WA V////// AN \
RFSH
BUSACK
HALT
040489

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 te the CLKIN pin.

ckouT @~ =—®=F \__/ \ / \___ /
@l =

(53}
@

040489

Figure 4.4.9 CLKOUT Waveform
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T1 T2 T3

cLKoUT ™ y BN 2a e n___ /L

@—><—~ —||e—GB

g
J
®

g

040489

Figure 4.4.10 Clock Restart Timing (STOP mode)

T1 T2 T3

CLKOUT T4 Vi \ / \ / \

®

W/

Figure 4.4.11 Clock Restart Timing (iDLE1 mode)

CLKOUT w

040489

T T2
Internal i 7 \ / \
clock
®)
INT
® |
NMI \
F—/ 040489

Figure 4.4.12 Clock Restart Timing (IDLE2 mode)

CLKOUT T—\—/_—L/_\_/_\_/_\_/—_\_
<—————>

RESET /

040489

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)
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Figure 4.4.14 CTC Timing Diagram
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Figure 4.4.15 CTCInterrupt Occurrence Timing
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4.4.4 ACTiming Charts of SIO (in Active State)
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Figure 4.4.16 (a) SIO Timing Diagram
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Figure 4.4.16 (b) SIO Timing Diagram
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Figure 4.4.17 SIO Interrupt Occurrence Timing
4.4.5 ACTiming Charts of WDT (in Active State)
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Figure 4.4.18 WDT Timing Diagram

MPUZB0ASSP-332

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA

TMPZ84C013A

4.5 ACElectrical Characteristics (2} (in Inactive State)

10MHz VERSION :

TA = —40°C~+70°C,VCC=5V +10%, VSS=0V

4.5.1 AC Characteristics of CGC (in Inactive State)

TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT

| MIN. [ TYP. | MAX.
1 |FeCCLK Qutput Clock Cycle - 100 — ns
2 [TwChCLK Output Clock Width (High) - 40| — ns
3 | TwCICLK Output Clock Width (Low) - 40 - ns
4 |TfCCLK Qutput Clock fall Time - 0 — ns
5 [TrCCLK Qutput Clock rise Time - 10| — ns
6 |TRST(NT)S ?SITO(C)';(:J;Z(Z)UT) restart Time by INT _ 2215‘;; _ ns
7 |TRST (NMI) S (C;;:g;(;:ﬁ(;)uﬂ restart Time by NMI _ 2215‘_lrz-c _ ns
8 |TRST(NT)S gg’f: ff;:}g:g restart Time by INT - 2Tc5C - ns
9 |TRST(NMI I ﬁ:;:é(_l(éﬁgég) restart Time by NMI _ *?;CSC _ ns
10 | TRST (RESET) | ﬁ:;’f;(gﬁgg;) restart Time by RESET — |tec| - ns
11 | TSHALT (M1r) HALT Setup Time 10 - - ns

170890
4.5.2 AC Characteristics of CTC (in Inactive State)
(1/2)
TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT

MIN. | TYP. | MAX.
12 |TcC Clock Cycle Time 00| — - ns
13 | Twch Clock width (High) 38 - — ns
14 | Twcl Clock width (Low) 38 - - ns
15 |TfC Clock falling time - - 12 ns
16 [TrC Clock rising time - - 12 ns
17 |Th Hold Time 10 — - ns
18 | TeCS(Q) CS (A1,A0) Setup time to clock 1 100 - = ns
19 |TSCE (C) CE {A7~A2) Setup time to clock T 80 — - ns
20 |TsIO(C) TORQ | Setup time to clock 1 65| — - ns

