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INTEGRATED CIRCUIT TMPZB84CO0AP/AP-6/AP-8

TOSHIBA . inica pata TMPZ84COOAF/AF-6

TMP 284 COOAP, TMPZ84CO0AP-6, TMPZ84C00AP-8, TMPZ84COOAF, TMPZ84COOAF-6
TLCS-280 CPU: 8-BIT MICROPROCESSOR

1. GENERAL DESCRIPTION AND FEATURES

THE TMPZ84CO00A (from here on referred to as 280 or CPU) is CMOS version of
Z80 CPU which provides low power operation and high performance.

Built into the CMOS Z80 microprocessor are all bus control, memory
control, and timing signals in addition to eight general purposé 16-bit
registers and an arithmetic-and-logic unit. The MOS 280 is fabricated
using Toshiba's CMOS Silicon Gate Technology.

1.1 FEATURES o

Software Compatible with the Zilog Z80 CPU
DC to 4MHz Operation (TMPZ84COOAP/AF)
DC to 6MHz Operation (TMPZ84CO0AP-6/AF-6)
DC to 8MHz Operation (TMPZ84CO0AP-8)
Single 5V Power Supply : 5V + 10%
Powerful Set of 158 Instructions
Duplicate Sets of Both General-purpose and Flag Registers
Two Interrupt Inputs -
- Non-maskable Interrupt (MMI) _
- 3 Modes of Maskable Interrupt (INT)
o 8080 Compatible (Non-Z80 Peripheral Device) (Mode 0)
o Restart (Mode 1)
o 280 Family Peripheral with Daisy Chain (Model 2)
o Low Power Consumption
9mA Typ. @4MHz@5V (TMP Z84 COOAP /AF)
15mA Typ. @6MH2@5V (TMPZ84CO0AP-6/AF-6)
20mA Typ. @8MHz@5V (TMP Z84 COOAP-8)
Less than 10uA @5V (Stand-by)
Extended Operating Temperature
~40'C to 85°C
Two Indexed Registers
I0 Addressing Modes
On—-chip Dynamic Memory Refresh Counter
40 pin DIP package, 44 pin Mini Flat package.

0O 0000 O0OO0OO

[e]

© 00O

280 is a trademark of Zilog Inc.

—_ 3 —



INTEGRATED CIRCUIT TMPZ84CODAP/AP-6/AP-8

TOSHIBA
TECHNICAL DATA TMPZ84CO0AF/AF-6

2. PIN CONNECTIONS AND PIN FUNCTIONS

2.1 PIN CONNECTIONS (TOP VIEW)

C

N u b A10
A2 Oz 393 A9

A13 O3 380 A8

Al4 O4 a7 A7

A5 05 36{0 A6
CLK 06 3503 A5

D4 Q7 34 A4

D3 gs 3303 A3

D5 9 3203 A2

D6 10 310 Al
Voo Q1 30(1 AO

D2 Q12 200 Vss

D7 413 280 RFSH

DO 14 273 M1

D1 Q15 263 RESET
INT 416 251 BUSREQ
NMI Q17 24 1 WAIT
HALT []18 23 [0 BUSACK
MREQ 19 221 WR
IORQ [J=0 21 RD

Fig. 2.1 DIP Pin Connections
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33 [ BUSKEQ,
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30 3 WK

29 [ NG

28 "] RD

27 777 N

26 [ TORQ
25 1 WREQ
24 T HALT
23 [T NMT

RESET ™ 22 1 INT
O s— Y 21D
RFSH T 36 20{—1 Do
vss(aND) [} 37 19— ] D7
A0 ]38 D2

*1ov [ 39 17— voc(5V)

Al T 40 167" D6
Az [T 4 13 D5
A3 T a2 b Y m— o1
Ae T340 b bc] m— 171

AS [CTTJ a4 12" cLK

\Aaemeworoondd

o rooeo A o
<< < <A =
<<

Al2
Al3
Al4

0
-
<

(Note) Connect Pin 39 and Pin 17 externally.
* ICV must be used at open condition or connected with VCC.

Fig. 2.2 MFP Pin Connections
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TECHNICAL DATA TMPZB4COO0AF/AF-6

2,2 PIN NAMES AND PIN DESCRIPTION

(1) AD-Al5. Address Bus (output, active High, 3-state)
AO-Al5 form a 16-bit address bus. The Address Bus provides the address

for memory data bus exchanges (up to 64K bytes) and for 1/0 device
exchanges.

(2) BUSACK. Bus Acknowledge (output, active Low)
Bus Acknowledge indicates to the requesting device that the CPU address
bue, dsta bus, and control signals MREQ, IORQ, RD, and WR have entered
their high impedance states. The external circuitry can now control these
lines.

(3) BUSREQ. Bus Request (input, active Low)
Bus Request has a higher priority than NMl and is always recognized at the
end of the current machine cycle. BUSREQ forces the C(PU address bus,
data, and control signals MREQ, IORQ, RD, and WR to go to a high-impedance
state so that other devices can control these lines. BUSREQ is normally
wire-ORed and requires an external pullup for these applicatioms.
Extended BUSREQ periods due to extensive DMA operations cen prevent the
CPU from properly refreshing dynamic RAMs.

(4) DO-D7. Data Bus (input/output, active High, 3-state)
DO-D7 constitute an 8-bit bidirectional data bus, used for data exchange
with memory and 1/0,

(5) RALT. Halt State (output, active Low)
HALT indicates that the CPU has exeéuted a Hal instruction and is awaiting
either a non-maskable or a maskable interrupt (with the mask enabled)
before operation can resume. While halted, the CPU executes NOPs to
msintain memory refresh.

(6) INT. Interrupt Request (input, active Low)
Interrupt Request is generated by I1/0 devices. The CPU honors a request
at the end of the current instruction if the internal software-controlled
interrupt enable flip-flop (IFF) is enabled. INT is normally wire-ORed
and requires an external pull-up for these spplications.

(7) T0RQ. Input/Output Request (output, active Low, 3-state)
IORQ indicates that the lower half of the address bus holds a valid I/0
address for an 1/0 read or write operation. IORQ is also generated
concurrently with Ml during an interrupt acknowledge cycle to indicate
that an interrupt response vector can be placed on the data bus.

(8) Ml, Machine Cycle Ome {(output, active Low)
M1, together with MREQ, indicates that the current machine cycle is the
opcode fetch cycle of an instruction execution. Note that during
execution of 2-byte op-codes always begin with CBH, DDH, EDH or FDH. Ml
...5> occurs with IQRQ to indicate an interrupt acknowledge cycle.

(9) MREQ. Memory Request (output, active Low, 3-state)
MREQ indicates that the address bus holds a valid address for a memory
read or memory write operation,



TOSHIBA INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84CO0AF/AF-6

(10) HM1. Non-Maskable Interrupt (input, active Low)
NM1 has higher priority than INT. NMI is always recognized at the end of
the current instruction, independent of the status of the interrupt enable
flip-flop, and automatically forces the CPU to restart at location 0066H.

(11) RD. Memory Read (output, active Low, 3-state)
RD indicates that the CPU wants to read data from memory or an I/0 device.
The addressed I/0 device or memory should use this signal to gate data
onto the CPU data bus.

(12) RESET. Reset (input, active Low)
RESET initializes the CPU as follows: it resets the interrupt enable
flip-flop, clears the PC and Registers I and R, and sets the interrupt
status to Mode 0. During reset time, the address and data bus go to a
high-impedance state, and all control output signals go to the inactive
state. Note that RESET must be active for a minimum of three full clock
cycles before the reset operation is complete.

(13) RFSH. Refresh (output, active Low)
RFSH together with MREQ, indicates that the lower seven bits of the
system's address bus can be used as a refresh address to the system's
dynamic memories.

(14) WAIT. Wait (input, active Low)
WAIT indicates to the CPU that the addressed memory or I/O devices are not
ready for a data transfer. The CPU continues to enter a Wait state as
long as this signal is active. Extended WAIT periods can prevent the CPU
from refreshing dynamic memory properly.

(15) WR. Memory Write (output, active Low, 3-state)
WR indicates that the CPU data bus holds valid data to be stored at the
addressed memory or I/0 location.

(16) CLK. clock (input)
Single phase system clock input. When CLK is a DC state (either a high or
low level), CPU stops its operation and maintains resisters and control
signals.

(17) vCC. Power Supply
+5V

(18) VSS. Power Supply
Ground refernece (0V).
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TOSHIBA
TECHNICAL DATA TMPZ84COOAF/AF-6

3. FUNCTTONAL DESCRIPTION

3.1 BLOCK DIAGRAM

8 BIT
DATA BUS

DATA BUS
INTERFACE
11
INSTRUCTION INST A —A
( INTERNAL DATA BUS ) ALU
DECODER |\ REG. |\ y
Vog —— L
d
v
88— REGISTER
ARRAY
CLOCK —= J—- .
TIMING ) )
CONTROL TIMING I:I
s ADDRESS
LOGIC AND
BUFFERS
SYSTEME CPU
AND CPU CONTROL 16 BIT
CONTROL INPUTS ADDRESS BUS
OUTPUTS

Fig. 3.1 BLOCK DIAGRAM

3.2 CPU REGISTERS

The internal registers contain 208 bits of read/write memory that are
accessible to the programmer. These registers include two sets of six
general-purpose registers which may be used individually as either 8-bit
registers or as l6-bit register pairs. In addition, there arfe two sets
of accumulator and flag registers. A group of "Exchange'" instructions
makes either set of main or alternate registers accessbile to the
programmer. The alternate set allows operation in foregound-background
mode or it may be reserved for very fast interrupt response.
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TECHNICAL DATA TMPZ84COO0AF/AF-6

The Z80 also contains a Stack Pointer, Program Counter, two index
registers, a Refresh register (counter), and an Interrupt register.
Figure 3 shows the registers within the Z80 CPU.

Table 1 provides further information on these resisters.

MAIN REDISTER SET ALTERNATE REDISTER SET
A ACCUMULATR F FLAG REDISTER A’ ACCUMULATOR F FIAG REDISTER
B OENERAL FURFOSE | C OBNERAL PURIOSE | B’ GENERAL PURFOSE | C' GENERAL FURFOSE
GENERAL
D GENERAL PURPOSE E GENFRAL FURFOSE D GENFRAL PURFOSE E GENERAL PURFOSE PURPOSE
REGISTERS
H OENERAL PURFOSE | L GENMRAL PIRFOSE | H GENERAL PIRFOSE | L’ GENERAL FURFOSE
8 BITS
16BITS INTERRUFT FLIP.FLOPS STATUS
IX INDEX REGISTER A TFF1 IFF2
IY INDEX REGISTER 0= INTERRUFTS STORES IFF1
DISABLED ~ DURING NMI
SPECIAL
1= INTERRUPTS SFRVICE
SP STACK FOINTER PURPOSE ENABLED
REGISTERS
INTERRUPT MODE FLIP .
FC FROGRAM COUNTER 1F . FLOP
I INTERRUPT VECTOR | R MEMORY REFRESH MR | DMFY
8 BITS
(o] (o] INTERRUPT MODEO
0 1 NOT USED
1 0 INTERRUFT MODE1
1 1 INTERRUPT MODEZ2

FIGURE 3. CPU REGISTERS
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TECHNICAL DATA TMPZ84CO0AF/AF-6
Register Size (Bits) Remarks
A, A' Accumulator 8 Stores an operand or the results of

an operation.

F, F' Flags 8 See Instruction Set.

B, B' General Purpose 8 Can be used separately or as a 16-bit
register with C.

c, C' General Purpose 8 See B, above.

D, D' General Purpose 8 Can be used separately or as a 16-bit
register with E.

E, E' General Purpose 8 See D, above.

H, H' General Purpose 8 Can be used separately or as a 16-bit
register with L.

L, L' General Purpose 8 See H, above.
Note: The (B,C), (D,E), and (H,L) sets
are combined as follows:
B - High byte C - Low byte
D - High byte E - Low byte
H - High byte L - Low byte

1 Interrupt 8 Stores upper eight bits of memory ad-
Register dress for vectored interrupt processing.
R Refresh Register 8 Provides user transparent dynamic

memory refresh. Automatically incre-
mented and placed on the address bus
during each instruction fetch cycle.

IX Index Register 16 Used for indexed addressing.
IY Index Register 16 Same as IX, above.
SP Stack Pointer 16 Stores addresses or data temporarily.

See Push or Pop in instruction set.

PC Program Counter 16 Holds address of next instruction.

IFF)-IFF2 Interrupt Enable| Flip-Flops| Set or reset to indicate interrupt
status (see Figure 3).

IMFa-IMFb Interrupt Mode Flip-Flops| Reflect Interrupt mode (see Figure 3).

TABLE 1. Z80 CPU REGISTERS
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TOSHIBA TECHNICAL DATA TMPZ84C00AF/AF-6

(1) Special Purpose Registers
* Program Counter (PC)

The program counter is 16-bit counter and holds the 16-bit address of
the current instruction being fetched from memory. The PC is automatically
incremented after its contents have been transferred to the address lines.
When a program jump occurs the new valve is automatically placed in the PC,

overriding the incrementer.

* Stack Pointer (SP)

The stack pointer holds the 16-bit address of the current top of a stack
located anywhere in external system RAM memory. The external stack memory is
organized as a last-in first-out (LIFO) file. Data can be pushed onto the
stack from specific CPU registers or popped off of the stack into specific
CPU registers through the execution of PUSH and POP instructions. The data
popped from the stack is always the last data pushed onto it. The stack
allows simple implementation of miltiple level interrupts, unlimited subroutine

nesting and simplification of many types of data manipulation.

* Two Index Registers (IX & 1Y)

The two independent index registers hold a 16-bit base address that is
used in indexed addressing modes. In this mode, an index register is used
as a base to point to a region in memory from which data is to be stored or
retrieved. An additional byte is included in indexed instructions to specify

a displacement from this base. This displacement is specified as a two's

— 10 —
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TECHNICAL DATA TMPZ84COOAF/AF-6

complement signed integer. This mode of addressing greatly simplifies many

types of programs, especially where tables of data are used.

- Interrupt Page Address Register (I)

The Z80CPU can be operated in a mode where an indirect call to any
memory location can be achieved in response to an interrupt. The I Register
is used for this purpose to store the high order 8-bits of the indirect address
while the interrupting device provides the lower 8-bits of the address.
This feature allows interrup routines to be dynamically located anywhere in

memory with absolute minimal access time to the routine.

* Memory Refresh Register (R)

The Z80CPU contains a memory refresh counter to enable dynamic memories
to be used with the same ease as static memories. Seven bits of this 8-bit
register are automatically incremented after each instruction fetch. The
eighth bit will remain as programmed as the result of an LD R, A instruction.
The data in the refresh counter is sent out on the lower portion of the
address bus along with a refresh control signal while the CPU is decoding
and executing the fetched instruction. This mode of refresh is totally
transparent to the programmer and does not slow down the CPU operation.

The programmer can load the R register for testing purposes, but this register
is normally not used by the programmer. During refresh, the contents of the

I register are placed on the upper 8 bits of the address bus.
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TOSHIBA TECHNICAL DATA TMPZ84CO00AF/AF-6

(2) Accumulator and Flag Registers

The CPU includes two independent 8-bit accumulators and associated 8-bit
flag registers. The accumulator holds the results of 8-bit arithmetic or
logical operations while the flag register indicates specific conditions for
8 or 16-bit operations, such as indicating whether or not the result of an
operation is equal to zero. The programmer selects the accumulator and flag
pair that he wishes to work with a single exchange instruction so that he may

easily work with either pair.

(3) General Purpose Registers

There are two matched sets of general purpose registers, each set
containing six 8-bit registers that may be used individually as 8-bit registers
or as 16-bit register pairs by the programmer. One set is called BC, DE and
HL while the complementary set is called BC', DE' and HL'. At any one time
the programmer can select either set of registers to work with through a
single exchange command for the entire set. In systems where fast interrupt
response is required, one set o: general purpose registers and an accumulator-
flag register may be reserved for handling this very fast routine. Only a
simple exchange commands need be executed to go between the routines. This
greatly reduces interrupt service time by eliminating the requirement for
saving and retrieving register contents in the external stack during interrupt

or subroutine processing. These general purpose registers are used for a wide

range of applications by the programmer. They also simplify programming,

especially in ROM based systems where little external read/write memory is

available.
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TECHNICAL DATA TMPZ84CO0AF/AF-6

ARITHMETIC & LOGIC UNIT (ALU)

The 8-bit arithmetic and logical instructions of the CPU are executed
in the ALU. Internally the ALU communicates with the registers and the
external data bus on the internal data bus.

The type of functions performed by the ALU include:

Add Left or right shifts or rotates (arithmetic
and logical)

Subtract Increment
Logical AND Decrement
Logical OR Set bit

Logical Exclusive OR Reset bit

Compare Test bit

INSTRUCTION REGISTER AND CPU CONTROL

As each instruction is fetched from memory, it is placed in the
instruction register and decoded. The control section performs this
function and then generates and supplies all of the control signals
necessary to read or write data from or to the registers, controls the ALU

and provides all required external control signals.

— 13 —
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TECHNICAL DATA TMPZ84COOAF/AF-6

FLAGS

Each of the two Z80 CPU Flag registers contains six bits of information
which are set or reset by various CPU instructions. Four of these bits are
testable; that is, they are used as conditions for jump, call or return in-

structions. The four testable flag bits are:

1) Carry Flag (C) - This flag is the carry from the highest order bit
of the accumulator. For example, the carry flag will be set during
an add instruction where a carry from the highest bit of the accumu-
lator is generated. This flag is also set if a borrow is generated
during a subtraction instruction. The shift and rotate instructions

also affect this bit.

2) Zero Flag (Z) - This flag is set if the result of the operation load-

ed a zero into the accumulator. Otherwise it is reset.

3) Sign Flag (S) - This flag is intended to be used with signed numbers
and it is set if the result of the operation was negative. Since
bit 7 (MSB) represents the sign of the number (A negative number has
a l in bit 7), this flag stores the state of bit 7 in the accumula-

tor.

4) Parity/Overflow Flag (P/V) - This dual purpose flag indicates the
parity of the result in the accumulator when logical operations are
performed (such as AND A, B) and it represents overflow when signed

two's complement arithmetic operations are perfomed. The 280 overflow

— 14 —
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TECHNICAL DATA TMPZ84CO0AF/AF-6

flag indicates that the two's complement number in the accumulator
is in error since it has exceeded the maximum possible (+127) or is

less than the minimum possible (~128) number that can be represented

two's complement notation.

There are also two non-testable bits in the flag register. Both of these are

used for BCD arithmetic.

1) Half carry (H) = This is the BCD carry or borrow result from the
least significant four bits of operation. When using the DAA (Dec-
imal Adjust Instruction) this flag is used to correct the result of

a previous packed decimal add or subtract.

2) Add/Subtract Flag (N) - Since the agorithim for correcting BCD oper-
ations is different for addition or subtraction, this flag is used
to specify what type of instruction was executed last so that the

DAA operation will be correct for either addition or subtraction.

The Flag register can be accessed by the programmer and its format is as fol-
lows:

D7 D6 D5 D4 D3 D2 D1 DO

[(s[z[x[H[x]wV]N]C]

X means flag is indeterminate.

— 15 —
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TECHNICAL DATA TMPZ84CO0AF/AF-6

The Table 2 lists how each flag is affected by various CPU instructions.

indicates that the instruction does not change the flag.

e 'X' means that the flag goes to an indeterminate state.

* 'R' means that it is reset.

* 'S' means that it is set.

» '0' indicates that it is set or reset according to the previous dis-

cussion.

Note) Any instruction not appearing in the table 2 does not affect any

of the flags.

Table 2 includes a few special cases that must be described for clarity.
Notice that the block search instruction sets the Z flag if the last compare
operation indicated a match between the source and the accumulator data.
Also, the parity flag is set if the byte counter (register pair BC) is not
equal to zero. This same use of the parity flag is made with the block move
instructions. Another special case is during block input or output instruc-
tions, here the Z flag is used to indicate the state of register B which is
used as a byte counter. Notice that when the I/0 block transfer is complete,
the zero flag will be reset to a zero (i.e. B=0) while in the case of a block
move command the parity flag is reset when the operation is complete. A
final case is when the refresh or I register is loaded into the accumulator,
the interrupt enable flip flop is loaded into the parity flag so that the

complete state of the CPU can be saved at any time.
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D7 P6P5P4P3| D2 |D1PO

P/
Instruction S|z H V | N|C Comments
ADD A,s;ADC A,s ololxfolx| V|RJo 8-bit add or add with carry

SUB:s; SBC A,s; CP s; NEG ojoilxlo|x| V| S]|o 8-bit subtract, subtract with
carry, compare and negate

accumulator

AND s olo{xi{S|x| P | R|R

} Logical operations
OR s; XOR s olo|x|R|x| P | R|R
INC s ojo|xfofx| V|{R{-| 8-bit increment
DEC s olofx|olx]| V|S|-| 8-bit decrement
ADD DD, SS -|-{x|x{x| - | R|lo| 16-bit add
ADC HL, SS ofo|xix|x| V|R|o| 16-bit add with carry
SBC HL, SS olo|x[x|x]| V|Sjo 16-bit subtract with carry
RLA; RLCA; RRA; RRCA -|=Ix[R[x]| - | R|o Rotate accumulator

RL s; RLC s; RR s; RRC s; o|o|x{RIx| P | R|jo| Rotate and shift locations
SLA s; SRA s; SRL s

RLD; RRD ofo|x|R|x| P |R|-| Rotate digit left and right
DAA olofx|ofx| P|-|o| Decimal adjust accumulator
CPL -|-|x[S|{x] -] S|~ Complement accumulator

SCF -|-|x|R{x| - | R|S Set carry

CCF -|-|x|x[x| - | R}o Complement carry

IN r, (C) olo|x|R|x| P | R|- Input register indirect

INI; IND; OUTI; OUTD x|o|x|x|x| x| S|x|| Block input and output

INij INDR; OTIR; OTDR x|S|x|x|x] x| Six 2=0 if B#0 otherwise Z=1-

LDI{ LDD x|x[x|R{x| o] R{-|| Block transfer instructions
LDIR; LDDR x|x|x|R|{x] R| R|~-|| P/V=1 if BC#0, otherwise P/V=0
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TECHNICAL DATA TMPZ84CO00AF/AF-6

D7D6D5P4D3 D2 p1 |DO
P/
Instruction S{Z{ o V|N|C| Comments
CPI; CPIR; CPD; CPDR ofolxlojx| o | S|~ Block search instructions
Z=1 if A=(HL), otherwise
2=0
P/v=1 if BC#0, otherwise
P/V=0
LD A, I; LD A, R ojo(x |[R|x|IFF| R|-| The content of the interrupt
enable flip-flop (IFF) is
copied into the P/V flag.
BIT b, s xlo|x|[S|x| x| R{-! The state of bit b of
location s is copied into the
Z flag

TABLE 2. SUMMARY OF FLAG OPERATION

The following notation is used in this table:

SYMBOL OPERATION

C Carry/link flag. C=1 if the operation produced a carry from
the MSB of the operand or result.

Z Zero flag. Z=1 if the result of the operation is zero.

S Sign flag. S=1 if the MSB of the result is one.

P/V Parity or overflow flag. Parity (P) and overflow (V) share the

same flag. Logical operations affect this flag with the parity
of the result while arithmetic operations affect this flag with
the overflow of the result.

1f P/V holds parity, P/V=1 if the result of the operation is
even, P/V=0 if result is odd. If P/V holds overflow, P/V=1 if
the result of the operation produced an overflow.

H Half-carry flag. H=1 if the add or subtract operation produced
a carry into or borrow from bit 4 of the accumulator.

— 18 —



TOSHIBA INTEGRATED CIRCUIT TMPZ84COO0AP/AP-6/AP-8
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SYMBOL OPERATION
N Add/Subtract flag. N=1 if the previous operation was a subtract.

H and N flags are used in conjunction with the decimal adjust
instruction (DAA) to properly correct the result into packed

BCD format following addition or subtraction using operands with
packed BCD format.

The flag is affected according to the result of the operation.

- The flag is unchanged by the operation.

R The flag is reset by the operation.

S The flag is set by the operation.

o The flag is affected according to the result of the operation.

X The flag is a "don't care".

v P/V flag affected according to the overflow result of the
operation.

P P/V flag affected according to the parity result of the operation.

r Any one of the CPU registers A, B, C, D, E, H, L.

s Any 8-bit location for all the addressing modes allowed for the

particular instruction.

ss Any 16-bit location for all the addressing modes allowed for
that instruction.

I I resister

R Refresh counter.

n 8-bit value in range <0, 255>

nn 16-bit value in range <0, 65535>
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INTERRUPT

The CPU accepts two interrupt input signals: NMI and INT. The NMI is
a non-maskable interrupt and has the highest priority. INT is a lower
priority interrupt since it requires that interrupts be enabled in software
in order to operate. Either NMI or INT can be connected to multiple

peripheral devices in a wired-OR configuration.

The Z80 has a single response mode for interrupt service for the
non-maskable interrupt. The maskable interrupt, INT, has three programmable
response modes available.

These are:

* Mode 0 — compatible with the 8080 microprocessor.
» Mode 1 — Peripheral Interrupt service, for use with non-8080/280 systems.
+ Mode 2 — a vectored interrupt scheme, usually daisy-chained, for use with

280 family and compatible peripheral devices.

Both the INT and NMI inputs are sampled by the CPU on the rising edge
of CLK in the last T state of the last Machine (M) cycle of any instruction.
However, if BUSRQ is active at the same time, it will be processed before any

interrupts. Figure 4 illustrates the Z80 interrupt service sequence.
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NOTE (1) INT and NMI are always
acted on at the end of
an instruction.

NO

(2) BUSRQ is acted on at
the end of a machine
cycle.

YES (3) While the CPU is in the
DMA MODE, it will not
respond to_active inputs

BUSRQ

SET BUSRQ E/F

on INT or NMI.
L
(4) These three inputs are
acted on in the following
order of priority.
1) BUSRQ -- highest
2) NMI
3) INT -- lowest
SET NMI E/F
USRQ=0
BUSRQ=1
SET INT. E/F

RESET
BUSRQ E/F

NON 7
MASKABLE
INTERRUPT

NO

MODE

MASKABLE |
INTERRUPT

FIGURE 4. 780 CPU INTERRUPT SEQUENCE
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(1) Non-Maskable Interrupt (NMI)

The non-maskable interrupt cannot be disabled by program control
and therefore will be accepted at all times by the CPU. NMI is usually
reserved for servicing only the highest priority type interrupts, such
as that for orderly shutdown after power failure has been detected.
After recognition of the NMI signal (providing ﬁﬁgifa is not active),
the CPU jumps to restart location 0066H. Normally, software starting

at this address contains the interrupt service routine.

(2) Maskable Intexrrupt (INT)

Regardless of the interrupt mode set by the user, the Z80 CPU
response to a maskable interrupt input follows a common timing cycle.
After the interrupt has been detected by the CPU (provided that
interrupts are enabled and Eﬁgiga is not active) a special interrupt
processing cycle begins. This is a special fetch MI1) cycle in which
iﬁﬁa becomes active rather than ﬁiﬁa, as in a normal M1 cycle. In
addition, this special ML cycle is automatically extended by two WAIT
states, to allow for the time required to acknowledge the interrupt

request and to place the interrupt vector on the bus.

» Mode O Interrupt Operation

This mode is compatible with the 8080 microprocessor interrupt
service procedures. The interrupting device places an instruction on

the data bus.
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This is normally a Restart Instruction, which will initiate an
unconditional jump to the selected one of eight restart locations in

page zero of memory.

* Mode 1 Interrupt Operation

Mode 1 operation is very similar to that for the NMI. The
principal difference is that the Mode 1 interrupt has a vector address

of 0038H only.

e Mode 2 Interrupt Operation

This interrupt mode has been designed to utilize most effectively
the capabilities of the Z80 microprocessor and its associated peripheral
family. The interrupting peripheral device selects the starting address
of the interrupt service routine. It does this by placing an 8-bit
address vector on the data bus during the interrupt acknolwedge cycle.
The high-order byte of the interrupt service routine address is supplied
by the I (Interrupt) register. This flexibility in selecting the
interrupt service routine address allows the peripheral device to use
several different types of service routines.

These routines may be located at any available location in memory. Since
the interrupting device supplies the low-order byte of the 2-byte vector,

bit 0 (Ap) must be a zero.

Figure 5 illustrates the vector processing sequence.
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INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84COOAF/AF-6
280 CPU MEMORY
® r-*-{ %%‘”HW} VECTOR TABLE
e[ ]}
15-87-0 ®
weo[ T 1}
®
INTERRUPT
SERVICE
FOUTINE
©) FERIBERAL

INTERRUFT VECTOR

NOTES:

1) Interrupt vector generated by peripheral is read by CPU during
interrupt acknowledge cycle.

2) Vector combined with I register contents form 16-bit memory address
pointing to vector table.

3) Two bytes are read sequentially from vector table. These 2 bytes
are read into PC.

4) Processor control is transferred to interrupt service routine and

execution continues.

FIGURE 5. VECTOR PROCESSING SEQUENCE
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(3) 1Interrupt Priority (Daisy Chaining and Nested Interrupts).

The interrupt priority of each peripheral device is determined by its
physical location within a daisy-chaiu configuration. Each device in the
chain has an interrupt enable input line (IE1) and an interrupt enable output
line (IL0), which ‘s fed to the next lower priority device. The first device
in the daisy chain has its 1EI inpu' hardwired to a High level. The first
device has highest priority, while each succeedinyg device has a corresponding
lower priority. This arrangement permits the CPU tc select the highest

priority interrupt from several simultaneously interrupting peripherals.

The interrupting device disables its TEO line to the next lower priority
peripheral until ir has been serviced. After servicing, its IEO line is

raised, allowing lower priority peripherals to demand interrupt servicing.
s 3 }

The Z80 CPU will nest (queue) any pending interrupts or interrupts

received while a selected peripheral is being serviced.

(4) Interrupt Enable/Disable Operation.

In the Z80-CPU there is an enable flip flop (called IFF) that is set or
reset by the programmer using the Enable Interrupt (EI) and Disable Interrupt

(DI) instructions. When the IFF is reset, an interrupt (except NMI) cannot

be accepted by the CPU.
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-Actually, there are two enable flip flops, called IFF; and IFF;.

Actually disables interrupts Temporary storage location
from being accepted. for IFF,.

A reset to the CPU will force both IFF; and - IFF; to the reset state so
that interrupts are disabled. . They can then be enabled by an EI instruction
at any time by the programmer. When an EI instruction is executed, any
pending interrupt request will not be accepted until after the instruction
following EI has been executed. This single instruction delay is necessary
for cases when the following instruction is a return instruction and inter-
rupts must not be allowed until the return has been completed. Both IFF)
and IFF2 can be enabled by execution of the EI instruction. When an
interrupt is accepted by the CPU, both IFF) and IFF; are automatically reset,
inhibiting further interrupts until a new EI instruction is executed.

Note that for all of the previous cases, IFF; and IFF; are always equal.

The purpose of IFF, is to save the status of IFF; when a non-maskable
interrupt occurs. When a non-maskable interrupt is accepted, IFF; is reset
to prevent further interrupts until reenable by the programmer. Thus, after
a non-maskable interrupt has been accepted maskable interrupts are disabled
but the previous state of IFF, has been saved so that the complete state of
the CPU just prior to the non-maskable interrupt can be restored at any time.
When a Load Register A with Register I (LD A, I) instruction or a Load Register

A with Register R (LD A, R) instruction is executed, the state of IFF, is

< -
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copied into the parity flag where it can be tested or stored.

A second method of restoring the status of IFF1 is thru the execution
of a Return From Non-Maskable Interrupt (RETN) instruction. Since this
instruction indicates that the non maskable interrupt service routine is
complete, the contents of IFF; are now copied back into IFF), so that the
status of IFF; just prior to the acceptance of the non-maskable interrupt

will be restored automatically.

Operation of the two flip-flops is described in Table 3.
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Action IFF, 1IFF; Comments

CPU Reset 0 0 Maskable interrupt
INT disabled

DI instruction 0 0 Maskable interrupt

execution INT disabled

EI instruction 1 1 Maskable interrupt

execution INT enabled

LD A,I instruction - - 1IFF,; » Parity flag

execution

LD A,R instruction - - IFF2 = Parity flag

execution

Accept NMI 0 IFF, IFF, + IFF:
(Maskable interrupt
INT disabled)

RETN instruction IFF, - IFF2 -+ IFF,; at

execution completion of an NMI
service routine.

Accept INT 0 0

RETI - -

Note) "-" indicates no change.

~

*

TABLE 3. STATE OF FLIP-FLOPS
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CPU TIMING

The Z80 CPU executes instructions by proceeding through a specific

sequence of operations. These include:

Memory read or write
1/0 device read or write

Interrupt acknowledge

All instructions are merely a series of these basic operations. Each
of these basic operations can take from three to six clock periods to complete
or they can be lengthened to synchronize the CPU to the speed of external
devices. The basic clock periods are referred to as T states and the basic
operations are referred to as M (for machine) cycles. Figure 6 illustrates
how a typical instruction will be merely a series of specific M and T cycles.
Notice that this instruction consists of three machine cycles (M1, M2 and M3).
The first machine cycle of any instruction is a fetch cycle which is four,
five or six T states long (unless lengthened by the wait signal). The fetch
cycle (Ml) is used to fetch the OP code of the next instruction to be executed.
Subsequent machine cycles move data between the CPU and memory or I/0 devices
and they may have anywhere from three to five T cycles (again they may be
lengthened by wait states to synchronize the external devices to' the CPU).
The following paragraphs describe the timing which occurs within any of the

basic machine cycles.
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M1
(OP Cde Fetch)

M2 I M3
(Memory Read) (Memory Write)

Instruction Cycle

FIGURE 6.

BASIC CPU TIMING EXAMPLE

All CPU timing can be broken down into some very simple timing

diagrams as shown in Figure 7 through 1l4. These diagrams show the following

basic operations with and without wait states (wait states are added to

synchronize the CPU to slow memory or I/0 devices).

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

13

14

Instruction OP code fetch (Ml cycle)

Memory data read or write cycles

I/0 read or write cycles

Bus Request/Acknowledge Cycle

Interrupt Request/Acknowledge Cycle

Non maskable Interrupt Request/Acknowledge Cycle

Exit from a HALT instruction

Reset Cycle
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(1) Instruction fetch

Figure 7-0 shows the timing during an Ml cycle (OP code fetch). Notice
that the PC is placed on the address bus at the beginning of the M1 cycle. One
halt clock time later the MREQ signal goes active. At this time the address
to the memory has had time to stabilize so that the falling edge of ﬁifa can
be used directly as a chip enable clock to dynamic memories. The RD line
also goes active to indicate that the memory read data should be enabled onto
the CPU data bus. The CPU samples the data from the memory on the data bus
with the rising edge of the clock of state T3 and this same edge is used by
the CPU to turn off the RD and MREQ signals. Thus the data has already been
sampled by the CPU before the RD signal becomes inactive. Clock state T3 and
T4 of a fetch cycle are used to refresh dynamic memories. (The CPU uses this
time to decode and execute the fetched instruction so that no other operation
could be performed at this time). During T3 and T4 the lower 7-bits of the
address bus contain a memory refresh address and: the RFSH signal becomes
active to indicate that a refresh read of all dynamic memories should be
accomplished. Notice that a RD signal is not generated during refresh time
to prevent data from different memory segments from being gated onto the data
bus. The ﬁiﬁa signal during refresh time should be used to perform a refresh
read of all memory elements. The refresh signal cannot be used by itself

since the refresh address is only guaranteed to be stable during MREQ time.
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Figure 7-1 illustrates how the fetch cycle is delayed if the memory

activates the WAIT line.

the WAIT line with the falling edge of CLK.

this time, another wait state will be entered during the following cycle.

Using this technique the read cycle can be lengthened to match the access

time of any type of memory device.

During T2 and every subsequent Tw, the CPU samples

If the WAIT line is active at

Ml Cycle
T, Ty Tw Tw Tg Ty
o\ \ LD VD o VY e W
AO~A15 __X PC Y REFRESH ADDR t
WRER T\ \ T
RD \ /
DBO~DB? ‘{EE>
W1 N I
vart T TIN LTI [P CITTTTATCICOL
RFSH I

FIGURE 7-1.

INSTRUCTION OP CODE FETCH WITH WAIT STATES




INTEGRATED CIRCUIT

TMPZ84C00AP/AP-6/AP-8
HIBA -
Tos TECHNICAL DATA TMPZ84CO00AF/AF-6
M] Cycle
Ty To Ta T, Ty
CLK ..J . \ \ \ / \
PYSUSTRN) TS X REFRFGH ADDR X
MREQ, T\ T
FD T Lw
LES K RO, N A W Sy A -
Wi T f U
DBO~DBY {In])-
RFSH \ —
FIGURE 7-0. INSTRUCTION OP CODE FETCH
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(2) Memory read or write

Figure 8-0 illustrates the timing of memory read or write cycles other
than an OP code fetch (Ml cycle). These cycles are generally three clock
periods long unless wait states are requested by the memory via the WXIE
signal. The ﬁﬁia signal and the RD signal are used the same as in the fetch
cycle. In the case of a memory write cycle, the ﬁiﬁa also becomes active
when the address bus is stable so that it can be used directly as a chip
enable for dynamic memories. The WR line is active when data on the data
bus is stable so that it can be used directly as a R/W pulse to virtually
any type of semiconductor memory.

Furthermore the WR signal goes inactive one halt T state before the address
and data bus contents are changed so that the overlap requirements for

virtually any type of semiconductor memory type will be met.

j=e~—————— Memory Read Cycle————stw———- Memory Wnte Cycle——=
T1 T2 T3 Ty T2 T3

e I\ . U W

AO~A1S | W ADDR Y MEMORY ADDK —
WRET T |\ [T Lo 1

RD \ /

WR \ ——
&$§ {)- ~{ DATA OUT }—
VAT ::II:TT\.‘.":::."::::T\.’#Z::i.'_:

FIGURE 8-0. MEMORY READ OR WRITE CYCLES
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Figure 8-1 illustrates how a WAIT request signal will lengthen any
memory read or write operation. This operation is identical to that
previously described for a fetch cycle. Notice in this figure that a
separate read and a separate write cycle are shown in the same figure

although read and write cycles can never occur simultaneously.

T3 Ta Ty Tw Ta Ty
ek 4 L _I "\ \ \ \
a0~a15 X EMORY_ADDR X
¥MRER |\ /
RD 1T\ / READ
DATA BS 0 CYCLE
(m.‘_ov) 74
WR —\ / WRITE
DATA BUS CYCLE
Cho—om) —( DATA_OUT S
VAT TN LTI\ T\ T O

.

FIGURE 8-1. MEMORY READ OR WRITE CYCLES WITH WAIT STATES
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(3) 1Input or output cycles

Figure 9-0 illustrates an I/0 read or I/0 write operation. Notice that
during I/0 operations a single wait state is automatically inserted. The
reason for this is that during I/0 operations, the time from when the EEEE
signal goes active until the CPU must sample the WAIT line is very short and
without this extra state sufficient time does not exist for an I/0 port to
decode its address and activate the WAIT line if a Wwait is required. Also,
without this wait state it is difficult to design MOS I/0 devices that can
operate at full CPU speed. During this wait state time the WAIT request
signal is sampled. During a read I/0 operation, the RD line is used to enable
the addressed port onto the data bus just as in the case of a memory read.
For I/0 write operations, the WR line is used as a clock to the I/O port,
again with sufficient overlap timing automatically provided so that the

rising edge may be used as a data clock.

Figure 9-1 illustrates how additional wait states may be added with the

WAIT line. The operation is identical to that previously described.



INTEGRATED CIRCUIT

TOSHIBA TMPZ84C00AP/AP-6/AP-8
TECHNICAL DATA TMPZ84COOAF/AF-6
*
Ty T Tw Ta Ty
CLK —4 \ | (N W \ |
A0~a7 |\ PORT ADDRESS
TORQ \ 1
RD \ /A } Read
DATA BUS () Cyele
W CLTTTQITTTOICOIIIIETC
R \ /———}wme
Cycle
DATA BUS =——f——d{ OUT
* Automatically
inserted by
280 CPU
FIGURE 9-0. INPUT OR OUTPUT CYCLES
*
Ty T2 Tw Tw T3
CLK  —d \ \ \ \ \  \__
ao~a7 __IX PORT_ADDRESS
DATA BUS {n) READ
RD I CYCLE
L N Nnpnpiin S VA /S PV A W D D
DATA BIS— _{ OUT )J—— | wrIiTE
WE — CYCLE
* Automatically
inserted by
280 CPU
FIGURE 9-1. INPUT OR OUTPUT CYCLES WITH WAIT STATES
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(4) Bus request/acknowledge cycle

Figure 10 illustrates the timing for a Bus Request/Acknowledge cycle.
The BUSRQ signal is sampled by the CPU with the rising edge of the last clock
period of any machine cycle. If the iﬁgia signal is active, the CPU will set
its address, data and tri-state control signals to the high impedance state
with the rising edge of the next clock pulse. At that time any external
device can control the buses to transfer data between memory and 1/0 devices.

(This is generally known as Direct Memory Access [DMA] using cycle stealing).

The maxunyn time for the CPU to respond to a bus request is the length
of a machine cycle and the external controller can maintain control of the
bus for as many clock cycles as is desired.

Note, however, that if very long DMA cycles are used, and dynamic memories
are being used, the external controller must also perform the refresh
function. This situation only occurs if very large blocks of data are
transferred under DMA control. Also note that during a bus request cycle,

the CPU cannot be interrupted by either a NMI or an INT signal.

— Any M Cycle ——ej=——Bus Available Smtee——4
1-“; t;l;w Ty TX Ty T

S s U o U o WD oo W s W o WD o W
BUSRQ \ I
BUSAK S \ ample e
AO~A15 p WU REpU S 1Y —
DO~D7 Y e e | — Y —
= SR N —

Floating

FIGURE 10. BUS REQUEST/ACKNO'" EDGE CYCLE
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(5)

Interrupt request/acknowledge cycle

Figure 11-0 illustrates the timing associated with an interrupt cycle.

The interrupt signal (INT) is sampled by the CPU with the rising edge of the

last clock at the end of any instruction.

if the

set or

Ml cycle is generated.

active

can place an 8-bit vector on the data bus.
automatically added to this cycle.

priority interrupt scheme can be easily implemented.

The signal will not be accepted
internal CPU software controlled interrupt enable flip-flop is not
if the Sﬁ§§6 signal is active. When the signal is accepted a special
During this special M1l cycle the Taia signal becomes
(instead of the normal MREQ) to indicate that the interrupting device
Notice that two wait states are

These states are added so that a ripple

The two wait states

allow sufficient time for the ripple signals to stabilize and identify which

I/0 device must insert the response vector.

LastMCycle M1
of lnstruction
LastTStatd T; Ty Tw* w* Ty
CLK . S | S (R W
L2 Y SN W Ay RN I A R N
AO~A15 X PC YREFRESH
v \ / i
I * Automaticall
MREQ inserted by
ToRT \ — 280 CPU.
IATA BUS e
—y
WAIT —[———- rF———T——— - e R B A e It
D
Mode 0 shown

FIGURE 11-0. INTERRUPT REQUEST/ACKNOWLEDGE CYCLE
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Figure 11-1 illustrates how additional wait states can be added to the

interrupt response cycle. Again the operation is identical to that previously

described.
MI
Ty T2 ™" ™ * Tw T3 Ty
CLK \ \ \ \ \ \ A
ao~a1s [ PC Y REFRESH ADDR
w1 N f
LSS A DR Dy S VY AN SOV A W R R S
TOR
< [ / * Auto-
DATA BUS (@) matically
—_— S inserted
VR
= J T S by 280
] CPU.

Mode 0 shown

FIGURE 11-1. INTERRUPT REQUEST/ACKNOWLEDGE WITH WAIT STATES
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(6) Non maskable interrupt response

Figure 12 illustrates the request/acknowledge cycle for the non-maskable
interrupt. A pulse on the WMI input sets an internal NMI latch which is
tested by the CPU at the end of every instruction. This NMI latch is
sampled at the same time as the interrupt line, but this line has priority
over the normal interrupt and it cannot be disabled under software control.
Its usual function is to provide immediate response to important signals such
as an impending power failure. The CPU response to a non maskable interrupt
is similar to a normal memory read operation. The only difference being that
the content of the data bus is ignored while the processor automatically
stores the PC in the external stack and jumps to location 0066H. The service
routine for the non maskable interrupt must begin at this location if this

interrupt is used.

(7) Halt acknowledge cycle and exit

Whenever a software halt instruction is executed the CPU begins executing
NOP's until an interrupt is received (either a non-maskable or a maskable
interrupt while the interrupt flip flop is enabled). The two interrupt lines
are sampled with the rising clock edge during each T4 state as shown in
Figure 13. If a non-maskable interrupt has been received or a maskable
interrupt has been received and the interrupt enable flip-flop is set, then
the halt state will be exited on the next rising clock edge. The following
cycle will then be an interrupt acknowledge cycle corresponding to the type

of interrupt that was received. If both are received at this time, thea the
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non maskable one will be acknowledged since it was highest priority. The
purpose of executing NOP instructions while in the halt state is to keep the
memory refresh signals active. Each cycle in the halt state is a normal Ml
(fetch) cycle except that the data received from the memory is ignored and
a NOP instruction is forced internally to the CPU. The halt acknowledge
signal is active during this time to indicate that the processor is in the

halt state.

*
Last M M1 M2, M3
Cycle
1ast T Time Ty Tg Ta Tg Ts
-
CLK —/  f \ \ [
f: S iniuin W Y gy St AR SR RS R S
AO~A15 X PC X REFRESH _[X

].EI

s /M r
RD \ /
RFSH \ —

* M2 and M3 are stack write operations

FIGURE 12. NON MASKABLE INTERRUPT RESPONSE

Ml Ml

Ty Ty T2 Tg
HALT — T\ ‘
INTor —\— —F — ——|— —~— -
e o =

———

HALT INSTRUCTION EXECUTE NOP
IS RECEIVED

DURING THIS

MEMORY CYCLE

FIGURE 13. HALT ACKNOWLEDGE CYCLE AND EXIT
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(8) Reset cycle

RESET must be active for at least three clock cycles for the CPU to
properly accept it. As long as RESET remains active, the address and data
buses float, and the control outputs are inactive.

Once RESET goes inactive, two internal T cycles are consumed before the CPU
resumes normal processing operation. RESET clears the PC (program counter),
so the first OPcode fetch will be to location 0000y.

(See Figure 14.)

L— Ml —————
Ty T2
CcLX N G Y (R A R WY (A
RESET T\ _ I\ r_—i_/’ M /
AO~A15 H{ FLOAT YV ammmmman
DO~D7 . ) FLOAT
W1 . 7 \
MREQ. TORQ (L
WD /1 \
DUSACR,
HALT

FIGURE 14. RESET CYCLE
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POWER DOWN FUNCTION

When system clock to 280 CPU is stopped at either a high or low level,
280 CPU stops its operation and maintains registers and control signals.

However Igcy Stand-by Supply Current is guaranteed only when the
supplied system clock is stopped at a low level during T4 state of the
following machine cycle (actually that is M1 cycle and executes NOP instruc-
tion) next to OPcode fetch cycle of HALT instruction. The timing diagram
when POWER DOWN FUNCTION is implemented by HALT instruction is shown as
figure 15.

This function can be easily realized when T6497 clock generator con-

troller is connected with Z80 CPU.

OPcode fetch kxecution of
cycle of HALT NOP
instruction

(M1 cycle) (M1 cycle)

T1 T2 T3 T4 T1 T2 T3 T4

{1
—_ | I | ' 7/
M1

HALT —I "

2/

FIGURE 15. TIMING DIAGRAM OF POWER DOWN FUNCTION
BY HALT INSTRUCTION

RELEASE FROM POWER DOWN STATE

The system clock must be supplied to Z80 CPU to release power down state.
When the system clock is supplied to CLK terminal of Z80 CPU, CPU restarts
operation continuously from the state when power down function has been

implemented.



TOSHIBA INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84COO0AF/AF-6

Note the followings when release from power down state.

(1) When external oscillator has been stopped to enter power down state, some
warming-up time may be required to obtain precious and stable system

clock for release from power down state.

(2) When HALT instruction is executed to enter power down state, 280 CPU will
enter HALT state. An interrupt signal (NMI or INT) or RESET signal must be
generated to 280 CPU after the system clock is supplied to release. power down
state. Otherwise 280 CPU is still in HALT state even if the system clock
is supplied.

Figure 16 shows an example to connect with T6497 clock generator/controller.

To Peripherals for CMOS Z80 Family

TMPZ84COOP/TMPZ84CO0P-3

T6497 (CMOS Z80 CPU)
Clock Generator/Controller
1l
L l CLK CLK
a
” I HAL HALT
M1 Vi1
: RSTOZ NI
——{ MS1
(N;AI )
RSTIZ2
—iMS2
RSTI1 TNT
—{Ds
RESET RESET
Vee
Q
Vee

A
wy

}lnterrupt Request Signal

Reset Signal

I
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TOSHIBAINTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84C00AF/AF-6

INSTRUCTION SET

The Z80 microprocessor has one of the most powerful and versatile
instruction sets available in any 8-bit microprocessor.
It includes such unique operations as a block move for fast, efficient data
transfers within memory or between memory and I/0. It also allows operations

on any bit in any location in memory.

