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TOSHIBA

8-BIT MICROCOMPUTER DATA BOOK

PRODUCT LIST

O 8-BIT MICROPROCESSOR
TLCS-Z80 FAMILY MPUs

060489

(Notes)  : Operatable under low supply voltage (2.7V (Min) ) ;
Postfix M: SOP (Small Outline Package),
T : PLCC (Plastic Leaded Chip Carrier), F: QFP (Quad Flat Package)

Series TLCS-Z80
Product | TMPZ84CO0AP-6 | TMPZ84CO0AP-8
Item Unit™\ Name| TMPZ84C00AM-6| TMPZ84C00AM-8 TMPZ84CO1F | TMPZ84CO02AF-6
TMPZ84CO0AT-6 | TMPZB4COOAT-8
igimum, Instruction | - g 0.6 05 1.0 0.6
Supply Voltage Vv 4.5~5.5 4.5~5.5% 4.5~5.5
Supply Current Typ. mA 15 20 15 20
Operating Temp. T -40~85
No. of Pins - 40/44 40/44 44 44
Clock rate MHz DC~6 DC~8 DC~4 DC~6
060489
Series TLCS-Z80 (ASSP)
Product
ltem Unit>\Name | riipzaaco11AF-6 | TMPZ84C013AT-6| TMPZBACO15AF-6
CMJC'}L“}‘;',Te'“s"““i°“ ns 0.6 0.6 0.6
Supply Voltage Vv 4.5~55
Supply Current Typ. mA 22 22 1 25
Operating Temp. c —-40~85
No. of Pins - 100 84 100
Clock rate MHz DC~6 DC~6 DC~6

P : DIP (Dual-in-Line Package)




TOSHIBA

8-BIT MICROCOMPUTER DATA BOOK

PRODUCT LIST

TLCS-Z80 FAMILY PERIPHERALs

Series TLCS-Z80
.. Product | TMPz84C10AP-6 | TMPZB4C20AP-6 | TMPZB4C30AP-6 | TMPZB4CAOAP-6 | TMPZ84CA1AP-6
ltem Unit™\Name { 1mpz84C10AM-6 | TMPZ84C20AM-6 | TMPZ84C30AM-6
TMPZ84C10AT-6 | TMPZ84C20AT-6 | TMPZ84C30AT-6 | TMPZ84C40AM-6 | TMPZ84C41AM-6
%icr}gn}?melnstruction 1S — — — — -
Supply Voltage \ 4.5~5.5
Supply CurrentTyp. | MA 6 | 3 4 4 4
Operating Temp. c -40~85
No. of Pins - 40/44 40/44 28/44 40 40
Clock rate MHz DC~6 DC~6 DC~6 DC~6 DC~6
060489
Series TLCS-Z80
.. Product | Tmpzgacazap-6 | TMPZ84CA3AF-6
Item UNit\Name TMPZ84C61AP-6
TMPZ84C42AM-6 | TMPZ84C44AT-6
CM)Iicr]ierq_\;urrrr\\elnstruction us — — -
Supply Voltage Vv 4.5~5.5
Supply Current Typ. mA 4 4 3 4
Operating Temp. T —40~85
No. of Pins - 40 44 16 16
Clock rate MHz DC~6 DC~6 DC~6 DC~8
060489
(Notes)  Postfix P: DIP(Dual-in-line Package); T : PLCC (Plastic Leaded Chip Carrier)

F: QFP (Quad Flat Package);

M: SOP (Small Outine Package)




TOSHIBA

8-BIT MICROCOMPUTER DATA BOOK

PRODUCT LIST

TLCS-Z80 FAMILY 8MHz VERSION (PERIPHERALS & ASSP)

060489

(Notes) Postfix P :DIP (Dual-in-line Package)
F : QFP (Quad Flat Package)

Series TLCS-Z80 (PERIPHERALS)
Product
Item Unit Name TMPZ84C20AP-8 | TMIPZ84C30AP-8 | TMPZ84C40AP-8 | TMIPZ84C41AP-8 | TMPZ84C42AP-8
E/I;?Inernr?nq‘\elnstructlon pS —
Supply Voltage \Y 4.75~5.25
Supply Current Typ. mA 4 5 5 5 5
Operating Temp. c -10~70
No. of Pins - 40
Clock rate MHz 8
060489
Series TLCS-Z80 (ASSP)
Product
Item Unit\\Name | rupzgacotsar-s |TMPz8aco13aT-8
(l\_./lyicrlnien;lr?gelnstruction us 0.5
Supply Voltage Y 4.75~5.25
Supply Current Typ. mA 35 [ 31
Operating Temp. T -10~70
No. of Pins - 100 l 84
Clock rate MHz 8




TOSHIBA 8-BIT MICROCOMPUTER DATA BOOK PRODUCT LIST

O 8-BIT MICROPROCESSOR
TLCS-85 FAMILY (1/2)