170890
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(2/2)
TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. TYP. MAX.
21 |TsRD(Q) RD | Setup time to clock 1 55 - - ns
22 |TdC(DO) Clock 1 to Data Valid Delay - - 110 ns
23 [ Tdc{DOz) IORQ, RD 1 to Data Float Delay - — 85 ns
24 |TsDI(C) Data Input Setup time to clock 1 40 - - ns
25 | TsM1(C) M1 Setup time to clock 1 55 - — ns
M7 | to IEO | Delay
26 [TdMI1(IEQ) (in case of generating only interrupt - - 110 ns
immediately before M1 cycle)
27 | TdIO {DOI) fORQ | to Data out Delay (INTA Cycle) - — 85 ns
28 |[TdIEI (IEOF) IEl | to IEO | Delay - - 60 ns
29 |[TdIEI (IEOTF) IEI 1 to IEO 7 Delay (after ED decode) - - 120 ns
30 |TdC(INT) Clock T to INT | Delay - - T:SJ ns
CLK/TRG 1 to INT |, Delay
TsCTR (c) Satisfied - TcC + 100 —
31 | TdA (IORQf) +70+T37 ns
TsCTR (c) not Satisfied — |2TcC+ 100 —
+70+T37
32 {TcCTR CLK/TRG Frequency - 2TcC - ns
33 [TrCTR CLK/TRG rising time - - 30 ns
34 |TCTR CLK/TRG falling time - - 30 ns
35 [TwCTRI CLK/TRG pulse width (Low) 90 - - ns
36 |TwCTR CLK/TRG pulse width (High) 90 - — ns
CLK/TRG 1 to clock T Setup Time for _ _
37 | TsCTR(CS) Immediate Count (counter mode) 110 ns
CLK/TRG T to clock T Setup Time for
38 [TsCTR(CT) enabling of Prescaler on following 110 - - ns
clock 1 (timer mode)
39 |TdC(zC/TON) Clock 1 to 2C/TO T Delay - - 110 [ ns
40 [TdC (2C/TOf) Clock | to ZC/TO |, Delay - - 10| ns

170890
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TMPZ84C013A

4.5.3 AC Characteristics of SIO (in Inactive State)

(1/2)

TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. | TYP. | MAX.
CE (A7toA2), C¢/D (Ag), _ _
41 [TsCs(C) B/A (A1) Setup Time to Clock 1 60 ns
42 |TsRD (C) TORQ, RD Setup Time to clock T 55| -~ - ns
43 (TdC(DO) Clock T to Data output Delay - - 100 ns
Data input setup time to clock 1 _ _
44 |TsDI{O) {write cycle or M1 cycle) 30 ns
45 | TdRD (DOz) RD 1 to Data Out Float Delay - - 70| ns
‘ IORQ | to Data output Delay _ _
| 46 |(TdIO (DOI) (INTACK cycle) 85 ns
| 47 |TsM1({Q) MT Setup time to clock 7 50| — - ns
; 48 | TsIEI{1Q) IEI Setup time to IORQ |, (INTACK cycle) 80 - - ns
3 M1 | to IEO | Delay _ _
43 |TdM1 (IEQ) (interrupt before M1) 120 ns
50 |TdIEI(IEOT) IEl 7 to IEO T Delay (After ED Decode) - - 120 ns
51 | TdIEI (IEOT) IEl | to IEO | Delay — - 50 ns
52 |{TdC(INT) CIocthol—N—TJ, Delay — - 100 ns
IORQ, CE (A7 to A2) | to W/RDY | Delay _ _
53 | TdIO (W/RWH) (Wait Mode) 130 ns
54 | TdC (W/RRf) Clock 1 to W/RDY | Delay (Ready Mode) - - 80 ns
Clock | to W/RDY Float Delay _ _
55 |TdC (WiRwz) {Wait Mode) 90 ns
56 |Th,Th (CS) Any }Jpspecnfied hold when setup is 0 _ _ ns
specified
57 {TwPh Pulse width (High) 200 - - ns
58 | TwPI Pulse width (Low) 200 - - ns
59 |TcTxC TxC Cycle time 250 | — o ns
60 | TwTxCl TxC width (Low) 80| — o ns
61 |TwTxCh TxC width (High) 80| — o ns
62 | TdTxC (TxD) TxC | to TxD Delay (x1 Mode) — — 180 ns
63 | TdTxC(W/RRf) |TxC | to W/RDY | Delay (Ready mode) 51 — g | CK
Periods
64 |TdTxC (INT) TXC | to INT | Delay 5| — g | CLK
Periods
65 |TcRxC RxC Cycle time 250 | — o ns