The Z80 CPU can execute 158 different instruction types including all

78 of the 8080A CPU.

The instructions are devided into the following categories:

* 8-bit loads

* 16-bit loads

* Exchanges, block transfers, and searches

¢ 8-bit arithmetic and logic operations

* General-purpose arithmetic and CPU control
* 16-bit arithmetic operations

* Rotates and shifts

¢ Bit set, reset, and test operations

*  Jumps

e Calls, returns, and restarts

*» Input and output operations



INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TMPZ84CO0AP/AP-6/AP-8
TMPZ84CO0AF/AF-6

A variety of addressing modes are implemented to permit efficient and

data transfer between various registers, memory locations, and input/output

devices.

These addressing modes are as follows:

Immediate
Immediate extended
Modified page zero
Relative

Extended

Indexed

Resister

Resister indirect
Implied

Bit
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84COO0AP/AP-6/AP-8
TECHNICAL DATA TMPZ84COOAF/AF-6
8-BIT LOAD GROUP
Instruction Code Flags No.of |No.of M| No. of T
Mnemonic Hex |Operation &{, Comments
D,DgDsD,D3D,D Dy S|Z|H Bytes Cycles | States
LDr,x 0.1 ¢ >+ 7'~ r+r' -|-|-{-I- 1 1 4 r,r Reg.
LDr,n 00+«r-+110 ren - === 2 2 7 000 B
—_-— N 001 C
LDr, (HL) 01 +«r->110 r + (HL) =|={=1- 1 2 7 010 D
LDr, (IX+d) 11011101 |DD |r« (IXH) |[-|-|-|~ 3 5 19 011 E
01l«r-+110 100 H
Pesmesmenl msss— 101 L
LDr, (IY+d) 11111101 FD Y+ (IY+d) |[=|=|~-]|~- 3 5 19 111 A
0l«r-+110
SR (——
LD(HL),r 01110 <«r1x > (HL) «r =1=l=- 1 2 7
LD(IX+Hd),r 11011101 Db (IX+d) «r |~ |-|-]|- 3 5 19
01110+«r~>
——e  ————
LD(IYHd),r 11111101 FD (IY+d) «x |- |=|-|~ 3 5 19
01110 «r =~
e ——
LD(HL) ,n 00110110 | 36 (HL) «n = f={=1= 2 3 10
e e— m—
LD(IX+d),n 11011101 DD (IX+d) «n |- |-|-|~- 4 5 19
00110110
——e  ————
—_—
LD(IYHd),n {1 1111101 |FD [(IYHd)<+n |[~|=l-|= 4 5 19
00110110 | 36
—— g —
e [ e
LD A, (BC) 00001010 |0A [A«(BC) =|=1=]= 1 2 7
LD A, (DE) 00011010 {1A |A<«(DE) ~[=1-]- 1 2 7
LD A, (nn) 00111010 |38 |A«(nn) =[=]=]= 3 4 13
—_—— ) e
—
LD(BC) ,A 00000010 02 (BC) « A - === 1 2 7
LD(DE) ,A 00010010 |12 (DE) « A -1-1-1- 1 2 7
LD(nn) ,A 00110010 32 (nn) «A —f=t=l= 3 4 13
[ —
P ——
LDA, I 11101101 ED A+l O0{O{R 2 2 9
01010111 |57
LDA,R 11101101 |ED |A+R 00| R|IFF 2 2 9
01011111 SF
LDI,A 11101101 ED I+«A =f=l=]- 2 2 9
01000111 47
LDR, A 11101101 |[ED [R«A -T-1-1- 2 2 9
01001111 |4F

Notes: r,r' means any of

the registers A, B, C, D, E, H,
IFF the content of the interrupt enable flip-flop

Flag Notation: - =flag not affected, R=flag reset, S=flag set.
O=flag is affected according to the result of the operation.
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(IFF) is copied into the P/V flag



TOSHIBA INTEGRATED CIRCUIT TMPZ84CO00AP/AP-6/AP-8

TECHNICAL DATA TMPZ84CO0AF/AF-6

16-BIT LOAD GROUP

Instruction Code o Flags No. of |[No.of M| No.of T
Mnemonic peration B Comments
D;DgDsD,D3D,D, Dy | Hex S|Z|H|4 |N|C | Bytes|Cycles | States
LD dd,nn 00dd0001 dd «nn -l=1-1-1- |- 3 3 10 dd Pair
—_— e 00 BC
n———e 01 DE
LDIX,nn 11011101 DD IX+nn =-l=1-1-|- |- 4 4 14 10 HL
00100001 21 11 Sp
-—
———— [ —————— -
LDIY,nn 11111101 |FD [IY+nn -=1-1-1-1- 4 4 14
00100001 21
_—
—_— ) —
LD HL, (nn) 00101010 |2A [H« (nntl) [=|=|=|=|-|- 3 5 16
—-— L (nn)
e || i
LDdd, (nn) 11101101 ED ddg(nn+l) |- |-|-|-|-|- 4 6 20
01dd1011 ddL«(nn)
- ——
-—-———-n—.—
LDIX, (nn) 11011101 DD IXy(nn+l) |- |-|=|- |- |~ 4 6 20
00101010 |28 |[IXp«(nn)
-—
-—
LDIY, (nn) 11111101 |FD IYHe<(nn+l)|=|=-|=|={~- |~ 4 6 20
00101010 2A IYp«(nn)
s [ ee——
et L Se——
LD(nn) ,HL 00100010 22 (nn+1)«H =-l={=|=|-]- 3 5 16
_-— (nn)«L
—_— N e————
LD(nn),dd 11101101 |ED (nn+l)«ddy| - |-|{-|-|-|- 4 6 20
01dd0011 (nn)«ddp
—_— D
~———————n
LD(nn), IX 11011101 DD (nn+l )} IXy| = |=|=| = |- |~ 4 6 20
00100010 | 22 (nn)+« IXy,
‘——————n——.
[ —
LD(nn),IY 11111101 FD (nn+l)« TYy| = |=| == |- |- 4 6 20
00100010 | 22 (nn)+« Iyy,
_—
— )] ——
LD SP,HL 11111001 F9 SP+HL -l=-1-1-1-|- 1 1 6
LDSP, IX 110112101 DD SP+1X —f=l= === 2 2 10
11111001 |F9
LD SP, IY 11111101 FD SP+1Y ===l =]=- 2 2 10
11111001 F9
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C00AP/AP-6/AP-8
TECHNICAL DATA TMPZ84CO00AF/AF-6
Instruction Code Flags No.of | No. of M| No. of T
Mnemonic D7DeDsD,D3D;D;Do| Hex | “PEr2t10 IsTol e Tnlc| Bytes|cycles | states | Comments
PUSHqq 11qq0101 (SP-2)«qqr|=|=~| | = |-|~ 1 3 11 qq Pair
(SP-1)+qqy 00 BC
SP+SP~2 01 DE
PUSH IX 11011101 DD (SP=-2)+IXp{~i~|~ = |=|~- 2 4 15 10 HL
11100101 ES (SP-1)+«IXy 11 AF
SP»SP--2
PUSH 1Y 11111101 FD (SP-2)«IYL|~|~| | = [~|~ 2 4 15
11100101 E5 (SP-2)+«IYy
SpP+SP-2
POPqq 11qq0001 qqu+(SPHL) | =l ={ = = |=|~ 1 3 10
qqp+(SP)
SP+SP+2
POPIX 11011101 DD IXg«(SP+1)| = =1~ = |=|~ 2 4 14
11100001 El IXp+(SP)
SP+SP+2
POPIY 11111101 FD IYy«(SP+L) | =|=| = = ||~ 2 4 14
11100001 El IYL+(SP)
SP+SP+2

Notes: dd is any of the register pairs BC, DE, HL, SP
qq is any of the register pairs AF, BC, DE, HL
(PAIR)y, (PAIR)j, refer to high order and low order eight bits of the register pair
respectively. e.g. BCL=C, AFy=A
Flag Notation: - =flag not affected, R=flag reset, S=flag set,
O=flag is affected according to the result of the operation.



INTEGRATED CIRCUIT TMPZ84C00AP/AP-6/AP-8

TOSHIBA TECHNICAL DATA TMPZ84COOAF/AF-6

EXCHANGE GROUP AND BLOUCK TRANSHER AND SEARCH GROUP

Instruction Code Flags No. of [No.of M| No. of T
Muemonic I DuDsD2D;Do| Hex | OPeTAE1OM [ slzlh[PiN|C | Bytes|Cycles |states | COMMmeNtS
EX DE, HL 11101011 EB DE«—+HL —=l=l=]=1=- 1 1 4
EX AF, AF 06001000 | 08 |AF+*AF' =[=-T-1-]-1- 1 1 4 (Exx)
EXX 11011001 | D9 BC+BC'\ |-|~|~|[=|-|- 1 1 4 Register
(DE**DE') bank and
HL<+>HL' auxiliary
EX(SP),HL 11100011 E3 He(SP+1l) |=|-|=|=|=[~ 1 5 19 register
L+(SP) bank ex-
EX(SP),IX 11011101 | DD |IXyeGPHD|=|=(=|=|-]|- 2 6 23 change
11100011 E3 IXp+*(SP) )
EX(SP),IY 11111101 FD Iy GP+D | -|-|-| - |- |- 2 6 23
11100011 E3 IYp .+ (SP)
LDT ITTIOIIO1 ED (DE)«(HL) [-]-[RIDIR]- 2 4 16 *]1
10100000 AO DE«DE+1
HL<HL+1
BC+BC-1
LDIR 11101101 ED (DE)«(HL) |-|-iR|R|R|~ 2 5 21 I1f BC$#O
10110000 | BO |DE«DE+l 2 4 16 1f BC=0
HL<HL+1
BC+BC-1
Repsehy
BC=0
LDD 11101101 | ED [(DE)«(HL) [-|-[R{D[R[-| 2 4 16
10101000 A8 DE«DE-1
HL<+HL-1
BC«+BC-1
LDDR 11101101 ED (DE)+(HL) |- I[-|R[R|R|~ 2 5 21 If BC¥0
10111000 B8 DE«DE-1 2 4 16 If BC=0
HL<HL-1
BC+BC-1 |
Repeat
until
BC=0
CPI 11101101 ED A-(HL) ORDIOIDs |- 2 4 16
10100001 Al HL«HL+1
BC+BC-1
CPIR 11101101 |ED [A-(HL) ONCOHE 2 5 21 *2
10110001 Bl HL+HL+1 2 4 16 *3
BC+BC-1
Repeat
until
lA=(HL) or
C=0
CPD 11101101 |ED |A-(HL) OZO@is |- 2 4 16
10101001 A9 L+«HL-1
C+BC-1




TOSHIBA INTEGRATED CIRCUIT TMPZ84C00AP/AP-6/AP-8

TECHNICAL DATA TMPZ84COOAF/AF-6
Instruction Code Flags No. of |No. of M| No.of T
Bmenomic D;DsDsDyD3D,D; Dy | Hex |CPET2E10N [oia1ylPinlc | Bytes [Cycles |states | Comments
CPDR 11101101 ED |A-(HL) 0 i0|D|S |- 2 5 21 *2
1'0111001 | B9 |HL«HL-1 2 4 16 *3
BC+BC-1
Repeat
until
A=(HL)or
BC=0

Notes: % P/V flag is O 1f the result of BC'1,=0, otherwise P/V=1
Z flag is 1 if A=(HL), otherwise Z=0.

Flag Notation: - = flag not affected, R = flag reset, S = flag set.
0 = flag is affected according to the result of the operation.

*1 LDI: Load (HL) into (DE), increment the pointers and decrement the byte
counter (BC).

*2 : If BC#0 and A#(HL)

*3 : If BC=0 or A=(HL)

.
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TOSHIBA INTEGRATED CIRCUIT TMPZ84C00AP/AP-6/AP-8

TECHNICAL DATA TMPZ84COOAF/AF-6

8-BIT ARITHMETIC AND LOGICAL GROUP

Instruction Code Flags No. of |No. of M| No. of T
Mnemonic D;DgDsD,D3D2D, Do | Hex Operation S|z HRXIN C | Bytes |Cycles |States Comment s
ADD A,r 10100 Oler — Avhtr ofolojv[rlo| 1 1 4 r  Reg.
ADD A,n 11[000]110 A+A+n o[o|o]vIrR]o 2 2 7 000 B
_-—n—— 001 C
ADD A,(HL) |1 0{600J110 A+A+(HL) [o]|o]o]|V|Rr]0 1 2 7 010 D
ADD A,(IX+d){ 11011101 DD A*A+(1IX+d) |O|O|O|V [R|O 3 5 19 011 E
10000]110 100 H
|—————d ——— 101 L
ADD A,(IY+d){ 11111101 FD |[A+A+(IY+d) [O[O|O|V[R|O 3 5 19 111 A
10000Jj110
e e —— ¢ C——
ADCA,s 1 A+A+s+CY 0{0]O0]V|[R|O ts is any
SUBs 010 A+A-s ojojofVis|o of r, n,
SBCA,s 0 1 A«A-s-CY olojojvis|o (HL), (IX+4d),
ANDs oaoo AvA N s 0[0|S[P[R[R (1Y+d)as
ORs AA V S o[o[RrR[P[R]R shown for
XORs a1omn AYA@® s 0| O|R[P|R[R ADD inst-
CPs 11 A-s olo|ojvis|O ruction.
INCr 0 O=—re 0] rer+l O[O[O] VIR|~- 1 1 4 The in-
INC(HL) 00110 Q] (HL) «(HL)+1{O| O| O] V|{R|~- 1 3 11 dicated
INC(IX+d) 11011101 DD (IX+d)+ O[ O|O| V|R]|~ 3 6 23 bits replace
00110000 (IX+d)+l the [000] in
e the ADD set
INC(IY+d) 11111101 FD (IY+d)+ O| 0|0} VIR|~- 3 6 23 above.
oo0110000] (IY+d)+1
— R
DECs 1.0 1] s«s-1 0| 0jOf V[S|~ s is any of
r, (HL),
(IX+d), (1Y
+d) as shown
for INC.
DEC same
format and
states as
INC.
Replace [100]
with[101]in
OP Code.

Notes: The V symbol in the P/V flag column indicates that the P/V flag contains the
overflow of the result of the operation. Similarly the P symbol indicates parity.
V=1 means overflow, V=0 means not overflow, P=1 means parity of the result is even,
P=0 means parity of the result is odd.

Flag Notation: - = flag not affected, R = flag reset, S = flag set,
O = flag is affected according to the result of the operation.

— 53 —



TOSHIBA INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84CO0AF/AF-6

GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Instruction Code L Flags No. of [No.of M |No.of T
Mnemonic D7DgDsDyD3D2D;Dg | Hex Operation S |Z ;F/VN C | Bytes [Cycles |States Comments
DAA 00100111 |27 |[Converts [0|O|O(P-(O0 1 1 4 Decimal
acc, content adjust ac-
into packed cumulator
BCD follow-
ing add or
subtract
with packed
BCD oper-
ands
CPL 00101111 |2F [A+A -|=|S|-[S |- 1 1 4
NEG 11101101 |ED [A+A+l ojojofvisfof 2 2 8
01000100 |44
CCF 00111111 |3F |CY«CY -|{-|X[-[R]|O 1 1 4
SCF 00110111 |37 |Cy«l ~-|=-IR|~-|R|S 1 1 4
NOP 00000000 | 00 |No opera= [|={=|=|-|-|- 1 1 4
tion
HALT 01110110176 |CPU halted|={=|~[={=|= 1 1 4
DI* 11110011 {F3 |IFF- =={=l=|=|= 1 1 4
EI% 11111011 |FB |[IFF«l e e et el B 1 1 4
IMO 11101101 ED |Set inter-|-|{-|-{-|-|~ 2 2 8
01000110 | 46 rupt mode
0
M1 11101101 | ED |Set inter-|-|=|=|-|-|- 2 2 8
01010110 | 5 |rupt mode
1
M 2 11101101 | ED |Set inter~|-{-(-[-|~|~- 2 2 8
Tupt mode
01011110 S5E |2

Notes: IFF indicates the interrupt enable flip-flop
CY indicates the carry flip-flop.

Flag Notation: - = flag not affected, R = flag reset, S = flag set, X = flag is unknown,
0 = flag is affected according to the result of the operation.

* Interrupts are not sampled at the end of EI or DI
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TOSHIBA INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84CO0AF/AF-6

16-BIT ARITHMETIC GROUP

Llnstruction Code Flags No.of [No.of M| No.of T
Mnemonic D;DgDsDy,D3D2D;Dg| Hex Operation S|Z|H|{/V|N|C | Bytes |Cycles | States Comments
ADD HL,ss 00ss1001 HLHIL4+ss [~ |- (X|- R|C 1 3 11 ss Reg.
ADC HL,ss 11191101 | ED |HL«HL+ss+CY[O|O[X[V [R|O 2 4 15 00 BC
01ss1010 01 DE
SBC HL,ss 11101101 | ED |HL«HL-ss-CY [0|O|X|V[S|O 2 4 15 10 HL
01ss0010 11 Ssp
ADDIX, pp 11011101 | DD |IX«IX+pp [-|-|X|-[R|O 2 4 15 PP Reg.
l11ppl1001 00 BC
01 DE
10 IX
11 Sp
ADDIY, rr 11111101 | FD |[IY*IY+rr [|-|-(X|-R|O 2 4 15 rr Reg.
060rr1001 00 BC
01 DE
10 1y
11 Sp
INCss 00ss 0011 ss*ss+l Rl el e el o B 1 1 6
INCIX 11011101 DD IXCIX+1 =-|=1=]=I|-]- 2 2 10
00100011 23
INCIY 11111101 FD IY«IY+l =|=[=]=i=1- 2 2 10
00100011 | 23
DECss 00ss1011 ss+ss-1 =l=l=l=]=]- 2 2 6
DECIX 11011101 | DD |IX-IX-1 -=|={-{-1- 2 2 10
00101011 2B
DECIY 11111101 | FD |IY<IYy-1 -|-1-1-1-l- 2 2 10
001010611 | 2B

Notes: ss is any of the register pairs BC, DE, HL, SP
pp is any of the register pairs BC, DE, IX, SP
rr is any of the register pairs BC, DE, 1Y, SP.

Flag Notation: - = flag not affected, R = flag reset, S = flag set, X = flag is unknown.
O = flag is affected according to the result of the operation.



TOSHIBA INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84CO0AF/AF-6

ROTATE AND SHIFT GROUP

Instruction Code Flags No. of |No. of M| No. of T
Mnemonic D7DgDsD, DDz, Do | Hex |°PETEEOM Isl7luPhln|c | Bytes [cycles | states | COMments
RLCA 00000111 07 —-R—RO 1 1 4 *Rotate left
A circular ac-
cumulator
RLA 00010111 |17 |[E~T=®|-|-|r{-[Rjo| 1 1 4 ‘Rotate left
A accumulator
RRCA 00001111 OF ] -{={R{=[R|O 1 1 4 *Rotate right
7—0| circular gc-
i cumulator
RRA 00011111 |1F [g=or-[cW|-|~|R|-[R|O 1 1 4 *Rotate right
A accumulator
RLCr 11001011 CB O|O[RIP |R|O 2 2 8 *Rotate left
0000 O—r— circular re-
RLC(HL) 11001011 CB O]0(R{P |R{O 2 4 15 gister r
00000110 r Reg.
RLC(IX+d) 11011101 DD O|O|R|P R|O 4 6 23 000 B
11001011 |CB |r,(L), 001 ¢
d— (IX+d), 010 D
0O0Oloo0oo0j110 (1Y+d) 011 E
RLC(IY+d) 11111101 ]| FD O|O|R|P [R|O 4 6 23 100 H
11001011 CB 101 L
e 111 A
00 000
RLs [co-=—o3 |°| °|R| P [R|O Instruction
format and
s=r, (HL),
(1X+d)(TY+d] states are
as shown for
RRCs o1 — O[{O|R|P|R|O RLC's. To
ssr, (HL), (f)grrg Zew o
-Code rTe-
(1X+d),(1Y+d) place (000]
RRs 011 mOORPRO of RLC's
s=r, (HL), with shown
(IX+d),(1Y+q code.
SLAs 1.0 0] CY-7=10-0 O{OfR|P|RIO
s=r, (HL),
(1X+D),AY+d
SRAs o1 co |9 O R B[RO
s=r, (HL),
(1X+4D),dY+d
SRLs 111 o0~F=0-C1 Ol O| R P|R|O
s=r, (HL),
I(IX*-C‘),('HHd)
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84COOAP/AP-6/AP-8
TECHNICAL DATA TMPZ84C00AF/AF-6
Instruction Code Flags No. of |No. of M| No. of T
Mnemonic D;D¢DsDyD3D2D Do | Hex Operation S|z HEV N|C | Bytes Cycles | States Comments
RLD 11101101 (| ED 3 |O|O|R|P R |~ 2 5 18 Rotate digit
01101111 |6F “ left & right
(HL) between the
accumulator

and location
RRD 11101101 | ED A 18 (HL). The
01100111 67 HL) content of
the upper

half of the
accumulator
is unaffect-
ed.

o
o
-
J
Fl
I
N
w

Flag Notation: - = flag not affected, R = flag reset, S = flag set,
O = flag is affected according to the result of the operation.



TOSHIBA INTEGRATED CIRCUIT TMPZ84C00AP/AP-6/AP-8

TECHNICAL DATA TMPZ84CO0AF/AF-6

BIT SET, RESET AND TEST GROUP

Instruction Code Flags No. of {[No. of M| No. of T
¥nemonlc DsD¢DsDyD3D;D, Do | Hex |OPET2Eion fololuPhinlc | Bytes [cycles | states | COmments
BIT b,r 13001011 |CB |zTb X|o|s|x [R|-| 2 2 8 r_|Reg.
0 l=-—bowr—— 000| B
BIT b,(0L) |1 1001011 | CB |Ze(HL)b _ |X|O|S|X|R[-| 2 3 12 o01| ¢
0l=b-=110 010 D
BIT b,(IX4d)b/1 1011101 DD Z*(Ix+d)b X|O|S|X [R|~- 4 5 20 011] E
11001011 CB 100| H
d ——— 101| L
01=—b=—110 1111 A
BIT b,(1v+d)b| 1 1 1 11 1 0 1 | FD [z« (I¥+d)p |X|O|S[X[R[-| & 5 20 b [Bit
11001011 ] CB ___ |Tested
d—e 000 O
01l=b=e110 0011
010] 2
011} 3
100 4
101 5
110 6
1111 7
SET b,r 11001011 |CB |rpel === -1- | 2 2 8
L I=—b—w——r—e
SET b, (HL) 11001011} CB |(HL)p*l - |=]=1-|-1]- 2 4 15
L J=—b-—110
SET b,(1X+d)[]1 1011101 DD (IXHd)p*l - |-|=1=-|-|- 4 6 23
11001011 CB
—-—a—
fl—be=110
SET b, (Iy+d)| 1 1 1 11101 [FD [(I¥+d)pel |-|-|-[-||-| & 6 23
11001011 CB
~-~—d
I J—b=110
RES b,s ] sp0 el et Bl Rl il B To form new
s=r {HL), Op Code re-
(Frad), place [[I of
(.i+d) SET b,s with
0] . Flags
and time
states for
SET inst-
ruction

Notes: The notation sy indicates bit b (0 to 7) or location s.

Flag Notation: - = flag not affected, R = flag reset, S = flag set, X = flag is unknown,
0 = flag is affected according to the result of the operation.



INTEGRATED CIRCUIT

TOSHIBA TMPZ84COOAP/AP-6/AP-8
TECHNICAL DATA TMPZ84CO0AF/AF-6
JUMP_GRQUP
Instruction Code Flags No. of [No. of M| No. of T
¥Mnemonic D1DsDsDuD3D2DDo| Hex |OPET2tE0M IsTolulhln]c| Bytes|cycles | states | Comments
JPnn 11000011} C3 {PC¢mn =1=l=1=i-]- 3 3 10
N ———
n Condi-
JPcc,nn 11 CC 010 If condi- |-|-|-|-|-]-] 3 3 10 Rl b pies
n tion cc is —_—
true PC+nn, 00U [NZ non
n otherwise zero
continue 001 |Z zero
010 {NC non
carry
JRe 00011000 | 18 |pCePCre |-|-|-|-|-|-| 2 3 12 011|C carry
100 1t’0 %adrdi.
e-2—= 101 Pi‘.' pari-
ty even
110 {P sign
positive
111 M sign
negative
JR C,e 00111000 38 If C=0, =l=t=l=|=|- 2 2 7 If condition
continue not met
—-—2 —= If C=1, 2 3 12 If condition
PC+PC+e is met
JR NC,e 601100001} 30 |If C=1, ~l=f=1=]-i- 2 2 7 If condition
continue not met
—-—2 1f C=0, 2 3 12 If condition
PC<+PC+e is met
JR Z,e 00101000 | 38 |If z=0, =1={=1=1-[- 2 2 7 If condition
continue not met
e-2"—————+ 1f 2=1, 2 3 12 I1f condition
PC+PC+e is met
JR NZ,e 00100000 20 If Z=1, ==l =l=|=|= 2 2 7 If condition
continue not met
e-2—— 1f Z=0, 2 3 12 If condition
PC+PC+e is met
JP(HL) 11101001 E9 [PC«HL =|=l=]=I-]- 1 1 4
JP(IX) 11011101 DD PC+IX bl R R B 2 2 8
11101001 | E9
JP(IY) 11111101 FD |{PC+IY =i=1=1=]-1= 2 2 8
11101001 E9
DJINZ,e 00010000 | 10 |[B+B-1 ={=l=1=1=]= 2 2 8 If B=0
[e———— =2 ———— If B=0,
continue
1f B#0, 2 3 13 I1f B#0
PC+PC+e
two's com—

Notes: e represents the extension in_the relative_addressing mode.

géemen: ngmber in the

dress o

pcte as PC

Ian§e <126,129>,
s Incremented by

5

2 in the

Flag Notation: - = flag not affected, R = flag reset, S = fla
0 = flag is affected according to the result o%

op-code
prior to the addi

e is a signe

ion of e.

set,
the operation.

Erovides an effective




TOSHIBA INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84CO0AF/AF-6

CALL AND RETURN GROUP

Instruction Code Flags No. of |No. of M| No. of T
Mnemonic D7DeDsDyD3D2D; Do Hex Operation S{Z|H 3V N|C| Bytes |Cycles | States Comment s
CALLnn 11001101 €D |[(SP-1)*PCy [~(~|=|-|~ |- 3 5 17
-_— (SP-2)*PCL
n——= PC*nn
CALLcc,nn 11 cc 100 If condi- |~|=|=|=|-|- 3 3 10 If cc is
tion cc is false
—-—————— false con- 3 5 17 If cc is
tinue, true
n— otherwise
same 1is
CALLnn
RET 11001001 | C9 |PCL+(SP) = === 1= |- 1 3 10
PCH*+(SP+1)
RETcc I1T cc 000 If condi~ |~|=[-]-]|-|~ 1 1 5 If cc is
tion cc is false
false con- 1 3 11 If cc is
tinue, true
otherwise Condi~
ccC
same as __ltion
RET 000| NZ 2220
RETI 11101101 ]| ED |[Return from{-|-|-|{-|-[- 2 4 14
01001101 ] 4D |interrupt ou|B zere
RETN#* 11101101 ED |Return from=-|-|-|-|-]|- 2 4 14 carry
01000101 | 45 |[non mask- 011|C carry
able in- 100| PO p:si-
terrupt ty odd
RSTp ITFE>TTI DG [~ FF T 3 T 0} pact
(SP-2)+PCy,
PCY+0 110 goziggve
PCL+p 111|M sign
negative
t [p
000 [00H
001 [08H
010{10H
011 |18H
100 |20H
101 |28H
110 {30H
111138H

* RETN loads IFF, -+ IFF)

Flag Notation: - = flag not affected, R = flag reset, S = flag set,
O = flag is affected according to the result of the operation.
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INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TOSHIBA TECHNICAL DATA TMPZ84C00AF/AF-6

INPUT AND OUTPUT GROUP

Instruction Code Flags No. of [No. of M |No. of T
Mnemonic D7DsDsDyD3D,DyDy| Hex | OPETAELON IolyiyByin|c Bytes|Cycles |States Comments
IN A, (n) 12011011 ]| DB |A«(n) =|={=l=1-1- 2 3 11 n to Ag™VA7
n——— Acc to AgMAjs
INr, (C) 11101101 ED |r«(C) 0|0|O|P|R|~ 2 3 12
01 r 00O If r=110 C to ApnAy
only the B to AgVAs
flags will
be affected
[ INI TITOTITIO0TI | ED | (HL)«(C) [XIDX[X[S[X 2 4 16 C to AgVAy
10100010 A2 B+«B-1 B to-Asg™VAs
HL<HL+1
INIR 11101101 ED | (HL)«(C) X|1iX]X IS |X 2 5 21 C to ApVAr
10110010 | B2 (B«B-1 (1f B#0) B to AgVAjs
HL+HL+1 2 4 16
Repeat (1f B=0)
until B=0
IND IT1T1011017ED (HL)<+(C) XIOIX[xIs[x 2 4 16 C to ApnVAy
10101010 | AA |Be«B-1 B to Ag"VAs
HL+HL-1
INDR 11101101 ED (HL)+(C) X{1[X[X|S|X 2 5 21 C to ApnAy
10111010 BA B+B-1 (1£f B#0) B to AgVAjs
HL«HL-1 | 2 4 16
Repeat (If B=0
until B=0 n to Agn Ay
OUT(n) ,A 11010011 ] D3 (n)+A B Y B ) B 2 3 11 Acc to As“Ajs
ouT(C),r 11101101 | ED (C)+r -l={=1=I=1- 2 3 12
01 r 001 C to AgA;
B to AgVAjs
OUTI 11101101 | ED [B«B-1 -1D-[-Is|x 2 4 16 C to Ag™Ay
10100011 | A3 (C)«(HL) B to Ag"Ajs
HL+HL+1
OTIR 11101101 ED |B«B-1 X[1[X[X|S|X 2 5 21 C to ApVA,
{C)+«(HL) (1f B#0) B to Ag"A)s
10110011 B3 |[HL<HL+1 2 4 16
Repeat (1£ B=0)
until B=0 | |
OUTD 11101101 ED (C)+«(HL) XIDX[X s [X 2 4 16 CtoAgnAy
10101011 AB B+B-1 B to AgNA s
HL+HL-1 _
OTDR 11101101 ED (C)+(HL) X1 |[X{X S [X 2 5 21 C to Ap"Ay
10111011 BB B+«B-1 (1f B#0) B to AgNAs
HL+HL-1 2 4 16
Repeat (1f B=0)
until B=0

Notes: (D If the result of B-1 is zero the Z flag is set, otherwise it is reset.

Flag Notation: - = flag not affected, R = flag reset, S = flag set, X = flag is unknown,
0 = flag is affected according to the result of the operation.
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C00AP/AP-6/AP-8
TECHNICAL DATA TMPZ84COO0AF/AF-6

4., ELECTRICAL CARACTERISTICS
4,1 ABSOLUTE MAXIMUM RATINGS

| _SYMBOL ITEM RATING |

| vce Vce Supply Voltage with respect to Vss -0.5V to 7V

| VIN Input Voltage =0.5V to VCC + 0.5V]|

| PD Power Dissipation (TA=85°C) | 250mW |

|TSOLDER| Soldering Temperature (Soldering Time 10 sec) 260°C |

| TSTG | Storage Temperature -65°C to 150°C |

| TOPR | Operating Temperature -40°C to 85°C |

4.2 DC CHARACTERISTICS

Ta=-40°C to 85°C, VCC=5V+10%, VSS=0V

| SYMBOL PAREMETER TEST CONDITIONS MIN. |TYP. MAX. |UNIT|
| VILC | Clock Input Low Voltage -0.3 | - 0.6 v |
| VIHC | Clock Input High Voltage vcec-0.6] - |vcec+0.3] Vv |
| VIL Input Low Voltage -0.5 | - 0.8 v |
| | (except CLK) | I | | |
| VIH | Input High Voltage ] | 2.2 | - | vee | v |
| (except CLK) |
| voL Output Low Voltage I10L=2.0mA - - 0.4 V|
| VOH1 [ Output High Voltage 1 TOH=-1.6mA 2.4 | - - v |
| VOH2 | Output High Voltage 2 I0H=-250uA vce-0.8| - - v |
| ILI Input Leakage Current Vss{VINSVee - - +10 uA |
I | | l | | |
| TLO | 3-state Output Leakage | Vss+0.4<Vout | - - [ #10 [ uwa ]
| | Current in Float | gvee I l I
| | | | I
| | [Vec=5v, [AP/AF| - 9 15 ] |
| | | £CLK=(1) |AP-6 - 15 22 | |
| IcCl | Power Supply Current |VIH=vCC- |/AF-6 | mA |
l | | 0.2v |AP-8 - 20 25 | |
| | |VIL=0.2V | | |
| | [vcc=5v, CLK=(2) I |
| 1cC2 | Stand-by Supply Curremt |VIL=VCC-0.2V | 0.5] 10 | uA |
I_(2) 1| |viH=0.2V | | | I
Note (1) fCLK = 1/TcC (MIN)

(2) 1cC2 Stand-by Supply Current is guaranteed only when the supplied

clock is stopped at a low level during T4 state of the following
machine Cycle (Ml) next to OP code fetch Cycle of HALT instruction.
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TMPZ84CO0AP/AP-6/AP-8
TMPZ84CO0AF/AF-6

4.3 AC CHARCTERISTICS

|
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
|
|
|
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I

TA=-40°C to 83°C, VCC = 5VV+10%, Vss = OV, Unless otherwise noted. (1)

| [ [ 4MHz | 6MHz | 8MHz | |
NO.| SYMBOL | PARAMETER | 00AP/AF |AP-6/AF-6 AP-8 |UNIT|
|MIN.MAX.[MIN. |MAX. [MIN. |MAX. | |

1{TcC Clock Cycle Time [ 250] DC | 165] DC T25] DC | ns |
2| TwCh Clock Pulse Width (HIGH) 110 Dc | 65 DC | 55] DC | ns |
3[TwCl Clock Pulse Width (LOW) 110] DC 65] DC 55] DC | ns |
4L|TEC Clock Fall Time - 30] - 20| - 10| ns |
5|TrC Clock Rise Time -] 30| - 20| - 10| ns |
6|TdCr (A) Clock  to Address Valid - | 110 - 90| - 80| ns |
| Delay | | | | | | |
71 TdA Address Valid to MREQ | 65 -1 351 -1 20 -] ns |
| (MREQf) | Delay | | | | | | |
8]TdCE [Clock to MREQ Delay | -1 85 -1 70 -1 60[ ns |
| (MREQf) | | | | | | | | |
9|TdCr |Clock to MREQ Delay =T 8] -1 70 -1 60| ns |
(MREQf) |

10| TWMREQh |MREQ Pulse Width (High) 110] - 65| - 45] - | ns |
11|TwMREQlL |MREQ Pulse Width (Low) 220 -] 135] -] 100] - | ns |
12|TdCf Clock to MREQ Delay - 85 - 70 - 60| ns |
(MREQr) [

13| TdCf(RDf) | Clock to RD  Delay - 95 - 80 - 70| ns |
14| TdCr (RDr) | Clock to RD Delay - 85 - 70 - 60| ns |
15|TsD(Cr) |Data Setup Time to Clock 350 - 30 - 30f - | ns |
16 | ThD(RDr) |[Data Hold Time to RD 0 - 0 - 0 - | ns |
17| TsWAIT WAIT Setup Time to Clock 70| - 60| - 50| -] ns |
| (cf) | | | | | | | | |
*18|ThWAIT  [WAIT Hold Time after | 10l -1 10 -1 10l -] ns |
(cf) Clock |
19|TdCr(M1£) | Clock to Ml Delay - | 100 - 80 - 70] ns |
20| TdCr(Mlr) | Clock to Ml  Delay - | 100 - 80 - 70| ns |
21|TdCr Clock to RFSH Delay -] 130 - 110 - 95| ns |
| (RFSHEf) | | | | | | |
22]TdCr [Clock  to RFSH Delay | -1 120] -] 100] - 85] ns |
(RFSHr) |
23|TdCf(RDr) |Clock to RD Delay - 85| - 70 - 60| ns |
24| TdCE(RDf) [Clock  to RD _ Delay - 85] - 70] - 60] ns |
25|TsD(Cf) |Data Setup to Clock during| 50| - 40| - 30| - | ns |
| | M2,M3,M4, or M5 Cycles | | | | | I | |
26| TdA |Address Stable prior IORQ | 180 - | 1101 - | 75| - | ns |
| (10RQf) | | | | | ! | | |
27| TdCr [Clock to IORQ Delay T =T 751 -1 65 -1 55] ns |
| (10RQf) | | | | | | | | |
28[TdcCE [Clock to IORQ Delay | -1 85 -1 70 -1 60| ns |
(I0RQr) |

29| TdD(WRf) |Data Stable prior to WR 80] - 251 - 5] -1 ns |
30| TdDf(WRf) |Clock  to WR  Delay - 80| - 701 - 60| ns |
31| TwWR WR Pulse Width 220 - 135 - 100 - ns |
32| TdCf(WRr) |Clock to WR  Delay - 80| - 70| - 60! ns |




INTEGRATED CIRCUIT

TOSHIBA TMPZ84CO0AP/AP-6/AP-8
TECHNICAL DATA TMPZ84CO00AF/AF-6
I I [ 4NHz | 6MHz | 8MHz | |
[NO.| SYMBOL | PARAMETER | 00AP/AF |AP-6/AF-6|  AP-8 |UNIT|
| MIN. [MAX.[MIN.[MAX.[MIN. [MAX. |
| 33|TdD(WRf) |Data Stable prior to WR ¥ -10] -] =551 -~ | =-55] -] ns |
| 34|TdCr (WRf)[Clock 4+ to WR ¥ Delay ~ 65| - 60| - 55| ns |
| 35[TdWRr (D) |Data Stable from WR 4 60] - 30] - [ 151 -1 ns |
| 736]TdCE Clock + to HALT % or ¥ =1 3001 - [ 2601 - | 225[ ns |
| | (HALT) | | I I | |
| 737 [TwNMI NMI Pulse Width [ 80] -1 70] - 60] - | ns |
| 38| TsBUSREQ |BUSREQ Setup Time to | sof - T s0] - 40 - | ns |
| | (Cr) Clock +4 | | | | |
|*39| ThBUSREQ |BUSREQ Hold Time after | 10| -1 10| -~ 10 - | ns |
| | (cr) | Clock | | | |
| 40]TdCr |Clock 4 to BUSACK 4 Delay | - | 100 - 90| - 80| ns |
| | (BUSACKE) | Clock | I | | | |
| 41|TdCE |Clock + to BUSACK 4 Delay | - | 100] - | 90| - 80| ns |
| (BUSACKr)| Clock |
| 42|TdCr(Dz) |[Clock 4 to Data Float Delay| - 90| - 80| - 70| ns |
| 43]TdCE(CTz)[Clock + to Control Outputs |
| | |Float Delay (MREQ,RD,and | -1 80] -1 70] -1 60| ns |
| WR) | |
| 44|TdCr(Az) |Clock + to Data Float Delay| - 90| - 80| - 70] ns |
| 45|TdCTr(A) |MREQ 4+ ,IORQ + ,RD * , and 8ol -1 35] - 20 - | ns |
| | |[WR 4 to Address Hold Time | | | | | | |
| 46|TsRESET |RESET to Clock 4 Setup Time| 60| - | 60| - | 45| - | ns |
I | (cr) | | | I | I | | |
|*47 TThRESET |RESET to Clock 4 Hold Time | 10[] - | 10] -1 10T - T ms |
| | (cr) | | | | I I | |
| 48|TsINTE |INT to Clock + Setup Time | 80| - | 70| - | 55 - | ns |
| | (cr) | | I | I I | | |
| %49 | ThINTr J]INT to Clock + Hold Time | 10l -1 10| -1 10/ -1 ns |
| | (cr) | i | | | I | | I
| 50[TdMI £ [M1 ¥ to IORQ ¥ Delay [ 565 - [ 365] - [ 270] =~ [ ns |
| | (10RQf) | | | I | | | I |
| 51]TdCE [Clock ¢ to IORQ 4 Delay [ -T 8T -1 70 -1 60[ ns |
I (10RQf) | | | |
| 52[TdCf [Clock + to IORQ 4 Delay - 85| - 70l -1 60| ns |
| (I0RQr) |
| 53] Tdcf (D) Clock ¥ to Data Valid Delay| - | 150] -] 130f - | 115] ns |
NOTE 1) Timing Measurements are made at the following voltage.

Input VIH=2.4V, VIL=0.4V, VIHC=VCC-0.6V, VILC=0.6V

Output VOH=2.2V, VOL=0.8V

CL=100pF

NOTE 2) The items attached * mark are not compatible with NMOS Z80 SPECS.
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TOSHIBA INTEGRATED CIRCUIT TMPZ84C00AP/AP-6/AP-8

TECHNICAL DATA TMPZ84COOAF/AF-6

4.4 CAPACITANCE

| SYMBOL ITEM TEST CONDITION | MIN.| TYP.[ MAX.[UNIT|
| . f=1MHz I T I |
| CCLOCK | Clock Input Capacitance | All terminals | | | 8 | |
| | . | except that to | | | | |
[ CIN i Input Capacitance | be measured be | | | 6 | PF %
II CoUT |l Output Capacitance earthed. } - { - l 10 : |




INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TOSHIBA TECHNICAL DATA TMPZ84COO0AF/AF-6
4.5 TIMING WAVEFORMS
Ty Ty Tw Tw Ty Ty
7 )
CLOCK
SECRWAWRWAN R
) /£ ‘@'

AO~AIS EC L O WREFRESH AR

D
WREQ )
RD
WALT
M1
DO~D7

RFSH

NOTE: TW-Wait cycle added when necessary for slow ancilliary devices.

FIGURE 17. INSTRUCTION OPCODE FETCH
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84CO0AP/AP-6/AP-8
TECHNICAL DATA TMPZ84CO00AF/AF-6
Ty T2 Tw Ty
1 3
=W AYEWAWAY At
RO ) - —®
"0"“5..__3 M "

3
2L
®
+
L ®
A}

S
=3
P
—
Qi
)
r'

- ® -H®
(RD ’ —

ga
READ ! G
OPERATION - @ __:b—-
" O~
DO~ L iy - _) ATTDY
D7 — AN L, £ DATA
- —®
— ]
- ”: @)~
READ ®
OPERATION » &+
by ——— o DATA OUT

FIGURE 18. MEORY READ OR WRITE CYCLES



TOSHIBA INTEGRATED CIRCUIT
TECHNICAL DATA

TMPZ84CO0AP/AP-6/AP-8
TMPZ84C00AF/AF-6

Ty Tw* Tw Ta
Y_\ \ /) & / ’5 4 \
CLOCK -
_/ o, \_/ t_,,_/ L, LJ o
ao~a7 T Y| [VARID T4 K_

TORQ
] ol 3 -% i @

i L ®
WAIT ' ﬁ A N
@ —
10| FP h) ” A
READ ] @ | N 'J_
OPERATION N »
b LIl ”
—_— \vuud — s V
> {:.'izr
A4
w“ ya
1/0 o/
WRITE &+ ® L
OPERATION o
por —— .__DATA OUT —

NOTE: TW = One Wait cycle automatically inserted by CPU.

FIGURE 19. INPUT OR OUTPUT CYCLES

Ty T) T2 Ty * Ty* Ty Tz
AYAVAVEAWAY AW
® = =
INT
@) ®
AO~A15 3{ PC j: D,

5
i
[ ©

e ) i
TORQ /4
® aj“;ﬁ_l@@r'
WAIT A\
1 T
- @ B ®- L. ®
DO~D7 ) <, A Y
NOTE: 1) TL=Last state of previous 2) Two Wait cycles automatically
instruction. inserted by CPU(%)

FIGURE 20. INTERRUPT REQUEST/ACKNOWLEDGE CYCLE
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INTEGRATED CIRCUIT

To s HIBA TMPZ84CO0AP/AP-6/AP-8
TECHNICAL DATA TMPZ84CO0AF/AF-6
— e TAST | T T2 Ts "' T Ts |
TIVE [\ ) [\

CcLOCK _/—\__/_\__/_LY Jm
e\ Ly e e R L —
NH1

——'—-H_:}: ______ do— 7 T T T
AO~A15 ) FC REFRESH X
. = T
o o Lo @
VREQ }[ H !r‘

- D

“ W .
RFEH

*

Although NMl is an asychronous input, to guarantee its being recognized on

the following machine cycle, NMI's falling edge must occur no later tha
the rising edge of the clock cycle preceding TLAST.

NOTE:

FIGURE 21. NON-MASKABLE INTERRUPT REQUEST OPRATION
Ty, Tx Tx Tx Ty
CLOCK \ 1 \
BUSREQ, £®—\ r@
— /N
~®
BUSACK ) .
¥
AO~A15 ’ FLOAT Jﬂ
—
-~ ._ﬁ
FLOAT
DO~D7 b,
—
S -~ O -]
L  FLOAT e
Iokti 4 N
—-®
M1
RFSH j[
HALT UNCHANG D

TL=Last state of nay M cycle.

FIGURE 22.

requesting device.

BUS REQUEST/ACKNOWLEDGE CYCLE
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TX=An arbitrary clock cycle used by



TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA

TMPZ84CO0AP/AP-6/AP-8
TMPZ84CO0AF/AF-6

CLOCK

NOTE:

N AVAWRWAWAW

Halt 1nstruction
Receoiw

INT will also force a Halt

exit.

* See note, Figure 19.

FIGURE 23. HALT ACKNOWLEDGE CYCLE

or[ @
e YN R

AO~Al5

DO~D7

|

SH

Sieess
&

;Y —® pm
\ FLOAT D
fp S
@ p—
| S FLOAT
) — @

/ ‘L__
Yy - N

FIGURE 24. RESET CYCLE



TOSHIBA INTEGRATED CIRCUIT TMPZ84CO0AP/AP-6/AP-8

TECHNICAL DATA TMPZ84COOAF/AF-6

5. OUTLINE DRAWING

5.1 Plastic Package

40 21
[nlininleclicicioinieiaiolielein s lalalelels)

)

5 [ 0 O O O O O S
1 20

14.2MAX

SOMAX

i 513 MAX
1 | 152440.25

051MIN

‘ 05+0.15
!

1.4+015 l

Note 1. This dimension is measured at the center of bending point of
leads.

Note 2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoretical positions with respect to No.l
and No.40 leads.
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84COOAP/AP-6/AP-8
TECHNICAL DATA TMPZ84CO0AF/AF-6
5.2 Flat Package Unit in mm
OBPITCH
33 32 31 30 29 2B 272 6 25 24 23
| omms— o w R 2T
135 ' 2 OTr—
1T 36 ! 20T/
s = = Fe l lsfTr— -
| o ) MARKING 18— g g
==FH 39 e = et - =3 H H
o P10 AREA 16— b1 I~
114 1sim— - :q/
CCIT] 42 14T/
C—I4s I bt} o |
 s— - VY - 12—
>\ 1234567891011
y ﬂ ﬁ ﬁ ﬁ ﬂ m ﬁﬂ H
14.040.1
(17.6+03)

1804025 g
<
=

2 (0.6) (12+02) 2
+H o
n
—
o
_t
| : Q
— -
(=} ~
152403
I




INTEGRATED CIRCUIT
TOSHIBA TECHNICAL DATA TMPZB4CO1F

CMOS Z80 8-BIT MICROPROCESSOR

1. General Description and Features

The TMPZ84COl1F if an 8-bit microprocessor (hereinafter referred to as MPU)
with a built-in clock generator/controller, which provides low power
operation and high performance.

Built into the TMPZ84COlF are a control function and clock generator for
the standby function in addition to paired 6 general purpose registers,
accumulator, flag registers, an arithmetic-and-logic unit, bus control,
memory control and timing control circuits.

The TMPZ84COlF is fabricated using Toshiba's CMOS Silicon Gate Technology
and molded in a 44-pin mini-flat package.

The principal functions and features of the TMPZ84COlF are as follows.
(1) Commands compatible with the Zilog 280 MPU.
(2) Low power consumption
15mA Typ (5V, 4MHz under RUN mode)
ImA Typ (5V, 4MHz under IDLE]l mode)
3mA Typ (5V, 4MHz under IDLE2 mode)
0.5pA Typ (5V under STOP mode)
(3) DC to 4MHz operation (at 5V£10%)
(4) single 5V power supply (at 5V10%)
(5) Operating temperature (-40°C to 85°C)
(6) On-chip clock generator
(7) 1In the HALT state, the following 4 modes are selectable:
o RUN mode
o IDLE 1 mode
o IDLE 2 mode
o STOP mode
In the following explanation for the same content, IDLEl Mode and IDLE2
Mode are referred to as IDLE1l/2.
(8) Powerful set of 158 instructions available
(9) Powerful interrupt function .
(a) Non-maskable interrupt terminal (NMI)
(b) Maskable interrupt terminal (INT)
The following 3 modes are selectable:
o 8080 compatible interrupt mode (interrupt by Non-Z80 family peri-
pheral LSI) (Mode 0)
o Restart interrupt (Mode 1) .
o Daisy chain structure interrupt using 2-80 family peripheral LSI
(Mode 2)
(10) An auxiliary register provided to each of general purpose registers.
(11) Two index registers
(12) 10 addressing modes
(13) Built-in refresh circuit for dynamic memory.
(14) Molded in 44-pin mini flat package

Further, in the following text and explanations for charts and tables,
hexadecimal numbers are directly used without giving an identification to
explanation of address, etc. to the extent not to cause confusions.

(Note) 2Z80(R) is a registered trademark of Zilog Inc., U.S.A.
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2. Pin Connections and Pin Functions

The pin connections and 1I/0 pin names and brief functions of the
TMPZB4CO1F are shown below.

2.1 Pin connedtions
The pin connections of the TMPZ84COLF are as shown in Fig. 2.1.

E I
0 1
w3 3 (i agioed
£ R B
§>< m;n[‘s‘fi-— 52
BYs8Q8884%
RESET 34 RETNT
2y 35 21—/~
CLK 3 20 == D6
vss 37 19F=—33D5
v (AD) 38 L] s § 74
oc(2 39 17 vee (1
40 15E§§gns )
AZ 41 15 ===1D2
A3 42 4=
A4 a3 13 /D0
AS «“ l2f——aMs?
N\ .-cvwv-m,(obmagz

gze2

Alo
All
A2
AL3

@0
-
< <

MS1

(Note) Connect Pin 39 and Pin 17 externally.
Fig. 2.1 Pin Connections (Top View)

2.2 Pin names and functions
1/0 pin names and functions are as shown in Table 2.1l.

Table 2.1 Pin Names and Functions

Pin Name |Number|Input/Output
|of Pin| 3-state

Function

This signal is accepted if the interrupt
enable flip-flop (IFF) is set at "1".

INT is normally used on Wired-OR. In this
case, a pull-up resistor is externally
connected.

| | |
| | |
| A0 - A15 ] 16 | Output | 16-bit address bus. |
| | | 3-state | Specify addresses of memories and 1/0 to be |
| | | | accessed. During the refresh period, ad- |
| | | | dresses for refreshing are output. |
i Msi, Ms2 [ 2 [ Input | Mode selection input. |
| | | | One of 4 modes (RUN, IDLE1/2, STOP) is |
| | | | selected according to the state of these 2 |
| | | | pins |
| p0o-p7 | 8 | 1/0 | 8-bit bidirectional data bus. |
| | |  3-state | |
I I I | Maskable interrupt request signal. |
| INT | 1 | Input | Interrupt is generated by peripheral LSI. |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
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Pin Name |Number|Input/Output
lof Pin| 3-state
] [

1

Function

Non-maskable interrupt request signal.

This interrupt request has the higher
priority than the maskable interrupt re-
quest and does not rely upon the state of
the interrupt enable flip-flop (IFF).

Halt signal.

MPU execute HALT instruction and when the
halt state is resulted, "0'" is output.
Memory request signal.

When an effective address for memory access
is on the address bus, "0'" is output.

I/0 request signal.

When addresses for I/0 are on the lower

8 bits (A0 - A7) of the address bus in the
1/0 operation, "0" is output. 1In addition,
IORQ signal is output together with Ml
signal at time of interrupt acknowledge
cycle to inform peripheral LSI of the state
that the interrupt response vector may be
put on the data bus.

Read signal

"0" signal is output for a period when MPU

|

|
_— |
NMI |
|
|
|
|
I
I
I
|
!
|
|
|
|
|
I
|
|
|
|
| can receive data from a memory or peripheral
|
|
|
I
I
|
|
]
|
|
|
|
|
|
|
|
|
|
[
|
I
I
|
|
|

Input

HALT Output

Output

MREQ 3-state

Output

IORQ 3-state

Output
3-state

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
[
|
LSI. It is possible to put data from a |
specified peripheral LSI or mamory on the |
MPU data bus after gating by this signal. |
Write signal. |
This signal is output when data to be |
stored in a specified memory or peripheral |
LST is on the MPU data bus. |
Bus acknowledge_signal.
In response to BUSREQ signal, this signal |
informs a peripheral LSI of_the fact that |
the address bus, data bus, MREQ, IORQ, RD |
and WR signals have been placed in the high |
impedance state. |
Wait signal. |
WAIT signal is a signal to inform MPU of |
specified memory or peripheral LSI which |
is not ready for data transfer. As long |
as WAIT signal as at "0" level, MPU is |
continuously kept in the wait state. |
Bus request signal. |
BUSREQ signal is a signal requesting place- |
ment of the address bus, data bus, MREQ, |
IORQ, RD and WR signals in the high imped- |
ance state. BUSREQ signal is normally |
used on wired-OR. 1In this case, a pull-up |
resistor is externally connected. |

Output
3-state

BUSACK Output

WAIT Input

BUSREQ Input

| |
| |
| I
I I
I |
| |
| |
[ I
I |
I I
I I
I |
| I
| I
I |
| I
| I
I I
[ |
[ I
| I
| I
| |
I I
| i
I |
| I
| |
I |
| I
I I
| |
| I
| |
| |
I l
| I
| |
! |
| |
| I
[ [
| |
I |
I |
I |
| |
I |
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Pin Name |Number|Input/OQutput Function

|of Pin| 3-state

Reset signal.

| | |
| | |
| | |
| RESET | 1 | Input | RESET signal is used for initialization |
| | | | MPU and must be kept in active state ("0") |
| | | | for a period of at least 3 clocks. |
I [ I | Signal showing machine cycle 1. |
| M1 | 1 | Output | "0" is output together with MREQ signal in |
| | | | the operation code fetch sycle. |
| | | | This signal is output for every opcode |
| | | | fetch when 2 byte opcode is executed. |
| | | | In the maskable interrupt acknowledge cycle, |
| | | | this signal is output together with IORQ |
| | | | signal. |
| XTAL 1 | I | |
| (XIN) | 2 | Input | Crystal oscillator connecting terminal |
| XTAL 2 | | Output | |
| (xour) | | | |
| | | | |
| CLK | 1 | Output | Single-phase clock output. |
| | | | When the HALT instruction in STOP Mode is |
| | | | executed, MPU stops its operation and holds |
| | | | clock output at "0" level. |
| | | | |
| vec (1), | 2 |Power supply| +5V ‘
| (2) | | | Connect 39 pin and 17 pin externally. |
| | | | |
| [ | | |
| vss (S S |
| | | !

Power supply| OV
|
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3. Functional Description

The system configuration, functions and basic operation of the TMPZ84COLF
are described here.

3.1 Block diagram

The block diagram of the internal configuration is shown in Fig. 3.l.

MS1 MS2 CLK AO~A1S
L 11

Vee — CLOCK [ ADDRESS BUS OUTPUT CIRCUIT
25 con?rggERATOR -
2 ;
XTALS g g CIRCUIT ACCUMU LATOR(A)| ACCUMULATOR ' A)|
23 T T FLUG(F) FLUG(F')
z2 i . B REGISTER | B'REGISTER
XTAL1 —* Bl INTERNAL 2
2 C REGISTER '
A NTER 2 C'RESISTER
FOR 5 D REGISTER | p'REGISTER
WARMING-UP
v 5 E REGISTER | E'REGISTER
2 H REGISTER | H'REGISTER
E L REGISTER | L'REGISTER
= te— Vss
= = IX REGISTER
o —
s 1Y REGISTER
x
DO~D7 <::> = < STACK POINTER(SP)
z PROGRAM COUNTER(PC)
) TEMPORARY REGISTER
Vee —= | 2
= INCREMENT,DECREMENT
: Sz
B 5 &
2 2 2 x
e g . 22| —
g 5 :> INSTRUCTION 3e
— = DECODEK E5
Zz
5%
o le«— TRESET
=<
<‘Z
DATA 1,0 CONTROL 30
IFF1 | 1FF2 CONTROL 1/0 CONTROL | SIGNAL TO |
INTERNAL
i ! |~ o
INTERRUPT
CONTROLLER CONTROL CIKCUIT FOR CONTROL BUS
NMI INT IORQ HALT WAIT MRBQ  RD WK BUSREQ BUSACK

Fig. 3.1 Block Diagram
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3.2 System configuration
The TMPZ84COlF has a built-in system clock generator for CMOS 280 in
addition to the standard functions of the TMPZ84CO0P CMOS Z80 MPU.
The explanation 1is provided here with emphasis placed on the halt
function relative to the clock generator, which 1is an additional
function. The internal register group, reset and interrupt function are
identical to those of the TMP84CO0P. For details please refer to the
data sheet for the TMPZ84COOP.
In this section, the following principal compoments and functions will be
described.
(1) Generation of clock
(2) Operation mode
(3) Warming-up time at time of restart

3.2.1 Generating the system clock
The TMPZ84COLlF has a built-in oscillation circuit and required clock can
be easily generated by connecting an oscillator to the external terminals
(XTAL1, XTAL2). Clock in the same frequency as input oscillation
frequency is generated.
Examples of oscillator connection are shown in Fig. 3.2.

XTAL1 XTALR

o] c
O IN ourT

%NI CWTl

Fig. 3.2 Examples of Oscillator Connection and Constant

22pF 33 pF

3.2.2 Operation modes
There are 4 kinds of operations modes available for the TMPZ48COLF in
connection with generation of clock; RUN Mode, IDLE1/2 Modes and STOP
Mode. One of these modes is selected by the mode select inputs (MSI,

MS52).
The operation mode is effective when the halt instruction is executed and
when the halt instruction 1is not executed, <clock is supplied

continuously. Restart of MPU from the stopped state under IDLE1/2 Mode
or STOP Mode is effected by inputting either RESET signal or interrupt
signal (INT or NMI).
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Operations of these modes in the halt state are shown in Table 3.1.

Table 3.1 Clock Generating Operation Modes

|Operation Mode
RUN Mode

Sl
1

Description at HALT State
MPU continues the operation and supplies |
clock to the outside continuously.
The internal oscillator's operation only |
is continued and clock (CLK) output as |
well as internal operation are stopped at |
"0" level of T4 state in the halt instruc-|
I
|
|
|
|
|

MS2
1

IDLEl Mode 0 0

| |

| I

| |

I |

| |

| !

| |

| | tion operation code fetch cycle.
0 1| I | The internal oscillator's operation and

| |

| |

| |

| I

| |

| |

| |

| |

| |

IDLE2 Mode
clock (CLK) output are continued but the
internal operation are stopped at "0"
level of T4 state in the halt instruction
operation code fetch cycle.

All operations of the internal oscillator,

STOP Mode 1 0
clock (CLK) output, and internal operation]|
are stopped at "0" level of T4 state in |
the halt instruction operation code fetch |

|

cycle.

| M
| |
| |
! |
l |
| I
| [
| |
i T
I |
! |
| I
| |
| |
| |
| |
| |
I !

3.2.3 Warming-up time at time of restart (STOP Mode)

3.3

3.3.1

When MPU is released from the halt state by accpeting an interrupt
request, MPU, then, will execute an interrupt service routine.
Therefore, when an interruption request is accepted, MPU starts
generation of internal system clock and clock output after a warming-up
time by the internal counter (2%%14+2.5) TcC (TcC: Clock Cycle) to obtain
a stabilized oscillation for MPU operation.

Further, in case of the restart by RESET signal, the internal counter
does not operate for a quick operation at time of power ON.

Status change flowchart and basic timing
In this section, the status change and basic timing when the TMPZ84COLF

is operating are explained.

Status change flowchart
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EYSTEM CLOCK
GENE.;\ATED

?

\

M1 TMMEDIADELY yge
AFTEh ACCEPTING
IRT ?

TV WAIT

2

STATE

:
|
|
|
L
|

[ ]

HALT = 1

Fig. 3.3 (a) Status Change Flowchart
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HALT START
HALT=0
RUN MODE STOP MODE
MODE 7
IDLE1 MODE IDLE2 MODE
CLOCK OUTPUT STOP INTERNAL OSCILLATIOM
INTERNAL STOP

INTERNAL OPERATION
STOP

OPERATION STOP

(CLOCK OUTPUT STOP)
INTERNAL OPERATION

I

STOP

STOP MODE ?

YES (STOP MODE)

NO (IDLEL/2 MODE)

INTERNAL OSCILLATION

START
|

WARMING UP

J

INTERNAL SYSTEM CLOCK RESTART
CLOCK OUTPUT RESTART ONLY STOP,IDLEl

END

Fig. 3.3

(b) Status Change Flowchart
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3.3.2 Basic timing
The basic timing is explained here with emphasis placed on the halt
function relative to the clock generator. Except RFGH signal output, the
following items are idnetical to those for the TMPZ84CO0P. Refer to the
data sheet for the TMPZ84COOP.
o Operation code fetch cycle

Memory read/write operation

Input/output operation

Bus request/acknowledge operation

Maskable interrupt request accepting operation

Non-maskable interrupt request accepting operation
Reset operation

00 00 O0O0

Note that the TMPZ84COIF does not have the refresh terminal (RFSH) but
refresh address is output on the address bus in the operation code fetch
cycle (M1) as in the TMPZB4COOP since the on-chip refresh control circuit
is available.

(1) Operation when HALT instruction is execution

When MPU fetches a halt instruction in the operation code fetch cycle,
HALT signal goes active (low level) in synchronous with falling edge of
T4 state for the peripheral LSI and MPU stops the operation. The system
clock generating operation after this differs depending upon the
operation mode (RUN Mode, IDLE1/2 Mode or STOP Mode). If the intermal
system clock is running, MPU continues to execute NOP instruction even in
the halt state.

(a) RUN Mode (MSl=1l, MS2=1)
Shown in Fig. 3.4 is the basic timing when the halt instruction is
executed in RUM Mode.

In RUN Mode, system clock () in MPU and clock output (CLK) to the
outside of MPU are not stopped even after the halt instruction is
executed. Therefore,until th- halt stae is released by the interrupt
signal (MNI OR INT) or RE .I signal, MPU continues to execute NOP
instruction.

Ml CYCLE Ml CYCLE M1 CYCLE

Te T2 T i
o L L_JL_\L_JLYAL

HALT OP COD&

FETCH CYCLE NOP EXECUTION i NOP EXECUTION
—_— T DU {

Fig. 3.4 Timing of RUN Mode (at Halt Command Execution)
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(b) IDLEl Mode (MS1=0, MS2=0)
Shown in Fig. 3.5 is the basic timing when the halt instruction is
executed in IDLEl Mode.
In IDLEl Mode, system clock (4) in MPU and clock output (CLK) to the
outside. of MPU are stopped and MPU stops its operation after the halt
instruction is exeduted.
However, the internal oscillator continues to operate.

T4

CLK ﬂ S

¢ (INTERNAL l }\ MPU OPERATION STOP
SYSTEM CLOCK) \

HALT '——l/

Y

"1

M1
HALT COMMAND OPERATION |
CODE FETCH CYCLE

Fig. 3.5 IDLEl Mode Timing (at Halt Instruction Execution)

(c) 1IDLE2 Mode (MS1=0, MS2=1)
Shown in Fig. 3.6 is the basic timing when the halt instruction is
executed in IDLE2 Mode.
In IDLE2 Mode, system clock (p) in MPU is stopped and MPU stops its
operation after the halt instruction is executed.
However, the internal oscillator and clock output (CLK) to the outside
of MPU continues to operate.

T4

ST I e T e T e O

@ (INTERNAL I i\
SYSTEM CLOCK) MPU OPERATION STOP

14
HALT |/

wyn

M

HALT INSTRUCTION OPERATION
CODE FETCH CYCLE

Fig. 3.6 IDLE2 Mode Timing (at Halt Instruction Execution)
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(d) STOP Mode (MSl=1, MS2=0)

Shown in Fig. 3.7 is the basic timing when the halt instruction is
executed in STOP Mode.

In STOP Mode, internal operation and internal oscillator are stopped
after the halt instruction is executed. Therefore, system clock (4) in
MPU and clock output (CLK) to the outside of MPU are stopped.

Tl T2 T3

T4
CLK | [ | | [ | CLX OUTPUT STOP
@ (INTERNAL
SYSTEM CLOCK) I l r_—] ] I I |\ MPU OPERATION STOP

HALT

N B

HALT INSTRUCTION OPERATION
CODE FETCH CYCLE

Fig. 3.7 STOP Mode Timing (at Halt Instruction Execution)

(2) Release from halt state
The halt state of MPU is released when "O" is input to RESET signal and
MPU is reset or an interrupt request is accepted. An interrupt request
signal is sampled at the leading edge of the last clock cycle (T4 state)
of NOP instruction. In case of the maskable interrupt, interrupt will be
accepted by an active INT signal ("0" level). In case of the
non-maskable interrupt, if the internal NMI F/F which 1is set at the
leading edge of NMMI signal is set to "1", the interrupt is accepted.
However, in case of the maskable interrupt, the interrupt enable
flip-flop must have been set to "1". The accepted interrupt process is
started from next cycle.

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

(a) RUM Mode (MS1, MS2=1)
The halt release operation by acceptance of interrupt request in RUN
Mode is shown in Fig. 3.8.
In RUN Mode the internal system clock is not stopped and therefore, if
the interruption signal is recognized at the rise of T4 state of the
continued NOP instruction, MPU will executes the interrupt process from
next cycle.
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The halt release operation by resetting MPU in RUN Mode is shown in
Fig. 3.9. After reset, MPU will execute an instruction starting from
address 0000H. However, in order to reset MPU it is necessary to keep
RESET signal at "O" for at least 3 clocks. In addtion, if RESET signal
becomes '"1'", after the dummy cycle for at least 2T states, MPU executes
an instruction from address 00OOH.

HALT INSTRUCTION

EXECUTION , NoP INSTRUCTION EXECUTION , INTERRUPT PROCESS
|

|

w LU LS LU LU
S oo LML L L LU
w0 _ I
w1 LT

{6

-

I_J _}——MPU INTERNAL
-t - LATCH FOR NMI
N L |

Fig. 3.8 Halt Release Operation Timing by
Interrupt Request Signal in RUN Mode

[
z
=

HALT INSTRUCTION EXECUTE INSTRUC TION
EXECUTION | ADDRESS 0000H
Ta L TR

¢ (INTERNAL
e o 7| [ LU LT LTLTL
HALT'______] [ e
M1 s I

™

Fig. 3.9 Halt Release Operation Timing by
Reset in RUN Mode

(b) IDLEl Mode (MS1=0, MS2=0), IDLE2 Mode (MS1=0, MS2=1)
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The halt release operation by interrupt signal in IDLEl Mode is shown
in Fig. 3.10 (a) and in IDLE 2 Mode in Fig. 3.10 (b).

When receiving NMI or INT signal, MPU starts the internal system clock
operation., In IDLEl Mode, MPU starts clock output to the outside at
the same time. The operation stop of MPU in IDLE1/2 Mode is taken
place at "0" level during T4 state in the halt instruction operation
code fetch cycle. Therefore, after restarted by the interruption
signal, MPU executes one NOP instruction and samples an interrupt
signal at the rise of T4 state during the execution of this NOP
instruction, and executes the interrupt process from nect cycle.

NOP INSTRUCTION EXECUTION

CLK

¢ (INTERNAL
SYSTEM CLOCK)

155

1
HATT | ' r______
| t
— | !
wi I
. [N S R R S
[
— ' ' .
e ZJ____.___  — —J=— MPU INTERNAL

/ | LATCH FOR NM1

INT { ll

INTERRUFT SAMPLING TIMING

Fig. 3.10 (a) IDLEl Mode

NOP INSTRUCTION EXECUTION
-— -

T4 Tl T2 T3 T4 Tl

SYSTEM CLOCK) __J_‘ :

HALT

| ]
WML | j=— MPU INTERNAL
el LATCH FOR NMI

INTERRUPT SAMPLING TIMING

Fig. 3.10 (b) IDLE2 Mode

Fig. 3.10 Halt Release Operation Timing by
Interrupt Request Signal in IDLE1/2 Mode
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If no interrupt signal is accepted during the execution of the first
NOP instruction after the internal system clock is restarted, MPU is
not released from the halt state and is placed in IDLE1/2 Mode again at
"0" level during T4 state of the NOP instruction, stopping the internal
system clock. 1f INT signal is not at "O" level at the rise of T4
state, no interrupt request is accepted.

The halt release operation by resetting MPU in IDLEl Mode is shown in
Fig. 3.11 (a) and that in IDLE2 Mode in Fig. 3.11 (b).

When RESET signal at "0" level is input into MPU, the internal system
clock 1is restarted and MPU will execute an instruction stored in
address 000OH.

At time of RESET signal input, it is necessary to take the same care as
that in resetting MPU in RUN Mode.

EXECUTE INSTRUCTION FROM
ADDRESS 0000OH

TI T2 T3
CLK I | I | | ‘ | | l l ] | l | | l | I
¢ (INTERNAL d l | | | l I | I | I | I I l |
SYSTEM CLOCK) —'r—]‘—'
HALT l | ¢
- fan f I r———

—_— I’
RESET ’_J

Fig. 3.11 (a) 1IDLEl Mode

llEXECU'[‘E INSTRUCTION FROM

ADDRESS 000O0OH

Tl T2 T3

s, M, AL LU
= L
|

I

Fig. 3.11 (b) IDLE2 Mode

Fig. 3.11 Halt Release Operation Timing by
Reset in IDLE1/2 Mode
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(c) STOP Mode (MS1=1, MS2=0)

The halt release operation by interrupt signal in STOP mode is shown in
Fig. 3.12.

When MPU received an interrupt signal, the internal oscillator is
restarted. In order to obtain stabillized oscillation, the internal
system clock and clock output to the outside are started after a
warming-up time of (2%%14+2.5) TcC (TcC: Clock Cycle) by the internal
counter passed.

MPU executes one NOP instruction after the internal system clock is
restarted and at the same time, sampling an interrupt signal at the
rise of T4 state during the execution of this NOP instruction. If the
interrupt signal 1is accepted, MPU executes the interrupt process
operation from next cycle.

At time of interrupt signal input, it 1is necessary to take the same
care as that in the interrupt signal input in IDLE1l/2 Mode. The halt
release operation by MPU resetting in STOP Mode is shown in Fig. 3.13.

When RESET signal at "0" 1level is input into MPU, the internal
oscillator is restarted. However, since it performs a quick operation
at time of power ON, the internal counter does not operate. Therefore,
the operation may not be carried out properly due to unstable clock
immediately after the internal oscillator is restarted. To restart the
clock by RESET signal in STOP Mode, it 1is necessary to hold RESET
signal at "0" level for sufficient time. When RESET signal becomes
"1", after the dummy cycle for at least 2T states, MPU starts to
execute an execution from address 0000H.

NOP COMMAND EXECUTION

[ i

T1 T2 T3 T4 T1

WARMING-UP
¢ (INTERNAL ‘ [ TIMEl l I ] I l l"‘l l'_l [‘"
SYSTEM CLOCK) — y
WARMING-UP ;
J— TIME
HALT | . , I
l

4 T

CLK

.,

NM1L ’ | j———-MPU INTERNAL
——df—————————— = r-- LATCH FOR NMI
—5 |
INT 1 l|

INTERRUPT SAMPLING TIMING

Fig. 3.12 Halt Release Operation Timing by
Interrupt Request Signal in STOP Mode
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EXECUTE INSTRUCTION FROM
ADDRESS 00O0OH

T T2 T3
¢ (INTERNAL
Svstmvonosy — L LT
A j —5
HALT _j_,;; ., |

'
e

i | o |
RESET ’—u . r(l]

Fig. 3.13 Halt Release Operation Timing by
Reset in STOP Mode

3.4 Instruction set
Instruction set of the TMPZ84COlF are the same as those for the
TMPZ84CO0P. For details refer to the data sheet for the TMPZ84COOP.

3.5 Method of use
A connecting example of the TMPZ84COlF with the TLCS-Z80 family
peripheral LSI's 1is shown in Fig. 3.4. For the explanation and
precautions for counnection, refer to Section 3.5 Method of use of the
data sheet for the TMPZ8400P.
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0.2V,VILC=VIL

TECHNICAL DATA
4. Electrical Characteristics
4.1 Absolute Maximum Ratings
| Symbol | Item | Rating | Unit
| vce | Sapply Voltage I -0.5 to +7 [V
e R e [mmmm e |- |
| VIN |  Input Voltage | -0.5 to Vec + 0.5 | v
e o B e e S e Rt | —==--- |
| PD | Power Dissipation (TA=85°C) | 250 | mW
[==mmmmmmm o [=mm e [~ |
| TSOLDER | Soldering Temperature (10 sec) | 260 | °c
== fmmm e e | === e |- |
|  TSTG | Storage Temperature | -55 to 125 | °c
e | = m R e [—=———- |
|  TOPR | Operating Temperature | -40 to 85 | ‘C
4.2 DC Electrical Characteristics
DC Characteristics (I)
TA = -40°C to 80°C, VCC = 5V * 10%, VSS = 0OV
| _SYMBOL 1TEM TEST CONDITION MIN. |TYP.| MAX. [UNIT]
| VOLC Low Level Clock I0L = 2.0mA - - 1 0.4 T v
| | Output Voltage | | | | | |
| voHC | High Level Clock [ 10H =-2.0mA f[vcc-0.6 T - T - T v
| OQutput Voltage | | |
| VIL Input Low Voltage -0.5 - | 0.8 | v |
| VIH Input High Voltage 2.2 | vec | v |
| VIHR Input High Voltage vce-0.6 [ - [ vee [ v |
| | (RESED) | | | | | |
| VILR | Input Low Voltage | [7=0.5 T -1 0451 v |
| | (RESET) | | | | | |
| voL | Output Low Voltage | IOL = 2.0mA [ - T- 1T 0.4 T v
| | (Except Clock) | | | | | |
|7 vOoHl | Output High Voltage | IOH = -1.6mA | 2.4 | - [ - [ v |
| | (1) (Except Clock) | | | | | |
| VOH2 | Output High Voltage | IOH = -250uA | vcc-0.8] - [ - | v |
| | (11)(Except Clock) | | | | | |
|7 ILT | Input Leak Current | vSS{ VINS VCC | - - T 10 T pal
| | | - | | | | |
|7 1L0 T 3 State Output [vss + 0.4< I = T - T 10 T ual
| | Current in Floating | VOUT VCC | | | | |
|7 1cC1 | Supply Current ["vCcC=5V,CLK=4MHZ | I | | |
| | (@ RUN Mode) | VIHC=VIH=VCC- | - J15 1 20 | mal
| | | 0.2v,vILC=VIL | | | | !
| | | =0.2v | | | | |
| (Note) | Supply Current | vcec=5V,CLK=Note| [ | | |
| 1cc2 | (@ STOP Mode) | VIHC=VIH=VCC- | - j0.50 10 | ual
| | | 0.2v,viLc=vIL | | | I |
| | | =0.2v | | | | |
|771cC3 T Supply Current [ VCC=5V, CLK=4MHz] I ] | |
| | (@ IDLEl Mode) | VIHC=VIH=VCC- | - } 1.0l 2.0 | mAl
| | | | | | ! I
| | | | | | | |
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TOSHIBA

INTEGRATED CIRCUIT

TMPZ84CO1F

TECHNICAL DATA
| _SYMBOL | ITEM | TEST CONDITION |  MIN. [TYP.| MAX. [UNIT|
| 1cc4 | Supply Current | vee=5v,cLk=4MHz ] I I ] |
| | (@ IDLE2 Mode) | VIHC=vIH=vCC- | - | 3.0l 6.0 | ma|
| | | 0.2v,viLc=vIL | | | | |
| | | =0.2v | | | | |
(Note) At T4 "LOW" state of the halt instruction fetch cycle.
4.3 AC Electrical Charactreistics
TA = -40°C to 85°C, VCC = 5V * 10%, VSS = OV  (*): TEST CONDITION

| "NO. SYMBOL ITEM (*) [MIN. [TYP. |MAX.|UNIT|
| 1 TcC Clock frequency. 2501 - | pC | ns |
| 2 TwCh High clock pulse width | | 110 - DC | ns |
| 3 TwC1 Low clock pulse width | | 110] - DC | ns |
| 4 T£C Clock falling time | |- - 1 30 | ns |
| 5 TrC Clock rising time | | - - 130 | ns |
|6 TdCr(A) Effective address output | | - - |110 | ns |
| | | delay from clock rise | | | | | |
| 7 | TdA(MREQf) | Address output definite | | 651 -1 -1 ns |
| | | time prior to MREQ | | | | | |
| 8 | TdCf(MREQf) | Delay from clock fall to | | -1 -1851] ns |
| | | MREQ="L" | | | | | |
| 9 | TdCf(MREQr) | Delay from clock rise to | | =T -T1851] ns |
| | | MREQ="RH" | | | | | |
| | | | | | | | |
| 10 | TWMREQh | MREQ high level pulse | | 1101 - | - 1| ns|
| l | width | | | | | |
| | | | | | | | |
| 11 | TwMREQI | MREQ low level pulse lcL= | 2201 -1 - 1| ns |
| | | width | | | | | |
| 12 | TdCf(MREQr) | Delay from clock fall to |100pF| - | - | 85 | ns |
| | | MREQ="H" | | | | | |
| 13 | TdCf(RDf) | Delay from clock fall to | | =1 =195 1| ns |
| | | RD="L" I | | | | |
| 14 | TdCr(RDr) | Delay from clock rise to | | =1 -12851] ns |
| | | RD="H" | | | | | |
| 15 | TsD(Cr) | Data set-up time for | | 351 -] -1 ns |
| | | clock rise | | | | | |
|"16 | ThD(RDr) | Data hold time for i I ol -1 - 1ns]|
| | | RD rise | | | | | |
| | | | | | | | |
| 17 | TsWwAIT(Cf) | WAIT signal set-up time | | 700 -1 -1 ns |
| | | for clock fall | | | | | |
| | | | | | | | |
| 18 | ThWAIT(Cf) | WAIT hold time after | | 10 - | -1 ns|
| * | | clock fall | | | | | |
| 19 | TdCcr(Mlf) | Delay from clock rise to | | -1 - 1100 | ns |
| | | MI="L" | | | | | |
| 20 | TdCr(Mir) | Delay from clock rise to | I =1 - 1100 | ns |
| | | | | | | | |
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INTEGRATED CIRCUIT

TOSHIBA

MREQ, IORQ, RD or WR

TECHNICAL DATA TMPZ84CO01F
| NO. SYMBOL | ITEM (*) IMIN.|TYP. IMAX.[UNIT]|
| 21 TdGf(RDr) | Delay from clock fall to I - - 18571 ns |
| | | RD="H" | | | | | |
| 22 | TdCr(RDE) | Delay from clock rise to | I -1 -1857T ns |
| | | RD="L" | | | | | |
1723 | | Data set-up time for | I 50l -1 -1Twns |
| | TsD(CE) | clock fall (at time of | | | | | |
| | | M2, M3, M4, M5 cycle) | | | | | |
| 24 ] TdA(IORQE) | Address definite time | | 1801 - T =1 ns |
| | | prior to IORQ fall | | | | | |
| 25 | TdCr(I0RQf) | Delay from clock rise to | I -1 -=1757 ns |
| ! | IO0RQ="L" | | | | | |
| 26 | TdCf(IORQr) | Delay from clock fall to | | -1 -18571 ns |
| | | TORQ="H" | | | | | |
| 27 | TdD(WRE) | Data definit time prior | | 81| -1 -T1ns |
| | | to WR fall | | | | | |
| 28 | TdCE(WRE) | Delay from clock fall to | | =1 -1T8 [ ns |
| | | WR="L" | | | | | |
| | I | | | | | |
| 29 | TwWR | WR pulse width | | 2201 -1 -1 ns |
! 30 | TdCf(WRr) | Delay from clock fall to | " =1 =180 ns |
| | | WR="H" | | | | | |
| 31 | TdD(WRf) | Data definite time prior | | =101 -1 -1 ns |
| | | to WR fall | | | | | |
| 32 | TdCr(wrRf) | Delay from clock rise to lgp= | -1 - 1651 ns |
i | | WR="L" | | | | | |
| 33 | Tdwrr(D) | Output data_holding poOpF | 601 - T -1 ns |
| | | after WR="H" | | | | | |
| 3¢ | TdCf(HALT) | Delay from clock fall to | | =T -1300 1 ns |
| | | BALT="L" or "H" | | | | | |
| | P | | [ [ | f
| 35 | TwNMI | MMI pulse width | | 80 -1 -1mns|
| 36 | TsBUSREQ(Cr) | Set-up time for clock | |50l - T -1ns |
| | | rise | | | | | |
| | [ | | [ | ] |
| 37 | ThBUSREQ(Cr) | BUSREQ hold time after | [ 10l =1 =1 ns |
| % | | clock rise | | | | | |
| 38 | TdCr(BUSACKf) | Time from clock rise to | " -1 -1T100 1 ns |
| | | BUSACK="L" | | | | | |
|739 [ TdCE(BUSACKr) | Time from clock fall to | | -1 -1100 | ns |
| | | BUSACK="H" | | | | | |
1740 | Tdcr(Dz) | Delay from clock rise to | I -1 =190 1] ns |
| | | data bus float state | | | | | |
| 41 T tdcr(CTz) [ Delay from clock rise to | I =T -1801[ ns |
| | | control output float | | | | | |
| | | state _ | | | | | |
| | | (MREQ, TORQ, RD, WR) | | | | | |
| 42 | Tdcr(Az) | Delay from clock rise to | I -1 -71T901] ns |
| | | address bus float state | | | | | |
1743 T 1dCr{A) | Address holding time from{ : sol - { - { ns =
| | |
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA TMPZ84CO1F
: NO. } SYMBOL : ITEM [ (*)'I|MIN.=TYP.|MAX.|UNIT|
—_— | ! i |
| 44 | TsRESET(Cr) | RESET set-up time for | | 60l -1 - ns |
| | | clock rise | | | | | |
| | | | | | | | |
| 45 | ThRESET(Cr) | RESET hold time from | | 10l -] -] ns |
| * | | clock rise | | | | | |
| [ I | | | | f |
| 46 | TsINT£(Cr)) | INT set-up time for clock| | 8| -1 -1 ns |
| | | rise | | | | | |
| | [ | | | | | |
| 47 | TsINTr(Cr) | INT hold time after clock]| | 100 -1 -1 ns |
| * | | rise jcL= | | | | |
| 48 | TAMIF(IORQf) | MI output ("L") definite | | 5651 - T -1 mns |
| | | time prior to IORQ fall |100pF| | | | |
| 49 [ TdC£(IORQf) | Delay from clock fall to | I =1 -1851] ns |
| | | _TORQ="L" | | | | | |
| 50 | TdCr(IORQr) | Delay from clock rise to | | =1 -185] ns |
| | | TOrRQ="H" | | | | | |
| 51 | TdCf(D) | Delay from clock fall to | | =1 -1150 1| ns
| | | data output | | | | | |
| | | | | | (2%*| | |
| 52 | TRST1S | Clock (CLK) restart time | | - 114+ | - | ns
| | | by INT (STOP mode) | | 12.5)] | |
| | | | | | xTcC| | |
| | | | | | (2%*| | |
| 53 | TRST2S | Clock (CLK) restart time | | - 1l1a+ | -1 ns |
| | | by NMI (STOP mode) | | 12.5)1 | |
| | | | | | xTeC| | |
| | | | | | [ [ |
| 54 | TRSTII. | Clock (CLK) restart time | | =125 -1 ns|
| | | by INT (IDLE1/2 mode) | | |TeC | | |
| | | | | | | | |
| | | | | | | | |
| 55 | TRST21 | Clock (CLK) restart time | | -1 2.5 -1 ns
| | | by NMI (IDLEL/2 mode) | | [TcC | | |
| | | | I | | | |
Note 1. Test conditions
VIH = 2.4V, VIL = 0.4V, VIHC = VCC - 0.6V, VILC = 0.6V
VOH = 2.2V, VOL = 0.8V
Note 2. Items with an asterisk (*) are non-compatible with NMOS 280.
4.4 Capacitance
The capacity of TMPZ84COlF is alike with that of the TMPZ84COOP. For

4.5

details refer to the relative part of the TMPPZ84COOP.

Timing diagram

Figs. 4.1 to 4.10 show the basic timings of respective operations.
Numbers shown in the figures correspond with those in the AC Electrical

Characteristics Table in 4.3.
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TECHNICAL DATA

TOSHIBA

TMPZ84CO1F

T1 T2 Tw T3 T4
¢ _Jz 2 \L® \ / } j
T K k1
ol i
® o ® ®
-~ ] F PROCKAM f REFRESH
AO~ALS . COUNTER ADDRESS X
® I 4
Ko z -
MREQ — = ! -
} — v
@®)
S — | JELﬂ
b
s s
NATT \l ﬁﬂ' i\
© @-“- v | @
w
) ® ®
DO~D7 .:\ {jl/ - IN%JAITA
Fig. 4.1 Operation Code Fetch Cycle
T1 T2 Ty T3
" WAWA YR
© | — &)
li et b ]
"i; X| ProoraMi COUNTER il ﬂ
| &) @ E—l
@-H ® ©
et | Y,
WAIT 4" ; \_‘
o]
i A B | 2
. | N
READ -
o?mmnou “H“gg @— -
~ = -
(2] LEL
— @ -
WRITE " @ @L}L ’ ! Y
OPERAT ION . | &
o0 — J’iDATA OUTPUT —

Fig. 4.2 Memory Read/Write Cycle



TosmBAINTEGRATED CIRCUIT
TECHNICAL DATA

TMPZ84CO1F

T2 T * Ty T3
‘ RAYAYWAWAYA
. k- 9 ;
| : ©
AO~A7 X PORT ADDRESS|| ><:
LS &
T0RY R F . ‘ /
L 8
@ @,_]_ @
WAIT N V7 \_,
5 f
— \1 @ 7
"D
INPUT o ' 4 ®
OPERATION &
Do~ T L7
D7 F ® AN )‘ TA
©
OUTPUT = & . s St
OPERATION L&
DOB; DATA7§§TPUT

(Note) 1 wait state (TW*¥) is inserted automatically by MPU.

Fig. 4.3 Input/Output Cycle

TL T1 T2 Tw* Tw* Tw T3
" ne
B aVaUaVaVaWaw
e @
AO~ALS PROGKAM COUNTEK : %XF_—__
S e
H;_ﬁ’_

9 ©
I j
1URQ »

@ L - 5
e 034—1
WATT AR\
@ Qor—t—t ®
v D & T,

Note 1 TL is the final state of the preceding instruction.
Note 2 2 wait state (TWX) is inserted automatically by MPU.

Fig. 4.4 Interrupt Request/Acknowledge Cycle
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TOSHIBA

TECHNICAL DATA

TMPZ84CO1F

FINAL M CYCLE M1
TL
’ N\_/
Y N
AO~Al15
® @
5} N\ @

(Note) NMI is asynchronous input but in order to assure the positive re-
sponse in the following cycle, NMI trailing edge signal must be
generated keeping abreast of the leading edge of the preceding TL
state.

Fig. 4.5 Non-maskable Interrupt Request Cycle
FINAL M CYCLE
TL T1
WAVAW \
e tTe
o —t
BUSREQ \E / \
BUSACK
@ &
et «,
- - —
MKEQ . RD S FLOATING N F___
WK.1URQ g g J&QL__
W 1:._
HALT KEMALIN UNCHANGED
Note 1 TL is the final state of any machine cycle.
Note 2 Tx is optional clock used by requested peripheral LSI.

Fig. 4.6 Bus Request/Acknowledge Cycle
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TosmBAINTEGRATED CIRCUIT

TECHNICAL DATA

HALT COMMAND'S

Ml | Ml

T4 T1 T2 T3 T4

®
WM
(Note) INT signal is also used for releasing from the halt state.

Fig. 4.7 Halt Asknowlege Cycle

Es— Ml - - —
Tl T2
** Y AVAYRAWAN
—_—
@ ® @ M
me VL N\ [N\ F ©
= FLOATING 7
AO~A15 4
_-’—J._

DO~D7 I . FLOATING Qg

L8 Sheicr g —

Fig. 4.8 Reset Cycle

TMPZ84CO1F



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TMPZ84C01F

T4 Tl T2 T3

‘ e |
w1\
WML \‘ / 1
'@ f
L @

Fig. 4.9 Clock Restart Timing (STOP Mode)

T1 T2 T3
CLK
(IDLE 1 MODE )
T4 T1 T2 T3
CLK |
(1DLE2 MODE )

i / |

Fig. 4.10 Clock Restart Timing (IDLE1/2 Mode)



INTEGRATED CIRCUIT

TECHNICAL DATA TMPZ84CO1F

TOSHIBA

5. Outline Drawing

Unit in mm
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TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA TMPZ84CO1F
6. Precautions
(1) To reset MPU, it is necessary to hold RESET signal input at "0" level for
at least 3 clocks. .
In particular, to release the HALT state by RESET signal in STOP Mode,
hold RESET signal at "0" level for sufficient time in order to stabilize
output from the internal oscillator.
(2) 1In releasing MPU from the HALT state by interrupt signal in IDLE1l/2 Mode

and STOP Mode, MPU will not be released from the HALT state and the
internal system clock will stop again unless an interrupt signal is
accepted during the execution of NOP instruction even when the internal
system clock is restarted by the interrupt signal input. 1In particular,
care must be taken when INT is used.

Other precautions are identical to those for the TMPZB4COOP except those
for RFSH termial. Refer to the data sheet for the TMPZ84COOP.
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TOSHIBA
TECHNICAL DATA TMPZ84CO1F
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INTEGRATED CIRCUIT TMPZ84C10AP/TMPZB4C10AP-6
TOSHIBA  NiCAL DATA TMPZB4C10AF/TMPZ84C1 OAF-6

TMPZ84C10AP, *TMPZ84C10AP-6, TMPZ84Cl0AF, *TMPZ84C10AF-6
CMOS Z80 DMA: Direct Memory Access Controller
1. General Description and Features

The TMPZ84C10A (hereinafter referred to as DMA) is CMOS version of Z80 DMA
(Direct Memory Access Controller) which provides low power consuming but
powerful and versatile operations.

This DMA is designed to improve system performance by allowing the system
memory and peripheral LSI's to directly transfer data between them.
Memory-to-memory and I/0-to-I/0 (I/0 devices as peripheral LSI or 1/0
devices such as printer, etc.) data transfer capability is also provided.

The DMA is fabricated using Toshiba's CMOS Silicon Gate Technology.
The principal functions and features of the DMA are as follows.
(1) Compatible with the Zilog Z80 DMA.
(2) DC to 4MHz operation (TMPZ84C10AP/TMPZB4C10AF)
DC to 6MHz operation (TMPZ84Cl10AP-6/TMPZ84Cl0AF-6)
(3) single 5V power supply: 5V+10%
(4) Data transfer rate 2M bytes/sec. (at 4MHz), 3M bytes/sec. (at 6MHz)
(5) Data transfer in max. 64K byte block length.
(6) Address generation with incrementing, decrementing, or fixed address
by source and destination.
(7) Built-in daisy chain structure interrupt circuit.
(8) Low power consumption
SmA Typ. (5V,4MHz)
6mA Typ. (5V,6MHz)
10uA MAX. (5V, stand-by)
(9) Extended operating temperature
-40°C to 85°C
(10) Transfer, search, or transfer/search operations can be specified.
(11) Byte, burst or continuous modes can be specified.
(12) Bit maskable byte searching functionm.
(13) Available in standard 40-pin dual-in-line package and &44-pin mini
flat package.

Further, in the following text and explanations for charts and tables,
hexadecimal numbers are directly used without giving an identification to

explanation of address, etc. to the extent not to cause confusions.

* Under development.

(Note) Z80(R) is a registered trademark of Zilog Inc., U.S.A.
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84G10AP/TMPZ84C10AP-6
TECHNICAL DATA TMPZ84G10AF/TMPZ84C10AF-6

2. Pin Connections and Pin Functions

The pin connections and I/0 pin names and brief functions of the
TMPZ84C10A are shown below.

2.1 Pin connections
The pin connections of the TMPZ80CI0OA are as shown in Fig. 2.1.

1
2
3
4
5
6
7
8
®

REY3iRRYH

n

SEELECEYREY

(Note) NC must be used at open condition.
*ICV must be used at open
Condition or Connected with Vcc.
(b) MFP Pin Connection

(a) TMPZ84C10AP/AP-6 (b) TMPZ84C10AF/AF-6
Fig. 2.1 Pin Connections (Top View)
2.2 Pin names and functions

Table 2.1 Pin Names and Functions

Pin Name |Number|Input/Output Function

|of Pin| 3-state

A0 - Al15 | 16 | Output 16-bit address bus.
3-state DMA output address bus to source port and
destination port.
CLK 1 Input Single phase clock signal.

Clock input to DMA. The same clock as that
for MPU can be used.
Write signal.

1 1/0 When used as input, MPU writes to DMA con-
trol register. When used as output, DMA
controls write to the memory or I/0 port
address.

_ Read signal.
RD 1 1/0 When used as input, MPU reads out of DMA
3-state status register. When used as output, DMA

controls read from the memory or I/0 port
address.

| |
| |
| |
| |
| |
[ ]
| |
| | 3-state
| |
| |
[ |
| |
I |
| |
| |
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TOSHIBA TMPZ84C10AP/TMPZ84C10AP-6
TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

Pin Name |Number|Input/Output Function
|of Pin| 3-state
| 1/0

3-state

I1/0 request signal.

When I/0 data is read or written, DMA con-
rols read/write.

Memory request signal.

When memory data is read or written, DMA
controls read/write.

Bus line enable output signal.

In the several DMA configuration, controls
priority for the bus using right.

Bus line enable input signal.

Indicates that the system bus using right
is released for DMA control.

Bus line enable input signal.

Indicates that the system bus control are
sent to MPU. Open drain.

Chip enable/wait signal.

Normally, operates as CE but it is possible
to program to operate as WAIT at time of
data transfer.

Ready signal.

Monitored by DMA to determine effective
polarity. Effective polarity is
programmable.

|

I

I
IO0RQ I
|
I
I
|
[
I
|
I
|
I
|
|
|
I
|
|
I
I
|
| Signal showing machine cycle 1.
I
I
I
I
I
|
1
I
!
|
I
|
I
|
I
|
I
I
|
[
I

1

Output
3-state

MREQ 1

Output
BAO

BAIL Input

BUSREQ 1/0

CE/WAIT Input

Input

Indicates that MPU is in the operation code
fetch cycle or interruption acknowledge.
8-bit bidirectional data bus.

Control byte from MPU, status byte from DMA
and data from the memory or 1/0 are trans—
ferred through these terminals.

Interrupt enable output signal.

Using jointly with IEI, forms the daisy
chain structure for interrupt priority

when several peripheral LSI' are connected.
Interrupt enable input signal.

Using jointly with IEO, forms the daisy
chain structure for interrupt priority

when several peripheral LSI' are connected.
Interrupt request signal

For interrupt request and pulse generation.
Open drain.

DO-D7

IEO

IEI

INT/PULSE Output

vce Power supply| +5V

Vss Power supply| OV

e — e —_ e —_— - — e e ]

I
|
I
I
|
|
|
}
|
|
[
{
[
|
I
|
I
}
I
I
|
[
I
I
|
|
I
|
[
|
|
I
1
I
[
I
I
I
I
I
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C10AP/TMPZ84C10AP-6
TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

3. Description of Operation

INT,/PULSE
IEI 1EO l
INTER-
T oN PULSE BYTE PORT A
\ BUS [
r PRIORITY CIRGUIT COUNTER ADDRESS
CIRCUIT
> 47‘l < > -«
INTERNAL MULTI
BUS

N PLEX.
D0~D7 { AO~A15
v ::::i)

y <5 A\ <
CE/WAIT BUS CONTROL BYTE PORT B
ROLHI :::) CONTROL STATUS EQUALITY
TORq , MRBQ, CIRCULT REG ISTER CIRCULT ADDRESS
RD,WR

P

BAI BAO
BUSREQ

Fig. 3.1 Block Diagram

3.2 System configuration
The architecture (system configuration and functions) which must be known
in using DMA will be described here.

Components

(1) Control & status register groups
(2) Bus control circuit

(3) Pulse circuit

(4) Byte couter

(5) Byte equality circuit

(6) Port A address

(7) Port B address

(8) Interruption pirority circuit

3.2.1 Control & status register groups

The DMA is provided with 21 writable regiser control register group and 7
readable register status register group. Registers are all in 8 bits but
2 byte data is held in optional 2 continued registers. The Z80 Micro-
processor (hereinafter referred to as MPU) is capable of setting and
monitoring values in respective registers.

The control register group is classified into 7 groups of WRO to WR7
(Fig. 3.2), each of which is consisting of the basic register and related
registers. The operation of DMA is controlled by programming in the
control register group.
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The status register group consists of RRO to RR6 (Fig. 3.3) and are used
to know state of execution or end of DMA operation.
Further., these registers are described in detail in 3.4 Commands.