170890
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(2/2)
TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. [ TYP. | MAX.
66 [TwRxCl RxC width (Low) 80| — oo ns
67 | TwRxCh RxC width (High) 80 - co ns
68 | TsRxD (RxC) RxD to RxC 1 Setup time (x1 mode) 0 - — ns
69 | ThRxD (RxC) RxC T to RxD hold time (x1 mode) 80| — - ns
70 [TdRXC(W/RRf)  [RxC 1 to WIRDY | Delay (Ready Mode) 10| - 13 PecriLc'f "
71 | TdRxC (INT) RxC 7 to INT | Dela |l - 13 | CLK
T { y Periods
72 |TdRXC(SYNC)  |RxC | to SYNC 1 Delay (Output modes) 4| - 7 | CHK
Periods
73 | TsSYNC (RxC) SYNC | to RxC 1 Setup Time —100 | - - ns
(External syncmodes)
74 | TsAdd (Cr) Address Setup time to clock T 150 | — - ns
75 [TsIO(Cr) IORQ | Setup time to clock T 70| — — ns
76 |TdRD {Cr) RD | Setup time to clock 70| — - ns
77 |TdCr (Do) Data out Delay to clock T - - 130 [ ns
78 |TdIORDr(DoZ) |Data Float Delay to IORQ 1 RD 1 - - 90 | ns
79 | TsWR(Cr) WR | Setup time to clock 1 70| — - ns
80 |TsDI(Cr) Data Input Setup time to clock 0 - - ns
81 | TdIOWRf (D) Data Hold time to JORQ, WR 1 20 — - ns
170890
4.5.4 AC Characteristics of WDT (in Inactive State)
TMPZ84C013AT-10
NO. SYMBOL PARAMETER (10MHz) UNIT
MIN. TYP. |MAX.
82 |TdC (WDTf) Clock 1 to WDTOUT |, Delay - - 120 ns
83 |TdC{(WDTr) Clock 1 to WDTOUT T Delay - - 125 ns
WDTOUT out put period
WDT Mode 0 — [ T12«2'¢} — ns
84 |TCWDTZ WDT Mode 1 - T12+2'8 - ns
WDT Mode 2 et T12+220 - ns
WDT Mode 3 — | T12%222 | — ns
170890
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 J«@_, =O=F \__/ n____/ /=
@—’6— —|<®

040489

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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CLKOUT —/_—\—/_—\_/_\_/_—\_

T1 T2
internal T4 Vi \ / \
CLK
— ®
INT -_\
® |
NMI S /

040489

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 CTC Timing Diagram (Inactive)
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4.6.3 ACTiming Charts of SIO (in Inactive State)
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Figure 4.6.8 SIO Timing Diagram (a) (Inactive)
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Figure 4.6.8 SIO Timing Diagram (b) (Inactive)

MPUZB0ASSP-341

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMPZ84C013A

4.6.4 ACTiming Charts of WDT (in Inactive State)

(The mode setting and daisy chain interrupt setting registers on WDT)

T1 T2 ™ T3
kN /T \ / \ / \ / \ /T O\
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WDTOUT " N ¢ 7 b'S
O,
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Figure 4.6.9 RD/WRITE, WDTOUT Timing Diagram
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4.7 Pin Capacitance

SYMBOL ITEM TEST CONDITION MIN. [ TYP. | MAX. | UNIT
CCLOCK [ Clock Input Capacitance F=1MHz - -

CIN Input Capacitance Ali terminals except that to - - TBD PF
couT Output Capacitance be measured be earthed - -

170890
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5. EXTERNAL DIMENSIONS
QFJ84-P-S115
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