WRO 7 0 7 0

| Basic register | | Status byte |

15 8 7 0 RRO | |
| Port A Start address |

| Byte counter (low order 8 bit) |

| Block length | RR1 | I

WR1 RR2 | Byte counter (high order 8 bit)|

| Basic register | | |

| Port A | | Port A Address counter |

| variable timing | RR3 | (low order 8 bit) |

WR2
| Basic register | RR4 | Port A Address counter |
| (high order 8 bit |
| Port B
| variable timing | | Port B Address counter |
| (low order 8 bit) |
WR3 RR5
| Basic register |
RR6 | Port B Address counter |
| Mask byte | | (high order 8 bit) |
| Equality byte | Fig. 3.3 Status Register
WR4
| Basic register
| Port B Start address |
| Interruption |
| control byte |
|Pulse control bytel
| Interruption vector|
WR5
| Basic register |
WR6

| Basic register |

| Read out mask |

Fig. 3.2 Control Register
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3.2.2 Bus control circuit
The bus control circuit controls bus direction between DMA and system bus
at time of programming, while controls the control bus at time to data
transfer according to the data transfer direction between the memory and
1/0 devices. In addition, it controls updating of required address
counter and byte counter.

(1) Bus direction control

o At time of programming, the bus master is MPU and the control bus and
data bus (when data is written into the control regsiter) are in the
direction from the system bus to DMA. Further, when data (status, etc.)
is read from the control register, the direction will be from DMA to the
sytem bus. At this time, the address bus buffer is deisabled.

o At time data transfer, the bus master is DMA. The control bus buffer and
address bus buffer are enabled, and the bus direction will become from
DMA to the system bus.

o When data is read out of the memory or I/0 deivce, the data bus direction
is from the system bus to DMA but it becomes in the direction from DMA to
the system bus at time of data write.

(2) Bus request
If DMA requeseted MPU to transfer the bus control right and received it,
MPU cannot fetch commands from the memory and is placed in the completely
idle state.
For DMA to request the bus control right to MPU, following 2 enable
conditions are required:
(a) Enable command from MPU
(b) Active RDY condition

3.2.3 Pulse circuit
The pulse circuit generates pulse signals on the INT line for every 256
bytes of 0 to 255 when data transfer 1is started. The details are
described in 3.3.2 (2) (k).

3.2.4 Byte counter
The byte counter is cleared wh.n data is transferred and is incremented
by one whenever data is transferred for every 1 byte. A value of this
counter is always compared with block length of WRO and when they agree
with each other, the DMA operation ends.

3.2.5 Byte equality circuit
DMA always monitors data being transferred during the data transfer and
when equality is detected, generation of interruption becomes possible.

3.2.6 Port A address, Port B address
Data transfer is performed between Port A and Port B. Either port is
specified by the source and destination specified by WRO.

3.2.7 Interrupt priority circuit
The Z80 system used the daisy chain structure to control interrupt among
peripheral LSI's and the bus priority among multiple DMA's.
Further, for the interrupt timing, refer to 3.2.2 (2) (j).
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(1) Interrupt daisy chain

When the interrupt priority is connected in the daisy chain structure,
connect IEI and IEO. When the interrupt is acknowledged, the interrupt
configuration of MPU is disabled. In order to allow other peripheral LSI
to make the interrupt into MPU, it is necessary to enable the MPU's
interrupt configuration by the interrupt enable command. The interrupt
enable command is normally executed in the service routine. When the
interrupt enable command is executed in the early part of the service
routine, a peripheral LSI with higher priority can make the interrupt
even when MPU is executing the service routine. (Interrupt in the nest
structure is authorized.)

MPU INT -— ="
INT INT
+5V —-J 1EI 1EO 1EL 1EO[ TO INTERRUPTION
DEVICE IN LOWER
PRIORITY ORDER

THE HIGHEST PRIORITY DEVICE
Fig 3.4 Interruption Daisy Chain

(2) Bus request daisy chain
When multiple DMA's are used, priority can be controlled by the daisy
chain structure connection. Since BUSREQ signal of each DMA is
bidirectional type, each DMA in the daisy chain is able to know bus
requests as an input and until a DMA having the bus completes its
operation, the bus requests of other DMA's are kept in wait state.
Untile completion of the operation, any DMA is not able to release the
bus in operation by force. Further, the bus request daisy chain has no
nesting function but is able to hold the bus until its process is
completed.
The priority among DMA's in the daisy chain is in order from high order
to low order corresponding to distances from MPU. Priority is so decided
that low order DMA will not receive BUSACK signal through BA1/BAO chain
of DMA when multiple DMA's made the bus request in the same clock cycle
period.

BUSREQ -
BUSACK ———— - —

MPU

BAI BUSREQ BAO BAI BUSREQ BAao

DMA DMA

Fig. 3.5 Bus Request Daisy Chain
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3.2.8 Basic functions
DMA is provided with the following basic functions:

(1) Data transfer paths
1] Transfer between memory and 1/0
2] Transfer between memories
3] Transfer between I/0 and I/0
4] Memory search
5] 1I/0 search
(2) Operating classes
(3) Operation modes
1] Byte mode
2] Burst mode
3] Continuous mode
(4) Transfer speed
(5) Operating conditions
(6) Automatic restart
(7) Variable cycle
(8) Pulse generation

3.8.1 Data transfer paths
The data transfer paths of DMA are as shown in Fig. 3.6.

| [ | |

| ]< 1] >| 1/0 | 1] Trnasfer between
| |< >' | memory and I/0

| |~ 2] | | 3] 7| | 2] Transfer between
| | |l |1 memories

| Memory |< |1 | 3] Trnasfer between
l | i | 1/0 and 1/0

| | | bpMA | | >| | 4] Memory search

I I I I | 1/0 | 5] 1/0 search

1 |41 21| !

| I | | I |

Fig. 3.6 Transfer paths of DMA

(1) Transfer between memory and I/0
This is the most ordinary method of data transfer and data transfer with
the high speed serial interfaces (Z80SIO, etc.) is possible.

(2) Transfer between memories
This method of transfer is used for relocation of the memory content and
high speed transfer of voluminous data between memories. In addition,
this method is used to support memory mapped I/0. It is possible to
program to make RDY conditions active for this type of data transfer.
The same function as that of LDIR command (block transfer command) of the
Z80 MPU is provided. Number of clocks required by MPU for transfer of
data of single byte is 21 clocks in case of the LDIR command while it can
be processed in 4 clocks when DMA is used (in case of 2 cycle variable
timing). Further, when DMA is used, approx. 420 clocks are required for
initialization but in transfering data of 25 bytes or above, DMA becomes
advantageous.
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(3) Transfer between I/0 and I/0

This method of transfer can be used in such applications as acquisition
of real time data requiring temporary storage of input data. For
instance, in transfering data from a diskette to a line printer, a
program only starts the DMA operation and data is tranferred from I/0 to
1/0. However, if I/0 error occurred, its recovery becomes necessary.
Further, when there is a byte equality, it is possible to branch into
various operations by the search function.

(4) Memory search

This memory search is used to search a large quantity of data at high
speed. The same function as that of CPIR command (sarch command) of the
280 MPU is provided. Number of clocks required by MPU for single byte
memory search is 21 clocks when the CPTR command is used while the search
is possible in 2 clocks (in case of 2 cycle variable timing) when DMA is
used. Further, approx. 376 clocks are required for initialization when
DMA is used and therefore, DMA is advantageous for memory search of more
than 19 bytes. In addition, the search of special bytes in the end of
block and character chéck block is also possible.

(5) 1/0 Search
This 1is used for search of special bytes in the end of block and
character check block. For instance, this is used for search of a file
mark showning a file delimiter on a magnetic tape.

3.2.8.2 Operating classes
There are 3 kinds of basic operation classes for DMA. 2 out of these 3
kinds are further divided into 2 classes. In addition, the ports
referred to here denote the data source and destination.

(1) Data transfer between 2 ports

1] Transfer
Data transfer path in the flow of readout cycle followed by write
cycle. This is executed without external logic circuit between DMA and
MPU.

2] Simultaneous transfer
Data transfer path for simultaneous read and write of data tranferred
between ports by generating required control signal through use of an
external logic circuit. 2 times of efficiency of the transfer only
class 1is obtained.

(2) Search of special bit pattern in byte at one port
1] Search
This is a method to search special bit pattern by comaparing data read
from the source port with a matched byte. The matched byte is masked
by another byte and can be compared with a special bit pattern (a
certain bit in bytes).

(3) Data transfer between 2 ports and search
1] Transfer/search
Data transfer is performed in the same transfer method as that of the
only transfer class and at the same time, the same search as that for
the search only class is performed.
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2] Simultaneous transfer/search
Data transfer is performed in the same transfer method as that of the
simultaneous transfer class and at the same time, the same search as
that for the search only class is performed.
In this case, an external logic circuit is required.

3.2.8.3 Operation modes
In the transfer methods for various operation classes, DMA can select the
following modes:
o Byte mode
o Burst mode
o Continuous mode

The single byte transfer/search is shown in Fig. 3.7 (commonly applicable
to all modes).

RESTART OF SOURCE
PORT ADDRESS

READ OUT OF SOURCE
PORT DATA

RESTART OF DESTINA-
TION PORT ADDRESS

T~ IN CASE OF TRANSFER

WRITING OF DATA TO
DESTINATION PORT

— e

F———=—="7777

COINCEDENCE OF

INCREMENT BYTE CHANGE BIT DO
COUNTER OF RRO TO “1”

! !

© CONTINUITY
O BUS RELEASE
O INTERRUPT

Fig. 3.7 Single Byte Transfer/Search

The data transfer is started at the point of time when DMA is enabled.
In the first single byte operation in any mode, RDY signal is first
checked to determine if it is active.
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Then, the bus request is made and single byte transfer/search is
performed when DMA becomes the bus master. The same operation 1is
continued until the end of block judgement is made. If it is not the end
of block, however, a different operation is carried out after judgement

of RDY signal. The operations in respective modes are as shown in Fig.
3.8, 3.9 and 3.10.

Byte mode

In the data transfer operation of DMA, the system bus control right is
released whenever 1 byte 1is transferred at a time and the system bus
control right is returned to MPU for at least one machine cycle period.
If RDY signal of DMA is active when one machine cycle passes after the
system bus control right is returned to MPU, the bus request is made
again to MPU and next one byte data transfer is performed. Further, when
RDY signal is non-active, the system bus control right is retained by
MPU. This operation is shown in Fig. 3.8.

DMA ENABLE DATA
TRANSFER START

RDY ACTIVE

EXECUTE OVER CPU1
MACHINE CYCLE

BUS REQUEST

1 BYTE
TRANSFER/SEARCH

BUS RELEASE

END OF BLOCK

CHANGE BIT Dg
OF RRO TU "0”

|

O INTERRUPT
O BUS RELEASE
G AUTOMATIC RESTART

Fig. 3.8 Byte Mode
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(2) Burst mode

In the burst mode, after one byte data is transferred, RDY signal is
checked to determine if it is active whithout abandoning the system bus
contral right. If RDY signal is active, data transfer is continued until
RDY signal becomes non-active and after the data transfer is completed,
DMA stops to operate. Since MPU is ready to operate during the period in
which I/0 device does not transfer data (when RDY signal is non-active),
data transfer rate and bus using efficiency are effective.

This operation is shown in Fig. 3.9.

Fig. 3.9 Burst Mode
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(3) Continuous mode

When the data transfer is commenced, DMA retains the system bus control
right until the transfer of last byte of a data block is completed or the
stop condition of RDY signal becomes non-active during the operation, DMA
is simply put in the idle state and still retains the system bus control
right while waiting that RDY signal becomes active again. What must be
taken care of ls that if number of data bytes is smaller than that set in
the byte counter, DMA cannot end the block transfer forever and the
system is impeded to operate properly.

This operation is shown in Fig. 3.10.

DMA ENABLE DATA
TRANSFER START

RDY ACTIVE

BUS REQUEST

RDY ACTIVE

1 BYTE
TRANSFER/S EARCH

END OF BLOCK

CHANGE BIT D5
OF RRO TO “"0”

:

o INTERRUPT
O BUS RELEASE
O AUTOMATIC RESTART

Fig. 3.10 Continuous Mode
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3.2.8.4 Transfer speed

Shown in Table 3.1 are the comparison of max. transfer rates in 5
transfer classes of DMA operation and that of max. transfer rates in
block transfer command of MPU. The max. speed transfer rate is
accomplished in the simultaneous transfer operation of DMA and at least
one external logic circuit is required. DMA transfers shown in the table
are based on the assumption that interruption is not involved in the
burst or continuous mode, and that the read and write cycle is 2 cycles.

DMA transfer/search |
Block transfer command
of MPU

0.200M byte/S 0.300M byte/S

Table 3.1 Transfer and Search Max. Speed (Burst and continuous modes)
| Operation Z2-80 Z-80 |
| (4.0 MHz) (6.0 MHz) |
| |
| Simultaneous transfer | |
| of DMA | 2M byte/S 3M byte/S |
| DMA search only | I
| Simultaneous transfer/ |

| search | |
| [
| DMA transfer | 1M byte/S 1.5M byte/S |
| |
| I
I I

Shown in Table 3.2 is the comparison of the Z80 throughput reduction rate
(per transfer K baud) in the byte mode of data transfer by DMA with the
throughput reduction rate in the byte transfer using the interrupt
service routine by six commands (actual minimum) by MPU. The DMA
transfer in this data is based on the assumption that read and write
cycle timing is longer than 2 cycles (min.). Therefore, MPU throughput
reduction rate in the 2 cycle simultaneous tranfer is further reduced.

Table 3.2 Z-80 MPU throughput reduction per DMA transfer K baud
(byte mode)

| Operation Z-80 2-80 |
| (4.0 MHZ) (6.0 MHz) |
| _ I
| DMA transfer I 0.041% 0.027% |
| DMA transfer/search | |
| MPU transfer by interrupt 0.213% 0.142%7 |

I

3.2.8.5 Operating conditions

Programmable conditions to get DMA perform certain operations and these
operations are shown in Table 3.3 (a) and (b). The conditions referred
to here are those conditions for the internal registers of DMA, signals
from peripheral LSI's and commands to DMA on the data bus. For details
refer to Table 3.3 (a) and (b).
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Table 3.3 (a) Operating Conditions

Conditions Operations that can be caused
under conditions at left hand

|
|
End of block | a. Bus release
|
|

b. MPU interruption
c. Automatic restart

Table 3.3 (b) Operating Conditions

Conditions Operations that can be caused
under conditions at left hand
a. Bus release

b. MPU interruption

c. Continuation

a. Pulse generation

Coincidence of byte

| [
| |
| |
| |
| |
| Pulse control byte coincided |
| with low order byte of byte |
| counter

| |
| |
| l
| |
| |
| |
| |

RDY signal is active a. Bus request

b. MPU interruption

a. Bus release

b. Breaking (in case of
continuous mode)

a. Bus request

RDY signal is non-active

RETI command (interruption
return command from MPU)

3.2.8.6 Automatic restart
In DMA data transfer, it is possible to automatically clear the byte
counter, load the content of the start address register on the address
counter again and restart the data transfer at the end of block.

The automatic restart function can reduce a burden of software on MPU in
the CRT refresh or repeating operation. In addition, it is possible to
write a different start address into the buffer register during the data
transfer (when RDY signal is non-active and the bus is released during
the data transfer in the byte mode or burst mode). At this time, it
becomes possible to commence the automatic restart of data transfer from
a new start address.

3.2.8.7 Variable cycle
DMA 1is capable of changing readout and write cycle lengths through
programming. This function is effective in increasing data transfer rate
and reducing a burden on a software, and an external logic circuit may be
omitted. Refer to 3.3.2 (2) (i) where this function is described.

3.2.8.8 Pulse generation
DMA generates pulse signal on the INT line for every 256 bytes for data
transfer. This is described in detail in 3.3.2 (2) (k).

3.2.9 Interrupt

DMA is able to make an interrupt request to MPU under the following
conditions:
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o After DMA's RDY signal becomes active and before DMA makes a bus
request (BUSREQ = "0'").

o When the content of the byte counter coincides with that of the block
length register and the end of block is detected.

o When the content of the coincided byte masked by the mask byte
coincides with data in the transfer or search period when the byte
coincidence is formed.

To make an interrupt request to MPU, it is necessary for DMA to release
the bus. If DMA is the bus master, signal on the INT line generates
periodic pulses to the peripheral LSI's, which are not sensed by MPU.
Therefore, at the end of block or after stop by byte coincidence, DMA
releases the bus before interrupting MPU.

If interrupt at the end of block and automatic restart at the end of
block are set for DMA by programming, an interrupt is taken place at each
end of block (at this point of time, it 1is acknowledged for the
continuous operation). If the automatic restart is programmed in this
case, the status flag at the end of block is not set. In this case, the
interrupt vector cannot determine a factor for that interrupt.

On the Z80 system, interrupt is controlled through the daisy chain

system. For the interrupt daisy chain, refer to 3.2.7 Interrupt/
Priority Circuit. In addition, for the interrupt timing, refer to 3.3.2
(2) (.

3.3 Status change flowchart and basic timing
The status change flowchart and the basic data transfer timing by DMA are
shown here. The status change flowchart is shown in 3.3.1 and the basic
timing in 3.3.2.

3.3.1 Status change flowchart

1 BYTE

TRANSFER/sEarcH|  DETALL

RESTART OF SOURCE
PORT ADDRESS (INCREME
NT/DECREMENT)

READ SOURCE
PORT DATA

POWER ON

s
COINCEDENCE
COMMA [
MgDE ggTmeE | | RESTART oF DESTIRA- || OF BYTE ?
| | TTON PORT ADDRESS |
] { {(INCREMENT/DECRCMENT), i
I
WRITE | [ i INCREMENT BYTE CHAMOE BIT DU
DMA ENABLE Il bATA WRITE ToO | COUNTER OF RRO TO "1”
" DESTINATION PORT ! l ‘
DMA ENABLE e t —————— 4
© CONTINUITY

© BUS RELEABE

to Fig. 311(c) © INTERRUPT

Fig. 3.11(a) Status Change Flowchart Fig. 3.11(b) Status Change Flowchart
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CONTINUOUS MODE

BYTE MODE BURST MODE
DA ENABLE DMA ENABLE DMA ENABLE

R

ACTIVE ?

RDY
ACTIVE ?

RDY
ACTIVE ?

l BUSREQ = 1 | YES BUSREQ = 0 YES YES
BUSREQ = 0 l NO BUSREQ = 0 ] BUSREQ = 0
YES
1

RDY
ACTIVE ?
1 BYTE
[TRANSFER/SEARCH
(NOTE)

]

RDY
ACTIVE 7

1 BYTE BYTE
TRANSFER /SEARCH RANSFER/SEARCH

(NOTE)

CHANGE D5 OF

CHANGE D5 OF
RRO TO ‘O’

RRO TO "0

CHANGE D5 OF
RRO TOo '0°.

I

[

IEI =14 INT=0
‘ INTERRUPT ’

BUSREQ = 1

BUS RELEASE

BUSREL = 0

AUTOMATIC
RESTART

(Note) The details for single byte transfer/search is shown in Fig. 3.11(b)

Status Change Flowchart.

Fig. 3.11 (¢) Status Change Flowchart
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3.3.2

Basic timing

When DMA receives a command from MPU or reads the readout register, MPU
has the system bus control right, BUSACK = "1", and MPU is called the bus
master. When DMA operation is data transfer by DMA proper, BUSACK = "0",
and DMA gets the system bus control right and becomes the bus master.

(1) When the bus master is MPU:

(a) Write timing into the write register
To write data into the write register, it is necessary for 3 signals of
CE, IORQ and WR to become "0" simultaneously at the rising edge of
clock. At this leading edge, DMA latches these 3 signals. After
latched, CE, IORQ and WR signals may change to the invalid level after
certain hold time. Further, DMA writes the status of the data bus (DO
to D7) into necessary write registers at the rising edge of next clock.
P o W e T s Y e O
TE —————————— —
10Rq \ /
WR b e e —— e ——
>
4 4
TE, IORQ . WR DATA IN Dy TO Dy ARE
SIGNALS ARE LATCHED WRITTEN.
Fig. 3.12 Write Timing into the Write Register of DMA
(b) Readout timing from the readout register

To readout the readout register it is necessary that 3 signals of CE,
IORQ and RD are at "0" and stable for more than 2 clocks. At the
rising edges of 2 clocks, the status data is on the data bus and kept
as long as CE, IORQ and WR signals are active.

w1 L1 1

Do~ Dy

Fig. 3.13 Readout Timing from the Readout Register of DMA
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(2) When DMA is the bus master:
(a) Transfer

Transfer and transfer/search operations are performed at the same
timing.
Data is latched at the rising edge of RD signal (in case of the
standard timing, the falling edge of T3 state) and held on the data bus
during next write cycle. After RD signal becomes '"1", the data bus
buffer of DMA is enabled.
The standard timing is 3 clock cycles for the memory operation while it
is 4 clock cycles for the I/0 operation. In addition, in the I/0
operation, the timing is 4 clock cycles including TW* which is
automatically inserted between T2 and T3 state.
When CE/WAIT signal is programmed as "Multiplex" in the write regiser
WR5, DMA samples the status of this signal at the falling edge of T2 in
case of the memory readout and at the falling edge of TW* in case of
the I/0 write. If WAIT signal is at "0" 1level at this time, DMA
inserts one clock cycle (Tw) and if it is at "1" level, proceeds to
next cycle. Further, when Tw is inserted, WAIT signal is sampled again
during this period and the same processing is performed.

o Memory to I/0

MEMORY READ CYCLE 1/0 WRITE CYCLE
T1 l T2 I 13 T1 l 12 | Tw* ‘ T3 _’
e UL LT L LT
[ | | [ |
Ag~Ajs :X MEMORY ADDRESS 1,0 ADDRESS x

o T\ /

READ _
i \ /
I0RQ f
WRITE
WR /
D0~D-7 - ( DATA BUS 1S DRIVED BY DMA x

S N /A VA R N V/ VI

Fig. 3.14 Transfer Standard Timing of Memory to I/0
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In the memory readout, DMA put the memory address on the memory bus (A0
to A5) in the period of Tl rise and bring MREQ and RD signals to "O"
level at the falling edge of Tl state. The memory data is read out at
this point of time, put on the data bus (DO to D7), latched by DMA at
the falling edge of T3 immediately before the rise of RD signal, and
when RD signal becomes '"1" level, DMA data bus buffer is enabled and
the latched data is output on the data bus.

In the I/0 write cyle, DMA put I/0 address on the address bus in the Tl
rise operiod, makes IORQ signal and WR signal to "0" level in the T2
rise period, and writes the data on the data bus (data readout from the
memory) into I/0.

o 1/0 to memory

In the I/0 readout cycle, DMA put I/O address on the address bus in the
Tl rise period and makes IORQ signal and RD signal to "0" in the T2
fall period. 1I/0 data is read out and placed on the data bus at this
time, and is latched by DMA at the trailing edge of T3 immediately
before the rise of RD signal. When RD signal becomes "1" level, DMA
data bus buffer is enabled and the latched data is output on the data
bus.

1,0 READ CYCLE MEMORY WRITE CYCLE

otz | 1¢ | 13 n |1z | g
CLK

N N

Ap~A1s X 1,0 ADDRESS X MEMORY ADDRESS x

e T\ /
READ
= T\ /
Dg ~ Dy > {D/\TA BUS 1s DRIVED BY DMA)—-
s \ an
WRITE
" Wan
TE/WATT “____"___/'x”"l '''' ’_7_\____"""

Fig. 3.15 Transfer Standard Timing of I/0 to Memory
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In the memory write cycle, DMA places memory address on the address bus
in the Tl fall period, makes MREQ signal to "0" level at the falling
edge of Tl and WR signal to "0" level in the T2 rise period, and write
data on the data bus (data readout from I/0) into the memory.

o Memory to memory
This operation is a combined operation of the memory read cycle and

memory write cycle.

MEMORY READ CYCLE MEMORY WRITE CYCLE

Tl T2 T3 T2 T3

s L LT

|

T1
Ap~A1s5 :X MEMORY ADDRESS X MEMORY ADDRESS X
WR \—_/"

Do ~ D. \ {
0~ Dy > {DATA BUS IS DRIVED BY DMa X

_ SN R N S S S ENQU -
CE/WAIT 2 \ j \
L | I L

Fig. 3.16 Transfer Timing of Memory to Memory

o I/0 to I/O
This operation is a combined operation of the I/O read cycle and I/0O
write cycle.

1,0 READ CYCLE 1/0 WHITE CYCLE
T1 T2 Ty' T3 T1 12 1yt T3
e L ML ML L L] B
— [ S L !
Ao~As X 1,70 ADDRESS 1/0 ADDRESS X
TR / \ van

WR \ j_
— {LATA BUS 15 URIVED BY DMA

SN e 7 ¥ s S o

Fig. 3.17 Transfer Timing of I/0 to I/0
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(b)

(e)

Search timing

The search operation is identical to the readout only operation and
data is only read into DMA register for comparison with coincided byte.
The timing of search operation is identical to that of memory to I/0
transfer shown in Fig. 3.14 and that of I/0 to memory transfer in Fig.
3.15.

Simultaneous transfer

The simultaneous transfer operation and the simultaneous transfer/
search operation are performed in the same timing.

When DMA is programmed in the search only mode, the read and write
cycles are generated in one read cycle (source port readout period).
Since only one address is generated on the address bus, the memory or
I/0 control signal is generated using an external logic circuit and DMA
operation is performed according to this control signal. In additionm,
I/0 ports are selected by hardware during the operation. Signals with
(EXT) shown in Fig. 3.18 through Fig. 3.21 are those generated by an
external logic circuit.

Memory to I/0 (Memory search cycle)

In this data transfer, the memory search mode is programmed and the
memory readout and I/0 write are performed in one read cycle by
generating IORQ signal and WR signal in the memory readout cycle using
an external logic circuit. The hardware performs the memory readout by
MREQ signal and RD signal that are output by DMA and the I/0 write by
IORQ signal and WD signal that are generated using an external logic
circuit.

READ/WRITE CYCLE
T1 T2 3
CLK 1 I |
1
Ap~A1s MEMORY ADDRESS | X
w= T\ T
READ
RO\ /T
Do~ Do X X
| DATA BUS IS DRIVED
TORQ (BXT) \ BY MEMORY T
WRITE ] I
WR(EXT) \ /
P IR "7PW‘“ _____ L
—_——1 — — —— ] - \_T _______ —_——-

Fig. 3.18 Simultaneous Transfer Timing of Memory to I/0
(Memory research timing)
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o I1/0 to memory (Memory search cycle)

In this data transfer, the memory search mode is programmed and the I/0
read and memory write operations are performed in one readout cycle by
generating IORQ signal and WR signal in the memory readout cycle using
an external logic circuit. The hardwaer performs the I/0 readout using
RD signal output by DMA and IORQ signal generated by an external logic
circuit and the memory write using MREQ signal generated by DMA and WR
signal produced by an external logic circuit.

READ/WRITE CYCLE .
T1 T2 13
CLK | | I I Y I
|
Ag~Ays X MEMORY ADDRESS X
— WREQ \ /
WRITE _
— RD \ /
READ
Do ~ Dy X X
DATA BUS 1S DRIVED
- BY 1,0
TORG(EXT) \ /
L o WR(=D) \ /
CE/WAIT —-—__7'ﬁ:. —————————

Fig. 3.19 Simultaneous Transfer Timing of I/0 to Memory
(Memory research timing)

o Memory to 1/0 (1/0 search cycle)

In this data transfer, the I/0 search mode is programmed and the memory
read and I/0 write operations are performed in one readout cycle by
generating MREQ signal and WR signal in the I/0 readout cycle using an
external logic circuit. The hardwaer performs the memory readout using
RD signal output by DMA and MREQ signal generated by an external logic
circuit and the I/O write using IORQ signal generated by DMA and WR
signal produced by an external logic circuit.

o I/0 to memory (I/0 search cycle)
In this data transfer, the I1/0 search mode is programmed and the I/0
read and memory write operations are performed in one readout cycle by
generating MREQ signal and WR signal in the I/0 readout cycle using an
external logic circuit., The hardwaer performs the I/0 readout using
IORQ and RD signals output by DMA and the memory write using MREQ
signal and WR signal produced by an external logic circuit.
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READ/WRITE CYCLE

|
T1 T2 Tw* T3 l

CLK I I I I | I l !

| | | | I

Ao~ A5 X MEMORY ADDRESS X
— ToRQ /
WRITE
RITE]
RD /
READ

X X

DATA BUS 18 DRIVED
Y MEMORY

MREQ(EXT) \

S~
= WR(EXT) /

(Note) Although addresses on A0 - Al5 are originally I/0 addresses, they
are handled as memory addresses.

Fig. 3.20 Simultaneous Transfer Timing of Memory to I/O (I/0 search timing)

—
Ap~A1s X MEMORY ADDRESS

IORQ
READ
"D N\

Dg ~ D DAT{‘/EEUS Is ,

WR(EXT)

—
—

WRITE MREQ(EXT) \ !
—

LN T

(Note) Although addresses on A0 - Al5 are originally I/0 addresses, they
are handled as memory addresses.

Fig. 3.21 Simultaneous Transfer Timing of Memory to I/0 (I/0 search timing)
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(d) Bus request timing

When RDY signal becomes active, DMA samples RDY signal at the rising
edge of the clock and if the bus is not full (BUSREQ = "1'") DMA makes
BUSREQ signal to "0" level at the rising edge of next clock and request
MPU to hand over the system bus control right.

MPU samples BUSREQ signal at the rising edge of the last state clock of
the machine cycle which MPU is executing at that point of time and if
it is "0", makes BUSACK signal to "0" level at the rising edge of next
clock.

Therefore, maximum value of a time required for MPU to hand over the
bus control right to DMA (BUSACK = "0") after DMA detected that RDY
signal becomes active is the sum of one machine cycle (variable) and
one clock period of MPU.

When detecting that BAI (BUSACK) signal is at "O0" level for 2 clock
period, DMA start the DMA action. There is the delay time of max. One
machine cycle + 3 clock period after RDY signal becomes active till the
DMA action is actually started.

MACHINE CYCLE OF MPU
FINAL STATE

CLK I I |
ACTIVE

RDY /
BUSREQ \
BAI(BUSACK) {

SAMPLE

EXECUTE DMA
- o OPERAT1ON
Fig. 3.22 Bus Request Timing 8

(e) Bus release timing - byte mode

In the byte mode, DMA makes BUSREQ signal to "1" level at the rising
edge of the clock immediately before end of each data transfer cycle
(the end of readout cycle in the search operation and the end of write
cycle in the transfer and transfer/searach operation.)

Although BUSREQ signal becomes '"1" before the end of DMA cycle by one
clock, MPU resumes the operation one clock after BUSREQ signal becomes
"1" level and therefore, there will be no trouble.

After the bus is released, next bus request is made at the leading edge
of the clock immediately after both BUSREQ signal and BAI signal
becomes "1" level. RDY signal being active is the conditions for this.

DMA CYCLE

T

BUSREQ
BA1( BUSACK )

Fig. 3.23 Bus Release Timing - Byte Mode
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(f) Bus release at the end of block in the busrst mode or continuous mode
When it is programmed to stop DMA at the end of block in the burst mode
or continuous mode, BUSREQ signal is set to '"1" level at the rising
edge of the clock at the end of last data transfer. This last data is
transferred even when RDY signal becomes non-active.

e 1L LT

ACTIVE

RDY j\\_ _____ e

’
:

BUSREQ

MPU IS
TRANSFER OF FINAL BYTE BUS MASTER

Fig. 3.24 Bus Request Timing - at End of Block

(g) Bus release when coincidence is detected in the burst mode or
continuous mode
When DMA is set in the burst mode or continuous mode and programmed to
stop its operation at byte coincidence, DMA stops to operated when the
byte coincidence is detected.
Since DMA operation is pipelined and the advance reading is performed,
a check to determine if the n th data coincides with the coincidenced
byte is carried out at the same time when the n + 1 st data is
transferred. Therefore, data of N + 1 byte is transferred and BUSREQ
signal is set to "1" level at the leading edge of the clock when this
transfer ended.

ewe [ LT LT LT L1

ACTIVE
RDY N

BUSREQ

DATA TRANSFER OF mtlth BYTE
DATA TRANSFER OF Nth BYTE | COINCEDENCE 1S DETECTED IN
Nth BYTE

Fig. 3.25 Bus Release Timing - Byte Mode

(h) Bus release when RDY signal is non-active

If RDY signal becomes non-active in the burst mode, BUSREQ signal is
set to "1" level at the rising edge of next clock after end of the byte
operation that is under execution at the time. For instance, this is
done when the read of the search only or simultaneous transfer/search
operation ended or when the write of the transfer/search operation
ended. Therefore, the action for BUSREQ signal is slightly behind the
action for RDY signal.
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DMA always does not release the bus until the byte action at the time
is completed.

In contrast with this, in the continuous mode BUSREQ signal is kept at
"0" level even when RDY signal becomes non-active.

In addition, after the byte action at the time ended DMA is put in the
idle state until RDY signal becomes active again.

This figure is shown in Fig. 3.26.

e [ L L L1 L L

ACTIVE

RDY \\

BUSREQ

MPU 1S
DMA CYCLE BUS MASTER

Fig. 3.26 Bus Release Timing when RDY Signal becomes Non-active

Timing of RDY signal with other signals are shown in Figs. 3.27, 3.28
and 3.29. In these figures the memory search only operation by the Z80
standard timing by mode is assumed. In each of the operation modes,
RDY signal is sampled at the rising edge of the last clock of the read
or write cycle to determine its level.

RDY signal can become non-active before completion of the last byte
operation without affecting its operation. In the byte or burst mode,
BUSREQ signal and BAI signal are set to "1" at the end of byte
operation of RDY signal. 1In the byte or burst mode, the bus control
signals (MREQ, IORQ, RD, WR) are also kept at "1" level as long as RDY
signal is non-active. Further, the address bus and data bus are kept
in 3 state.

The continuous mode differs from other modes in that the address bus
holds an address which is incremented in advance against next byte
during the period when RDY signal is non-active. This address can be
used immediately after RDY signal becomes active again.
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RDY — s 4 n—\
BUSREQ, -—\\#F_______/r—_——_dk_\\# /

. —t

BAI \ / \ /
SN c TS T —

_ » " "

Fig. 3.27 Timings of RDY signal with other signals

RDY 7§ \

O 0

Do~Dy — ——Af— —~—~~<::

T
4
0
.
4

Fig. 3.28 Timings of RDY signal with other signals (Bus mode)
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RDY { §

SRR\, /
wm o\ e
so~ms ——=——<__ X X >
w0\ /N T S\
/\
D._._

w0
Do~ Dy ———u———-—C>-—.C

-t O - -

Fig. 3.29 Timings of RDY signal with other signals (Continuous mode)

(i) Variable cycle

When programmed, DMA is capable of changing read and write cycle
lengths. Source and destination can be programmed independently by the
write register WR1 (designation of Port A) and WR2 (designation of Port
B). This variable cycle function allows the read or write in 2, 3 or 4
clock cycles (more clock cycles if Tw is inserted) and further, can
increase or decrease pulse widths of all signals generated by DMA.
Four signals relative to the data transfer; MREQ, IORQ, RD and WR
signals have the function to end the rising edge timing earlier by 1/2
clock independently.

Differing from the standard timing, in the variable cycle mode IORQ
signal becomes active earlier than MREQ, RD and WR signals by 1/2
clock. Further, CE/WAIT signal can be used in the extension of 3 or &4
clock cycle variable memory cycle and 4 clock c¢ycle variable I/0 cycle
only. In the 3 or 4 clock cycle memory operation, CE/WAIT signal is
sampled at the T2 falling edge while it is sampled at the T3 falling
edge in the 4 clock cycle I/0 operation. In the 2 clock cycle
operation it is not sampled. Use of this variable cycle is effective
in increasing data transfer rate and reducing software burden and
further, can eliminate an external logic circuit. In addition, this
function provides more faster memory read/write speed than normal
speed.
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TOSHIBA
, TECHNICAL DATA TMPZ84C10AF/TMPZ84C 10AF-6

T1 T2 T3 T4
CLK l | I I l | I | I l

N\~ =\ Tt nNr-—--

X T T ,
Y/ VR SR P 2 VU R ) V.
/r——;r—'—/v-— —,I—— ~rrTy -,

R /

10RQ N VA A AU A A AR
—_— 4+ 9=t -t ——-

MRE ————____“\L______ /- ’ ’ / ’ ’
RD ./__J___L_..f___./..__. _i_._._-

2CYCLE 3CYCLE 4CYCLE

b5

3

END IN EARLY END IN EARLY END IN EARLY
2 CYCLE 3 CYCLE 4 CYCLE

Fig. 30 Variable Cycle

. m T2 T3 ¢
I i | T '
L I D I N e R
TE/WATT ——— — — — — . l O -
(3 CYCLE AND & CYCLE _ _ _ _ _ _ _ _ \ A B
MEMORY OPERATIONS)
TEMAIT — — = ——— — ——m — —— N T
(4 CYCLE L/0 o e N

OPERATION)

Fig. 31 WAIT Samvle in Variable Timing

(i) Interrupt

The timing for the interrupt acknowledge or return from interrupt is
identical to that of other Z80 peripheral LSI's. INT signal is sampled
by MPU at the rising edge of the last clock of all commands. If the
interrupt enable is not set by the internal MPU software or when BUSREQ
signal is active, this INT signal is not accepted. When INT signal is
accpeted, IORQ signal also becomes active at the same time (normally,
MREQ signal) in the period of its Ml cycle, indicating that the
interrupting LSI can load its 8-bit vector on the data bus. At the
same time, two wait status are automatically inserted into this cycle.
This is to facilitate execution of the priority interrupt mechanism and
the wait status of 2T gives a stabilizing time to IEl and IEO signals
and thus, it becomes possible to identify which peripheral LIS will
react.
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FINAL M CYCLE
IN COMMAND Ml
FINAL T

l STATE T1 T2 Tw* Ty* T3

oK L/ \ \ )\
o\

Ao~ 215 X P XREFRESH

ToRG \ /

Dg ~ Dy “ INPUBL
LI D R AR N N A O I

Fig. 3.32 Interrupt Acknowledge

Interrupt on RDY signal (interrupt before the bus request) does not
directly affect BUSREQ signal. The process in this case is carried out
by giving following commands to the write register WR6 in the interrupt
service routine.

o Enable after interrupt return (B7H)

o DMA enable (87H)

o Execution of RETI command to reset IUS latch during the interrupt
service in the Z80 DMA (ED4DH)

(k) Pulse generation

In the pulse generation, INT signal is set to "0" 1level (pulses are
generated on the INT line) every 256 bytes after offset value is loaded
to the write registger WR4 by the program.

INT signal is put to "0" level during the DMA cycle in which pulse
control bytes coincide with low order bytes of the byte counter and
kept at "0" level in the full period of transfer cycle. Here, the
transfer cycle means the read cycle (the search only or simultaneous
transfer operation) or read/write cycle and lengths of the read and
write cycles can be set independently by variable cycle.
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CLK _J—l [ I_Tl I Tll | le I'_TIW l—{ls _

= T
RD \ /
\

Va
Vans
/

INT )
(PULSE OUTPUT) \47

Fig. 3.33 (a) Pulse Output (Standard timing at the time of transfer)

R
T\ /7
= T\ ST

Fig. 3.33 (b) Pulse Output (Standard timing at the time of memory search)

(1) Precautions

1] Transfer timing
Although the DMA transfer timing is basically identical to the read/
write timing of the Z80 MPU, care is required when variable cycle is
used or in case of simultaneous transfer.
In the case of simultaneous transfer, all addresses which are output by
DMA are interpreted to be memory addresses and I/0 are selected by the
hardware using an external logic circuit. It is normally programmed
that I/0 addresses are fixed and memory addresses are updated during
the DMA operation. At this time, DMA controls memory addresses and
outputs I/0 select signal using an external logic circuit.
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2] Memory refresh
Since DMA has no refresh signal output function, the refresh of a
dynamic RAM is performed normally using RFSH signal of MPU. If the
transfer period becomes long in the DMA operation using the burst mode
or continuous mode, another refresh method must be used.

3] Pulse generation

When the pulse generating function is used for transfer in the byte
mode, pulse output is generated in two times. This is to avoid BAI
signal from becoming non-active and MPU from being put in HALT state.
Further, when offset value and low order 8 bits of the block length are
equal other, pulse 1is once generated and after DMA operation is
completed, pulse is generated during the read cycle of the lst byte
when the DMA operation is performed again without changing the offset
value.

TRANSFER CYCLE OF TRANSFER CYCLE OF
Nth BYTE (N+1)th BYTE
MEMORY MEMORY MPU HALS MEMORY MEMORY

READ | WRITE STATE READ | WRITE
| [
T1|121T31T1|T2|T3 Tllrz‘rs|14 Tl‘Tzlrs Tlszth
CLK || N || || || || || || || ||| || || LJ || ||| || ||| LJ L || U ||
BUSREQ [\ A
T\ T\ e

INT /PULSE \ / \ /

Fig. 3.34 Pulse Generation Timing (at Byte mode)

3.4 Peripheral commands
To operate DMA, specify 1its operations hy writing into the control
register group through programming. In addition, the status of DMA can
be known by reading the contents of the status register group.
To give effect to this on a program, write the operation into the write
register by OTIR or OUT command to MPU and read out by INIR or IN
command. In both cases, output of the I/O address decoder to DMA becomes
"0" level. This output is connected to the CE/WAIT pin.
The configurations of the control register group and status register
group are as follows:

(1) Control register group
1] Write register WRO
2] Write register WRI1
3] Write register WR2
4] Write register WR3
5] Write register WR4
6] Write register WR5
7] Write register WR6
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(2) Status register group
1] Readout register RRO
2] Readout register RRI
3] Readout register RR2
4] Readout register RR3
5] Readout register RR4
6] Readout register RR5
7] Readout register RR6

3.4.1 Control register group

The control registers consist of 7 groups of WRO to WR6, each of which
consists of a basic register and related registers. If the pointer bit
of the basic register is "1", related registers are accessed by turns.
The basic registers WRO to WR6 are identified by the combination of bits
0, 1, 2, 6 and 7. There may be pointer bits for related registers. BBH
(followed by the readout mask) command of WR6 has no pointer bit but data
that follows this command is limited to the readout mask.

(1) Write register WRO
WRO is idnetified by the condition that Bit 7 of the basic register is
"0" and Bit 1, O are other than both "0".
WRO has &4 pointer bits, each of which has related registers,
respectively.

(a) Basic register bit 0, 1 (Designation of operating class)
Bit 0 and 1 designate the operating class; transfer, search only, and
transfer/search operaitons. In addition, simultaneous transfer or
transfer/search is obtained by selecting search and generating a proper
bus control signal for complete transfer through external hardware.

D7 D6 D5 D4 D3 D2 D1 DO
Basic register | o] | | ] | | |
| | | | [ |1 | I
| | 1 [
| | I N IR I
| | | | | Data transfer mode
| | | [ | 0 O Don't use
| | | | | 0 1 Transfer
| | | | | 1 0 Search
: : : : , 1 1 Transfer/search
| | | | Data transfer direction
| | | | 0 Port B -—-> Port A
| | | | 1 Port A ——-> Port B
[ I B
| | | v
Related register #0 | | | | | [ | | | Port A Start address
| | | | | | | | (Low order 8 bits)
[ I
| | v

Related register #1 | [ | | [ I T T | Pport A Start address
| I | | (high order 8 bits)
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|
| v
Related register #2 | | | | | | | | | Block length

| | | | | | | | | (low order 8 bits)

Related register #3 | | | [ | | | | | Block length
| | | | | | | | | (high order 8 bits)

Fig. 3.35 Write Register WRO

(b) Basic register bit 2 (Designation of data transfer direction)
Data transfer direction 1is designated when the source port and
destination port at time of the transfer only operaiton by Bit 2. In
the search only operation, the source port only is designated and in
the simultaenous transfer or transfer/search operation, the destination
port is decided by external wiring.

(¢) Basic register bit 3 - 6 (Pointer bits)
Bit 3 - 6 are the pointer bits which are used to designate four related
registers following respective bits.

(d) Related register #0, #1 (Port A start address)
These registers are accessed by Bit 3 and 4 of the basic register byte.
When Port A is used as a source or destination, it is necessary to
write the start address. Low order bytes are written into #0 and high
order bytes in #1.

(e) Related register #2, #3 (Block length)

These registers are designated by Bit 5 and 6 of the basic register.
Max. 64K bytes can be designated by writing low order bytes of block
length into #2 and high order bytes into #3. However, as data read is
pipe line type, number of bytes actually searched or transferred is
more than that entered here by 1 or 2. In addition, if '"zero" is set
for these registers, the transfer or search of 2**16+1 bytes is carried
out.

(2) Write register WRI
WR1 is idnetified by the condition that all of Bits 0, 1 and 7 of the
basic register are "0" and Bit 2 is "1".

(a) Basic register bit 3 (Port A designation)
A memory is designated by Port A when "0" is written for Bit 3, while
I/0 is designated when "1" is written. This designation makes the
control signal (MREQ or IORQ) active against the cycle including this
port.
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D7 D6 D5 D4 D3 D2 Dl DO
Basic register | 0| | [ | 1170710
1 1 1 L |
1T T 1
| | | | Designation of Port A
| | | 0 Port A - Memory
| | | 1 Port A - 1I/0
[
| | | Port A address update
| 0 0 Decrement
| 0 1 __ Increment
I 1 0TI
| 1 1 | Address fix
|
v
Related register #0 | [ [ o] o] [ [ | | Port A variable
| | | | | | | I | timing byte
| | o [
| | | | I | Cycle length
(. Il 1 o o 4 clock
[ I 1 o 1 3 clock
| | | | 1 0 2 clock
["o"|"o"["o" "0 1 1 Don't use
| [ |
| | | I
WR RD MREQ IORQ Early end

Fig. 3.36 Write Register WRI

(b) Basic register Bit 4, 5 (Fixed or variable address designation)
Fixed or variable Port A address is designated by Bit 4 and Bit 5 for
each transfer or search byte.
(c) Basic register Bit 6 (Pointer bit)
When Bit 6 is set to "1", next related register is accessed. In
addition, when Bit 6 is set to "0", DMA's variable cycle is not used.
(d) Related register #0 (Port A variable timing byte)
. By setting values for this register, Port A cycle length and control
signal timing can be designated.
o Bit 0, 1 (Cycle length)
Length of data transfer cycle (memory read/write, I/0 read/write)
relative to Port A is designated. Timing can be changed in a range
of 2 - 4 clocks.
o Bit 2, 3, 6, 7 (Early end)
The timing of the control signal IORQ, MREQ, RD and WR can be
advanced by 1/2 clock.
(3) Write register WR2

WR2 is idnetified by the condition that all of Bits
basic register are "0"
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(a) Basic register bit 3 (Port B designation)
A memory is designated by Port B when "0" is written for Bit 3, while
I1/0 is designated when "1" is written. This designation makes the
control signal (MREQ or IORQ) active against the cycle including this

WR RD MREQ IORQ Early end

port.
D7 D6 D5 D4 D3 D2 D1 DO
Basic register | 0| | | | [ olol] ol
| | | | | | | | |
| | [ |
| I | | Designation of Port B
| | | 0 Port B - Memory
| | |1 Port B - I/0
| | |
| | | Port B address update
| 0 o Decrement
| 0 1 __  Increment
1 0o |_
| 1 1 _ | Address fix
|
v
Related register #0 | | | 0] 0| | | | | Port B variable
| | | | [ | | | timing byte
[ 1T T
| | I I | Cycle length
| | | | 0 o0 4 clock
| | | | 0 1 3 clock
| | 1 0 2 clock
| "0'. I ||0" | "0" |l|0" l l Don't use
|
|

Fig. 3.37 Write Register WR2

(b) Basic register Bit 4, 5 (Fixed or variable address designation)
Fixed or variable Port B address is designated by Bit 4 and Bit 5 for
each transfer or search byte.

(c) Basic register Bit 6 (Pointer bit)
When Bit 6 is set to "1'", next related register is accessed. In
addition, when Bit 6 is set to '"0", DMA's variable cycle is not used.

(d) Related register #0 (Port B variable timing byte)

By setting values for this register, Port B cycle length and control

signal timing can be designated.

o Bit 0, 1 (Cycle length)
Length of data transfer cycle (memory read/write, I1/0 read/write)
relative to Port B is designated. Timing can be changed in a range
of 2 - 4 clocks.

o Bit 2, 3, 6, 7 (Early end)
The timing of the control signal IORQ, MREQ, RD and WR can be
advanced by 1/2 clock.
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(4) Write register WR3
WR3 is identified by the condition that both Bit 0 and Bit 1 of the basic
register are "0" and Bit 7 is "1".

(a) Basic register Bit 2 (Stop on match)
This bit is used for the search or transfer/search operation. When
this bit is "1" and transferred data matches the match byte, the data
transfer is stopped and the bus is released. When this bit is "0" and
transferred data matches the match byte (if DMA is not stopped even
when they matched), the status flag is set on the status byte to allow
interrupt resulting from byte match.

(b) Basic register Bit 3 (Pointer bit)
When this bit is set at "1", the mask byte follows the basic register.

(c) Basic register Bit 4 (Pointer bit)
When this bit is set at "1", a match byte follows the basic register.
This bit designates a match byte used for comparison with all data to
be searched.

(d) Basic register Bit 5 (Interrupt enabled)
When this bit is set at "1'", DMA interrupt is enabled.

(e) Basic register Bit 6 (DMA enable)
When this bit is set at "1'", DMA operation is enabled and a bus request
can be made to MPU.

(f) Related register #0 (Mask byte)

This register is accessed by basic register Bit 3. It is possible to
write a mask byte required for the search operation. The mask byte is
capable of masking the match byte (data to be compared) during the
search operation to extract bits to be compared.

When all bits of the mask byte are at '"0", the comparison is made and
when they are at "1", the masking is made. In addition, if no masking
is required and all bits are compared, write OOH mask byte.

(g) Related register #1 (matche byte)
This register is accessed by basic register Bit 4. The match byte is
used as data to be comapred when the data transfer mode is search or
transfer/search. The match byte is masked by the mask byte of related
register #0.
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Basic register |

I
| |
DMA Enable : 1 | | 1 Stop on match
| |
Interrupt enable : 1 | |
| |
| v
Related register #0 | | | | | | [ | | 0 : Comparison

(mask byte) &+ 1 1 1

Related register #1 | | | | | | | | |
(match byte) | | | | | | | | |

Fig. 3.38 Write Register WR3

(5) Write register WR4
WR4 is identified by the condition that both Bit 0 and Bit 7 of the basic
register are "1" and Bit 1 is "0".

(a) Basic register Bit 2 - 4 (Pointer bit)
When these bits are set at '"1", the related registers #0 to #2 are
accessed after the basic register.

(b) Basic register Bit 5, 6 (Operation mode designation)
Operation mode selected values can be set for Bit 5 and Bit 6. For
values to be set, refer to Fig. 3.39.

(c¢) Related register #0, #1 (Port B start address)
These registers are accessed by basic register Bit 2 and Bit 3.
Related register #0 designates low order byte of Port B start address
while related register #1 designated high order byte of Port B.
Further, if low order 8 bits are sufficient for Port B start address,
the loading to related register #l is not required.

(d) Related register #2 (Interrupt control byte)

This register control DMA interrupt or pulse generation. By setting

Bit 3 and Bit 4, related registers #3 and #4 can be accessed.

o Bit O (Interrupt on match)
When Bit 0 is set at "1", DMA generates interrupt if transferred data
matches the match byte in the search or transfer/search operation.

o Bit 1 (Interrupt on end of block)
When Bit 1 is set at "1", DMA generates interrupt if a value of the
byte counter becomes "0" in DMA operation.

o Bit 2 (Pulse generation)
When Bit 2 is set at '"1", pulse is generated on the INT line whenever
data in number of bytes set on the pulse control byte is transferred.
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o Bit 3, 4 (Pointer bits)
When Bit 3 is set at "1", pulse control byte 1is accessed after
interrupt control byte.
When Bit 4 is set at "1", the interrupt vector is accessed.

o Bit 5 (Vector value change by status)
When this bit is set at '"1", interrupt vector value changes according
to cause for generating interrupt. However, if the automatic restart
or interrupt at the end of block was already set, this mode cannot be
used.

o Bit 6 (Interrupt on RDY)
When this bit is set at "1'", DMA generates interrupt prior to the bus
request if it detects that RDY signal has become active. Therefore,
the interrupt enable command becomes necessary and when RETI command
is executed after the interrupt enable of WR6 (B7H) is sent out, the
bus request is started.

(e) Related register #3 (Pulse control byte)
When Bit 3 of the interrupt control byte is set at "1", the pulse
control byte is accessed after the interrupt control byte. The pulse
control byte gives offset values to pulse that are first generated
(Number of bytes shown by this control byte). The pulse control byte
compares low order 8 bits of the_byte counter and if both coincide each
other, pulses are output on the INT line.

(f) Related register #4 (Interrupt vector)

When Bit 4 of the interrupt control byte is set at "1", the interrupt
vector 1is accessed after the interrupt control byte. The interrupt
vector is loaded on the data bus at time of the interrupt acknowledge
by MPU (IORQ = "0", Ml = "0"). 1If Bit 5 of the interrupt control byte
is set at "1", Bit 1 and Bit 2 of the interrupt vector change according
to the interrupt factor. However, when the automatic restart and
interrupt on the end of block has been already programmed, the
interrupt vector sent out at the end of block does not change and
therefore, the mode for vector value change by status cannot be used.
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D4 D3 D2 D

1 Do
17T T ToTl1]
[ S N N B

D7 D6 D5
Basic register 1] |
1 1
[
Designation of | |
data transfer mode | |
Byte mode 0 0
Continuous mode O 1
Burst mode 1 0
Don't use 1 1

P U

Related register #0 | | |

I | | | | | Port B Start address
| | | | | | (Low order 8 bits)

Related register #1 | | I

| | | | [ | Port B Start address
| | | | | | (High order 8 bits)

Related register #2 | 0
|

Interrupt on RDY : 1 !
Vector value change
by status 01

Related register #3 | | |

v
| | | | | | | | Interrupt control
| | | | | | | | byte
I | | | | | [

| | | 1 1 : Interrupt on match

| | |

| | | 1 : Interrupt on end

| | | of clock

| | 1 : Pulse generation

| I

| v

[T T I | | Pulse control byte

| | | | | | | |

|

v

Related register #4 | | |

| | | | | | Interruption vector

Interrupt on RDY
Interrupt on match
Interrupt on end of block
Interrupt on match and
end of block

——-0 O —
—_O O —

Fig. 3.39 Write Register WR4

(6) Write register WR5
WR5 is identified by the condi

tion that Bit 1 and 7 of the basic register

are "1" and Bit 0, 2 and 6 are "0". WR5 has no related register.
o Bit 3 (Effective polarity of RDY signal)
When this bit is set at '"0", RDY signal becomes '"0" and active, and

when it is set at "1'", RDY s

ignal becomes "1" and active.
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o Bit 4 (Use of CE/WAIT pin)
When this bit is set at "0", CE function only is available. When it is
set at "1", both CE and WAIT functions become available. When BUSREQ
signal is at '"1", CE function is available, while if BUSREQ signal is
at "0" level, WAIT function is available.

o Bit 5 (Automatic register)
When this bit is set at "0" level, DMA operation is stopped at time of
the end of block (Byte counter = "Zero'). When it is at "1" level, the
contents of the address register and byte counter are automatically
loaded on the address counter and byte counter, and DMA operation is
continued.

D7 D6 D5 D4 D3 D2 D1 DO
Basic register 1101 | | o] 110
| | | | | | | | |

|

| Effective polarity of RDY signal
0 Active at "0" level

1 Active at "1" level

Use of CE/WAIT
Uses only as CE function
Multiplex CE/WAIT

— et O — e e ]

Designation of automatic restart
Ends at time of the end of clock
Automatic restart

[
l
I
I
|
|
l
|
I
|
0
1

Fig. 3.40 Write Register WR5

(7) Write register WR6
WR6 is idnetified by the condition that Bit 0, 1 and 7 of the basic
register are at "1" level. 1In the case of WR6, the functions (commands)
are divided by the combination of Bits 2 to 6.

(a) Reset (C3H)
This command is used to reset DMA. By executing this command, DMA
performs the followings;
o Disables the interrupt control circuit and bus request control
circuit.
Releases the interrupt latch.
Releases the forced RDY condition.
Releases the automatic restart condition.
Releases CE/WAIT function (Bit 4 WR5) and retians CE function only.
Returns the timings of both Port A and B to the Z80 standard timing.

0o 00 0O

After turning power to DMA ON, and performing the programming, it is
necessary to execute the reset command once. In addition, if the DMA
operation is interrupted during its execution, it is necessary to
execute the reset command 6 times successively (this is because there
are 5 related registers that are capable of directing in WR4).
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Further, DMA is not always reset completely by this reset command. The
read sequence is reset only by the read sequence reset command.

(b) Port A timing reset (C7H)
This command resets Port A variable timing byte and returns Port A
timing to the Z80 standard timing.

(c) Port B timing reset (CBH)
This command resets Port B variable timing byte and returns Port B
timing to the Z80 standard timing.

(d) Load (CFH)
When this command is excuted, the content of the address register is
loaded on the address counter and the byte counter is cleared. In
addition, the internal forced RDY condition is also released.
Further, an address counter to which the loading can be made
immedaitely is the source port address counter only. The loading to
the destination port address counter is made when a value of this
counter is initially updated (incremented/decremented) but if "address
if fixed", the loading is not performed. However, the loading by the
"fixed address destination port programming' technique is possible.
If DMA becomes non-active when the load command is written, another DMA
control byte is written before the load command.

(e) Continue (D3H)
Although this command clears the byte counter to 'zero'", both port
address counters do not change. This command is used in transferring
several data blocks to continued positioms in the many buffer if it is
desirable to know a break of every block, and continues DMA operation
which has been interrupted by detection of match at the end of block or
search. In order to execute this command, interrupt at the end of each
blocks is needed and new block length shall be entered in WRO with the
continue command.
In transferring data blocks, interrupt becomes necessary whenever
transfer of each data block ended. In transferring next data block
after the interrupt, this continuity command is used instead of the
load command.
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D7 D6 D5 D4 D3 D2 D1 DO
Basic register 1] I | | | [o] ol

.+ °r &+ t |

| | | | | Hexadecimal command name

c3 Reset

C7 Port A timing reset

CB  Port B timing reset

CF Load

D3 Continue

AF Interrupt disable

AB Interrupt enable

A3 Interrupt reset/disable
B7 Post RETI enable

BF Read status byte

8B Status byte initialize
A7 Read sequence start

B3 Forced RDY condtion

87 DMA enable

83 DMA disable

BB Contiue readout mask

[«NeN-NeNeNeNeReNeNe Nl N il
OO IO OO0 OO0
HOOHOOFRMHFOOOHOQOOO
HOOQOCOHKFHROOHMROMMFOO
OO RO OMFOOMORMROKMO

Readout mask .
1=Enble (t r ° + & & & 1

Status byte

Byte counter

(low order 8 bits)
Byte counter

(high order 8 bits)
Port A address counter
(low order 8 bits)
Port A address counter
(high order 8 bits)
Port B address counter
(low order 8 bits)
Port B address counter
(high order 8 bits)

|
|
|
|
|
|
I
I
I
I
|
|
I
I

Fig. 3.41 Write Register WR6

(£) Interrupts disable (AFH)

This command is used to simulate the Z80 MPU's interrupt acknowledge
when DMA is operated in a system other than the Z80 MPU. When DMA
sends the interrupt signal into any MPU other than the 280 MPU, if the
interrupt disable command is written into the beginning of the service
routine, INT signal returns to "1" level but next interrut signal of
DMA cannot be sent during the service routine is continuously carried
out. Generation of next interrupt signal becomes possible when the
interrupt enable command is written into the end of the service
routine.
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(g) Interrupts enable (ABH)

This is a command used on the Z80 system to enable the interrupt when
the power source is ON. This command enables the interrupt control
circuit of DMA. When the interrupt disable command is not used, if the
interrupt enable command is once written, next interrupt is enabled
automatically when RETI command is executed at the final stage of the
interrupt service routine. However, if the interrupt disable command
is used, it becomes necessary to write the interrupt enable command at
the final stage of the interrupt service routine.

(h) Interrupt reset and disable (A3H)
This command 1is used on such systems as 8080 and 8085 to interface DMA
and MPU which is povided with the interrupt acknowledge function but
has no RETI command. This command, when executed, performs the
followings:

Reset of the in-interrupt service routine (IUS) latch

Reset of the interrupt pending (IP) latch

Release of the internal forced RDY signal conditions

Succeeding interrupt disable by DMA (same as the interrupt disable

command)

0O o0 o0oO0

(i) Enable after RTEI (B7H)
This command is used only when "interrupt on RDY signal" is programmed
on WR4. DMA, when detecting that RDY signal becomes active, does not
make the bus request but generates the interrupt signal. After the
interrupt return, this command enables DMA to make the bus request
again. This command is always used to make the bus request after the
interrupt to RDY signal on the Z80 MPU system. This command also can
be used on other MPU's, for instance, 8080.
The interrupt latch (IOR) to RDY signal is set during its interrupt
cycle. This latch makes RDY signal active and DMA is not allowed to
make the bus request until this latch is reset by post-RETI enable
command .
The execution sequence of the Z80 MPU service routine is as follows and
the bus request is mode after RETI command is executed:

Post RETI Enable
DMA Enable

RETI Command
(j) Read status byte (BFH)
This command indicates that next read command is the status byte
access.
(k) Status command initialization (80H)

This command indicates the reinitialization of bit 4 and 5 of the
status byte.

—147—



INTEGRATED CIRCUIT

TOSHIBA TMPZ84C10AP/TMPZ84C10AP-6
TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

The reinitialization of the interrupt pending status (Bit 3) of the
status byte can be effected by the interrupt acknoweledge, interrupt
process, interrupt reset and disable command writing. The
reinitialization of DMA operation status (Bit 0) can be efected by the
load command.

(1) Read mask continue (BBH)
This command denotes that next control byte which is to be written into
DMA follows the read mask register. The read mask register is used for
setting a new read sequence of RRO to RR6 and is normally a part of the
initial state setting when the power source for DMA is turned ON.
The read mask can be programmed by setting the related pointer bit of
register to be read out "1" level. The read sequence start command is
used for initialization.

(m) Read sequence initiote (A7H)
This command is used to initiate the read sequence pointer command as a
measures to access the first (in low order) read register that is
designated to be readable by the read mask for initialization of DMA by
next MPU read command. Normally, this command is output to reset the
read sequence immediately after loading of the read mask.

(n) Forced RDY (B3H)
In the burst mode or continuous mode, this command is used to make the
internal RDY conditions active for the active RDY signal by an external
logic circuit. This command is used for memory-to-memory transfer or
memory search where RDY signal is not required. It is not necessary to
consider the effective polarity of RDY signal. Use of this command can
eliminate an external logic circuit.

The forced RDY conditions are released by the following commands/
conditions:

Reset command

Load command

Interrupt reset and disable command

Ending by end-of-block

Ending by byte match

Bus release by DMA

0O 00 O0O0O0

(o) DMA enable (87H)
This command is used to enable the bus control circuit of DMA. The
interrupt circuit is not affected nor the function and latch are reset.
This bus request enable function is identical to that of Bit 6 of WR3.
In the interrupt service routine, DMA enable command is the last
command to DMA before MPU executes RETI command.

(p) DMA disable (83H)
This command inhibits the bus request by DMA. This command is used to
stop DMA operation by external events, end-of-block or match by bytes
and when reinitialization of the status byte is required.
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3.4.2 Status register group

There are 7 read registers RRO to RR6 available for DMA to know the
operation execution or end status.
The readout of MPU is made according to the method to access DMA as the
peripheral I/0 using I/0 command. Commands to be written into DMA are as
follows:

1] Read status byte (BFH)

2] Read sequence initiate (A7H)

3] Status byte rinitialize (8BH)

4] Read mask continue (BBH)
The above commands are those which are shown for WR6.

(1) Read register RRO - Status byte

(a) Bit 0 (DMA operation)
This bit indicates if DMA made the bus request. after the last LOAD
command . "1" indicates that DMA made the bus request while "0
indicates no bus request made.

(b) Bit 1 (RDY signal active)
"0" of this bit indicates that RDY signal is active. "1" indicates RDY
signal being non-active.

(c) Bit 2 (Don't care)

(d) Bit 3 (Interrupt pending)
This bit indicates the interrupt pending (IP) latch status. "o"
indicates the interrupt pending.

(e) Bit 4 (Match detection)
When this bit is "0", it indicates the match after the last status byte
reset or reinitialization command.

(£) Bit 5 (End-of-block detection)
When this bit is "O0", it indicates the end-of-block reached after the
last status byte reset, load, continuity or reinitialization.

(g) Bit 6, 7 (Don't care)

(2) Read register RRl1, RR2 - Byte counter

The 16-bit counter consisting of two register RR1 and RR2 are cleared to
zero by the load, continuity or reset command. When DMA starts the
transfer or search, the byte counter is incremented by one at the end of
each read cycle and judges the end-of-block by comparing with the program
content of the block length register (WRO), when match is detected, DMA
operation is stopped. If the pulse generation is used at this time, the
content of the WR4 pulse control byte is, after transferred, compared
with low order4 byte (RR1) of the byte counter.
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(3)

(4)

D7 D6 D5 D4 D3 D2 Dl DO

* | x| ] | | * ] | | Status byte
| | I | | | | |

] [

I
| | | 1 : DMA operation is made.
|
|

PRO |
|

| 0 : RDY signal active
0 : Interrupt pending
0 : Match detection
0 : End-of-block

T
(*: Don't care) |
|
|
|

RR1 | | | 1 | | [ | | Byte counter
| | | | | | | | | (low order 8 bits)

RR2 | [ | | [ | | I | Byte counter
T I T (high order 8 bits)

RR3 | | | I | [ | | | Port A Address counter
| | | [ 1 | | | | (low order 8 bits)

RR4 | I | ] | [T T | Port A Address counter
| | | | | | | | | (high order 8 bits)

RR5 | I | ] | | | | | Port B Address counter
| | | | | | | | | (low order 8 bits)

RR6 I | | | | | | | | Port B Address counter
| | | | | | | | | (high order 8 bits)

Fig. 3.42 Read Register

Read register RR3, RR4 - Port A address counter

Write into the 16-bit counter consisting of two read registers RR3 and
Rr4 is made from WRO port A start address register by the load command.
Whenever one byte of DMA operation is carried out according to the
designated content of WRO, this counter is updated (incremented or
decremented) by ome.

Read register RR5, RR6 - Port B address counter

The 16-bit counter consisting of two read registers RR5 and RR6 indicates
Port B address when DMA operation ended. Values in the port B address
register (WR4) are loaded into this counter by the load command and the
coutner is updated by one every time when DMA operation is carried out by
one byte. However, if address fix (Bit 4 and 5 of WR2) is programmed,
the counter does not change. If Port A or Port B is a fixed address
destination port, in order to properly function the port it is necessary
to program as described for the fixed address destination port.

3.4.3 Address counter and byte counter values when DMA operation ended.
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Values of these counters when DMA operation ended are shown in Table 3.4
(a) and Table 3.4 (b).

Tablte 3.4(a) Values of those counters when DMA operation ended

! I
: The values when N+l byte data is transferred and RD
signal is active using 2-cycle variable timing.

| | |[Value of| Number | | Address | Address |
| Data | Data | block | of byte| Value |counter valuel|counter value|
| format | tansfer| length | to be |of bytel of source | of destina- |
| | mode |register| trans- |counter] port | tion port |
| | | | ferred | | |
| [ Byte | N [ N+ 1] N [ as + (N + 1)] as + (N) }
| | | | | | |
|Transfer| Burst : N [ N+ 1] N [Aas+ (N+ D] A+ (M) }
| | | | | |
I | Conti- | N [N+ 1] N [as + (N + D[ as + (M) |
| | nuity | | | | | |
I [ Byte | N [N+ 1] N | As + (N + 1] _ |
| | | i | | | |
| | [ N+ 1] N | As + (N + D] _ |
| | Burst | N | | | | |
}Search{ : ; N+2*Il N+l*:As+ (N+2)*: _ I
| | | [N+ 1] N [ As + (N + 1)] _ |
! | Conti- | N | | | | |
| | nuity | | N+ 2%¥] N + 1%|As + (N + 2)%] |
| | | | | |
* Y

AS: Start address

Table 3.4(b) Values of those counters when DMA operation ended

| [ [ [ Number | [ Address | Address |
| Data | Data [Byte no.| of byte| Value |counter valuelcounter valuel
| format | tansfer| to be | to be |of byte| of source | of destina- |
| | mode |detected| trans- |counter| port | tion port |
| | | | ferred | | | |
: = Byte I M | M [ M-1] A+ M | As + (W-D) :
| | | |

|Transfer| Burst ; M : M | M-1 ; As + M) | As + (W-1) i
| I | |

| | Conti- [ M [ M [ M-1] As+ (M) [ As + (W-1) |
I | nuity | | | | | |
I [ Byte | M [ M [M-11] As+ () | _ |
| [ | | | | | |
| ! | [T M+1 1 M [ Aas+ M+ DI _ |
| | Burst | M | | | |
| Search | | | M | M- 1%  As + (M)* | _ |
| | | | | | | |
[ I | [T M+1T1T M [as+ M+ D] _ I
| | conti- | M | | | | |
I } nuity : II M* : M - 1*!I As + (D* : _ :
AS: Start address *: The values when match is detected and RDY signal

is active.
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3.4.4 List of command

D7 D6 D5 D4 D3 D2 DI DO
Basic register | 0| [ | | | | | |
| | | I | | | | I
| | [ | | [ |
| | | | | |
| | | | | Data transfer mode
| | | | | 0 O Don't use
| | | | | 0 1 Transfer
| | | | | 1 0 Search
: = = } | 1 1 Transfer/search
|
| | | | Data transfer direction
I I I | 0 PortB ---> Port A
| | | | 1 Port A ——-> Port B
| | | |
| | | v
Related register #0 | | | | | | | | | Port A Start address
| | | | | | | | | (Low order 8 bits)
[T |
|
Related register #1 | | | | | | | | | Port A Start address
| | | | | | | | | (high order 8 bits)
| |
| |
| v
Related register #2 | | | [ I [ | [ | Block length
| | : | | | | | | | (low order 8 bits)
v

Related register #3 | | | | | | [ | Block length
| | (high order 8 bits)

Fig. 3.35 Write Register WRO
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D7 D6 D5 D4 D3 D2 DI DO
117010
|

Basic register | o | [
|

|

| Designation of Port A
0 Port A - Memory

1 Port A - 1I/0O

[

|

|

I

| Port A address update
0 Decrement
1

0

1

G —— e —— o ——— — ]
0 0O — e — —

I I
Lo I

WR RD MREQ IORQ Early end

o Increment
I_
| Address fix
Related register #0 | | ol o] | | | | Port A variable
I |1 I 1 | | | timing byte

| | | | | |
| | | | | | Cycle length
| | | | 0 0 4 clock
| | | | 0 1 3 clock
| | | | 1 0 2 clock
|||0l| I"o" ‘llol' "'0" 1 l DOn't use
|
|

Fig. 3.36 Write Register WR1
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TosmBAINTEGRATED CIRCUIT
TECHNICAL DATA

TMPZ84C10AP/TMPZ84C10AP-6
TMPZ84C10AF/TMPZ84C10AF-6

D7 D6 D5 D4 D3 D2 D1 DO
Basic register | o | I | | folToTlol
| | | I | | | | I
| [ | |
| | | | Designation of Port B
| | | 0 Port B - Memory
| | | 1 Port B - 1I/0
| | I
| | I Port B address update
| 0 o0 Decrement
| 0 1 __ Increment
[ 1 o |_
| 1 1 _ | Address fix
|
v
Related register #0 | | o] 0] | | | | Port B variable
| I | | | | | | | timing byte
| | [ [ |
[ | | | | | Cycle length
[ [ I o0 o 4 clock
| | 1 [ o 1 3 clock
| | | 1 1 0 2 clock
l"ol"llolll'lo" ]"0|| 1 l DOn't use
| | | |
I I | |
WR RD MREQ IORQ Early end
Fig. 3.37 Write Register WR2
D7 D6 D5 D4 D3 D2 D1 DO
Basic register | 1] | | | | [ 0] o0
| | I f | [ | | |
[ | |
| | |
DMA Enable : 1 | 1 : Stop by coincidence
|

Interruption enable :

Related register #0

|
(mask byte) |

: Comparison

Related register #1
(match byte)

Fig. 3.38 Write Register WR3
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C10AP/TMPZ84C10AP-6
TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6
D7 D6 D5 D4 D3 D2 DI DO
Basic register 1] [ | [ Tol1]
| | I | | | | | |
| | | | |
Designation of | | | | |
data transfer mode | | | | |
Byte mode 0 0 | | |
Continuous mode 0 1 | | |
Burst mode 1 0 | | |
Don't use 11 |
| | |
[ .
Related register #0 | | | | | | ] | | Port B Start address
| | | | | | | | | | | (Low order 8 bits)
| v
Related register #1 | | | | | | | | | Port B Start address
| | | : | | | | | (High order 8 bits)
|
v
Related register #2 | 0 | | | | | | [ | Interruption control
I b 1 1t & 1 | byte
| | | | [ | |
Interrupt on RDY : 1 | | | | | 1 : Interrupt on match
Vector value change | | | |
by status HED! | | | 1 : Interrupt on end of
| | | clock
| | 1 : Pulse generation
| |
| v
Related register #3 | | | | | | | | | Pulse control byte
| | | | | | | | |
I
v
Related register #4 | | | | | | | | | Interrupt vector

Interrupt on RDY
Interrupt on match
Interrupt on end of block
Interrupt on match and
end of block

— -0 O —
—_ O —

Fig. 3.39 Write Register WR4
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA

TMPZ84C10AP/TMPZ84C10AP-6
TMPZ84C10AF/TMPZ84C10AF-6

D4 D3 D2 Dl DO

Basic register

[ ToTl1flo]
[ |

I
| |  Effective polarity of RDY signal
| 0 Active at "0" level

| 1  Active at "1" level

|

| Use of CE/WAIT

0 Uses only as CE function

1 Multiplex CE/WAIT

Designation of automatic restart

Ends at time of the end of clock
Automatic restart

Fig. 3.40 Write Register WR5

D6 D5 D4 D3 D2 DI

DO

D7
PRO * |-
|

> 1 * | |
(S [

I

[
I

Status byte

[
(*: Don't care) | |
[
| I
l

|
|
0 :

I
1 : DMA operation is made.
RDY signal active
Interrupt pending

Byte counter
(low order 8 bits)

Byte counter
(high order 8 bits)

Port A Address counter
(low order 8 bits)

Port A Address counter
(high order 8 bits)

Port B Address counter
(low order 8 bits)

Port B Address counter
(high order 8 bits)

0 :
0 : Match detection
0 : End-of-block
RR1 | | | | | | | |
(I D D R R B
rRR2 | T T T I | | |
(I T D R B
RR3 | T T T T 1 I 1
R I D N N B S
e | T T T 1T 1T 1T |
N R R T A D
3.2 I R N N N
I s T I T
RR6 |~ | T T T T T 1
N T T I
Fig. 3.42 Read Register
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INTEGRATED CIRCUIT

TMPZ84C10AP/TMPZ84C10AP-6
TOSHIBA TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

D

D7 D6 D5 D4 D3 D2 DI
Basic register | 1] | | | | [ 0]
1|

0
0 |
(I T e 1

| | | | | Hexadecimal command name

1 0 0 0 0 C3 Reset
1 0 0 0 1 C7 Port A timing reset
1 0 0 1 0 CB Port B timing reset
1 0 0 1 1 CF Load
1 0 1 0 0 D3 Continue
0 1 0 1 1 AF Interrupt disable
0 1 0 1 0 AB Interrupt enable
0 1 0 0 O0 A3 Interrupt reset/disable
0 1 1 0 1 B7 Enable after RETI
0 1 1 1 1 BF Read status byte
0o 0 O 1 0 8B Status byte initialize
0 1 0 0 1 A7 Read sequence start
0 1 1 0 0 B3 Forced RDY condition
0 0 0 0 1 87 DMA enable
0 0 0 0 0 83 DMA disable
0 1 1 1 0 BB Continue readout mask
|
|
|
Readout mask |

1=Enble

| | Status byte

(low order 8 bits)
Byte counter

(high order 8 bits)
Port A address counter
(low order 8 bits)
Port A address counter
(high order 8 bits)
Port B address counter
(low order 8 bits)
Port B address counter
(high order 8 bits)

|
|
|
| | Byte counter
|
|

Fig. 3.41 Write Register WR6
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TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA

TMPZ84C10AP/TMPZ84C10AP-6
TMPZ84C10AF/TMPZ84C10AF-6

3.5 Method of use

(1)

Example of interface

As the method of use of DMA using the Z80 family, a simple example of the
280 system interface is shown below. Fig. 3.43 shows the connection
employing the Z80MPU, Z80DMA, Z80PIO, and MEMORY.

22 NYA

- 4 <
CLOCK RESET
1
GENERATOR CIRCUIT
{ { | ]
cLK REBET
S L
A0~ AlS (R0~ 415 )
DO ~ D7 ) X DO ~ D7
LSS
SR SN ) WS .
| RR | },_ | o 2] MEMORY
2 Torq
80 -
RD RD
-
MPU ¥R | || W
FSH N RFSH
BUSACK
F——— ] ]
USREQ,
WAIT
INT
——
WMl
HALT
1
+5V ——MA——]
/—Jm :
=3 =3
@ v @
ADDRESS @83 aporess
DECODER r~5 <& bEcoper
a >4 =
CINCIE
45V ——AM——‘ J
Bl o%, wATT TE
AO
AO ~ A15 g Al :}‘AD~PA7
N
( po~p7 ) C DO ~ D7
BUSREQ K z80 ARDY
BUSREQ | = .
ushBe F—"S N ASTB
SAC
BAT a2 ACR T O P10
z80 WREG
DMA ToRy 1] e
RD | | | ®D
= o= FBO ~ PB7
— S WY
[0 W BRDY
INT ) [ [ BSTB
INT NT
INT /PULSE S .
CLK L | [ | [cux
BAO RDY IEO 1El 1O
L
A A —
BAT OF OTHER DMA IE1 OF OTHER PERIPHERAL LS1

Fig. 3.43 Example of Z80 System Interface
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INTEGRATED CIRCUIT

TMPZ84C10AP/TMPZ84C10AP-6
TOSHIBA TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

On the 280 system, signal 1lines of MPU and peripheral devices are
conneced almost directly. In Fig. 3.43, priority is in the order of DMA
and PIO. This is becuase the connection is made according to the daisy
chanin method which is peculiar to the Z80 system. In the case of DMA,
especially, in order to operate as a bus controller, BUSACK signal, which
is the output of MPU, is input to BAI of DMA by the bus request daisy
chain. When several units of DMA are used, BAO is connect to BAI of DMA
which has the next higher priority. Hardware can be easily connected as
shown in Fig. 3.43. 1In addition, memory mapped I/0 also can be connected
to DMA.

(2) Program example
As a program exmaple of DMA operation, an example of transfer from I/0 to
memory using PIO is shown.

.Z80
; Z80 DMA DATA TRANSFER
: I1/0 TO MEMORY
; (PIO PORT B)
0020 DPIOB  EQU 20H ;DATA PIO CHANNEL B
0021 DPIOB EQU  +)DPIOB+1 ;CONTROL PIO CHANNEL B
0030 DMA EQU 30H ;DMA ADDRESS
2000 DSTN EQU 2000H ;DESTINATION
0100 LENGTH EQU 256 ;BLOCK LENGTH
ORG 1000H
1000' F3 STRT: DI
1001° 3E 10 LD A, 10
1003'  ED 47 LD 1,A
1005'  ED 5E ™ 2 ; INTERRUPT MODE 2
i
; PIO B INITIALIZATION
1007'  3E 4F LD A,4FH ;MODE 1
1009' D3 21 ouUT (CPIOB) ,A
100B'  3E 07 LD A,07H
100D' D3 21 ouT (CPIOB) ,A
E
; DMA RESET
100F'  3E C3 LD A,0C3H
1011' 06 06 LD B,06H
1013' D3 30 DMRT:  OUT (DMA) ,A
1015" 10 FC DJNZ DMRT
b
; DMA INITIALIZATION
1017' 06 12 LD B ,DMAF IN-DMACTA
1019' OE 30 1D B,DMA
101B' 21 104E' LD HL,DMACTA
101E' ED B3 OTIR
1020' FB EI
1021' €9 RET
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TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA

TMPZ84C10AP/TMPZ84C10AP-6
TMPZ84C10AF/TMPZ84C10AF-6

1022

1023'

1024'
1027
1029'
102¢’
102E'
1030
1033
1035

1036"'

1037
1038
1039'
103a’
103B'
103D’
103F'
1042"
1044
1046
1047
1048"
1049
104A"
104B'

104D

104E"
104E"
104F"'
1050
1052
1054

1055

76

DD E5
CD 104D’

FD El
DD El

ED 4D

c3
2000
OO0FF
14

28

B

B

INTERRUPT ON READY

I0R: HALT
3
; INTERRUPT ON MATCH
10M: HALT
3
; INTERRUPT ON END OF BLOCK
I0E: CALL SAV
LD A, 8BH
LD (DMA) ,A
LD B ,DMAFIN-DMACTB
LD C,DMA
LD HL,DMACTB
OTIR
RET
; INTERRUPT ON MATCH, END OF BLOCK
IME: HALT
b
; REGISTER SAVE
SAV: EX (SP) ,HL
PUSH DE
PUSH BC
PUSH AF
PUSH IX
PUSH 1Y
CALL RUN
POP 1Y
POP X
POP AF
POP BC
POP DE
POP HL
EI
RETI
)
RUN: JP (HL)
; DMA COMMAND TABLE
; PORT A - MEMORY
; PORT B - PIO CHANNEL B
DMACTA EQU $
DEFB 0C3H :WR6 RESET COMMNAD
DEFB 7DH :WRO PORT A TO PORT B(TEMP)
DEFW DSTN : DESTINATION ADDRESS
DEFW LNGTH-1 : BLOCK LENGTH
DEFB 14H :WR1 PORT A - "INCREMENT"
ADDRESS
DEFB 28H :WR2 PORT B - "FIXED"
ADDRESS
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TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA

TMPZ84C10AP/TMPZ84C10AP-6
TMPZ84C10AF/TMPZ84C10AF-6

1056
1057
1058
1059

105A"
1058"

105¢’
105¢C’
105D
105E"
105F"'
1060

10FF'
1101"'
1103’
1105'

1022
1023
1024°
1036

DMACTB

DMAFIN

INTV:

DEFB
DEFB
DEFB
DEFB

DEFB
DEFB

EQU
DEFB
DEFB
DEFB
DEFB
EQU

ORG
DEFW
DEFW
DEFW
DEFW
END

0AOH
95H
DPIOB
32H

INTV-STRT
82H

$
OCFH
01H
OCFH
87H
$

STRT+OFFH
IOR
IOM
IOE
IME
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:WR3
:WR&4

cINTV
:WR5
:WR6

tWR6
:WR6

ENABLE INTERRUPT
BYTE MODE TRANSFER
PORT B ADDRESS(L)
10E,STATUS AFFECTS
VECTOR

INTERRUPT VECTOR

RDY ACTIVE "LOW",CE/
ONLY

LOAD ADDRESS TO PORT A
PORT B TO PORT A

LOAD ADDRESS TO PORT B
ENABLE DMA



INTEGRATED CIRCUIT

TMPZ84C1 OAP/TMPZ84C10AP-6
TOSHIBA TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

4. ELECTRICAL CHARACTERISTICS

4.1 ABSOLUTE MAXIMUM RATINGS

| Symbol | Item | Rating | Unit |
| vce |  Supply Voltage 1 ~-0.5 to +7 = v :
=== [—---

| VIN |  Input Voltage { -0.5 to Vcc + 0.5 : v {
I -1 -

| PD | Power Dissipation (TA=85°C) ‘ 250 = mW ;
f—mmmm o |

| TSOLDER | Soldering Temperature (10 sec) | 260 : °c }
e | === -~ -

| I I I |
| Tstg | Storage Temperature | -65 to 150 | °c :
I | [ [

I | -1 I |
| Topr | Operating Temperature | -40 to 85 | % |

4.2 DC ELECTRICAL CHARACTERISTICS

TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV
| _SYMBOL | PARAMETER | TEST CONDITION | MIN. [TYP.| MAX. |UNIT|
| VILC | Low Clock Input I [ -0.3 T - T 0.6 T v |
| | Voltage | | | | | |
| VIHC | High Clock Imput | Jvcc-0.6 | - [vcc+0.3] v |
| | Voltage | | | | | |
| VIL | Low Input Voltage | [ -0.5 T - T 0.8 [ v |
| | (Except CLK) | | | | [ |
| VIH | High Input Voltage | | 2.2 | - | vee | v |
| | (Except CLK) | | | [ | |
| VOL | Output Low Voltage | IOL = 2.0mA | - =1 0.4 ] v
I I | BUSREQ only | | | | |
| I | 3.2mA | | | | |
| VOH1 [ Output High Voltage | IOH = -1.6mA | 2.4 | - | - | Vv |
| | (1) | | | | | I
| VOH2 | Output High Voltage | IOH = -250uA | vcc-0.8] - | - [ Vv |
I | (11) | | | | | |
| ILT | Input Leak Current | VSS{ VINS VCC | - [ - T +10 [ ua |
I | | ~ | I |~ | I
| ILO [ Output Leak Current | VSS + 0.4 VIN | - T =T +10 [ uwa |
| | | gvee = | [ I I !
| | | | | | | I
| [ [vce=5v, | I I | I [
| 1cc1r | | £fCIk=(1) |AP/AF| - 1 5 7 | I
| | Power Supply Current| VIHC=VIH=]| | | | | nA |
| | | vee-0.2v | AP- 6I [ ()] (2)1 I
| | | VILC=VIL= I/AF 6 - ] 61 10 | I
| | | 0.2v | | | | | |
| [ Standby Supply ["vec=sv  vIEC | | [ | |
{ 1cC2 } Current : =VIH=VCC-0.2V ; - ; - { 10 : uA :

VILC=VIL=0.2V
Note (1) fCLK=1/TcC(MIN.) (2) Preliminary
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INTEGRATED CIRCUIT

HIBA TMPZ84C10AP/TMPZ84C10AP-6
TOS TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

4.3 AC ELECTRICAL CHARACTERISTICS

4.3.1 A.C. Characteristics (I)
When operate as peripheral devices (inactive state)
TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV

| Pre- |
|liminary |
| 4 MHz | 6 MHz |

‘ No. | SYMBOL ! PARAMETER 'MIS?/ﬁix.lﬁi;?/$§;?|UN1TI
| 1 TcC Clock cycle time 250] DC 165 | DC | ns |
| 2 TwCh High clock pulse width 110/ pc | 65 | DC | ns |
| 3 TwCl Low clock pulse width 1101 DC | 65 | DC | ns |
| 4 TrC Clock rise time - 30 - 20 | ns |
| 5 T£C Clock fall time - | 30 - 20 | ns |
|76 Th Hold time o] - 0 - [ ns |
| |
| 7 | Tsc(cr) | TORQ, WR and CE signals | 145] - | 60 | - | ns |
| | | set-up time for clock | | | | | |
| | | rise | | | | | |
I | | ___ I | I | | |
| 8 | TdDO(RDf) | Delay from RD rise to [ -1 380] - 1300 | ns |
| | | data output | | | | |
| | | Data input set-up time | | | | | |
| 9 | TsWM(Cr) | for clock rise (write | 50 -13 1} -1 ns |
| | | and M1 cycle) | | | | | |
I | I - [ [ I | | |
| 10 | TsCcf(DO) | Delay from IORQ fall to | - | 160] - [100 | mns |
| | | data output | | | | | |
| | | (INTA cycle) | | | | | |
| | I . | | | I | |
| 11 | TsrRD(DZ) | Delay from RD rise to | =110l -1]70] ns |
| | ; data bus float state | | | | ! I
| | [ | [ I
| 12 | TsIEI(IORQ) | IEI set-up time for IORQ | 140] - 1100 | - | ns |
! | | fall | | [ | | I
| | | (INTA cycle) | | | | | |
|13 | TAIEOr (IEIr) | Delay from IEI rise to | - | 160] - [ 70 | ns |
| | | IEO rise | | | | | |
|"14 | TAdIEOf(IEIf) | Delay from IEI fall to | - | 130] - | 70 | ns |
| | | 1IEO fall | | | I | I
I I | - [ I I [ I |
| 15 | TdM1(IEO) | Delay from M1 fall to IEO| - | 190] - |100 | ns |
| | | fall (When interrupt is | | | | | |
| | | generated immediately | | | | | |
| | | before Ml cycle.) | | | | | |
| | I | | 1 | | |
| 16 | TsM1f(Cr) | MI signal set-up time for| 90| - 170 | - | ns |
| | | clock rise | | | | | |
| | | | I | | | |
| 17 | TsMlr(cf) : Ml signal set-up time for| -10{ - ;—10 , - : ns :
| |

clock fall
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TOSHIBA

INTEGRATED CIRCUIT

TECHNICAL DATA

TMPZ84C10AP/TMPZ84C10AP-6
TMPZ84C10AF/TMPZ84C10AF-6

| Pre- |
|liminary |
|4 MEz | 6 MHz |
; NO. I SYMBOL { PARAMETER :MIS?{QEX.{ﬁiN?{ﬁiX?:UNIT}
| | I | | | | | |
| 18 | TsRD(Cr)) | RD signal set-up time for| 115| - | 60 | - | ns |
| | | clock rise (Ml cycle) | | | | | |
| 19 | TdI(INT) [ Delay from interruption | - | 5001 ~- [450 [ ns |
| | | generation to INI fall | | | | | |
| | | (at inactive state) : : I I I |
| | |
| 20 | TdBAIr(BAOr) | Delay from BAI rise to | - | 150] - [100 | ns |
| | | BAO rise | | | | |
| | | . | | | | ] |
| 21 | TABAIf(BAOf) | Delay from BAI fall to | - | 150| ~- [100 | ns |
I | | BAO fall | | | [ I |
| 22 | TsRDY(Cr) | RDY signal set-up time - | 100] - | 50 | = | ns |
| | | for clock rise | | | | | |
4.3.2 A.C. Characteristics (II)
When operate as bus controller (active state)
TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV
| Pre- |
|liminary |
| 4 MHz | 6 MHz |
| [ I |_AP/AF |AP-6/AF-6| I
| NO. SYMBOL PARAMETER MIN. MAX. |MIN. [MAX. UNITI
| 1 TcC Clock cycle time 250] pc | 165] DC | ns |
| 2 TwCh High clock pulse width 110] DC 65| DC | ns |
| 3 TwCl Low clock pulse width 110] DC 65| DC | ns |
| 4 TrC Clock rise time - | 30 - ] 20 | ns |
| 5 TfC Clock fall time - 1 30 - 120 | ns |
| 6 TdA Delay of address output - 1110 - 90 | ns |
|7 TdC(AZ) Delay from clock rise to 90 - 18 | ns |
| | | address bus float state | | | | | |
|8 [ TsA(MREQ) | Address set-up time for | 65] -1 35 -] ns |
| | | MREQ rise | | | | | |
| | | (memory cycle) | | | | | |
| 9 | TsA(IRW) | Address set-up time for | | | | | |
I | | IORQ, RD, WR fall | 180 - | 110] - | ns |
| | | (1/0 cycle) | | | | | |
| 10 | TdRW(A) | Address hold time from | | | I I
: { | RD, WR rise | 90: -1 35 - : ns }
| | | |
|11 | TdrRW(Az) [ Address hold time from | I [ I [ I
| | | RD, WR rise | 95| - 1| 65| - | ns |
| | | (at float state) | | | | | |
: 12 l TdC£(DO) } Delay from clock fall to | - [150 | =~ [130 | ns |
I | |

data output
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C10AP/TMPZ84C10AP-6
TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6

|Pre- |
| liminary |
| 4 MAz | 6 MHz |
| _AP/AF | AP-6/AF-6|

| | | |
| NO. l SYMBOL | PARAMETER IMIN. |MAX. IMIN. TMAX. IUNIT[
| 13 | Tdcr(DZz) | Delay from clock rise to | - [ 90 [ =T 70 | ns |
| | | data bus float state | | | | | i
| | | (write cycle) | | | | | |
| 14 | TsDI(Cr) | Data input set-up time up| 35 | - | 30/ - | ns |
| | | to clock rise (read cyclel | | | | |
| | | in which RD ended at | | | | | |
| | | clock rise) | | | | | |
| 15 | TsDI(Cf) | Data input set-up time up| 50 | - [ 40| =- | ns |
| | | to clock fall (read cyclel | | | | [
| | | in which RD ended at | | | | |

| | | clock fall) | | | | | |
| 16 | TsDO(WEM) | Data output set-up time | 80 | -] 25 | - | ns

| | | up to WR fall | | | | | |
| | | (memory cycle) | | | | | |
| 17 | TsDO(WfI) | Data output set-up time [100 | - | 55| - [ ns |
| | | up to WR fall | | | | | |
| | | (1/0 cycle) | | | | | |
| 18 | TsWr(DO) | Data hold time from WR ['70] - 1301 -1 ns |
| rise |
| 19 Th Hold time 0 - 0 - | ns |
| 20 TdCr (Mf) Delay from clock rise to - 85| -1 70 | ns |
| | | MREQ fall | | [ | | |
| 21 | TdCf(Mf) | Delay from clock fall to | - 1| 85 -1 70 | ns |
| | | MREQ fall | | | | | |
| 22 T Tdcr(Mr) | Delay from clock rise to | - | 85| -] 70 | ns

| | | MREQ rise | | | | |

| 23 | Tdcf(Mr) | Delay from clock fall to | - | 85 - 170 | ns |
| | | MREQ rise | | | | |

| I I 220 [ - 1135 T - [ ns |
| 24 | TwMl | Low MREQ pulse width | | | | I I
I | I 120 I - 17651 - 1Tmns |
| 25 | TwMh | High MREQ pulse width | | | | | |
! 26 | TdCf(If) | Delay from clock fall to | - | 8 | -1 70 | ns |
| | | IORQ fall | | | I | |
| 27 | Tdcr(1f) | Delay from clock rise to | - | 75 | -1 65 | ns |
| | | TORQ fall | | I | | |
| 28 | TdCr(Ir) [ Delay from clock rise to | - | 8 | -1 70 | ns |
| | | IORQ rise | | | | | |
| 29 | TdCf(Ir) | Delay from clock fall to | - | 85 | -] 70 | ns |
| | | TORQ rise | i | | |

| 30 | TdCr(Rf) | Delay from clock rise to | - | 8 | =170 | ns |
| | | RD fall | I | | | |
| 31 | TdCf(Rf) [ Delay from clock fall to | - | 95 [ -] 80 | ns |
[ | | RD fall I | | | I I
| 32 | TdCr(Rr) | Delay from clock rise to | - | 8 | - |70 | ns |
| | | RD rise | | | | | |
| 33 [ TdCf(Rr) [ Delay from clock fall to [ - [ 8 | - 170 | ns |
| | | RD rise | | | | | |
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C10AP/TMPZ84C10AP-6
TECHNICAL DATA TMPZ84C10AF/TMPZ84C10AF-6
|Pre- |
|liminary |
. | 4 MHz | 6 MHz |
I | |__AP/AF | AP-6/AF-6]| |
| NO. ! SYMBOL | PARAMETER |MIN. [MAX. |MIN. ]MAX |UNIT|
| 3¢ | TdCr(Wf) | Delay from clock rise to | - | 65 | - 0 | ns |
| | | WR fall | | | I | |
| 35 | TdCf(Wf) | Delay from clock fall to | - | 80 | - [ 60 | ns |
I | | WR fall | | I I | [
| 36 | TdCr(Wr) | Delay from clock rise to | - | 8 | - {70 | ns |
| | | WR rise | | I | |
| 37 | TdCf(Wr) | Delay from clock fall to | ~ | 8 | -] 70 | ns |
| | | WR rise | | | | | |
| | | . 220 | - T135 T - [ ns |
| 38 | TwWl | Low WR pulse width | : : I : I
| | | |
| 39 | Tswa(Cf) | WAIT signal set-up time | 70 | | 60 | = | ns |
| | | for clock fall | | I I I |
| 40 | TdCr(B) | Delay from clock rise up | = [100 | - | 90 | ns |
| | | to BUSREQ signal | | | | | |
| 41 | TdCr(Iz) | Delay from clock _rise to | - [ 8 | -] 70 | ns |
| | | TORQ, MREQ, RD, WR signal] | | | | I
| | | float state | | | | | |
A.C Test conditions
VIH = 2.4V, VIL = 0.4V, VIHC = VCC - 0.6V, VILC = 0.6V
VOH = 2,2V, VOL = 0.8V
CL=100pF
4.4 Capacitance
TA = 25%
| SYMBOL | ITEM | TEST CONDITION IMIN. |TYP. |[MAX. |UNIT |
| CCLOCK | Clock Input | f=IMHz [ - 1T - 1 5 1pF |
| | Capacitance | All terminals except | | | | |
| CIN | Input | that to be measured | -1 - 1 5 | pF |
| | Capacitance | should be earthed. | | | | |
| couT | oOutput | I - 1 - 1 5 | pF |
| | Capacitance | | | | | |
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4.5 Timing diagram
Numbers shown in the following figures correspond with those in the 4.3
A.C. Electrical Characteristics Table.

(1) When operate as peripheral devices (inactive state)

INTERRUPT {

CONDITION

E RN r

ACTIVE —/

NON-ACTIVE

RDY
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(2) When operate as bus controller (active state)
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INPUT x (
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5. External Dimension View
Unit in mm
5.1 DIP package

40 2
hnﬁnnnhnhnnnnnnhnnr‘}
>
<
) =
o
A
ot
IIJUDU"UUUUUUUUUUUUUU_DZO
P
= 4
o 513MAX = 1524+025
2l —|
C —
(=}
—— R 1’ \‘
—T o
I 1
—t—— Y
= 054015 2544025 0zs5t91
= | "—005 ~
L 144015 0~15°

Note 1. This dimension is measured at the center of bending point of leads.

Note 2. Each lead pitch is 2.54mm, and all the leads are located within +0.25
mm from their theoretical positions with respect to No.l and No.40
leads.
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5.2 44-Pin mini-flat Package Unit in mm
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6. Precautions

For the basic timings, please refer to the precautions in 3.3.2 (1).

For the commands, care shall be taken to the programming as there are many
registers and setup is considerably complictated.

As the precaution for the programming, the "fixed address destination port
programming' is briefly described. When Port A is assumed to be the
"fixed address destination port', address can be loaded in the following
steps:

(1) Write Port A address into WRO.

(2) Designate Port A as the source port. (set up temporarily)

(3) Load Port A address on the address counter. (Load command CFH)

(4) Write Port B start address into WR4.

(5) Convert Port A into the destination port.

(6) Load Port B start address on the address counter. (source port address)
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TMPZ84C20P, TMPZ84C20AP, TMPZ84C20AP-6, TMPZ84C20F, TMPZ84C20AF, TMPZ84C20AF-6
TLCS-Z80 PIO: PARALLEL INPUT/OUTPUT CONTROLLER

1. General Description and Features

The TMPZ84C20 (hereinafter referred to as PIO) is CMOS version of Z80 PIO
and has been designed to provide low power operation.

The PIO is a general purpose parallel input/output port device with two
programmable independent 8-bit ports, which provides a direct interface
between the 280 microprocessor (hereinafter referred to as MPU) and
peripheral devices.

This PIO provides excellent data transfer processing by the interrupt and
allows the interrupt in Mode 2 of MPU.

The TMPZ84C20 is fabricated using Toshiba's CMOS Silicon Gate Technology.

The principal functions and features of the TMP84C20 are as follows.
(1) Compatible with the functions and pin connections of Zilog 280 PIO.
(2) Low power consumption
2mA Typ. (@5V @4MHz) ... TMPZ84C20P/F, TMPZ84C20AP/AF
3mA Typ. (@5V @6MHz) ... TMPZ84C20AP-6/AF-6
10uA Max. (@5V, Stand-by)
(3) Operating temperature
-40 C to 85 C
(4) DC to 4MHz operation ... TMPZB84C20P/AP
DC to 6MHz operation ... TMPZ84C20AP-6/AF-6
(5) 2 programmable independent 8-bit input/output ports with handshake
function.
(6) 4 operation modes for each port:
Mode 0 (Byte Output Mode)
Mode 1 (Byte Input Mode)
Mode 2 (Byte Input/Qutput Mode) ....... Port A omnly.
Mode 3 (Bit Mode)
(7) Built-in interrupt priority control circuit in daisy chain structure
(8) Port B outputs capable of driving Darlington transistors
(9) All input/output lines are TTL compatible.
(10) single 5V power supply. Single-phase clock
(11) 40 pin DIP package, 44 pin Mini Flat Package.

(Note) Z80(R) is a registered trademark of Zilog Inc., U.S.A.
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2.

2.1

2.2

Pin connections

Pin Connections and Pin Functions

The pin connections of the TMPZ84C20P are as shown in Fig., 2.1.

©ma OO e QN

) b3

mpord
DS
1
NT0Ra
nED
=}-1]
ME6
Dss
Dz
£3
B2
0Bl
B BO
B Vee
[ cLK
D IEl
DINT

1EO
BRDY

(a) DIP Pin Connection

Fig. 2.1

Pin names and functions

02 £TEZHLS

vee =" x 2" Da0
bl e kY L) eV Y
B3 20"z
B —J > 19T/ 0as
B2 3 18 = ves(aND)

IOV 3% 17— » 10V
BCT—w T4
BC—3Ja W 0as
o s e POy ==
poid m— WA
EI:TM R IRA

12368 €769

Eaﬁsasssxtg

(Note) NC must be used at open condition.
*ICV must be used at open
Condition or Connected with Vcc.

(b) MFP Pin Connection

Pin Connections (Top View)

I1/0 pin names and functions are as shown in Table 2.1.

level.
Normally, connected to address bit A0 of

Table 2.1 Pin Names and Functions
Pin Name |Number]|Input/Output] Function |
|of Pin| 3-state | |
DO - D7 | 8 | 1/0 | 8-bit bidirectional data bus. |
| | 3-state | Data transfer between MPU and PIO |
_ | | | Chip enable. |
CE | 1 | TInput | Used for accessing MPU and PIO. |
| | | When MPU selects this PIO, this terminal |
| | | becomes L level (Refer to 3.4 Basic timing.)]|
| | | Normally, this terminal is connected to the |
i ! | address decoder output. |
_ | | | Control/data select. |
c/D | 1 | Input | Indicates if signal on the data bus is con- |
| | | trol signal or data. Selects data at L |
| | | level and command at H level. Normally, |
| | | connected to address bit Al of MPU. |
_ | | | Port A/port B select. |
B/A { 1 } Input I Selects Port A at L level and Port B at H |
|
| | | |
| | | |

MPU.
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Pin Name |Number]|Input/Output Function
|of Pin| 3-state
A0 - A7 | 8 | 1/0

3-state

|

|

| Port A bus.

| Data transfer between Port A of PIO and

| external device.

| Port A strobe input

| Handshake signal from the external device.
| Signal meaning differs depending upon

| operatiom mode. (Refer to 3.4 Basic

| timing.)

| Port B strobe input

| Handshake signal from the external device.
| Signal meaning is the same as ASTB but dif-
| fers if Port A is in Mode 2.

| (Refer to 3.4 Basic timing.)

| Register A ready.

| Port A ready.

| Handshake signal to the external device.

| Signal meaning differs depending upon

| operation mode. (Refer to 3.4 Basic

| timing.)

| Machine cycle 1.

| When both Ml and IORQ are at L level, in-
| dicates that MPU is executing the inter-—
| rupt acknowledge cycle. (Refer to 3.4
| Basic timing.) Normally, connected to Ml
|

|

|

|

|

|

|

|

|

!

|
|

|

|

|

|

|

|

|

|

|

|

|
|

ASTB Input

BSTB Input

ARDY Output

Input

of MPU.

1/0 request.

Used to access between MPU and PIO. This
terminal becomes L level when I/0 addresses
are on the address in the write cycle and
read cycle. Further, when IORQ and Ml are
both at L level, it indicates that MPU is
executing the interrupt acknoledge cycle.
(Refer to 3.4 Basic timing.)

Normally, connected to IORQ of MPU.

Read signal.

Used to access between MPU and PIO.
Controls the transfer direction. (Refer to
3.4 Basic timing) Normally, connected to
RD of MPU.

Port B bus.

Data transfer between Port B of PIO and
external device. Capable of driving -1.5mA
(@VoH=1.5V) Darlington transistors.

System clock.

Single-phase clock input.

In DC state (either at H or L level), PIO is
in a stand-by state and power consumption
becomes extermely less.

IORQ Input

&l

Input

1/0
3-state

BO - B7

CLK Input

|
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Pin Name |Number|Input/Output]| Function
|of Pin| 3-state
IEL 1 ] Input | Interrupt enable input.

Together with IEO and INT, forms daisy chain
| interrupt control signal. Connected to
IEO0 of high priority peripheral LSI.
| However, to give higher priority than other
peripheral LSI's to this PIO, connect this
| terminal to the +5V power.
(Refer to 3.3.2 Interruption.)
| Interrupt request.
Interrupt request signal for MPU.
Connect to INT of MPU. (Open drain)
| Interrupt enable output.
| Together with IEI and INT, forms daisy chain
| interrupt control signal. Connected to
| IEI of low priority peripheral LSI.
| However, if this PIO has the lowest priority
| than any other peripheral LSI's, this IEOQ
| is not used.
||
|
|
|
|
|
|
|
!

INT

IEO

(Refer to 3.3.2 Interruption)

PORT B ready

Handshake signal to the external device.
Signal meaning is the same as that of ARDY.
However, it differs when Port A is in Mode
2. (Refer to 3.4 Basic timing.)

BRDY Output

I
I
|
|
|
|

vce Power supply| +5V

Vss Power supply| OV

(RS U SIS P U, USRI AU S U p—
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3.

3.1

Functional Description

Block diagram
The block diagram of PIO is shown in Fig. 3.1.

8
INTERNAL PORT A A0~ A7
CONTROL L0 DATA CONTROL
LOGICAL /7 (PORT 10 _ LINE
OPERATION A LooicaL LINE) %578
CIRCUIT OPERATION ARDY
5 CIRCULT HANDSHAKE
s CONTROL LINE
DO~ D7 <:> MPU BUS
DATA BUS 1/0 .
L,OG1CAL INTERNAI, BUS
S 6 OPERATION | ¥
, .EOEg CONTROL CIRCUIT
¢/D,B/A,R LINE 8
L BO ~ B7
INTER- PORT B DATA CONTROL,
RUPT 1/0 (PORT 10 LINE
CONTROL LOGICAL ILINE)  B57B
LOOICAL OPERATION
OPERATION
ptivat e CIRCUIT HANDSHAKE BRDY
CONTROL LINE
INT .-_____J
1E0 —-—o]
1Bl ———— —
INTERRUPT
CONTROL LILE
Fig. 3.1 Block Diagram
3.2 System cinfiguration (Architecture)

The system configuration of PIO
circuits as below.

consists of four logical operation

(1) MPU Bus Input/Output Logical Operation Circuit

(2) Internal Control Logical Operation Circuit

(3) Interrupt Control Logical Operation Circuit

(4) Port Input/Output Logical Operation Circuit
3.2.1 MPU bus input/output logical operaton circuit

3.2.

This is a circuit for connecting PIO to MPU. This circuit connects PIO
directly to MPU without using other external circuit. However, if a

system becomes large, it becomes necessary to provide an address decoder
and a line buffer.

2 Internal control logical operation circuit

This is a circuit to synchronize the MPU data bus with PIO Port A and
Port B.
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3.2.3 Interrupt control logical operation circuit
This is a circuit to perform processing concerning interrupt of MPU such
as decision of priority.

3.2.4 Port input/output logical operation circuit

This 1is a circuit to connect PIO to external devices. This ciruit
consists of 7 registers and one flip-flop circuit shown below. Data
write to the registers is performed by MPU according to program. Shown

in parentheses is number of bits. The internal port configuration is
shown in Fig. 3.2.

o Data input register (8 bits)
o Data output register (8 bits)
o Mode control register (2 bits)
o Interrupt vector register (8 bits)
o Interrupt control register (2 bits)
o Mask control register (8 bits)
o Data input/output control register (8 bits)
INTERRUPT MODE DAiﬁ EFPUT
VECTOR CONTROL ~—::> /gowTRgi
REGISTER REGISTER REGEQTER
(8 BITS) (2 BITS) (8 BITS)
1T JLWHWTEMME
DATA
LA OUTPUT
| INTERNAL BUS REGISTER
vl (8 BITS)
Il DATA
CONTROL LINE
INTERRUPT MASK DATA
CONTROL  }—N CONTROL b ] INPUT
INPUT DA
REGISTER (——] REGISTER DATA!  REGISTER
(2 BITS) (8 BITS) (8 BITS)
INTERRUPT | HANDSHAKE __55223___:>
REQUEST HANDSHAKE
CONTROL STROBE CONTROL LINE
CIRCUIT

Fig. 3.2 1Internal Port Configuration
(1) Data output register

This register holds data to be transferred from MPU to external devices.
Output data from MPU are transferred through this register.
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(2) Data input register
This register latches data being transferred to MPU from external
devices. All input data to MPU are read into MPU through this register.

(3) Mode control register
This register is used to designate operation modes. Operation modes are
set up through control by MPU.

(4) Interrupt vector register
This register holds vector address of a table that stores atart address
of an interrupt routine. This register is used only when the interrupt
process is performed.

(5) 1Interrupt control register
This register designates condtions for monitoring the input ports. This
register is used only in Mode 3 of PIO.

(6) Mask control register
This register designates which bits of the input port is enable for the
interrupt request. This register is used only in Mode 3 of PIO.

(7) Data input/output control register
This register designates each of the terminals for output/input use.
This register is used only in Mode 3 of PIO.

(8) Handshake control circuit
This circuit controls data transfer with external devices connected to 8
bit input/output ports.

3.3 Basic operation

3.3.1 Reset
PIO has the following two reset functions:

(1) Power ON reset
PIO has a built-in automatic power ON reset circuit.

(2) Reset by externmal signal
When RD and IORQ termiansl are set at H level and Ml terminal kept at L
level for 2 system clocks, PIO is reset immediately after the rise of Ml
terminal.

Reset status

(1) Both ports are set in Mode 1.

(2) Interrupt is disabled.

(3) All bits of the data input/output registers of both ports are reset.

(4) All bits of the mask control registers for both ports are reset and the
completely masked state is resulted.

(5) The port input/output lines of both ports are placed in high impedance
state.

(6) RDY signals for both ports become L level.

The reset status is held until control characters are input. For the
control characters refer to "3.5 Operating procedures".

3.3.2 Interrupt
PIO is capable of generating interrupt when MPU is operating in Mode 2.
The interrupt request signal (INT) from PIO is accepted when MPU is in
the enabled state (after execution of EI instruction). When accepted
INT, MPU latches the interrupt vector (8 bit data) from PIO.
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Based on this data, MPU designates the start address of the interrupt
routine and by calling this routine, starts the interrupt processing.
Since the start address of the interrupt routine can be thus designated
by the interrupt vector from PIO, it is possible for user to call any
address by changing a value of this vector.

The interrupt ends when MPU executes RETI instruction. PIO has the RETI
instruction decoding circuit and is capable of knowing end of the
interrupt by constantly monitoring the data bus.

The interrupt priority of peripheral LSI's is decided by the daisy chain
structure. When peripheral LSI's are connected in series as shown in
Fig. 3.3, peripheral LSI's which are physically closer to MPU will have
higher interrupt priority. Further, in the inside of PIO, Port A has the
higher priority than Port B.

Z80 Peripheral LSI has IEO and IEI terminal. The IEO terminal of a
higher priority peripheral LSI 1is connected to the IEI terminal of a
lower priority peripheral LSI by this signal line. However, the IEI
terminal of a peripberal LSI having the highest priority is connected to
the +5V power supply and the IEO terminal of a peripheral LSI having the
lowest priority is not used. Generation of interrupt is in accordance
with the following rules:

o When the IEI and IEO terminals are both at H level, no interrupt in
progress. At this time, the INT terminal is at H level. In this
state, the interrupt can be requested.

o When PIO outputs the interrupt request signal (INT), the IEO terminal
is made to L level by this PIO. When an interrupt request is accepted
by MPU, the INT terminal returns to H level.

o When the IEI terminal becomes L level, the IEO terminal also becomes L
level.

o When the IEI terminal is at L level, no interrupt request can be made.

o If the IEI terminal becomes L level while interrupt is generated, the
interruption process is kept suspended.

The connection in daisy chain structure allows connection of up to 4
PIO's without providing an e ernal circuit. This is maximum quantity
not to exceed the limit of YEO signal propagation time (time from the
fall of MI signal to the fall of ICRQ signal in the interrupt acknowledge
cycle). Connecting of more than 5 PIO's requires a simple external
circuit.

(1) Before generation of interrupt

| | _H o Vce
| MPU INT | | ] | :
I | I
Vee o_H| INT | 1| INT | 8| INT | H | INT |
| IEI 1EO]| |IEI IEO| |IEI 1EO | |IEI 1EO|
(1) (2) (3) (%)
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(2) Interrupt request from peripheral (2) to MPU

| | L o Vcce
| | | | | |
| | | |
Vee o_H! |_H | | L | | L | |
| | | | | | | |
(3) Response by MPU to interrupt request ..... Execute the interrupt routine

of peripheral (2)

| | H o Vcc

(4) 1Interrupt request from peripheral (1) to MPU ..... Suspends the interrupt
routine of peripheral (2)

| | L o Vece

Vee o _HI | L | | L
| | |

(5) Response by MPU to interrupt request ..... Execute the interrupt routine
of peripheral (1)

| | H o Vcc

(6) The interrupt routine of peripheral (1) ends (execution of RETI command)
«.... Restarts interrupt routine of peripheral (2)

| | H o Vee
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TOSHIBA

(7) The interrupt routine of peripheral (2) ends (execution of RETI command)

| | B o Vce

The interrupt priority of peripheral LSI (1) > (2) > (3) > (4)
Fig. 3.3 Operation of Daisy Chain

3.3.3 Operation mode
PIO is operated in one of the following 4 operation modes. These modes
are selected by writing mode control characters.

Mode 0 (Byte output mode)

Mode 1 (Byte input mode)

Mode 2 (Byte input/output mode)

Mode 3 (Bit mode)

0 0 O o

(1) Mode 0 (Byte output mode)
In Mode 0, PIO sends out data received from MPU to external devices
through the port data output register.
The content of the data output register can be written using an output
command. In addition, it remains unchanged till next output command even
when data on the data bus changed.
Executing an output command by MPU generates a write signal in PIO in the
write cycle. Data on the data bus can be latched in the data output
register by this write signal.

(2) Mode 1 (Byte input mode)
In Mode 1, PIO sends out data received from external device to MPU
through the port data input register.

(3) Mode 2 (Byte input/output mode)

Mode 2 is an operation mode which combined Mode 0 and Mode 1. Mode 2 is
used at Port A only.

In this mode, all of 4 handshake control lines are used. The handshake
control line of Port A is used for data output, and that of Port B for
data input. Port A is used for data transfer and Port B is set in Mode 3
(Bit mode) under which the handshake control line is not used. Interrupt
timing generation is nearly the same in both Mode 0 and Mode 1. 1In case
of the input operation, the handshake control line of Port B is used and
therefore, the interrupt vector written into Port B is transferred. It
is therefore possible to control interrupt of input and output operation
by different vectors.

(4) Mode 3 (Bit mode)
Mode 3 is an operation mode which each bit of 8-bit port can be handled
as an input or output. Since the handshake control line is not used,
normal read/write can be performed.
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In case of write, data sent from MPU to PIO is latched in the data output
register corresponding to bits which are set for output at the same
timing as in Mode O.

Interrupt is generated under the enabled state and when the condition
specified in interrupt control register is satisfied for the bits which
is set as an input. However, if Port A is operating in Mode 2, Port B
cannot generate interrupt in the bit mode. Further, when the interrupt
is used, the interrupt of a bit which is set for output is inhibited, a
mask control register bit corresponding to that bit is set to 1.
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3.4 Status change flowchart and basic timing

Status change flowchart

3.4.1
The status change flowchart of PIO is shown in Fig. 3.4

POWER ON

Cz\f

INITIAL SETTING
SELECT PORT

Cc/D=H

LEVEL ?

JUDGMENT

INTERRUTABL!

NO

MODE 0 OF MODB MODE 1 MODE 3
?
INPUT 7 TES
NO
DATA RECEIVE DATA RECELVE DATA RECELVE DATA RECEIVE
FROM THE FROM MPU FROM THE
FROM MPU EXTERNAL DEVICE EXTERNAL DEVICE
WRITE TO OUTPUT WRITE TO INPUT WRITE TO OUTPUT WRITE TO
REGISTER REGISTER REGISTER INPUT REOISTER
EXTOE;’R'I::\ULT I;TEC:IICE OUTPUT TO MPU L
DATA
COMPOSIT1ON
|
DATA OUTPUT

CO1HNCEDENCE IN

No < INTERRULTION >
CONDITION
\\]/;Es

OUTPUT OF
INTERRUPT
VECTOR
OUTPUT OF
INTERRUPT
VECTOR

Fig. 3.4 (a)
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DATA RECEIVE
FROM MPU

JUDGMENT
OF CONTROL

WORD INTERRUPTION CONTROL 1INTERRUPT
CHARACTER VECTOR
MODE CONTROL
WORD
SETTING OF WRITE OF
SETTING MODE INTERRUPT INTERRUPT
CONDITION VECTOR
NO NO
MODE 3 ?
YES YES
DATA RECEIVE DATA RECEIVE
FROM MPU FROM MPU
SETTING OF PORT
INPUT /OUTPUT SETTING OF MASK

®

Fig. 3.4 (b) Status Change Flowchart of PIO
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3.4.2 Write cycle

Write signal (*WR) is produced in the PIO by IORQ, RD, C/D and CE
signals. At the system clock T2 state, MPU changes the IORQ terminal to
L level and starts the write cycle. At this time, in order to show the
write eycle. Ml terminal needs to be H level. Furhter, signals are sent
from MPU to the B/A terminal and C/D terminal of PIO, respectively, to
designate selection of port, control signal or data. Thus, the data
output register for the selected port of PIO can latch data at the system
clock T3 state. TW is the waiting state that is automatically added by
MPU.

T1 T2 Ty T3 T1

c/D.B/A >C 7(

El

DATA BUS X INPUT x
g N/

¥R=c/

|
—
(e}
2
o

Fig. 3.5 Write Cycle Timing

3.4.3 Readout cycle
At the system clock T2 state, MPU sets the RD, CE and IORQ terminals of
the PIO at L level and starts the read cycle. At this time, in order to
show the read cycle it is necessary to set the Ml terminal at H level.
The PIO output data by CE, IORQ or RD signal. TW is the waiting state
that is automatically added by MPU
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T1 T2 Ty T3 T1

M1

DATA BUS OuTPUT)

w N\ S

*RD = Cc/D *CE-RD ‘TORQ

Fig. 3.6 Readout Cycle Timing

3.4.4 Mode 0 (Byte output mode)
The output cycle in Mode 0 starts when MPU executes an output command.
When MPU executes the output command, a write signal (*WR) is produced in
the PIO in the write cycle. Data on the data bus is latched by this
signal in the data output register of the selected port. The RDY
terminal becomes H level at the first fall of the system clock after the
rise of the write signal (*WR). This indicates that data from the data
output register is already on the port I1/0 terminal.
The external device sets the RDY terminal to L level at the fall of the
first system clock after the rise of the STB terminal through which
information of receipt of this data is input to the PIO, and waits next
output command.
If it is the interrupt enabled state at this time, the INT terminal is
set to L level at the rise of the STB terminal and the interrupt request
signal is output to MPU. The timing chart of Mode 0 is shown in Fig.
3.7.

3.4.5 Mode 1 (Byte input mode)
The input cycle is started when MPU completed the preceding data read.
The external device sets the STB terminal of the PIO to L level and loads
data on the port I/0 line.
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The RDY terminal becomes L level at the first fall of the system clock
after the rise of the STB terminal to inhibit the external device to send
out next data.

If it is the interrupt enabled state at this time, the INT terminal is
set to L level at the rise of the STB terminal and the interrupt is
requested to MPU.

When MPU executes the input command by the interrupt routine, the read
signal (*RD) is produced in the PIO in the read cycle. This signal
outputs data from the selected port data input register to the data bus,
and MPU receives this data. The RDY terminal becomes H level at the
first fall of the system clock after the rise of the read signal (*RD)
and next input is waited. The timing chart of Mode 1 is shown in Fig.
3.8.

T2 Ty T3

|/

PORT INPUT/
OUTPUT LINE PREVIOUS DATA K DATA FROM MPU

——

*WR = C/D - CE-IORQ

]
|
tol

-
4

Fig. 3.7 Mode 0 Timing
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T2 Tw T3

CLK I | l | | % l |
[
RDY \

|

2]
-
w

-

————— — 4

PORT INPUT/

OUTPUT LINE ___ ___ __ - -
I—

*RD

*RD = c/D - CE-RD- TORQ

Fig. 3.8 Mode 1 Timing

3.4.6 Mode 2 (Byte input/output mode)
Mode 2 is an operation mode combining Mode O and Mode 1.
The timing of output operation is almost identical to that of Mode 0.
However, in Mode 2 data is output only when the ASTB terminal is at L
level while in Mode 0, data is always output to the port input/output
line. External devices can receive data at the rise of the ASTB signal
using it as a latch signal. =
The timing of input operation is identical to that of Mode 1.
The handshake line of Port A is used for output control and the handshake
line of Port B for input control.
Further, the interrupt vector produced by the BSTB signal when Port A is
in input operation and that produced when Port B is used in Mode 3 will
become the same value. For this reason Port B masks all bits by setting
the mask control words so that the interrupt function is not used.
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ARDY
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BRDY

to|
1]
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t
—
I

3

PORT A INPUT
/OUTPUT LINE

INPUT

*WR

*¥R =c,/D- CE-IORQ

Fig. 3.9 Mode 2 Timing

3.4.7 Mode 3 (Bit mode)

In this mode, the handshake line is not used. Therefore, the normal port
read/write can be performed and read and write of the port is possible
any time. Write from MPU is 1latched in the data output register
corresponding to a bit which is set for output at the same timing as that
of Mode 0. Except when Port A is used in Mode 2, the RDY terminal of a
port operating in Mode 3 is fixed at L level and data being transferred
is composed of two data of the data output register and data input
register. That is, data in bits that are set for output and data in bits
set for input are composed into one data.

Interrupt is generated when the interrupt is enabled and bits that are
set for input satisfy conditions specified by the mask control register
and interrupt control register. However, when Port A operates in Mode 2,
Port B is not capable of producing any interrupt in Bit Mode. Further,
when the interrupt is used, in order to inhibit interrupt of a bit that
is set for output, a mask register bit corresponding to that bit is set
to 1.

An interrupt request is generated at the point of time when the logical
condition becomes true. In addition, when the logical condition becomes
true immediately before the Ml terminal becomes L level or the Ml
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terminal is at L level, an interrupt is generated at the rise of the Ml
terminal.

I0RQ \ /

|

PORT INPUT/
OUTPUT LINE DATA 1 DATA 2

DATA BUS

INPUT

INTERRUPT CONDITION
1S SATISFIED DATA 1 1S PUT ON BUS

Fig. 3.10 Mode 3 Timing

3.4.8 Interrupt acknowledge cycle
At the same time INT signal set to L level, the PIO sets the IEO terminal
at L level to inhibit interrupt request from lower priority order LSI.
When receiving the interrupt request signal (INT) from the PIO, MPU sets
the Ml and IORQ terminals of the PIO at L 1level as the interrupt
acknowledge signal. The IORQ terminal becomes L level later than the Ml
terminal by 2.5 system clocks. In order to stabilize the daisy chain
connected signal lines, IEI and IEO signals, the ports and peripheral LSI
cannot change interrupt requests during interrupt acknowledge cycle.
The RD terminal is kept at H level to distinguish the interrupt
acknowledge cycle from the command fetch cycle. If the IORQ terminal
becomes L level when the IEI terminal is at H level, interrupt vector is
output to the data bus from the port requesting the interrupt
At this time, 2 system clocks are automatically inserted by MPU as the
waiting state to keep stability of the daisy chain connect.
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CLK

m T\ L/

g

DATA BUS VECTOR

IEO
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Fig. 3.11 1Interrupt Acknowledge Cycle Timing

3.4.9 Return from the interrupt cycle
Return from the interrupt is effected when MPU executes RET1 command.
This RETI command must be used at the last instruction of the interrupt
routine. The execution of this RETI command by MPU returns the IEI and
IEO terminals of the PIO to the state before interrupt.

RETI command is a two byte command and its code is EDH and 4DH. The PIO
decodes the codes of RETI command and desides a port which makes next
interruption request. In the daisy chain structure, at the point of time
when the command code EDH is decoded, the IEI terminal of a peripheral
LSI making the interrupt is kept at H level and the IEO terminal at L
level. If the code following EDH is 4DH, an LSI that transmitted the
interrupt immediately before the decoding, that is, only the LSI with IEI
terminal at H level and IEO terminal at L level is returned from the
interrupt. As a result, the interrupt process of a lower priority
peripheral LSI was suspended.
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Fig. 3.12 Return Timing from Interrupt Cycle

3.5 Operating procedures
To operate the PIO it 1is necessary to write several control registers
into the PIO for initialization.
On a system with the C/D terminal connected to the Address A0 and B/A
terminal connected to Address Al, the write is performed separated for
Port A and B.

I I I

| |
| __B/A (Al) c/D (A0) CE Register Select |
| 0 0 0 PORTA DATA REGISTER. |
| 0 1 0 PORTA CONTROL REGISTERS |
| 1 0 0 PORTB DATA REGISTER. |
| 1 1 0 PORTB CONTROL REGISTERS |
| X X 1 - |

(1) Interrupt vector register

| | | |
D7 | D6 | D5 ) D4 | D3 | D2 | DL | O

[ ] Denotes the interrupt vector

| words

| 5 Interrupt vectors given by
user

o MPU generates the start address of the interrupt processing routine by
this vector and the content of address shown by the control of I
register of MPU.

o Dl to D7 are written into the interrupt vector register.

o If no interrupt is used, the interrupt vector words are not required.
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(2) Mode control register

| | Denotes the mode control
| words
| Not used.

(Either 0 or 1 will do)
| " D7=0, D6=0 : Mode
| D7=0, D6=1 : Mode
| D7=1, D6=0 : Mode
|_P7=1, D6=1 : Mode

>

WN~=O

o Designates operation modes.
o D7 and D6 are written into the mode control register.

(3) Data input/output control register

| >l-b : for output
|1 for input
o Required only for Mode 3
o When Mode 3 is designated by mode control register, write following a
mode control register.
o Designates each termnal of the port for output or input.
o DO to D7 are written into the data input/output register.

(4) Interrupt control register

register.
| 0 : Mask word follows.

|
| 5 Denotes the interruptvector
|
I

>I_l : Mask word follows.
"0 : Generate interrupt when
N the input line is at L level.

—

|
|
| : Generate interrupt when

I_ the input line is at H level.

| 0 : Generate interrupt at
>| logical condition "OR".

|

|

—

: Generate interrupt at
logical condition ''AND".

>l 0 : Disable interrupt request
1 : Enable interrupt request
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Set the interrupt generating conditioms.

D4, D5 and D6 are used only in Mode 3.

If D6 is set at 0 (D6=0), interrupt is generated when any one bit that
is not masked (monitored) by the mask control register become active.
If D6 is set at 1 (D6=1), interrupt is generated when all bits that are
not masked (monitored) by the mask control register become active.

If D4=1, all bits which are pending will be reset in any operation
mode.

D5 and D6 are written into the interruption control register.

(5) Mask control register

| D7 | D6 | D5 | D4 | D3

o6 T o5 | o0 | 3 | o2

1 I |
| DL | DO |

| 0 : Monitored for inter-
| rupt

| 1 : Non monitered for

| interrupt

Required only for Mode 3

If D4 is set at 1 (D4=1) by the interrupt control register, the mask
control word is written following the interrupt control register.

If a bit is set at 0, the corresponding input line is monitored.

If a bit is set at 1, the corresponding input line is not monitored.
The PIO checks only the input 1line which has 0 data and requests
interrupt if the interrupt generation condition is satisfied.

DO to D7 are written into the mask control register.

Since four handshake control lines are all used in setting Port A in Mode
2, it is necessary to set Port B in Mode 3 in which the handshake control
line is not used. In this case, all bits should be masked by the mask
control register (all bits are set at 1).

(Note) It is possible to set only generation of interrupt by the control

register shown below.

] N Denotes a control register
that sets enable/disable
interrupt
Not used (Either 0 or 1 will
do).

| 0 : Disable interrupt

N

>

|_1 : Enable interrupt
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4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS
| Symboi | Item | Rating | Unit |
| vce | Supply Voltage | -0.5 to +7 v
| ——mm - |~ et | —mm e | ——emm |
| VIN | Input Voltage | -0.5 to Veec + 0.3 | Vv |
jrmmm [ = e e e D | mmmmmem |
| PD | Power Dissipation | 250 | oW |
e [mm | - |
| TSOLDER | Soldering Temperature (10 sec) | 260 | °c
| = Jrm e [mmmm e e | == e |
| Tstg | Storage Temperature | -65 to 150 I °c
| === | = e e e R | [
| Topr | Operating Temperature | -40 to 85 | °¢c
4.2 DC ELECTRICAL CHARACTERISTICS
TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV
| SYMBOL | PARAMETER | TEST CONDITION | MIN. [TYP.| MAX. [UNIT|
| VILC | Low Clock Input [ | -0.3 [ - | 0.6 | V|
| | Voltage | | | | | |
| VIHC | High Clock Input [ |vcc-0.6 | - [vcc+0.3] VvV |
| | Voltage | | | | |
| VIL | Low Imnput Voltage | | -0.5 | - | 0.8 | v/
| | (Except CLK) | | | | | |
| VIH | High Input Voltage | | 2.2 | - [lvce | v
| | (Except CLK) | | | | | |
| voL | Output Low Voltage | IOL = 2.0mA | - -1 0.4 | v
| | | | | | | |
|7 VOH1 | Output High Voltage | IOH = -1.6mA | 2.4 | - | - | V|
| | (D | | | | | |
| VOH2 | Output High Voltage | IOH = -250uA | vCcc-0.8] - | - [ v |
| | (11) | | | | | |
| ILl | Input Leakage | vss{ VINS veC | - - 1 #10 | vA |
| | Current | | | | | |
|7 ILO | 3-state Output [ vSsS + 0.4< VOUT] | | | |
| | Leakage Current in | < VCC | - 1= 1 +10 | ua |
| | Float | | | | | |
| | | | | | | |
| | [ vee=5v  [P/F | | | | |
| | | fCLK=(1) |AP/AF]| - 12 | 5 | ma |
| 1cCl | Power Supply Current| VILC=VIL | | | | | |
| | | =0.2v |AP-6 | ] [ | |
| | | VIHC=CIH |/AF-6]| - 13 | 8 | ma |
| | | =vcc-0.2v]| | | | | |
| [ Standly Supply [ VILC=VIL=0.2 | | | | I
| 1cc2 | Current | VIHC=VIH | - |1 0.5 10 | uwAl
| | | =vcc-0.2v | | | | |
| IOHD* | Darlington Drive [ voH=1.5V [ -1.5 T- T -5.0 ma |
| | Current,(2) | REXT = 1.1K | | | | |

Note (1) fCLK=1/tcC(MIN.)
(2) Port B only
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4.3 AC ELECTRICAL CHARACTERISTICS

TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV

| 4MHz 6MHz | |
| NO. | SYMBOL 1 PARAMETAER |p/AP/AF |AP-6/AF-6|UNIT|
| MIN. [MAX. [MIN.MAX. |
|1 TcC Clock cycle time 250| DC 165] DC [ mns |
|2 TwCh High clock pulse width 105] DC 65| DC | ns |
| 3 TwCl Low clock pulse width 105] DC 65] DC | ns |
|4 TfC Clock falling time =1 30 = 20 ns |
E TrC Clock rising time T =731 - 20 | ns |
| I ] ] T I [
| 6 | TsCS(RI) | CE, B/A and C/D Set-up I 50 -1 50! -1 ns |
| time for RD, IORQ |
| %7 Th Hold time 40 - 40 - ns |
| | |
| 8 | TsRI(C) | BD, TORQ set-up time for | 115| - | 70| =- | ns |
| | | clock rise | | | | | |
| | | _ | | | | |
| 9 | TdRI(DO) | Delay from RD, IORQ fall | - | 380 - [300 | ns |
| | | to data output | | | | ! |
| | | . | I | | |
| 10 | TdRI(DOs) | Delay from RD, IORQ rise | - | 110] - | 70 | ns |
| | | to data float | | | | | |
| 11 | TsDI(C) | Data set-up time for | 50| -1 40| -] ns |
| | | clock rise | | | | | |
| | | | | [ | | |
| 12 | Td10(DOI) | Delay from IORQ fall of | - | 160 - [120 | ns |
| } | INTA cycle to data output | | | ]I } |
| [ | [ | |
[ 13 | TsMl(Cr) | Ml=L set-up time for [ 90l -1 70 - 1| ns |
| | | clock rise | | | | | |
| | [ | | [ | [ |
| 14 | TsMl(CE) | Ml=H set-up time for | ol -1 0] -1 ns |
| | | clock fall (Ml cycle) | | : { I' :
| | | | |
| 15 | TdMl(IEO) | Delay from M1 fall to | -1 190] - {100 | ns |
| | | IEO fall I (D] | |
| | | | | | I | |
| 16 | TsIEI(I0) | IEI set-up time for IORQ | 140 =~ | 100] - | ns |
| | | fall (INTA cycle) | | | I |
| 17 | TdIEI(IEOf) | Delay from IEI fall to I = 1130 - ]120 | ns |
| | | IEO rise I | I I I
| | | Delay from IEI rise to [ =1 160 - |150 | ns |
: 18 ; TdIEI (IEOr) } IEQ fall } ; } I i
| 19 | Tc10(C) | IORQ=H set-up time for | 2001 - | 1701 - | ns |
I | | clock fall | | I | | I
| 20 | TdC(RDYr) | Delay from clock fall to | - | 190] - [170 | ns |
| | | READY rise | | | | |
| 21 [ Tdc(RDYE) [ Delay from clock fall to | - [ 1407 - [120 | ns |
| | | READY fall | | I I I I
| | [ [ 150] | 120] [ l
| 22 | TwSTB(C)) | STROBE pulse width | ()] | =1 =-1mns|
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| 4MHz 6MH z |
PARAMETAER |P/AP/AF | AP-6/AF-6|UNIT
|MIN. [MAX. [MIN. |MAX. |
I [ I
220] 150

SYMBOL

TsSTB(C) Set-up time of STROBE
rise for clock fall
(in case of making READY

to active by next cycle)

TdIO(PD) Delay from IORQ rise to 0
port data stable
(Mode 0)

Data set-up time for
STROBE rise

(Mode 1)

[

|

|
| |
| |
| |
| |
I T
24 | |
| |
| |
| I
| |
I |

TdSTB(PD) |  Output data delay time | -

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| I

ns

25 TsPD(STB)

18
26 210 ns

from STROBE fall
(Mode 2)

27 TdSTB(PDr) Delay from STROBE rise 180
to data float

(Mode 2)

Delay from port data
match to INT fall

(Mode 3)

ns

28 TdPD (INT) 490 ns

29 TdSTB (INT) Delay from STROBE rise 440 ns

to INT fall
(Mode 2)

I
I I
I |
I |
I I
I I
I |
| |
I I
I I
I I
I I
| I
| |
[ I
| I
| I
I I
[ I
I I
I !
[ |
I I
I I
! I

Note 1 Item with * mark (No.7) is not compatible with NMOS Z80 PIO.
Note 2 (1) 1If the daisy chain is at N stage,
2.5 TcC>(N-2)TAIEI(IEO0f)+(TdML (IEO)+TsIEI(IO)+TTL buffer delay
must be satisfied.
(2) In Mode 2, TwSTB>TsPD(STB) must be satified.
(3) AC test condition : Input - VIH=2,4V, VIHC=VCC-0.6V, VIL=0.4V,

VILC=0.6V
Output - VOH=2.2V, VOL=0.8V
CL=100pF
4.4 Capacitance

TA = 25°C

| SYMBOL | ITEM TEST CONDITION MIN.|TYP.|MAX. |UNIT|
| CCLOCK | Clock Input f=1MHz - - 5 | pF |
| Capacitance All terminals except that |
| _CIN Input Capacitance| to be measured should be | - - 5 | pF |
| cout Output Capacitance| earthed. | - - 110 | pF |
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5. Package Dimension
Unit in mm

5.1 Plastic Package

21
ﬁhhhnnhhnhhnnhhhﬁ
) =
o
~
A
uuuuuuuuUuDuuuuuuu%
%
s =
= 13MAX — 15244025
o 51 3 .
w -
['s]
(=]
4 A I \
T L,
/, \
— b \
N I
= +01
0.5+£015 2 544025
Z + - ozs¥92. |
o« 144015 0~15°
0

Note 1. This dimension is measured at the center of bending point of

leads.
Note 2. Each lead pitch is 2.54mm, and all the leads are located within

+0.25mm from their theoretical positioms with respect to No.l
and No.40 leads.
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Unit in mm
5.2 44-pin mini-flat package

035
T 08 (Pitch)
-
| -
23 32 31 30 29 %5 27 26 25 24 3
| e— - ! 2200r—m
| en— - ) ' | (AN = = — |
| s— - ) 00—
| men = K lofrr—" -
| s— ] MARKING REC] o o — o o
==xr3o —_— 1= A F
T w0 ] AREA PP e — S e
C—Ia ! ! 1sfIr—m o C
C—Tid42 1[I
| s = w P13 | Y o o |
| so— = VY'Y - - 12—
>\ 45 678 9101
@ [] [] []
Q.
oS ﬂ
hed  Sed d bl L
140401
(17.6+03)
180+ 025 l
MARK ;,
- (06) (12+02) R
o o
pr —
n
-
(=]
.
o -~
- xR
(=) -~
l ot
152103
I

—200—



TOSHIBA INTEGRATED CIRCUIT TMPZ84C30P, TMPZ84C30AP/AP-6

TECHNICAL DATA TMPZ84C30F, TMPZ84C30AF/AF-6

TMPZ84C30P, TMPZ84C30AP, TMPZ84C30AP-6, TMPZ84C30F, TMPZ84C30AF, TMPZ84C30AF-6
TLCS-Z80 CTC: COUNTER TIMER CIRCUIT

1. General Description and Features

The TMPZ84C30P (hereinafter referred to as CTC) is CMOS version of z80
CTC and has been designed to provide low power operation.

The TMPZ84C30P 1is fabricated wusing Toshiba's @MOS Silicon Gate
Technology.

The principal functions and features of the CTCs are as follows.

(1) Compatible with the Zilog Z80 CTC.

(2) Low power consumption

3mA Typ. (@5V @4MHz) ... TMPZ84C30P/F

2.5mA Typ. (@5V @4MHz) ... TMPZ84C30AP/AF
4mA Typ. (@5V @4MHz) ... TMPZB4C30AP-6/AF-6
10uA Max. (@5V, Stand-by)

(3) DC to 4MHz operation ... TMPZ84C20P/F, TMPZ84C20AP/AF
DC to 6MHz operation ... TMPZ84C20AP-6/AF-6

(4) Ssignle 5V power supply and single-phase clock. 5V + 10%

(5) Capable of driving Darlington transistors.

(6) Four independent countor/timer channels each of which is capable of
independently selecting Timer Mode and Counter Mode.

(7) Each channel is provided with a prescaler to divide system clock into
16 or 256.

(8) Built-in interrupt control logical operation circuit allows priority
processing of interrupt in Daisy-chain structrure and automatic
loading of 8 bit interrupt vector on the system bus.

(9) Four channels occupy &4 successive positions in the Daisy-chain
structure. Most significant channel 1is Channel O and 1least
significant channel is Channel 3.

(10) 1In both modes, at the zero count, the content of the time constant
register is automatically loaded on the down counter.

(11) In either Counter Moder or Timer Mode, the content of the down
counter is readable by the microporcessor (hereinafter referred to as
MPU) .

(12) Interrupt function available in Z80 MPU Mode 2.

(13) In Timer Mode, the timer operation is selectable at the rise or fall
of the starting trigger. In addition, in Counter Mode the decrement
(-1) of the content of the down counter either at the rise or fall of
external clock is selectable.

(14) Programming to generate interrupt by zero count by the down counter
in each channel is possible.

(15) 40 pin DIP package, 44 pin Mini Flat package.

(Note) ZB80(R) is a registered trademark of Zilog Inc., U.S.A
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2. Pin Connections and Pin Functions

2.1 Pin connections (Top View)
The pin connections of the CIC are as shown in Fig. 2.1.

6
%EEgégsgégE
paed:r ~ zshpbs H””n”ﬂﬂﬂﬂﬂﬂ
N N~O0 00N © W0 @M
gigz :;gif NC[:::unnnnNNNNNNN?ZZIﬂ
Ccs1 —as 21 1 TORQ
D7 O¢ 25 [ DO CLK/TRG3 36 20— nc
Vss s o +fAVee CLR/TRO2 3~ 19——3Jzc/T02
RO O6 2 23 P CLK/TRGO . NC 138 18—/ i(:/rm
ooty S mbomme o e =
zc/To1 e ® 21 CLK/TRe2 CLE/TRO0 41 1s—nc
26,102 09 o 20 PJCLK/TRG3 NC ez 1¢—rRp
T0Re gao E 19PRcs1 vee(sv) s 13— oND(0V)
1E0 011 18 HAcso Ne C3es L /o
_I E 14 15 JCLK O =N 00D OO0 W © O
RARAQzzzAAQAAR=Z
(Note) NC must be used at open condition.
*ICV must be used at open
Condition or Connected with Vcc.
(a) DIP Pin Connection (b) MFP Pin Connection

Fig. 2.1 DIP Pin Connections

2.2 Pin names and functions
I/0 pin names and functions are as shown in Table 2.1.

Table 2.1 Pin Names and Functions

Pin Name |Number|Input/Output
|of Pin| 3-state

8 | 1/0
3-state

Function

DO - D7 8-bit bidirectional data bus.
Data transfer between MPU and PIO
Read signal.

I

I

|

l

l —
Input | This_signal is used in combination with IORQ

|

|

|

|

I

and CEP signals for transfer of data and
channel control words between MPU and CTC.
In both counter and timer modes the output
is an active high pulse when the down-
counter decrements to zero.

Output

|

|

|

I
I
| RD
|

|

| "ZC/T00
I .

I

|
| |
| I
I |
| |
| |
| I
| |
l I

ZC)TOZ
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Pin Name |[Number|Input/Output
|lof Pin| 3-state

Function

I1/0 request signal. _
This signal is used in combine with RD and
CE signals for transfer of data and channel
control words between MPU and CTC.
Interruption enable output.

Controls interruptions by subordinate peri-
pheral LSI's in the Daisy-chain structure.
This terminal becomes H level only when the
IEI terminal is at H level and MPU is not
providing the interruption service to chan-
nels in CTC.

Interruption request.

This terminal becomes L level! if a down-
counter for any channel in CTC counts zero
when the IEI terminal is at H level and
interruption is authorized by a program.
Interruption enable input.

This terminal indicates presence of inter-
ruption by a host peripheral LSI.

Machine cycle 1.

Informs the machine cycle from MPU. In
combination with the ROD signal, indicates
that MPU fetches commands from the memory,
and in combination with the IORQ signal,

|

|

[
1 |
|
|
[
|
|
|
|
|
|
f
|
|
|
|
|
|
|
|
|
!
|
| indicates that MPU is in the interruption
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
|

IORQ Input

IEO Output

INT Output

IEI Input

Input

acknowledge cycle. This terminal is used,
in combination with the IORQ signal, to send
the interruption vector to MPU.
Single-phase clock inmput.

Single-phase Z80 standard system clock is
inputted to this terminal. When this CLK
terminal is in the DC state (high or low
level), the CTC is placed in the stationary
state.

Chip enable.

Used to write MPU-CTC channel control word,
interruption vector, and time constant or
to read the content of a downcounter for
each_channel in combination with the IORQ
and RD terminals.

Reset signal.

When the reset signal is inputted to this
terminal, all channels stop to operate and
interruption enable bits in all channel
control registers are reset. This RESET
terminal must be kept at L level for at
least 3 system clocks.

Channel selection.

Any one of four channels of the CIC is
selected by 2-bit code at time of read/
write,

CLK Input

Input

RESET Input

CS0 - csl Input

|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|
|
|
|
|
|
|
|
|
|
|
|
f
|
|
|
I
|
l
|
|
|
|
|
|
|
|
|
I
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Pin Name |Number|Input/Output
|of Pin| 3-state

|

Function

External clock/timer trigger.

There are 4 CLK/TRG terminals correrespond-
ing to 4 channels. At the leading or
trailing edge of active signals which are
inputted through these terminals, the con-

|

|

|
4 |
|
|
|
| tent of down counter is decremented (-1) in
|
|
|
]
|
|
|
|

CLK /TRGO Input

CLK/TRG3
Counter Mode, while the timer operation is

started in Timer Mode. Active leading edge
or trailing edge is selectable.

Vece 1 Power Supply| +5V

Vss 1 Power Supply ov

i
|
[
|
}
I
|
I
|
|
I
|
|
|

|
|
|
|
|
I
|
l
|
1
:
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3. Functional Description

3.1 Block diagram
The block diagram of CTC is shown in Fig. 3.1.

.
LOGICAL — > 2C,/TO0
OPERATION CHANNELO
CIRCUIT —v CLK/TRGO
DATA p
Do~ Dy { =
MPU BUS .
7C,/TO1
1/0 A - Y CHANNEL1
Lootcar [ LNTERNAL BUS ~— CLKTRG1
OPERATION
CONTROL CIRCUIT
GE
cso J L~ zc/T02
cs1 CHANNELZ
M1 INTERRUPT le— CLKTROZ
10Rq LOG1CAL
RD OPERATION
CIRCUIT
1 ) CHANNEL3 |=— CLK,TRG3

IEO IEI INT

Fig. 3.1 Block Diagram

3.2 System cinfiguration
The system configuration of CIC consists of four logical operation
circuits as below.
(1) MPU Bus Input/Output Logical Operation Circuit
(2) Channel Control Logic
(3) Interruption Control Logical Operation Circuit
(4) 4 Independent Counter/Timer Channel Logical Circuit

3.2.1 MPU bus input/output logical operaton circuit
This is a circuit for connecting CTC to MPU. This circuit connects CIC
directly to MPU without using other external circuit. However, if a
system becomes large, it becomes necessary to provided an address decoder
and a line buffer.

3.2.2 Internal control logical operation circuit

This circuit controls the overall chip operation function like the chip
enable, reset and read/write circuit.
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3.2.3 Interruption control logical operation circuit
This circuit performs processes of MPU relative to interruption such as
decision of priority, etc.
Priority of peripheral LSI's is decided according to their physical
locations in the Daisy-chain connection.

3.2.4 Counter/timer channel logical operation circuit

This counter/timer channel logical operation circuit consists of the
following two registers and two counters. The figures shown in
parentheses is number of bits. The configuration of this counter/timer
channel logical operation circuit is shown in Fig. 3.2.

o Time constant register (8-bit)

o0 Channel control register (8-bit)

o Downcounter (8-bit)

o Prescaler (8-bit)

CHANNEL CONTROL TIME CONSTANT
REG1STER(8 BITS) REGISTER(8 BITS)

P

INTERNAL BUS

< d
SYSTEM CLOCK PRESCALER DOWN COUNTER Z¢,/TO
———— ] p——
(8 BITS) (8 BITS)

CLK/TRG

Fig. 3.2 Counter/Timer Channel Logical Circuit

(1) Timer constant register
This register retains time constants that are written into the down-
counter. When the CTC is initialized or the downcounter counts zero,
time constants are loaded on the downcounter. Time constants are set
immediately after MPU writes channel control word into the channel
control register. Time constants that can be set are integers ranging
from 1 to 256.

(2) Channel control register
This register selects channel modes and conditions by the chanmel control
word provided from MPU.

(3) Downcounter
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The content of the time constant register is loaded on this downcounter
and its content is decremented (-1) at every edge of external clock in
case of Counter Mode and for every clock output of the prescaler in case
of Timer Mode. The content of the time constant registger is loaded at
time of initialization and when the downcounter counts zero.

The content of the downcounter can be read out anytime. In addition, it
is also possible to program so as to generate an interruption request
every time when the downcounter counts zero.

(4) Prescaler
The prescaler is used only in Timer Mode and divides the system clock
into 1/16 or 1/256. Whether the system clock is to be divided into 16 or
256 is programmed by the channel control word. Further, output of the
prescaler becomes clock input to the downcounter.

3.3 Basic operation

3.3.1 Reset

After power ON, the CTC is in the unstable state. To stabilize the CTC,
apply a signal of L level to the RESET terminal. Before starting any
channel in Counter Mode or Timer Mode, it 1is necessary to write the
channel control word and time constant data into the registers for the
channel to be started. In addition, to make a programming to enable
interruption, it is necessary to write the interruption vector words into
the interruption control circuit. When these data are written into the
CTC, it becomes ready to start.

3.3.2 Interruption
The CTIC is capable of producing the interruption while MPU is operating
in Mode 2.
The interruption by the CTC can be programmed for each channel and the
interruption request signal (INT) 1is output every time when the

downcounter of each channel counts zero. When MPU accepts the
interruption request from the CTC, the CTC outputs the interruption
vector. Based on this interruption vector, MPU designates the top

address of the interruption processing routine and MPU starts the
interruption process by calling this interruption processing routine.

Since MPU designates the top address of the interruption processing
routine by the interruption vector received from the CTC, users can call
optional address by changeing this vector value.

The interruption process is ended when MPU executes RETI command. The
CTC is provided with the RETI command decoding circuit and is therefore
able to know end of the interruption process by constantly monitoring the
data bus.

Interruption priority among peripheral LSIs is decided by their
connection in the Daisy-chain structure. Peripheral LSIs are connected
in series and higher priority is given to peripheral LSIs which are
located physically more closer to MPU. Further, as to the priority of
channel in the CTC, the highest priority is given to channel 0 and
priority beocmes lower in order of Channel 1, 2 and 3.
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Peripheral LSI's have the signal lines for the IEO and IEI terminals, and
the IEO terminal of a host peripheral LSI is connected to the IEI
terminal of a subordinate peripheral LSI. However, the IEI terminal of a
peripheral LSI with the highest priority is connected to the +5V power
terminal and the IEO terminal of a lowest priority peripheral LSI is not
used. Interruption under this condition is generated according to the
following rules:

o When the IEO and IEI terminals are both at H level, no interruption is
generated. At this time, the INT terminal is at H level. In this
state, the interruption request can be available.

o When the CTC output the interruption request signal (INT), this CTC
resets the IEO terminal to L level. When the interruption is accepted
by MPU, the INT terminal returns to H level.

o When the IEI terminal becomes L level, the IEO terminal also becomes L
level.

o When the IEI terminal is at L level, no interruption request can be
available.

o If the IEI terminal is turned to L level while the interruption is
generating, the interruption process is kept suspended.

3.3.3 Operation Modes
The CTC is operated in the following alternative operation modes.
Selection of these modes is performed by writing the channel control
word.
o Counter Mode
o Timer Mode

(1) Counter mode
In counter mode, number of input edges at the CLK/TRG terminal is counted
and after inputting pulses. The content of the downcounter is
decremented by -1 synchronizing with the rise of next system clock.
Pulse edge to be counted can be designated either at the leading or
trailing edge by the channel control word.
When the content of the downcounter becomes zero, time constant data that
are written into the time constant register are automatically loaded into
the downcounter. To load new time constant data into the downcounter,
new time constant data is written into the time constant register. These
new data will be loaded after the present counting operation is ended.

(2) Timer mode
In timer mode, a time interval of integral number times of the system
clock cycle is generated. The time interval is measured on the basis of
the system clock, and system clock is supplied to the prescaler. The
prescaler divides this system clock into 1/16 or 1/156. Further, output
of the prescaler is used as the clock to decrement (-1) the downcounter.
Time constant data is automatically loaded onto the downcounter every
time when the downcounter counts zero in the same manner as in Counter
Mode.
When the content of the downcounter is reduced to zero, pulse in the
fixed cycle is output from the ZC/TO terminal.

This pulse is given by the following formula:
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tc * P * TC

tc : System clock cycle

P : Prescaler value (16 or 256)

TC : Time constant data (256 at OOH)
Whether the starting of the timer operation 1is automatically mode or
performed at the edge of the CLK/TRG terminal and case of the CLK/TRG
terminal, whether it is performed at the leading edge or trailing edge is
designated by the channel control word.

3.4 Status change flowchart and basic timing

3.4.1 Status change flowchart
The status change flowchart of CTC is shown in Fig. 3.3
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Fig. 3.4 (a)
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DOWN COUNTER

TLIME CONSTANT
LOAD

DOWN COUNTER - 1
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DOWNCOUNTER
=07?

YES

TIME CONSTANT
LOAD

Fig. 3.4 (b) Status Change Flowchart of PIO

3.4.2 Write cycle
The write cycle is used for writing channel control word, interruption
vector and time constant.
In the next system clock T2, MPU changes the IORQ terminal of CTC to L
level and starts the write cycle. At time of starting the write cycle, a
2-bit code is added to the CS1 and CSO terminals of the CTC to designate

a channel. The CTC internal registers are ready to secure data at the
system clock T3. Tw is in the waiting state which is automatically added
by MPU.
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T1 T2 Ty T3 T1

Cso0,cs1,CE X CHANNEL ADDRESS X

DATA X INPUT X

Fig. 3.5 Write Cycle Timing

3.4.3 Readout cycle

The read cycle is used to read out the content of the downcounter.
At the system clock T2, MPU sets the RD and IORQ terminals of the CTC at L
level and starts the read cycle. At time of starting the read cycle, a 2-bit
code is added to the CS1 and CSO terminals of the CTC to designate a channel.
The content of the downcounter at time of the rise of T2 is output to the data
bus at the rise of the system clock Tw. Tw is the waiting state which is
automatically added by MPU.

T1 T2 Ty T3 T1

Cs0,C81,CE ijl CHANNEL ADDRESS X
IORg \ /
TN

DATA OUTPUT

Fig. 3.5 Read Timing
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3.4.4 Counter mode
In counter mode, the content of the downcounter is decremented (-1)
synchronizing with the system clock by the edge of pulse added from the

external circuit connected to the CLK/TRG terminal. Cycle of the pulse
added to the CLK/TRG terminal must be larger by two times or more than
the system clock. In addition, a setup time becomes necessary between

the active edge of the CLK/TRG terminal and the rise of next system
clock. If a setup time between the active edge of the CLK/TRG terminal
and the rise of next system clock is short. The downcounter decrements
its content by one (-1) one cycle behind the system clock.

When the content of the downcounter becomes zero, H level pulse will be
output from the ZC/TO terminal.

CLK

CLK,/TRG

INTERNAL
COUNTER

ZC/TO

Fig. 3.6 Counter Mode Timing

3.4.5 Timer mode

The timer operation is started by the second rise of system clock at the
edge of pulse added from the external circuit conneced to the CLK/TRG
terminal. Cycle of the pulse added to the CLK/IRG terminal. Cycle of
the pulse added to the CLK/TRG terminal must be larger by two times or
more than the system clock. In addition, a setup time becomes necessary
between the active edge of the CLK/TRG terminal and the rise of next
system clock. 1If a setup time between the active edge of the CLK/IRG
terminal and the rise of next system clock is short. The timer starts
one cycle behind the system clock.

CLK

CLK/TRG

INTERNAL TIMER OPERATION
TIMER START

Fig. 3.7 Timer Mode Timing

3.4.6 Interruption acknowledge cycle
After transmitting the interruption reqeust signal (INT), the PIO sets
the IEO terminal at L level to inhibit interruption request by low order
LSI.
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Receiving the interruption request signal (INT) from the CTC, MPU sets
the Ml and IORQ terminals of the CTC at L level as the interruption
acknowledge signal. The IORQ terminal becomes L level later than the Ml
terminal by 2.5 system clocks. In order to stabilize the daisy chain
connected signal lines, IEI and IEO signals, each channel cannot change
interruption requests.

The RD terminal is kept at H level to distinguish the command fetch cycle
from the interruption acknowledge cycle. During this period, the
interruption control logical operation circuit in the CTC decide the most
high order channel requesting the interruption. If the IORQ terminal
becomes L level when the IEI terminal is at H level, interruption vector
is output to the data bus from the most high order channel requesting the
interruption

At this time, 2 system clocks are automatically inserted by MPU as the
waiting state to keep stability of the daisy chain connection.

IEI / \
DATA VECTOR

Fig. 3.8 Interruption Acknowledge Timing

3.4.7 Return from the interruption cycle
Return from the interruption is effected when MPU executes RET1 command.
This RETI command must be used at the last stage of the interruption
processing routine. The execution of this RETI command by MPU returns
the IEI and IEO terminals of the CTC to the state before interruption.

RETI command is a two byte command and its code is EDH and 4DH. The CTC
decodes the codes of RETI command and decides a port which makes next
interruption request. In the daisy chain structure, at the point of time
when the command code EDH is decoded, the IEI terminal of a peripheral
LSI making the interruption is kept at H level and the IEO terminal at L
level. If the code following EDH is 4DH, an LSI that transmitted the
interruption immediately before the decoding, that is, only the LSI with
IEI terminal at H level and IEO terminal at L level is returned from the
interruption. As a result, the interruption process of a low order
peripheral LSI of which interruption process was suspended.
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Fig. 3.9 Interruption Return Timing

3.5 Operating procedures
In order to operate the CTC in Counter Mode or Timer Mode, a channel
control word and time constant data must be written into the CTC. To
authorize any interruption by a channel control word, the interruption
vector must be written into the CTC.

(1) Channel control word
To write a channel control word into the CTC, designate a channel by
inputting a 2-bit code into the LSI terminal and the LSI terminal. Codes
for respective channels are shown in Table 3.l.

Table 3.1 Channel Codes

Input Terminal

| | |
| | cs1l | cso |
| o I o [ o |
|Chan-| 1 | o | o0 |
| |2 | 1 | o |
|Chan-| 3 | 1 | 1 |

The channel control word is written into the CTC is 8 bits. The system
data bus DO to D7 correspond to bit 0 - 7.

The meaning of each bit is outlined in Fig. 3.10. The function of each
bit is shown in Table 3.2.

D7 D6 D5 D4 D3 D2 Dl DO
| Inter- | Counter | Pres- | Edge | Trigger | Time | Reset | 1|
| ruption | timer | caler | | | constant | | |

Fig. 3.10 Channel Control Words

In case of the channel control word, DO must always be 1 (DO=1).
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TOSHIBA

]
Table 3.2 Meanings and Functions of Channel Control Words

Meaning and Functon

0
Channel interruption is in-
hibited.

1
Authorizes channel interruption.
In either counter mode or timer
mode, this bit requests the inter-
ruption to MPU whenever the content
of the downcounter becomes zero.
If this bit is set at 1, the inter-
ruption vector must be written into
'the CTC before starting the down-
counter. Further, if the channel
control word with this bit set to 1
it is written into the CTC. The
interruption is generated when the
content of the downcounter becomes
zero first after a new channel
control word is written.
A channel is made in counter mode.
The content of the downcounter is
decremented by 1 (-1) at every edge
of each trigger that is input into
the CLK/TRG terminal. The prescaler
is not used in counter mode.
Used only in timer mode. The
prescaler is set so as to divide the

|
|
|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
|
|
:
|
|
|
system clock into 1/256. |
|
|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
|
I

A channel is mode in timer
mode.

System clock is input into
the prescaler divided and

output to the downcounter.

f

|
| [
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
i |
| |
| |
| |
| |
| |
| |
| |
| |
| Used only in timer mode. ]
| The prescaler is set so as |
(D7) | to divide the system clock |
| into 1/16. |
[ |
| |
| |
| |
| |
| |
| |
| |
| |
I |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

In timer mode, the timer
operation is started at the
trailing edge of the trigger

“In timer mode, the timer operation
is started at the leading edge of
the trigger pulse (CLK/TRG).

Bit | pulse (CLK/TRG). In counter mode, the content of the
4 In counter mode, the content downcounter is decremented by one
(d4) | of the downcounter is de- (-1) at the trailing edge of the
cremented by one (-1) at the external clock pulse.
trailing edge of the external
clock pulse (CLK/TRG).
Used only in timer mode. Used only in timer mode. The timer
The timer operation is operation is started at the leading
started at the leading edge edge of the external trigger pulse
of the trigger pulse clocks that is input 2 system clocks after
Bit | after a time constant is a time constant is loaded onto the
3 loaded onto the downtimer. downcounter.
(D3) When a time lag between the system

clock and trigger pulse satisfies a
setup time, the prescaler starts to
operate from the second leading
edge of the trigger pulse. If a
time flag between the system clock
and trigger pulse does not satisfy
the setup time. The prescaler
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Meaning and Functon

0 |

1

starts to operate at the leading
edge of the trigger pulse after 3
system clocks. If the trigger pulse]

|
|
|
|

"0" in the channel control

|
|
|
(D3) | is inputted before leading of a timel
| constant, the operation is the same |
| as that when Bit 3 = 0. |
This bit (0) indicates that | This bit (1) indicates that there is]|
there is no time constant | a time constant written immediately |
written after a channel con | after a channel control word. If a |
trol word. However, the chan-| time constant is written while the |
nel is in the reset state and| downcounter is operating, a new time|
Bit this bit cannot be changed to| comstant is set in the time constant]

register. The counting which is in |

|
|
|
|
|
|
|
|
l
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
l
|
|
|
|
I
|
|
|
l
|
|
!

l
I
|
l
|
|
|
|
|
|
|
|
|
|
l
l
l
l
\
I
|

(D2) | word which is given first progress is carried out continuously|
after the channel reset. and only after the content of the |
To change other state without| downcounter becomes zero, a new time]
changing a time constant, constant is loaded onto the down-
input a channel control word counter.
with this bit changed to 0.
The present channel operation| The downcounter operation is stop-
is continued. ped. When this bit is set to 1,
the channel operation is stopped
but all bits in the channel control
register remain unchanged.
When Bit 2=1 and Bit 1=1, the chan-
Bit

|

|

|

|

|

|

:

|
nel stops to operate until a new |
time constant is written. After a |
|

|

|

|

|

|

|

|

(p1) new time constant is programmed, the
preparation for reopening the chan-
nel is performed and the channel is
reopened according to a value set
for Bit 3. When Bit 2=0 and bit l=
1, the channel operation is not
started until a new channel control
word is written.

(2) Time constant data
In timer mode or counter mode it is necessary to write time constant data
into the time constant register.
When the channel control word Bit 2 (D2) is 1, time constants are written
into the time constant register immediately after the channel control
word is written. Time constant data are integers in the range from 1 to
256. When 8 bits of this data are all 0, it is regarded as 256.

The bit configuration of time constant data is shown in Fig. 3.11.

| o7 | o6 | o5 | o4 | D3 | p2 [ pl [ DO |
| | | | | | | | |
TC7 TC6 TC5 TCh TC3 TC2 TC1 TCO
Fig. 3.11 Time Constant Data
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C30P, TMPZ84C30AP/AP-6
TECHNICAL DATA TMPZ84C30F, TMPZ84C30AF/AF-6

(3) Interruption vector
In the interruption when MPU is in Mode 2, it 1is necessary for the
channel requesting the interruption to give the interruption vector to
MPU. The interruption vector is written into the interruption vector
register for Channel 0 with Bit 0 (D)) set to 0. The write method is the
same as that to write the channel control word into Channel 0. However,
bit 0 (DO) must be always zero. Bit 7 (D7) to Bit 3 (D3) are values
given by user. Bit 2 (D2) and Bit 1 (D1) are values given automatically
by the CTC and a code of a channel with the highest priority among

channels requesting the interruption is used. The channel codes are
shown in Table 3.3 and the bit configuration of interruption vector in
Fig. 3.12.

Table 3.3 Channel Codes

| Bit 2 (D2) | Bit 1 (D1) [ Channel No. |
| 0 [ 0 0 1~ High |
| 0 | 1 | 1 | Prior- |
| 1 | 0 | 2 || Low ity |
| 1 | 1 l 3 |v |
vz lve ] vs | vse ]| vi|X]|[X1]0]|
| | | | | | |
| | | | | Fix to "0".
[ 1 Chennel codes
| ~ Interruption vector given
by user.

Fi.g 3.12 Interruption Vector

3.6 Method of use
(1) Counter mode
A program when the interruption disabled is set using Channel 0 is
explained.
(a) The programming step is shown in fig. 3.13.

‘ START ’

LOAD OF CHANNEL,
CONTROL WORD

1

TIME CONSTANT
LOAD

Fig. 3.13 Counter Programming Step
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C30P, TMPZ84C30AP/AP-6

TECHNICAL DATA TMPZ84C30F, TMPZ84C30AF/AF-6
(b) The block diagram to change 100 KHz to 10 KHz is shown in Fig. 3.14.
CHANNEL 0
TIME CONSTANT
PRESCALER REG ISTER
NOT USED 10
1 A TIME CONSTANT 1S LOADED EVERY TIME
| WHEN THE DOWNCOUNTER COUNTS ZERO.
|
1
CLK,//TRGO(100kHz )
DOWN COUNTER
INPUT

OUTPUTl ZC/TO0(10kHz )

Fig. 3.14 Counter Block Diagram

(c) Channel control words are shown in Fig. 3.15.

D7 D6 D5 D4 D3 D2 D1 DO
HE N B N N N R

INTERRUPT

CHANNEL
DISABLE NOT USED NOT USED RESET
COUNTER MODE -1 IN LEADING SETTING OF CHANNEL
OF EXTERNAL TIMER CONSTANT CONTROL WORD

CLOCK

Fig. 3.15 Channel Control Words

(2) Timer mode

(a)

A programming step when the interruption disabled is set using Channel

1 is shown in Fig. 3.26.
( starr )

LOAD OF CHANNEL
CONTROL WORD

|

TIME CONSTANT
LOAD

END

Fig. 3.16 Timer Programming Step
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C30P, TMPZ84C30AP/AP-6
TECHNICAL DATA TMPZ84C30F, TMPZ84C30AF/AF-6

(b) The block diagram to change the system clock of 4 MHz to 1 KHz is shown
in fig. 3.17.

CHANNEL 1
TIME CONSTANT
PRESCALER REG ISTER
16-DIVIDE 250
INPUT
7
(250kHz) | A TIME CONSTANT 18 LAODED EVEY

y TIME WHEN THE DOWNCOUNTER
COUNTS ZERO.

i

I DOWN COUNTER J

OUTPUT‘ ZC,/T01(1kHz)

Fig. 3.17 Timer Block Diagram
(¢c) Channel control words are shown in Fig. 3.18.
D7 D6 D5 D4 D3 D2 D1 DO
[7 0 I 0 I 0 ] 0 J 0 I 1 l 1 | 1
1 ! ! 1

INTERRUPT PRESCALER CHANNEL
DISABLB VALUE(16) TIMER START RESET
TIMER MODE START THE TIMER SETTING OF CHANNEL

OPERATION AT THE TIMER CONSTANT CONTROL WORD
TRAILING OF THE
EXTERNAL CLOCK.

Fig. 3.18 Channel Control Words
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6
TECHNICAL DATA TMPZ84C43F/TMPZ84CA3AF/AF-6

4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS

| Symbol Item [ Rating | Unit
| vce Supply Voltage | -0.5 to+7 | Vv |
e [ == | == I |
| VIN | Input Voltage | -0.5 to Vec + 0.5 | v |
[ === | [mmmm e | = |
|I PD l\ Power Dissipation (TA=85°C) | 250 | mW |
————————————————————————————————————————————— | ——- -- [ ===
| TSOLDER ‘I Soldering Temperature (10 sec) E 260 | % |
Tl el e | -
| TSTG | Storage Temperature | -65 to 150 | % |
| == | === e [mmmmm e |- |
| TOPR | Operating Temperature | -40 to 85 | °c |
4.2 DC ELECTRICAL CHARACTERISTICS
TA = -407C to 85°C, VCC = 5V + 10%, VSS = OV
| _SYMBOL | PARAMETER | TEST CONDITION | MIN. |TYP.| MAX. |UNIT|
| VILC | Low Clock Input [ | -0.3 [ - | 0.6 [ V|
| | Voltage | | | | | |
| VIHC | High Clock Imput | fvcc-0.6 | - |vcc+0.3] v |
| | Voltage | | | | | |
| VIL | Low Input Voltage | | -0.5 | - | 0.8 | v |
| | (Except CLK) | | | | | |
| VIH | High Input Voltage | [ 2.2 T - TJvce [ v |
| | (Except CLK) | | | | I |
| VoL | Output Low Voltage | IOL = 2.0mA | - | - | 0.4 | Vv |
| | | | | | I I
| VOH1 | Output High Voltage | IOH = -1.6mA | 2.4 | - | - | v |
| | (1) | | | | | |
| VOH2 | Output High Voltage | IOH = -250ua | vcc-0.8) - | - | v |
| | (1) | | | | | |
| IL1 | Input Leak Current | VSS{ VINK VCC | - 1= 1 #10 | vaA |
| | I - - | | | | |
|7 ILO | 3-state Output 1 vSS + 0.4< VOUT] [ [ I I
| | Leakage Current in | < VCC - | - | = | #10 | uA |
| | Float I | | | [ |
| | | T
| | vee=5v |
| | | foLk=(1) |B/F S O A R
| 1ccl | Power Supply Current| VIH=VIHC | | | | |
| | | =vcec-0.2v|AP/AF | S R > | mA
| | | viL=viLc fae-6 | | 1 |
| | | =0.2v | /AF-6] I | | |
| | Standly Supply | vcc=5VIiL=0.2 | I i [ |
| 1cc2 | Current |VIH=VIHC=Vcc-0.2] - | 0.5] 10 | uvA |
| | |V_ VIL=VILC=0.2V| | | I I
| IOHD* | Darlington Drive |VOH=1.5V,REXT= | | | | |
| | Current,(2) |1.1K ohm.Applied| =-1.5 | - | =5.0 | mA |
| | I | |

| |to 2C/T00-ZC/T02 ]|
Note (1) fCLK=1/tcC(MIN.)

(2) Applied to zC/TOO0, ZC/TOl and ZC/TO2.
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TOSHIBA INTEGRATED CIRCUIT TMPZ84C20P, TMPZ84C20AP/AP-6

TECHNICAL DATA TMPZ84C20F, TMPZ84C20AF/AF-6

4.3 AC ELECTRICAL CHARACTERISTICS

TOPR = -40°C to 85°C, VCC = 5V + 10%, VSS = OV

| 4MHz 6MHz | |
| No. [ SYMBOL [ PARAMETER | _P/AP/AF AP-6/AF-6 |UNIT]
| MIN.] MAX.[ MIN.[ MAX. |
| 1 TcC Clock cycle time 250 | DpCc | 165 ] DC | ms |
|2 TwCh High clock pulse width 105 [ DC 65 DC [ ns |
| 3 TwCl Low clock pulse width 105 | DC | 65 DC | ns |
|74 TfC Clock falling time -1 30 1 - 20 [ ns |
| 5 TrC Clock rising time - | 30 | - 20 [ ns |
|~ 6 Th Hold time [ 07T =T 0T =Tmns|
| _ ] 1 T I |
| 7 | Tscs(c) | CS set-up time for clock| 160 | - | 100 | =~ | ns |
| | | rise | | | | | |
| | I | | | | | |
| 8 | TsCE(C) | CE set-up time for clock| 150 | - ] 100 | - | ns |
I ! | fall | | | | I |
| | | | | [ | | |
| 9 | TsIio(c) | Set-up time up to IORQ | 115 | -] 100 ] = | ns |
| | | fall for clock rise | | | | | |
| | I _ | | [ T | |
| 10 | TsrRD(C) | Set-up time up to RD | 115 | -1 70| - | ns |
| | | fall for clock rise | | | | | |
| 11 | Tdc(DO) | Delay from clock rise to] - [ 200 | - 1 130 | ns |
| | | data output | | | | | |
| | | _ | | I I |
| 12 | Tdc(D0Z) | Delay from IORQ, RD rise| - | 110 | =~ 1| 90 | ns |
| | | to data float | | | | | |
| 13 | TsDI(C) | Data input set-up time | 50 | - | 40 ] - | ns |
| | | for clock rise | | | | | |
| [ I | | I | [ |
| 14 | TsMI(C) | M1 set-up time for clock| 90 | - 70 | - | ns |
| | | rise | | | | | |
| | | _ | | | I | I
| 15 | TdM1(IEO) | Delay from Ml fall to | - | 190 | - | 130 | ns |
| | | IEO fall (in case of | | | | |
| | | generating only inter- | | | | | |
| | | ruption immediately | | [ | | |
| | | before Ml cycle) | | | ! | |
| | | | [ | | | |
| 16 | Td10(DOI) | Delay from IORQ fall to | - | 160 | - | 110 | ns |
| | | data output (INTA cycle)| | | | | |
| 17 | TdIEI(IDOf) | Delay from IEI fall to | - | 130 | -1 100 | ns |
| | | IEO fall | | | | | |
| | | Delay from IEI rise to | | I | ] |
| 18 | TAIEI(IDOr) | IEO rise (after ED | =-11601] -] 110 | ns |
| | | decode) | | | | | |
| 19 | TdC(INT) | Delay from clock rise tol - J(D+ | - [ (1)+ | ns |
| | | INT fall I | 140 | | 120 | I
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TMPZ84C30P, TMPZ84C30AP/AP-6
TMPZ84C30F, TMPZ84C30AF/AF-6

| 4MHz 6MHz | I
| No. | SYMBOL [ PARAMETER |_P/AP/AF AP-6/AF-6 |UNIT|
| | | | MIN.] MAX.| MIN.| MAX. | |
| 20 | TdCLK(INT) | Delay from CLK/TRG rise | ] I I I
| | | to INT fall (Counter | | | | | |
| | | mode) | | | | |
| | | tsCIR(C) Satisfied | = 19+ - ](19)+]| ns
| | | | | (26)] (26) |
| | | tsCTR(C) not Satisfied| - 1)+ | - 1)+ | ns |
I I [ I | (19)+] 1(19) | |
| | | | | (26)] | (26)] [
| 21 | TeCIR | CLK/TRG Frequency [2x (1) ] - - | 40 | ns |
| 21 TcCTR (COUNT MODE) | |
| 22 TcCTR CLK/TRG rising time - 50 | - 40 ns |
| 23 T£CTR CLK/TRG falling time | -] 50 - 40 | ns |
| 24 TwCIR1 Low CLK/TRG pulse width | 200 - | 120 - | ns |
| 25 TwCTRh High CLK/TRG pulse width| 200 - 120 - | ns
| 26 TsCTR(Cs) Set-up time up to CLK/ 210 - | 150 - | ns |
| | | TRG rise for clock rise | | | | | |
| | | requiring immediate | | | | |
| | | count (counter mode) | | | | | |
| 27 | TsCTR(Ct) | Set-up time up to CLK/ | 210 | - | 150 | - | ns |
| | | TRG rise for clock rise | | | | I |
| | | requiring immediate | | | | | |
| | | start of prescaler | | | | | |
| | | (timer mode) | | | | |
| 28 | Tdc(zZC/TOr) | Delay from clock rise tol - | 190 | -] 140 | ns |
| | | zC/TO rise | | | I |
| 29 | Tdc(zC/TOf) | Delay from clock fall tol - | 190 | - | 140 | ns |
| | | zc/T0 fall | | I | |

Note 1. AC test condition
VIH=2.4V, VIHC=VCC-0.6V, VIL=0.4V,
VOH=2.2V, VOL=0.8V CL=100pF
Note 2 If the daisy chain is at N stage,
2.5 TcC>(N-2)TAIEI(IEO£)+(TdM1 (IEO)+TSIEI+TTL buffer delay must
be satisfied.
Note 3 (1):Tcc, (19):Tdc(INT), (26):TsCTR(Cs)

4.4 Capacitance

[o]

TA = 25°C
SYMBOL | ITEM { TEST CONDITION [MIN. [TYP. [MAX. [UNIT]|
CCLOCK|[ Clock Input | £f=1MHz [ -1 -1 51 pF|
Capacitarce | All terminals except that | |
CIN Input Capacitance| to be measured should be | - - 5 | pF |
COUT |Qutput Capacitance| earthed. | - - | 10 | pF |
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C30P, TMPZ84C30AP/AP-6
TECHNICAL DATA TMPZ84C30F, TMPZ84C30AF/AF-6

4.5 Timing diagram
Numbers shown in the following figures correspond with those in the 4.3
A.C. Electrical Characteristics Table.

®
AYaAYAS
€s0.C81
@ |16
READ < L—@—'- T®
ToRQ N\
@ ®
) s
1
@ | ©
DATA —
(Y = —®
€s0.CS1
® @ (6)
TE ‘ y—:
WRITE © —@J
ToRG N i
| ! ()i I
DATA '
& ®©
M1 ﬂ""—‘
w &
1w
INiE::EPT \ e —\ 1 47_—
ACKNOWLEDG @4 ~ k)
DATA N
© -+t R
1E1 \ /
©—
1EO “\ f
9 ®
e [ S o
CLK/TR0O0-3 & Q@ @
(COUNTER i @ T
MODE) & @ ’*——————"@
CLK,/TR0O0-3 4 = \——/————\
(TIMER R— )| @

MODE) A _|@®
zc/100-2 — / l——————-

Fig. 4.1 Timing Diagram
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INTEGRATED CIRCUIT TMPZ84C30P, TMPZB4C30AP/AP-6
TOSHIBA TECHNICAL DATA TMPZ84C30F, TMPZS4C30AF/AF-6

5. Package Dimension
Unit in mm

5.1 DIP Package

28 15
S o o Y e B o e O e N o 38 e O e O s O s Y e o O |

\/
14 2MAX

| (S [ SNy GHD G SN g GHE G SUI By SN B U ) SED R S Ry SUS jy WSS gy G

14 1524+ 025

| 380MAX

. 5.2 MAX
-

051MIN

t 05+0.15 2.54+025
144015

0~15°

32MIN

Note 1. This dimension is measured at the center of bending point of

leads.

Note 2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoretical positions with respect to No.l
and No.28 leads.

Fig. 5.1 Package Dimension
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C30P, TMPZ84C30AP/AP-6
TECHNICAL DATA

TMPZ84C30F, TMPZ84C30AF/AF-6

Unit in mm

5.2 44-pin mini-flat package
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TosHiBA NTECRATED CIRCUIT| rmpzsacan 1,42p/mezs4ca0 41,4208/ ap-5
TECHNICAL DATA | TMPZ84C43F/TMPZ84CA3AF/AF-6

TMPZ84C40P/41P/42P/43F TMPZB4CLOAP/41AP/42AP/43AF TMPZ84CL0AP-6/42AP-6/43AF-6
TLCS-Z80 SI0: SERIAL INPUT/OUTPUT CONTROLLER

1. General Description and Features

The TMPZ84C40(SI0/0), TMPZ84C41(SI0/1), TMPZ84C42(SI0/2) (hereinafter
referred to as SIO) are CMOS version of 280 SIO and have been designed to
provide low power operation.

SI0s are designed for the adaptation to the various serial data
communications which are needed to the microcomputer system.

SIOs are able to handle the asynchronous signal, the synchronous byte unit
protocol and the synchronous bit unit protocol 1ike HDLC and SDLC.

SI0s are fabricated using Toshiba's CMOS Silicon Gate Technology.

The principal functions and features of the SIOs are as follows.
(1) Compatible with the Zilog Z80 SIO.
(2) Compatible with the CCITT-X.25.
(3) Compatible with the HDLC/SDLC.
(4) Data transfer rate up to 800K bit/Sec
(5) 2 independent full-duplex channels can be used.
(6) Built-in CRC generation and checking function.
(7) On chip daisy-chain structure interrupt circuit.
(8) Low power consumption
mA Typ. (@5V @4MHz) ... TMPZ84C40/41/42P, TMPZ84C4L3F
2.5mA Typ. (@5V @4MHz) ... TMPZ84C40/41/42AP, TMPZ84C43AF
4 mA Typ. (@5V @4MHz) ... TMPZ84C40/41/42AP-6, TMPZ84C43AF-6
(9) sSingle power supply: 5V + 10%
(10) Extended operating temperature: -40°C to 85°¢
(11) 40 pin DIP package, 44 pin Mini Flat package.

(Note) 280(R) is a registered trademark of Zilog Inc., U.S.A.
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INTEGRATED CIRCUIT

TECHNICAL DATA

TOSHIBA

TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6

TMPZ84CA43F/TMPZ84C43AF/AF-6

2. Pin Connections and Pin Functions
The pin connections, pin functions and functions of SIOs are described in
this chapter.
2.1 Pin connections
The pin connections of the SIOs are as shown in Fig. 2.l.
md: ~ whoo mdi1 ~ hoo md 1 " b o
D3 g 2 39p D2 p3g 2 39 D2 p3g 2 39 p2
D5 Q 3 33 0 Da D5 3 38 P pe psg 3 38p Da
D7 g 4 37 P pe b7g 4 37 P D6 D7 g 4 37D ps
Nt g s 36 1 TORQ INTQ 5 36 P TORQ intTg s 36 ) TORQ
IE1 g 6 35 DGR 1814 6 3P TE g1 d s 35 CE
1E0 7 34 0B/A 1E0Q 7 C‘Agﬂ/g 1ie0od 7 24 ) B/K
Mids 33 Hc,/D Mig s 3sgc /D Mids a3pc/D
vee g 0 32 BRD _ VecQ o ., 20FD vee g o 32 RD
w/m¥k dio 280 & fyggovy W/ADYAQ 10 31 P Vss(ov W/RDYA 10 280  21p Vss(ov
SYNCA QU .o 30 PW/RDYB SYNCAQ 11 sopw/ EYNCA 11 30Q W/
RXDA {12 /0 20 hETNCE RXDAQ1z S10/1 20 SYNCB RxDA 12 s10/2 29[ RXDB
RXCA (13 28 B RX DB RXCAQ 13 28 P RXDB RXCA Q13 28 0 RXCB
TXCA 14 27 DRXTXCB TXCAQ 14 27 PRXCB TXCA d 14 27 h TXCE
TXDA 15 26 [ TXDB TXDAQ 15 26 P TXCB 1x0A d 15 26 B 7xpB
DTRA fJ16 25 HDTRB DTRA( 16 25 1 TXDB DTRA (16 25 by BTRB
RTSA gl7 24 NRTSB RTSA(Q 17 24 O RTSB RTSA (17 24 N RTSB
CTSA 18 23 HCTSB CTsAg1s 23 0 CTSB CTSA 18 23 0 CTSB
DCDA 19 22 §DCDB DeDA( 19 22 1 GCDB BCDA g 19 22 i 7558
cLK =0 21 QRESET CLK g 20 21 0 RESET CLK 120 21 O RESET
(TMPZ84C40) (TMPZ84C41) (TMPZ84C42)

‘; > DO X< 0 'g

- AAA S Z AAAAIH

3332 31 B0 29 28 27 26 25 24 23

IEI Y34 22 [CE
IEOLT—TY35 21 BA
VRN s 20 —1¢/5
vee a7 19 [—IRD
W/RDALCTT] 38 18 [ vss
* ICV 339 17 /% 10V
BYNCAL_—140 16 W RDYB
RXpACC—41 15 ) SYNCB
RXCA L4 14 [T"IRXDB
TXCAC 43 13 [—IRXCB
TXDA LT "] ae 12 [/ TXCB
K\1 2 3456789101

UU“HU”UUUUU (Note 1) NC must be used at

FEEESEBEREER open condition.

E IS RCEREE IE E (Note 2) *ICV must be used at
open condition or
connected with VCC.

(TMPZ84C43)

Fig. 2.1 Pin Connections (Top View)
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6
TECHNICAL DATA TMPZ84C43F/TMPZ84CA3AF/AF-6

However, it is necessary to choose the terminals in accordance with the
purposes, because they are limited in number. The differences in S10/0,
SI0/1 and SIO/2 are shown in Fig. 2.2(a) SIOs version diagram.

29 [] SYNCB 29 :]S'Y_NC—B' 29 bRxDB
28 [] RxDB 28 [JRxDB 28 [J RxCB
27 [] ’xTxcB 27 [JRXCB 27 [} TxcB
26 [] TxDB 26 [JTxCB 26 [] TxpB
25 [] DTRB 25 FTxDB 25 [] DTRB
S10,0 $10,/0 S10/0

Fig. 2.2(a) SI0s Version (40-pin DIP)
2.2 How to use TMPZ84C43 as SIO/0 or SIO/1 SI0/2.

The Figure 2.2(b) shows six terminals to define TMPZ84C43 as SIO/0 or
SIO/1 or SIO/2.

15[ JSYNCB
14 ]rXDB

TMPZ84C4as 13| ] RXCB

12 ITXCB

10 11
m m
.4 A
[N >
=} &=

Fig. 2.2(b) Pinout of TMPZ84C43 "B" Channel
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INTEGRATED CIRCUIT

TOSHIBA TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6
o TECHNICAL DATA TMPZ84CA43F/TMPZ84C43AF/AF-6

The following table shows five terminals (No.25 through 29) of SIO in
40-pin DIP corresponding to these of TMPZ84C43.

Table 2.1 SIOs Version by TMPZ84C43

|

|

|

| 1y, so it may be

| open.

Signal Name of SIO/2

| Terminal No.]| TMP 284 C43 |
| of SIO in 40] as SI0/0 as SI0/1 l as SI10/2 [
| pin DIP | Al | B | ¢ A2 B T ¢ T A3 T B T ¢ |
| ] I ] I T I I T |
| 25 {DTRB I 10 %OutputITxDB { 11 :OutputlDTRB : 10 ]Outputf
|
| 26 |TxDB | 11 |Output|TxCB | 12 |Input |TxDB | 11 |Output]
| I | | | | | | | | |
| 27 |RxTxCB|* [Input [RxCB | 13 |Input [TxCB | 12 |Input |
| | |Note 1] | | | | | |
| | | | | | | | | | |
| 28 [RxDB | 14 |Input |RxDB | 14 |Input [RxCB | 13 |Input |
| | | | | | | | | | [
| 29 |SYNCB | 15 |** |SYNCB | 15 |** |RxDB | 14 |Input |
| | | |Note 2| | |[Note 2| | | |
| | | | | | | | | [
| (Note) | (Note) |
| DTRB (terminal | SYNCB (terminal |
| number 10) will not| number 15) will not|
| be used. be used. |
| The terminal may The terminal is |
| be open. pulled-up intermal-|
| |
| |

Al: Signal Name of SIO/O A2: Signal Name of SIO/1 A3:
B: Terminal No. of TMPZ84C43 C: In/out

*Note 1) The terminal No.l2 (TxCB) and No.13 (RxCB) must be connected

externally when TMPZ84C43 will be used as SI0/0.
**Note 2) Bi-directional
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2.2 Pin Names and functions

Table 2.2 Pin Names and Functions

Pin Name |Number|Input/Output
|of Pin|

3-state

Function

DO - D7 |

8

|

1/0
3-state

8-bit bidirectional data bus.

INT

Output

Interrupt request signal.

This is used, in case SIOs request MPU
the interrupt. Wired OR connection is
possible (becuase of the open drain).

IEI

Input

Interrupt enable input signal.

IEO

Output

Interrupt enable output signal.
IEI and IEQO are used for the daisy-chain

structure. When IEI terminal is '"l1" and IEO
terminal is "0" the SIO is being serviced by

a MPU interrupt service routine.

Input

Machine cycle 1.
When the both of Ml and IORQ are "0'", the
SIO is requesting the interrupt.

W/RDYA
W/RDYB

Output

Wait/ready signal A, wait/ready signal B.
These can be used as wait signal or ready
signal according to SIOs-programming.

SIO becomes active on "0", when pins are
programmed as "WAIT" and are not ready to
receive the data for MPU.

SIO become active on "0", when pins are
programmed as "READY" and ready to receive
the data character for DMA.

SYNCA
*SYNCB

*2

1/0

Synchronous signal.

In case of the asynchronous receive mode,
These pins become the same input terminals
as CTS and DCD.

In case of the external synchronous mode,

pins become the input terminals and in case

of the internal synchronous mode, become
the output terminals,

Input

Serial receive data

*2

Input

Receive clock signal.

In asynchronous mode, pins can choose the
receive clocks which are 1, 16, 32 and 64
times as large as the data transfer rate
according to the program.

Output

Serial transmit data

|
|
|
I
!
]
|
I
I
|
|
|
I
|
|
[
|
|
I
|
I
|
|
|
|
|
|
[
|
|
|
|
I
I
|
|
|
|
|
|
|
l
|
!

|
|
|
|
I
|
|
I
|
|
|
|
|
|
|
I
|
:
|
|
|
|
[
|
|
|
|
|
|
|
|
|
|
:
|
|
|
|
I
|
B
Output |
|

Data terminal ready signal.
These pins output the possibility or im-
possibility of the serial data receive.
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Pin Name |Number|Input/Output Function
|of Pin| 3-state

I

Transmit request signal.

| | |
| | |
| | | |
| RTSA 2 | Output | In serial data transmit, become '"0". |
| _RTSB | | | |
| | | | Transmittable signal. |
| CTsA | 2 | Output | When terminals are "0", SIOs can receive thel
| CTSB | | | serial data transmit of the modem which has |
| | | | sent these signals. |
| | | | Data carrier detect signal. |
| DCDA | 2 | Input | When terminals are "0", SIOs can enable the |
| | | | serial data transmit. |
| CLK | 1 | Input | Single-phase clock input. |
| | | | Inputs Z80 standard system clock of single- |
| | | | phase. When CLK terminal is DC state ("1'" |
| | | | or "0"), SIOs are in stationary sate. |
I T | | 1/0 request signal _ |
| IO0RQ | 1 | Input | In case both of IORQ and CE are "0'", the |
| | | | data or command are transferred between MPU |
| | | | and SIO by the combination of B/A and C/D. |
I | | | Chip enable signal |
| CE | 1 | Input | When input becomes "0'", SIOs are enabled. |
I | | | Channel select signal |
| B/A |1 | Input | Selects the channel (A/B). |
I | [ | Command/data select signal |
| c/D | 1 ] Input | Selects the command and data. |
I | | | Read signal. _ |
| RD | 1 Input | In case both of CE and IORQ are "0", if RD |
| | | | is "0", this pin performs the read operation]|
| | | | and if RD is "1", this pin performs the |
| | | | write operation. |
| | | | Reset signal. |
| RESET | 1 Input | If RESET is turned into "0'", the receiver |
| | | | and transmitter become disabled and the |
| : | | serial data become the mark state. |
| | | |
| *RxTxCB | *1 | Input | Bonding terminal of TxCB and RxCB. |
| | | | |
| Vee | 1 |Power Supplyl +5V |
| | | | |
| [ | ( |
| Vss | 1 |Power Supplyl OV |

| | |

The asterisk (*) mark is difference in accordance with the three versions
(s10/0, SI10/1, SI10/2).
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3. Functional Description

3.1 Block diagram

.
DATA
INTERNAL READ/WRITE L
CONTROL REGISTER ——:> CHANNEL A CcLOCk
CIRCUIT (CHANNEL A) SYNC
—= WAIT 'READY
ﬁ > 4 >
EXTERNAL
<§§Eé:§§§:> | ) g?ggﬁﬁ# |___ | CONTROL LINE
L4
MPU A S (CHANNEL AY=—
BUS INTERNAL BUS
CONTROL BUS 1,/0 — 2N
_—N P~
" I = {DaTA
.
:) CHANNEL B |j=— ~ CLOCK
45 L4 —= S§YNC
F—= WAIT /READY
INTERRUPT READ /WRITE
CONTROL REGISTER EXTERNAL [
CIRCUILT (CHANNEL B) Y CONTROL | | coNTROL LINE
— V] CIRCUIT |
(CHANNEL B) fe—

Fig. 3.1 Block Diagram
3.2 System configuration

3.2.1 Architecture

As shown in Fig 3.1, the SIO is composed of MPU bus interface, the
internal control circuit, the interrupt control circuit and two full-
duplex channels which operate independently. Each channel has the read
register, the write register and the external control circuit which is
conneced to the peripheral LSI or the external device.

Table 3.1 shows the registers in the SIO and their functions. Each
channel has eight write registers and three read registers. Refer to 3.4
SI0 programming for details.

(1) Communication data path
Fig. 3.2 shows the communication path of the transmit/receive data of
each channel.
1] Receiving

The receiver has 8-bit receive shift register and 3-stage 8-bit buffer
register in FIFO configuration. Therefore, it is possible to get the
sufficient time at the high speed data block transfer. Moreover, the
receiver has the receive error FIFO for the purpose of holding the
parity error, the framing error and the other status information.
The receive data take the different paths according to the oepration
mode and the character length as shown in Fig. 3.2.
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Table 3.1 (a) Write Register

| Register | Function
R | -——
|
|

|
|
| Write register | CRC reset. This is used for the setting of the |
|
|

| 0(WRO) register-pointer and command.

| Write register | This is used for the setting of the interruption]|
| 1(WR1) | mode. |

| e - - —

| Write register | Register for the setting of the vector which is |
| 2(WR2) sent out at interruption (Channel B only)

| Write register
| 3(WR3)

Register having the parameter for the control
of receiver

Write register
4 (WR&)

Register having the parameter for the control
of receiver and transmitter

Write register
6(WR6)

Register for the setting of the synchronous
character and the address field of SDLC

Write register

| I
|-- I
I I
I |
|-~ |
| |
| |
I |
Write register | Register controlling the transmitter |
| |
| I
| I
| |
| I
| Register for the setting of the synchronous |
| |

|
|
|
|
|
| 5(WR5)
|
|
|
‘
|

7(WR7) and the flag of SDLC
(a) Write Register
Register Function

Indicates the state of transmit/receive and the
state of terminals.

Write register
0(WRO)

Indlcates the error status and terminals number
code.

Write register

[
|
|
|
|-
|
1(WR1) |
|--

Write register | Ind1cates the content of the interruption
2(WR2) | vector. (Channel B only)

|
I
I
|
|
|
|
|
|
I
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...............
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T 1
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Fig. 3.2 Transmit/Receive Data Path (Channel)

o Asynchronous mode
In the asynchronous mode, when the character length is 7 or 8 bit, the
receive data enter into 3-bit buffer and when it is 5 or 6 bit, data
enter into 8-bit receive shift régister jumping 3-bit buffer.

o Synchronous mode
Ir the synchronous mode, the data path changes according to the then
receive processing steps, The receive operaiton beginms at the hunt

phase. In this mode, the receiver seeks the bit pattern which
coincides with the synchronous charcter which has been programmed
within the receive data. When SIO 1is programmed in the mono-

synchronous mode, the receiver seeks the bit pattern which coincides
with the synchronous character which is set in WR 7. And when SIO is
programmed in the bi-synchronous mode, the receiver seeks the bit
pattern which coincides with the two successive synchronous characters
which are set in WR 6 and WR7.

When the synchronization is once settled, the subsequent data do not
pass the synchronous register and so enter into 3-bit buffer.

o SDLC mode
In SDLC mode, the synchronous register always monitors the receive data
and the zero elimination is carried out if necessary.
When the synchronous register detects the successive five "1" within
the receive data and the next bit is "O", this register eliminates the
0", Moreover, if the next bit is "1", this register monitors the
second next bit,
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(2)

If this bit is "0", it must be recognized as the flag and if it is "1",
it must be recognized as the abort sequence (the successive seven "1'").
The reformatting data enter into the receive shift register through
3-bit buffer. When the synchronization is once settled, the subsequent
data take the same path regardless of the character length.

2] Transmitting
The transmitter has 8-bit transmit data register and 20-bit transmit
shift register. 20-bit transmit shift register reads the data from WR
6, WR 7 and the transmit data register.

o Asynchronous mode

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

o Synchronous mode

In the synchronous mode, WR 6 and WR 7 hold the synchronous character.
Furthermore, these contents are sent into 20-bit transmit register as
the synchronous character at the time of the data block transmit. If
the transmitter underrun state occurs during the trasnsmission of the
data block, the contents sent into 20-bit transmit register as the idle
synchronous character.

o SDLC mode

In SDLC mode, WR 6 holds the station address and WR 7 holds the flag.
The flag (WR 7) is sent into 20-bit transmit shift register at the
beginning and end of the frame. With regard to all other field in the
data, one "0" is inserted after the successive five '"1".

1/0 function
When the transmit/receive of the informations are carried out with MPU,
one of the polling mode, interrupt mode or block transfer mode is chosen
as SIO mode.

o Polling

In order to operate SIO in the form of polling mode, every interrupt
modes must be inhibited. In this mode, MPU reads the status bit DO and
D2 within each channel RR 0 and so checks the possibility of transmit/
receive.

o Interrupt

SIO interrupts are composed of the transmit interrupt, receive
interrupt and external/status interrupt. Enabling and disabling the
interrupt are executed by using the program. The receive interruption
is further divided into the following three modes.

o Interrupt in the first receive character

o Interrupt in the full receive character

o Interrupt in the special receive condition
The priority order of the interrupt of the channel A is higher than
that of the channel B. The order in the same channel is the receive-,
transmit- and external/status interrupt.
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The SIO has as well as the other peripheral LSI the daisy-chain
sturcture interruption priority order control function and the
interrupton vector generation function. Furthermore, SIOs have "Status
affect vector" function. This status affect vector is the function
which can output the four kinds of vectors according to the
interruption factors.

o Block transfer

S10s have the block transfer mode and so can adapt the mode to MPU
block transfer and DMA controller.

W/RDY line is used for the block transfer. This line is used as WAIT
line for MPU block transfer and is used as READY line for DMA block
transfer. The ready output of SIOs can transmit the data to DMA
controller. Further, the wait output of SIOs can not ready to transmit
the data and so request the delay of the output cycle.

3.2.2 Operation

(1) Asynchronous mode
In asynchronous mode, in order to transmit/receive of data, it is
necessary to program the character length, clock rate, interruption mode,
etc. All these parameters are written into the write register, but only
WR 4 should be programmed prior to other registers.
In data transmit, it is not started until transmit enable bit has been
set, but when auto-enable bit is set, SIOs start to transmit immediately
after CTS terminal has become "0'", so a programmer can transmit messages
to SI0, needless to wait for CTS.
The data format of the asynchronous mode is shown in fig. 3.3.

— T oRTT e T
MARKING t potDpl | D2 | | Dn | MARKING
N D T F SV T

? n=5,6,7

STOP BIT
START BIT PARITY BIT

DIRECTION OF MESSAGE

Fig. 3.3 Data Format of Asynchronous Mode

1] Transmitting
Serial data are output from TxD terminal, whereby the transmitting
clock rate can be programmed at any of 1, 1/16, 1/32 or 1/64 of the
clock rate furnished to transmit clock input (TxC). In addition, these
data are output at leading edge of TxC.

2] Receiving
Receiving operation of asynchronous mode starts when receiving enable
bit (DO of WR 3) is set. When receiving data input RxD is set at "QO"
for at least 1/2 bit time, SIOs take it a start bit and sample out the
input data at the middle of bit time. In addition, the sampling is
carried out at the trailing edge of Rxc.
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When a receiver receives the data of the other character length than 8
bit, it converts them into such data as composed with necessary bit,
parity bit, and by making free bit as "1".

(Example) The case of 6-bit character |1 [P[D5[D4[D3[D2[D1[DO]

When external/status interruption is enabled, if it detects break state
during receiving data, it generates interrupt, and then break/abort
status bit (D7 of RR 0) is set, while SIOs wait the release of break
state, monitoring the transmit data. Further, when no-active state of
DCD terminal lasts longer than the time of a specified pulse width,
interrupt is generated and DCD status bit is set at "1".

In the polling mode, MPU must read out the data, detecting significant
bit (DO of RR 0) of receiving character. This bit is automatically
reset, whenever it reads.out a receiving buffer. In this mode, caution
is requested to prevent double writing, by checking the status of
transmit buffer prior to writing into a transmitter.

(2) Synchronous mode

In the synchronous mode, though there are three kinds of character
synchronization which are monosynchronization, bisynchronization and
external synchronization, the clock of xl is used both for transmit/
receive. Receiving data is sampled at the trailing edge of receive clock
input (RxC), while tranmsitting data varies at the leading edge of
transmit clock input.

The data format of synchronous mode is shown in Fig. 3.4

15
SYNCHRONOUS
CHARACTER DATA FIELD CRC 1 CRC 2
a2
SYNCHRONOQUS | SYNCHRONOUS
CHARACTER CHARACTER DATA FIELD CRC 1 CRC 2
T f
DATA FIELD CRC 1 CRC 2
—5 £

EXTERNAL SYNCHRONOUS MODE

DIRECTION OF MESSAGE
-—

Fig. 3.4 Data Format of Synchronous Mode

1] Monosynchronous
In this mode, when coincidence with synchronous character (8 bit)
programmed in WR 7 is realized, synchronization is generated, thereby
the data transmit becomes possible.
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2] Bisynchronous
In this mode, when coincidence with two successive synchronous
characters programmed in WR 6 and WR 7 is attained, the synchronization
is -generated, thereby data transmit becomes possible. Further, in
these mono- and bi-synchronous modes, SYNC becomes active during the
receive clock which detects the synchronous character.

3] External synchronous

In this mode, the synchronization is carried out externally. When the
synchronization is attained, it 1is informed by SYNC terminal. In
addition, SYNC input should be kept at '"0", until the character
synchronization is released. The character configuration begins at RxC
rising after SYNC falling.

After resetting, SIO enter into the hunt phase, searching the
synchronous character. If the synchronization becomes incomplete, it
is possible to enter again into the hunt phase by set the enter-hunt
phase bit (D4 of WR 3) at "1".

o Transmitting

a. Data transfer using interruption
If transmit interrupt is enabled, interrupt is carried out when the
transmit buffer becomes empty. As for the interruption procedure,
the other data are written in the transmitter. In such case, the
transmit underrun state occure if the data is not yet prepared by
some reason.

b. Bi-synchronous transmitting
In the bisynchronous mode, if data run out in a transmitter during
the transmitting, replacing character is to be sent in order to keep
the synchronization. There are two ways for that; one is to insert a
synchronous character, and another is to feed CRC characters which
are till then generated, and then to feed the synchronous character.
The selection of the way is controlled by reset transmit underrun/EOM
command in WR O.

c. End of transmission

Break is carried out by setting D4 of WR 5. At this time, a in both
the transmit buffer and the shift register will go out.
When external/status interruption is enabled, SIO generates interrupt
and transmit vector according to the state of the transmitter.
This mode can be used for the block transfer.

o Receiving

a. Interrupt on first received character
This mode is usually used for the block transfer. In additionm, in
this mode, SIO generates interrupt only for the first character, but
thereafter do not generate interrupt except under the special receive
conditions.
For the purpose of the initialization, it is required to set command
4 of WR 0 (enable at next receive interrupt).

b. Interrupt on all received character

In this mode, interrupt is generated for all characters entering into
receive buffer. When status affect vector is set, special vector is
generated by special receive condition.
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c. Special receiving conditional interrupt
This interrupt can be generated regardless of the selection of the
above two ways of interrupt. Although as for the special receive
conditions, there are parity error, receive overrun error, framing
error, and end of frame (SDLC), the reset is necessary after read
out, since these error status bits are latched.
These error status bits can be reset by the command 6 of the WRO.

(3) SDLC mode
Though SIO can use both protocols of SDLC and HDLC, since both are very
much similar, here explanation is made only for SDLC mode.
Fig. 3.5 shows the data format of SDLC mode.
In SDLC mode, one data block is called "frame', and these messages are
held between two flags, called open flag and close flag. Address field
includes the address of secondary station, and SIO receive or disregard
this frame according to the address.

| FRAME |
- L

s
17

OPEN FLAG Ag?gggs DATA FIELD CRC 1 | CRC 2 |CLOSE FLAG

< ¢
e84

__DIRECTION OF MESSAGE

Fig. 3.5 Data Format of SDLC Mcde

o Transmitting

a. Data transfer using interrupt
If transmit interrupt is set, whenever transmit buffer becomes empty,
interrupt is generated. In SDLC mode, data are transferred to SIOs,
by the use of this interrupt.

b. Data transfer using wait/ready
In wait/ready function, WAIT is for lengthening the output cycle of
MPU when SIO transfer buffer is not empty, while READY notifies DMA
that SIO transfer buffer is empty and so ready for receiving data.
If data 1is written in transfer shift register prior to the
transmitting, SIO enter into the underrun state.
Using this function, it is possible to transmit data to SIOs.

c. Transmitting underrun/EOM
SI0, when there is no data to be transmitted in transfer data buffer,
automatically terminate SDLC frame. In order to carry out this,
after data run out, SIO at first transmit CRC of 2-byte and then
transmit one or more flags.
After resetting, status bits of transmit underrun/EOM are set and
prevent CRC character from inserting when transfer data run out.
Using this operation, the frame transmission is started. At this
time, transmit underrun/ EOM reset command must be set between the
time of transmit of the first data and the end of data.
By doing this, reset state is generated at the end of message, so CRC
characters are automatically transmitted.
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d. CRC generation
When CRC calculation is carried out, CRC generator must have been
reset (D6 and D7 of WR 0) piror to the start of transmit.
Calculation of CRC is started at the time (WR 6) when address field
is written into SIOs.
Further, transmit CRC enable bit (DO of WR 5) must be set prior to
address field writing.

e. End of transmit
While transmitting, if the transmitter is made to be disabled, though
the data under transmitting at that time are transmitted without any
change, the transmitter enters into the marking state thereafter.
Even if a transmitter is disabled, characters in the buffer remain,
but when abort command is written in command register, abort sequence
becomes significant and then all data go away.

o Receiving

In receiving mode, the 1initial setting of several parameters is
necessary. Address field is written in WR 6, and flag character in WR
7.

When a receiver receives open flag, it compares the content of address
field following the flag with the address set in WR6 and global address
(1111 1111). If address field in frame coincides with either ome of
the above two, S10s start receive.

a. Interrupt on first received character
This mode is used for the block transfer, which usually uses WAIT/
READY function. In this mode, SIOs generate interruption only to the
first character.
Further, since status flag of this interruption 1is latched, it is
necessary to set command 4 (enable at next receiving character) of WR
0 beforehand, in order to initialize again.
When external/status interruption is set, interruption is generated
at every change of DCD. In addition, interruption is generated under
special receive conditions.

b. Interrupt on all received character
In this mode, SIO generate interrupt to all characters received. In
additioon, when status affect vector has been set, special vector is
generated to interruption under special receive conditioms.

c. Special receive condition interrupt
When special receive conditions are used, it is necessary to select
beforehand either of interrupt by first received character or
interrupt by all received characters. Among interrupt under special
receive conditions, status of receive overrun is latched. Reset of
status bit is carried out by error reset command (command of WR 0).

d. CRC check
The CRC checker is reset when it receives the leading open flag of
frame, and carries out CRC calculation of the following characters,
continuing to close flag.
In SDLC mode, as transmitting CRC is inverted, special check sequence
is used. Check must be ended with 0001 1101 0000 1111".
Since SIO processes CRC characters as data, MPU must discard them
after reading.
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e. End of receive

When SIO receives close flag, end of frame bit is set and
this fact indicates that the close flag has been received.
Further, 3if the status affect vector is set at this time,
interrupt under special receiving conditions is generated and
the vector is transmitted. At any frame, abort can be
carried out by abort transmit. Further, 1if external/status
interrupt has been set at this time, interrupt is generated
and break/abort bit in RRO is set.
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3.3 Status flowchart and basic timing

3.3.1 Status flowchart

POWER ON

TRANSMIT ENABLE

MONO- OR
BI-SYNCHRONOUS ?

ASYNCHRONOUS
MODE TRANSMIT

SYNCHRONOUS
MODE TRANSMIT

c/D=1 STATUS
CE.TORQ =0 READOUT RRO
RD=0
NO
YES
c¢/D=0 R
&% TOR0 = WRITE TRANSML
CE.I0RA =0 DATA CHARACTER
RD=1
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Fig. 3.6 (a) Status Flowchart

Fig. 3.6 (b) Status Flowchart
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3.3.2 Basic timing
Fig. 3.7 is the timing diagram when data or command are written into SIO
from MPU.
Fig. 3.8 is the timing diagram when MPU reads data from SIO.
Fig. 3.9 shows that when MPU accepts an interrupt request of SIO, as the
acknowledge signal, IORQ terminal is made "0" within a couple of clocks
after Ml terminal is made "0".
In order to hold the state under interruption service at daisy-chain, the
state of interruption request cannot be changed as long as Ml remains
active.
Figure 3.10 is the timing diagram of returning from interruption.
Figure 3.11 shows the state of daisy-chain.
At first, the period during interruption service of SI0O is considered.
After Ml becomes active, by interruption request of PIO immediately
before the deconding of "EDH" in the first byte of RETI instruction,
"IEO" of PIO becomes "0'". However, interruption request of PIO is not
acknowledged, because "EDH" is decoded. Therefore, "IEO" of PIO returns -
to Illll.
By decoding '"4DH" at the 2nd byte, "IEO0" of SIO returns to '"1".
Therefore, "IEI" and "IEO" of peripheral LSI at this time become "1", and
so they enter into the state under no interruption service. PIO keeps
INT terminal at "0" until this state is realized. Under this state,
interruption starts from the peripheral LSI of higher interruption
priority order.

RN o S 0 e U o B o O
N\ )
B/X.C/D.CE S/ E

!
|
]
!
1
!
T
|
!
|
|
[
!
|

DATA )Q/RLTE DAT:9<

Fig. 3.7 Data Write Cycle from MPU to SIO
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Fig. 3.8 Data Readout Cycle from MPU to SIO
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Fig. 3.9 Interrupt Acknowledge Cycle
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Fig. 3.10 Return Cycle from Interruption
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[1] Status where SIOs request interruption
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IEL IE0O 1IEI IEO 1IEI 1IEO0O 1IEI IEO 1IEI IEO

[2] SI0s are under interruption service
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A U | |
) e T R 1

[3] Status where PIO has requested interruption immediately before SIOs -
decode "ED".
By the request of PIO for interruption IEO of PIO becomes "0".

UBRL nwyn II TN_T. non L) non

e I | I |
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[4] As "EDH" has been decoded, the interruption request of PI0O is not
acknowledged. Therefore, IEQO of PIO returns to "1".

|
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i e T L L
| R I |

[5] As "4DH" has been decoded, IEO of SIOs becomes "1".
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| i R [ T |

[6] Interruption request by PIO is acknowledged, and the IEO of PIO becomes
llOlI .

wyn nn non non o

T | L ] L |
| I A i N |

Fig. 3.11 Daisy-chain at RETI nstruction
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3.4 SIO programming
Here, the meanings of each write register and read register are
specifically explained with regard to each bit. It should be noted that
parameter of write register (WR 4) must have been set prior to other
parameters.
In addition, there are such registers that are used for only single
channel.

WR 0: Write register 0

Table 3.2 Composition of Write Register 0

D5 D2

| | | | |
p7 | D6 | D4 | D3 | pl | DO
| | | | |
| | | | |
CRC
Reset code

|

Basic command bit

!
|
|
[
|
|

Register pointer bit

| |
| |
| |
| [
| |
| I
| |

DO - D2: Register pointer bit

These bits specify the registers to be written in or read out at the

next byte. When write or read have ended, the register pointer

specifies WR 0.

D3 - D5: Basic command bit

Command 0 (=000) : No operation
This command is for setting register pointer without operating SIO.
This 1is wused for reserving the space, 1in case there 1is any
possibility of invalidating some command among the command chain to
SIO or inserting command at some part of the command chain.

Command 1 (=001) : Abort generation
This command is used in order to generate abort sequence (sequence of
successive "1" of more than 7).
This command is used for SDLC only.

Command 2 (=010) : External/status interruption reset
Once external interrupt or status interrupt occurs, status bits of
RRO are latched. This command enables status bits of RRO for
permitting the interrupt again.

Command 3 (=011) : Channel reset
This command operates same as reset signal 1is given at '"RESET"
terminal. The difference between them is that this command resets

single channel only. Further, command to channel A also reset
interruption priority circuit.
Command 4 (=100) : Enabling the interruption at the time of next

character receive
This command is used, when the end of block in data block is detected
and next data block 1is received and interruption generation is
desired.
Command 5 (=101) : Transmitter interruption hold reset

In transmitter interruption enable mode, when transmit buffer becomes
empty, interruption is generated. But, if there is no data to be
sent, this command is used in order to suppress the transmitter
interruption generation.
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Command 6 (=110) : Error reset
Errors committed during block transmit (parity error and overrun
error) are latched at D4 and D5 of RR 1. This command is used to
clear them.
Command 7 (=111) : Return from interruption

This command operates same as it executes RETI instruction on SIO
data bus. Therefore, even in MPU other than 280 MPU (systems not
using RETI interruption), daisy-chain in SIO can be used. This
command is for channel A only.

D6 - D7: CRC reset code
These two bits are able to select one of receive CRC checker reset,

tranbsmitter CRC generator reset and transmitter underrun/EOM reset.

Table 3.3 Reset Command Code

|tion |trans- {tion |rup- |

| selec-|mit- |enablel tion

|
|
| | |enable
|
|

| Reset command D7 D6
| No operation 0 0 |
| Reset the receiving CRC checker. 0 1 |
| Reset the transmitter CRC generator 1 0 |
| Reset the transmitter underrun/EOM 1 1 |
WR1: Write register 1
Table 3.4 Composition of Write Register 1
| | | 1 | | |
p7 | o6 | o5 | p4 | p3 | p2 | b1 | DO |
| | | | | | |
Wait/ready | [status|Trans-[Exter-|
| | Re- Receiving |affect|mitter|nal |
| | ceiv-
mode | | rup- |inter-|
|tion |ting |

| | selec-

|
|
|
|
| interruption|vector|inter-|status]|
|
|
|
| |tion |

|
|
|
|
|
|
|Enable|Func- |ing
| |
| | |
| | |
| | | | |
| | | | |

DO: External/status interrupt enable
When this bit is set, interrupt can be generated at the time of
synchronous character transmitter start even in such case as
break/abort has been detected and finished, DCD, CIS or SYNC signals
have changed, or transmitter underrun/EOM latch has been set.

Dl: Transmit interrupt enable
If this bit is set, transmit interrupt is generaetd when transmit
buffer becomes empty.

D2: Status affect vector
When this bit is set, D1 - D3 (V1-V3) of WR 2 varies according to
interrupt conditions.
When this bit is not set, interrupt vector is sent with the same
content as in WR 2. This bit can be used for channel B only.

D3-D4: Receive interrupt mode
This bit can select receiving interrupt mode.

—251—



INTEGRATED CIRCUIT

TOSHIBA TMPZ84C40,41,42P/TMPZ84C40,41,42AP/AP-6
TECHNICAL DATA TMPZ84C43F/TMPZ84CA3AF/AF-6

D5-D7: Wait/ready function selection (D5-D7)

By these three bits, the selection of function of W/RDY terminal at SIO
is carried out.
Wait/ready function is not used at the same time, since it is selected
according to the program.
The semantics of each of these three bits are:

o When D5 is set, they mean receive, whereas reset means tranmmit.

o When D6 is set, this means READY terminals, and while reset, this means
WAIT terminal.

o When D7 1is set, Wait/ready function becomes enable, while reset,
becomes disable.
This means, for example, when D7, D6 and D5 are 110 and transmitter
buffer is full, READY output becomes "1", and when tramsmitter buffer
is empty, READY terminal becomes "O0'".

The above (D3-D4 and D5-D7) is summarized in the table below.

[y

Table 3.5 Receiving Interruption Mode Codes

Receiving interrupt mode D& D3
Receiving interrupt disable 0 0
Interrupt in first character receiving or *special 0 1

|
|
|
| receiving condition

| Interrupt in character receiving or special
|

|

|

|

| |

| [

receiving condition | |
Interrupt in character receiving or special | 1 ] 1

| |

| |

receiving condition
(However, except parity error)

o

* The special receiving conditions are as follows:
o End of frame (SDLC mode only)
o Receiving overrun error
o Parity error
o Framing error

Table 3.6 Selection of Wait Ready Functions (D5 - D7)

| WAIT/REA’ [ | [ |
| Function | H/L Level | ferminal Condition | b7 | p6 | D5 |
| | At floating | | | | |
| WAIT | active | - | Il ol -
| Low [ | |
| READY High - | |11 |
| Low Transmitter buffer is full and | | | |
| WAIT | | SIO data port have been | | ol o]
| | selected. | | | |
| | Floating Tranmsitter buffer is empty. | | | |
| READY | High Transmitter buffer is full. | 1T 01|
| | Low Transmitter buffer is empty. |1 | |
| | Floating Receiving buffer is full. | | | |
| WAIT | Receiving buffer is empty and | | o0} |
| | Low | SI0 data port have been | | |1
| | selected. | | | |
| READY | Low Receiving buffer is full. | | 1] |
| | High Receiving bugger is empty. | | | |
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WR2: Write register 2

Table 3.7 Composition of Write Register 2

| | | | | | | | |
[ b7 | o6 | D5 | o4 | D3 | D2 | DI | DO |
| | | | | | | | |

Interruption Vector

| | | |
| vz | ve | vs | va | v3 | v2 | vi | vo |
| | | | | | | |
[ I
|

When the status affect vector bit is set, V3 to VI
change according to the interruption condition.

This write register is an interruption vector register. When D2 of WR
1 is not set, interruption vector is sent. When D2 of WR 1 is set,
D1-D3 (V1-V3) varies according to interruption generate conditions. 1In
this case, the content of WR 2 remains unchanged.

Further, since WR 2 exists in channel B only, programming of WR 2 of
channel B is necessary even if only channel A of SIO is used.

The following Table (3.8) shows the V3 to V1 of an interrupt vector
when the status affect vector bit is set.

Table 3.8 Codes according to interruption generate conditions
of each channel

Channel Interruption generate condition v
In case transmitter buffer is empty.

In case external/status change

In case of receiving character is effective.

|
|
|
I
| * In case of special receiving condition
|
|
|
|

B

In case transmitter buffer is empty.

In case external/status change

In case of receiving character is effective.
* In case of special receiving condition

|
|
I
|
!
|
|
|
|

[l Lol Lol ol Yo L] [ K an] (VN
~l=lolo|=—|—|ojo|N
~lol—|o||o|—|ol—

* The special receiving conditions are as follows:
o End of frame (SDLC mode only)
o Receiving overrun error
o Parity error
o Framing error
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W3: Write register 3

Table 3.9 Composition of Write Register 3

[ | | | | | | | |
| o7 | o6 | p5 | b4 | D3 | D2 | DI | DO |
[ | | | | -~ | | | |
[ | | | | [Syn- | |
| Receiving |Auto l,—ﬁfggT;;— |Ad- | chro- |Re- |
| bit/cha- IenabIg] hunt |ceiv- |dress |nous |ceiv- |
| racter | | phaseling |search|char- |ing |
| | | | |CRC |mode |acter |enablel
| | | | |enable | |1load | |
| l l | I [ | inhibi | l
| | | | |
| | | | |

| | |tion |
| |

DO: Receiving enable
When this bit is set, receiving operation starts.
This bit is used for starting receiving operaiton, so it must be set
after all receiving program are complete.

Dl: Synchronous character load inhibition
In synchronous mode, if this bit has been set, synchronous character is
not loaded on transmitter buffer.

D2: Address search mode
When SDLC mode is selected and this bit 1is set, any message having
programmed address in WR 6 or other address than global address (FFH)
is not received. Therefore, receive interruption does not occur until
the addresses coincide.

D3: Receiving CRC enable
When this bit is set, CRC calculation starts at the time of the start
of transmitter of the last data to the receiving buffer from the
receiving shift register.

D4: Enter hunt phase
When synchronization settling is needed, SIO enter into hunt phase by
setting this bit. In addition, once synchronization is settled, the
hunt phase is released automatically.

D5: Auto enable
If this bit is set, transmitter is enabled when CTS terminal is "0".
Further, when DCD terminal is "0", receiver is enabled.

D6-D7: Receiving character length
These bits specify the receiving bit number which composes one
character. The table below shows the bit numbers per one character.

Table 3.10 Codes according to receiving character length

| Bit number/Character D7 D6

| 5 0 0|
| 6 0 1|
| 7 1 0|
| 8 1 1|
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WR 4: Write register 4

Table 3.11 Composition of Write Register &

| | | | | | | |
[ o7 | p6 | o5 | D4 | D3 | D2 | Dl | DO |
| | | | | | | | |
| | | | 1 I | Parity |
| Clock mode | Synchronous | Stop bit |  Even/ |
| | mode | | odd |Enable]
| | | | |

| | I |

DO: Parity selection
When this bit is set, 1 bit transmitter data is added to the bit
numbers which are specified in D6-D7 of WR 3 and then this added bit
number is received.
Further, if the selected character length is other than 8 bits, the
added parity bit is set at MSB side of data bit and then will be
transferred to receiving data FIFO.
When 8 bits of character length is selected, the parity bit will not be
transferred to receiving data FIFO.

Dl: Parity polarity
When parity is selected by this bit, it must be determined whether
transmittance and check are carried out at even number or odd number.
(even number = 1, odd number = 0)

D2-D3: Stop bit length
Stop bit length at asynchronous mode is selected by these bits. Both
of D2 and D3 are set at "0" in synchronous mode.

Table 3.12 Codes according to Stop Bit Length

| Stop bit D3 D2 |
| Synchronous mode 0 0 |
| 1 stop bit/character 0 1 |
| 1.5 stop bit/character 1 0 |
| 2 stop bit/character 1 1 |

D4-D5: Synchronous mode
Synchronous mode is selected by these bits.

Table 3.12 Codes according to Synchronous Mode

Synchronous mode D3 D2
8 bits synchronous mode 0 0
16 bits synchronous 0 1

l |
| |
| |
| mode (bisynch mode) |
| |
| |
| |
| |

| |
SDLC mode (Flag char- | 1 | 0
acter:7FH) | |
External synchronous | 1 | 1
mode | |
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D6-D7: Clock mode
Scale factor between transmitter/receiving clock and data transfer rate
is selected by these bits. Besides, x1 clock mode must be used in
shynchronous mode. But, in asynchronous mode, the same scale factor is
used at transmitter and receiving area.

Table 3.14 Codes according to Clock Mode

Clock Mode [ D7 [ D6

(Data Transfer Rate)

x 1 data transfer rate
x 16 data transfer rate
X
x

32 data transfer rate
64 data transfer rate

|
|
I
|
I
|

~|lol—lo

WR 5: Write register 5

Table 3.15 Composition of Write Register 5

D7

| | | |
p6 | b5 | b4 | D3 | D2 | DI
| | | |
| |

| [ |

| |

| Do |

| |

| |
DTR | Transmitter |Trans-|Trans-|CRC-16| RIS |Trans-|

|

|

|

| |
| |
I |
| [
|
|
I
I

/character |mitter|mitter|/SDLC | |mitter|
| |break |enablel | |crRCc |
| | | | | |enablel

DO: Transmitter CRC enable
When transmitter data are loaded from transmitter data buffer into
transmitter shit register, if this bit is set, CRC calculation for
these data is carried out. In synchronous mode or SDLC mode, if this
bit is not set, CRC calculation and transmission of the transmitter
underrun state are not carried out.

Dl: Transmitter request
When this bit is set, RTS terminal becomes "0". If not, RTS terminal
becomes "1".
In asynchronous mode, when tranmsitter buffer becomes empty, RTS
terminal becomes "1". In synchronous mode and SDLC mode, RTS terminal
state follows this bit state.

D2: CRC-16/SDLC
When this bit is set, CRC-16 multiple term expression (X¥¥16+X#**]15+X¥%
2+1) is selected. When this bit is reset, CRC-CCITT multiple term
expression (X**%16+X*%12+X*%5+]1) is selected.

D3: Transmitter enable
If this bit is set, the transmitter is enabled.
Moreover, even if this bit is reset after data transmitter start, all
of synchronous character and data in progreses of transmit.

D4: Transmitter break
If this bit is set, whatever data are transmitted, transmitter data
line (TxD terminal) is forced to become the space state.
If this bit is reset, TxD becomes the marking state.

D5-D6: Transmitter character length
These bits indicate the transmitter data character length.
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Table 3.10 Codes according to Transmitter Character Length

|  Bit number/Character D6 D5
| Max. 5 0 0 |
| 7 bits 0 1
| 6 bits 1 0
| 8 bits 1 1

As shown in Table 3.16, when bits below than 5 (4 bits, 3 bits etc.)
per 1 character are transmitted, D5 and D6 are expressed as '"0'", but it
is impossible to understand how many bits do data have. Therefore,
data character should be treated according to the aftermentioned
format. Now, D means the data.

Table 3.17 Transfer Format in case of max. 5 bits transmitter data

| Transmitter bits/Character | D7 | D6 | D5 D4 | D3 | D2 | DI DO |
| 1 1 1 1 1 0 0 0 D |
| 2 1 1 1 0 0 0 D D |
| 3 1 1 0 0 0 D D D |
| 4 1 0 0 0 D D D D |
| 5 0 0 0 0 D D D D |

D7: Data terminal ready
This bit indicates the state of DTR terminal.
When this bit 1is set, the state of DTR terminal becomes "0", when
reset, it becomes "1".

WR 6: Write register 6

Table 3.18 Composition of Write Register 6

| | | | | | | | |
| o7 | p6 | o5 | o4& | p3 | Dp2 | pl | pO |
| | | | | | | | |
| | I | | [ | | |
| S Y N C |
| |
| | | | | | | | |
| 7 1 6 1 5 | 4 | 3| 2 | 1 1 o |

This register is programmed in accordance with the following state:
o External syncrhronous mode ..... Transmitter synchronous character

o Mono-syncrhronous mode ......... Transmitter synchrenous character
o Bi-syncrhronous mode ........... First synchronous character
O SDLC mode .+ecessescessasesessss Slave station address
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WR 7: Write register 7

Table 3.19 Composition of Write Register 7

| | | | | | | | |
| op7 | p6 | b5 | p4 | o3 | p2 | Dl | DO |
| | | | | | | | |
| I I I I I | | |
| S Y N c |
| |
| | | | | | | | |
| 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 |
: (7) I' (6) |l (5) : (4) II (3) II (2) : (1) || (0) ‘I

This register is programmed in accordance with the following state:
o Mono-syncrhronous mode ......... Receiving synchronous character
o Bi-syncrhronous mode ........... Second synchronous character
0 SDLC mode .evvesveescsscessssss Flag character (7EH)

This register is not used in the external synchronous mode.

WR 0: Readout register 0

Table 3.15 Composition of Readout Register 0

| | | | | | | | |
| p7 | b6 | p5 | p4 | D3 | D2 | DI | DO |
| | | | | | | | |
| | | ! | I | [Re- |
| Break|Trans-| CIS | SYNC | DCD |Trans-|Inter-|ceiv- |
| /abort|mitter]| | /Hunt | |mitter| rup- |ing |
| |under | l | |buffer|tion |char- |
| |run/ | | | |empty |pend- |acter

| | EOM | | | |ing |effec—|
{ | | | | | | [tive |

I

These registers are used for the external/status interruption mode.

DO: Receiving character effective
When there 1is any character of more than 1 byte in the receiving
burrer, this bit is set. When the receiving buffer has become empty,
this bit is reset.

Dl: Interruption pending
When the interruption has occurred within SIO regardless of the kinds
of the interruption conditions, this bit is reset. Moreover, this bit
is effective for the channel A only.

D2: Transmitter buffer empty
When the tramsmitter data buffer is empty or SIO is reset, this bit is
set. However, only when CRC character is sent in the synchronous mode
and in SDLC mode, this bit is reset.
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D3: Data carrier detect -
This bit indicates the DCD terminal input status. if the external/
status. interruption is generated, the value of this bit is latched.

D4: Sync/hunt
The meaning of this bit differs according to the operation mode.

i) Asynchronous mode
In this mode, the SYNC terminal status of the SIO is shown. The
external/status interruption is generated by the SYNC terminal status
change.
ii) External synchronous mode

If synchronized through the detection of external synchromization, the
bit must be changed to "0'" at the trailing edge of the second RxC from
the trailing edge of RxC which recevie the 1last bit of that
synchronous character. That is, to make '"SYNC" input to "0" in the
external circuit after detection of the synchronization, it is
necessary to wait completely 2 receiving clock cycles. When '"SYNC"
input becomes "0'", the sync/hunt bit is set. If the synchronization is
lost or end of message is detected, the enter hunt phase bit is set.

iii) Internal synchronous mode
In Monosynchronous and Bisynchronous modes, this bit is first set at
"1" by the enter hunt phase command (D4 of WR3). After the SIO
detected the synchronous character, this bit is reset.

iv) SDLC mode

This bit is set when the receiver is disabled or by the enter hunt
phase command. Thereafter, when the open flag of the frame is
detected, this bit is reset.

D5: CTS (clear to send) -
This bit indicates the status opposite to the CIC terminal input
status.

D6: Transmitter under Run/EOM
When SIO is reset (including channel reset), this bit is set. This bit
can be reset only by the reset transmitter under run/EOM latch command
(D7, D6 of WR 0=11).
When the transmitter under run status is caused, the external/status
interruption is also generated.
This bit is also used for controlling transmission in the synchronous
and SDLC modes.

D7: Break abort
In the receiving in asynchronous mode, tihs bit has a meaning of the
break status detection. Detection of the break status sets this bit,
generating the external/status interruption, while the external/status
interruption reset command resets this bit.
After the break ended, the external/status interruption is again
generated.
In case of the SDLC mode, detection of the abort sequence sets this
bit, generating the external/status interruption.
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RR 1: Read register 1

Table 3.21 Composition of Readout Register 1

| | | | | | | | |
| p7 | o6 | o5 | b4 | D3 | D2 | pl1 | DO

| | | | | | | | |
| I 1 Re= ] | 1. [ [Ta1r |
| End | CRC/ | ceiv-|Parity] Fraction | char-|
| of | fram-| ing | error] | | | acter]
| frame| ing | over-| | | | |trans-|
| | error| run | | | | |mis— |
[ | | error| | | | i

| | | | |

DO: All character transmission
In the asynchronous mode, when all characters are sent out of the
tramsmitter or when there is no transmitted data in the SIO, this bit
is set. Furhter, in the synchronouss mode this bit is always kept set.
Dl ~ D3: Fraction codes
Since I Field is normally integer times of character length, if not
integer times, these codes show last fragmentary bits. These codes are
significant only for transfer in which end-of-frame bit is set in the
SDLC mode.

Example) Two cases that [1] number of bits of one character at the end of
I Field is 8 (0) bits and [2] 4 bits are shown in Fig. 3.12.

CRC

I field [1]

[2]

|
|
| CR
|
|

o
=
le]

I field

Fig. 3.12 I Field Fractions

Further, the fragmentary codes for receiving characters in length of 8
bits/character are as follows:
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Table 3.22 (a) Bit pattern according to last fragmentary bits in I field

Last fraction bits in I fiedd | D3 | D2 [ DI
1 byte before 2 byte before

| |
| |
| |
| |
| |
| I
| |
| |
| l
! |

Ni—=|olo|ojo|ofo
oofoofoo|~jOr ||
Ol |O|=|O|=|O|r—
Ol {—=O|O|—|—|O
Ol |—|—{—lojo|o

Even when length of 1 field receiving characters is other than 8 bits,
a similar table can be composed for each character length.

Table 3.22 (b) Bit pattern according to data bits per I character
(In case of no fraction)

| bit/character D3 D2 DO |
| 5-bit/character 0 0 1 |
| _6-bit/character 0 1 0 |
| 7-bit/character 0 0 0 |
| 8-bit/character 0 1 1 |

D4: Parity error
When the parity selecting bit (Do of WR4) is set, if parity error is
detected in receiving data, this bit is latched. The latch can be
released by the error reset command (D5, D4, D3 of WR 0=110).

D5: Receive overrun error
Receiving data FIFO is set up to 3 characters. If there is no read by
MPU and more characters are received, these characters are set as the
receiving FIFO.
When these characters are read out by MPU, this receive overrun error
is set. Once set, this bit latches its status. This bit is also reset
if the error reset command (WRO D3 - D5 commands) is written.

D6: CRC/framing error
In the asynchronous mode, if a framing error is detected in received
characters, this bit is set. Since not latched, this bit is always
updated.
In the synchronous mode and the SDLC mode, this bit shows the sent CRC
check result. This bit is reset when the error reset command (command
6 of WRO D3 - D5) is written.

D7: End of frame
When the end of flag is detected during receiving data and no CRC error
and fragmentary code is normal, this bit is set. bit is reset by the
error reset command (command 6 of WRO D3 - D5).
Further, this bit is used only in the SDLC mode and is updated when the
first character of next frame is received.

RR 2: Readout register 2
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Table 2.23 Composition of Readout Register 2

! | | | | | | |
p7 | o6 | p5 | o4 | p3 | D2 | D1 | DO |

I I I I | I I I

Interruption Vector

[ [ T
| vz | ve | vs | v4 | v3 | v2 | vl
|
|

|
| vo |
l I | |
I
[

When the status affect vector bit is set, V3 to V1
change according to the interruption condition.

I I | I

When the status affect vector bit (D2 of WR1), is set, V3 to V1 change
according to the interruption condition at the time. Vector that is
read out is decided by the interrupt condition with the highest
priority at the time of readout.

Further, when the status affect vector bit 1is reset, the content
becomes equal tc that of WR2.

3.5 How to use SIO
Two examples of systems using the SIO are introduced here.
Shown in Fig. 3.13 is an inter-processor communication system.
In this example, MPU at the left side transmits/receives data to/from
other modules at the right side. Shown in Fig. 3.13 (a) 1is also a
communication system as in Fig. 3.13 (b).
As shown in these examples, the SIO is used for data communication with
external devices. In addition, the most great advantage of the SIO is

that it requires less data lines than parallel communication as shown in
this figure.
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z80

RSXYZ |, , z280 . R
DRIVER /N—y \N——
RECEIVER sI0 MPU

280 zso K—
— " [ onrvens
wpu | | sIo (::>RECEIVER<:\:|
]! DRszYZ z80 280
RIVER/] :“-j
RECEIVER s10 MPU
Fig. 3.13 (a) Inter-processor Communication System
1ST CHANNEL
z80 o RS232C oy MODEM
z80 N 7
PR DATA
—y DRIVER/] (SYNCHRONOUS,/ |—3 ATA LINK TO
MPU sIo A:ammm C::) ASYNCHRONOUS REMOTE PROCESSOR
CH.B

2ND CHANNEL

Fig. 3.13 (b) Inter-processor Communication System
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4. ELECTRICAL CHARACTERISTICS

4.1 ABSOLUTE MAXIMUM RATINGS

1 Item l Rating [ Unit |
| vce | Supply Voltage I -0.5 to +7.0 [ v |
[ e L [—m e | === |
| VIN | Input Voltage | 0.5 to Vec + 0.5 | V
|- o [ommmmmem [ I
| PD | Power Dissipation (Ta = 85°C) | 250 | mWw |
| ==mmmmmme fmmm e [ —mm e R |
| TSOLDER ; Soldering Temperature (10 sec) % 260 ; °c
i ———————————————————————————————————————————————————————————————————————
| TSTG | Storage Temperature | -65 to 150 | °c
e [ e [mmmm e [ == |
| TOPR | Operating Temperature | -40 to 85 | %

4.2 DC ELECTRICAL CHARACTERISTICS
TA = -40°C to 85°C, VCC = 5V + 10%, VSS = OV
| SYMBOL | ITEM TEST CONDITION MIN. [TYP.| MAX. |UNIT]
| VILC | Low Clock Imput -0.3 - | 0.6 v |
| | Voltage | | | | | |
| VIHC | High Clock Inmput | [vcc-0.6 | - [vcc+0.3] Vv |
| | Voltage | | | | I |
| VIL | Input Low Voltage | | -0.5 | - | 0.8 | Vv |
| | (Except CLK) | | | | | |
| VIH | Input High Voltage | [ 2.2 T - TJvce [ v |
| | (Except CLK) | | [ | | I
| voL | Output Low Voltage | IOL = 2.0mA | - - | 0.4 | Vv |
| | | | | | I l
|" VOH1 | Output High Voltage | IOH = -1.6mA | 2.4 | - | - [ Vv |
| | (1) | | | | | [
| VOH2 | Output High Voltage | IOH = -250uA | vcc-0.8] - | - | Vv |
l | (11) | | | 3 | |
| IL1 | Input Leakage | vss< VINS vCC | - |- | 410 | uvA |
| | Current | | | | | |
|7 ILO [ Output Leakage ["VSS + 0.4< VIN | - T - T +10 T ua |
| | Current | < vee | | | | |
l | | | | | | |
| I [ l I I I |
| IL(SY) | SYNC Pin Leakage | vSS + 0.4< VIN | -40 | - | 10 | uwA |
| | Current | < vee | | | | |
| | | | | | | l
| ] [VeC=5V | P/F | - T & ] 10 ] |
| | | £CLOR=(1) |----- = | =mmm | wmmmeem L
| 1cCl | Power Supply Current| VIH=VIHC |AP/AF| - | 2.5] 6 | mA |
| | | =vce-0.2v|AP-6 | | [ | |
| | | VIL=VILC |/AF-6| - |4 | 10 | |
I | | =0.2v | | | | | |
| [ Standby Supply [ vee=5v [ I I I |
| 1cc2 | Current | VIH=VIHC | - -1 10 | vA|
| | Except SYNC at | =Vcc-0.2V | | | | |
| | "L" output | VIL=VILC=0.2V | | | | |

Note (1) fCLK=1/TcC(MIN.)
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4.3 AC ELECTRICAL CHARACTERISTICS

TA = -40°C to 85°C, vcc = 5V + 10%, VSS = OV

|” 4MHZ 6MHz | |
| NO. | SYMBOL [ PARAMETER |PF, AP/AF|AP-6/AF-6|UNIT|
| |MIN.MAX. |MIN. [MAX. | |
|1 TcC Clock cycle time [ 2507 DC | 165] DC [ mns |
| 2 TwCh Clock pulse width (High) [ 105] DC | 70[] DC | ns |
|3 TfC Clock fall time [ -T3 T -T15 | ns
|4 TrC Clock rise time [T -T30 T -T15 ns |
|_ 5 TwCl Clock pulse width (Low) | 105] DC [ 70 DC [ ns |
| Control signal to clock{ | ] I I I |
| 6 | Tscs(c) | setup time (CE, C/D, B/A) | 145] - | 60l =- | ns |
| | | _ I | | | | |
| 7 | TsrRD(C) | IORQ, RD to clock | [ 1151 -] 60| -] ns |
| setup time - | ns |
|8 Tdc(D0) Clock ! to data out delay - | 220] -] 150] ms
|9 TsDI(C) Data in to_clock  setup | |
| | | (Write or Ml cycle) | 50]I - | 30} - : ns %
| | | [ |
| 10 | T4RD(DOZ) | RD | to data out float | -] 110 - 190 | ns |
| | | delay | | | | | |
| | | [ | | | | |
| 11 | Td10(DOI) | TORQ Y to data out delay | - | 160] - | 120! ns |
: } | (INTAK cycle) } : ; | : |

[ I

| 12 | TsMl(C) | M1 to clock | setup | 90l -1 751 -1 ms |
| | | time | | | | | |
| | | | [ | | | |
| 13 | TsIEI(I0) | IEI to IORQ{ setup time | 140| - | 120/ = | ns |
| | | (INTAGK cycle) | | | : {
| | [ | [ |
| 14 | TdM1(IEO) | M1} to IEO | delay [ - 1190] -] 160| ns |
| | | (interrupt before Ml) | | | | | |
| 15 | TAdIEI(IEOr) | IEI{ to IEO delay | 1601 - 1| - 1| 110| ns |
| (after ED decode) |
| 16 TAIEI(IEOf) IEI| to IEO} delay - 1100] - 170 | ns |
| 17 TAC(INT) . - [ 2001 -1 15Q] ns |
| | | Clock! to INT| delay | | | | |
| | | | | | | | |
| 18 | TdTO(W/RWf) | TORQ | or CE)} to W/RDY { | ~- | 2101 - | 175| ns |
| | | delay (Wait mode) | | | | | |
| | [ | | | | | |
| 19 | TdC(W/RRf) | Clock! to W/RDY{ delay | - | 120] - | 100| ns |
| | | (Ready mode) | | | | | |
| I | | | | | | ns |
| 20 | TdC(W/RWZ) | Clockt to W/RDY float | -1 130 -] 110} |
| | | delay (Wait mode) | | | | | |
|"21 [ Th, Th (CS) | Any unspecified hold [ ol -1 ol | ns |
| when setup is specified |
| 22 TwPh Pulse width (High) 200 - | 200 ns |
| 23 TwP1 Pulse width (Low) 200 - [ 200 - | ns |
| 24 TcTxC 4001 - | 3301 - | ns |
| |

| | TxC cycle time | | | I |
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| 4MHZ 6MHz | I
| NO. | SYMBOL | PARAMETER |PF, AP/AF|AP-6/AF-6]|UNIT |
| | | MIN. [MAX. [MIN. [MAX. | |
725 | TwTxCl I [ 18020 [ 100[ %S [ ns |
| | | TxC width (Low) | | | | | |
| 26 | TwTxCh _ | 180 ©© | 100] o© | ns |
| | | TxC width (High) | | | | | |
| 727 | TdTxC(TxD) ] | | | | | |
| | | TxC{ to TxD delay [ -1 300 -] 220] ns |
| | | (x1 mode) | | | I |
|28 | TdTxC(W/RREY | ___ I I T | [ CIK |
| | | TxC{ to W/RDY| delay 51 91 5| 9lperil
| | | (Ready mode) | | | I | ods*|
| [ I - | | | | | CLK|
| 29 | TATxC(INT) | T*xC{ to INT{ delay | 5l 9| 5|  9|peril
| | I | I | | | ods*|
730 | TcRxC I | 400] ©© | 330/ 00 | ns |
| | | RxC cycle time [ | | | I |
| 31 | TwRxCl l | 180] c© | 100] ©@ | ns |
| | | RxC width (Low) | | | | | |
| 32 | TwRxCh | | 180]0© | 100] c© | ns |
|| : II RxC width (High) : I : I : :
| 33 | TsRxD(RxC) | RxD to RxC | setup time | ol - | 0] -1 ns |
| | | (x1 mode) | | | | | |
| I I I [ | [ | I
| 3¢ | ThRxD(RxC) | RxC} to RxD hold time | 140 -~ | 100] =~ | ns |
| | | (x1 mode) | | | | | |
| ] I I [ I [ | CLK|
| 35 | TdRxC(W/RRf) | RxC} to W/RDY { delay | 10| 13| 10| 13|Peril
| | | (Ready mode) | | | | | ods* |
| [ I - | | | | | CLK]
| 36 | TdRxC(INT) | RxC} to INT{ delay | 101 13| 10| 13|pPeril
| | | | | | | | ods*]
| I | [ I [ I | |
| 37 | TdRxC(SYNC) | RXC| to SYNC{ delay |4 71 4 7] akl
| | | (Output modes) | | | | | ods*|
| | | I | | | | |
| 38 | TsSYNC(RxC) | SYNC| to RxC} setup |-100] - [-100] - | ms |
| | | (External sync modes) | | | | | I

(note) AC test condition

VIH=2.4V, VIHC=VCC-0.6V, VIL=0.4V, VILC=0.6V
VOH=2.2V, VOL=0.8V
CL=100pF

* System Clock
In all modes, the System Clock rate must be at least five times
the maximum data rate. Restart must be active a minimum of one
complete Clock cycle.
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4.4 Capacitance

TA = 25°C

| SYMBOL ITEM TEST CONDITION [MIN. [TYP. [MAX. [UNIT|
| € CLOCK| Clock Input f=1MHz I -1 =1 71 pF|
| Capacitance | All terminals except that | |
| CIN Input Capacitance| to be measured should be | - - 5 | pF |
| COUT |Output Capacitance| earthed. | - - | 10 | pF |
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TOSHIBA

TMPZ84C40,41,42P/TMPZ84640,41,42AP/AP-6

4.5 Timing diagram

Numbers shown in the following figures correspond with those in the 4.3
A.C. Electrical Characteristics Table.
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Fig. 4.1 (a) Timing Diagram
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Fig. 4.1 (b) Timing Diagram
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5. Package Dimension
Unit : mm

21
ﬁhnnnhnnnnhnnnnhnnhn
>
<
) =
o
<
~
uuuuuuuuuuuuuuuuuuu%_ol
1
=
s z
= 513MAX o) 15244025
Q - =
w -
['r]
o,

|

32MIN

4

o

EN)

o

I+

[eNo]

O

o
=

05+0.15 2 5414025
T

144015

Note 1. This dimension is measured at the center of bending point of
leads.

Note 2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoretical positions with respect to No.l
and No.40 leads.
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5. Outline Drawing
Unit in mm

44-pin mini-flat package

035
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