Series TLCS-85 (NMOS)
Product
ltem Unit\Name | TmP8085AP-2 | TMP808SAHP-2 | TMP8155P-2 TMP8156P-2 TMP8237AP-5
Yigimym, Instruction | - ;g 1.3/0.8 1.3/08 — - -
Supply Voltage Vv 4.75~5.25 4.5~5.5 4.75~5.25 4.75~5.25
Supply Current Typ. mA 170 135 180 180 150
Operating Temp. C 0~70
No. of Pins - 40 40 40 40 40
Clock rate MHz 3/5 3/5 3/5 3/5 3/5
060489
Series TLCS-85 (NMOS)
.. Product
Item Unit\Name | ipg251ap TMP8253P-5 TMP8255AP-5 TMP8259AP TMP8279P-5
(l\_‘llyiaien%_?melnstruction ns — — — — —
Supply Voltage \Y 4.75~5.25 4.5~55
Supply Current Typ. mA 100 l 140 120 85 L 120
Operating Temp. T 0~70
No. of Pins - 28 24 40 28 40
Clock rate MHz 3 25 (TRD =200ns) | (TRD =200ns) 3

060489

(Note) Postfix P: DIP(Dual-in-line Package)




TOSHIBA

8-BIT MICROCOMPUTER DATA BOOK

PRODUCT LIST

TLCS-85 FAMILY (2/2)

Series TLCS-85 (CMOS)
\ Product | TMP82C51AP-2 | TMP82C51AP-10 TMP82C54P-2 TMP82C55AP-2
tem Unit\ Name TMP82C53P-2
TMP82C51AM-2 | TMP82C51AM-10 TMP82C54M-2 | TMP82C55AM-2
Supply Voltage Vv 45~55
Supply Current Typ. mA 0.8 4 2 <0.5pA> 3 2 <0.5pA>
Operating Temp. T - 40~85
No. of Pins - 28 28 24 24 40
Clock rate MHz 5 10 5 10 (TRD =5140ns)
060489
Series TLCS-85 (CMOS)
. Product | TMP82C55AP-10 | TMP82C255AN-2 | TMP82C265AF-2 | TMP82C59AP-2 TMP82C79P-2
Item Jni Name
TMP82C55AM-10 | TMP82C255AN-10| TMP82C265AF-10| TMP82C59AM-2 TMP82C79M-2
Supply Voltage \Y 4.5~55
Supply Current Typ. mA 2 <0.5pA> 3 3 0.8 2
Operating Temp. T -40~85
No. of Pins - 40 64 80 28 40
Clock rate MHz | (trp 2900ns) 8/10 8/10 (TRD 2120n) 5
060489
Series TLCS-85 (CMOS)
Product | TMP82C37AP-5 | *TMP82C37BP-8
Unit™\_Name
Item
TMP82C37AM-5 | *TMP82C37BM-8
Supply Voltage \" 4.5~5.5
Supply Current Typ. mA 5 8
Operating Temp. T —-40~85
No. of Pins - 40 40
Clock rate MHz 5 8
060489
(Notes) *: under development; <> :Hold current;
Postfix P : DIP(Dual-in-line Package), F : QFP (Quad FlatPackage)
N : Plastic shrink DIP, M : SOP (Small Outline Package)
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TOSHIBA TMPZ84CO00A

TMPZ84CO0AP-6 / TMPZ84C00AM-6 / TMPZ84CO0AT-6
TMPZ84CO0AP-8 / TMPZ84C00AM-8 / TMPZ84CO0AT-8

TLCS-280 MPU : 8-BIT MICROPROCESSOR

1. OUTLINE AND FEATURES

The TMPZ84CO00A is an 8-bit microprocessor (hereinafter referred to as MPU), which
provides low power operation and high performance.

Built into the TMPZ84C00A are bus control, memory control and timing control
circuits in addition to paired 6 general purpose registers, accumulator, flag registers and
an arithmetic-and-logic unit.

The TMPZ84CO00A is fabricated using Toshiba’s CMOS Silicon gate Technology.

The pricipal functions and features of the TMPZ84C00A are as follows.

Table 1.1 Operating Frequency and
Supply Current

. Supply Current (TYP.)
Operating
Produce Name Frequency AT
ATRUN STAND BY
TMPZ84CO0AP- 6MHz 15mA 0.5pA
6/AM-6/AT-6
TMPZ84C00AP- 8MHz 20mA 0.5pA
8/AM-8/AT-8

060489
(1) Commands compatible with the Zilog Z80 MPU.
(2) Low power consumption
(3) DC to8MHz operation (at 5V +10%)
(4) Single 5V power supply (5V +£10%)
(5) Operating temperature (—40°C to 85°C)
(6) Powerful set of 158 instrucitons available
(7) Powerful interrupt function
(a) Non-maskable interrupt terminal (NMI)
(b) Maskable interrupt terminal (INT)
The following 3 modes are selectable:

® 8080 compatible interrupt mode (interrupt by Non-Z80 family peripheral LSI)
(Mode 0)
® Restart interrupt (Mode 1)

MPUZ80-1



TOSHIBA TMPZ84C00A

® Daisy chain structure interrupt using Z80 family peripheral LSI (Mode 2)

8
9
(10)
(11)
(12)

An auxiliary resister provided to each of general purpose registers
Two index registers

10 addressing modes

Built-in refresh circuit for dynamic memory

Molded in 40-pin DIP package (P), 40-pin SOP package (M) and 44-pin PLCC
package (T).

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: Z801is a trademark of Zilog Inc., U.S.A.

MPUZ80-2



TOSHIBA TMPZ84C00A

2. PIN ASSIGNMENT AND FUNCTIONS

The pin assignment and I/O pin names and brief functions of TMPZ84C00A are
shown below.

2.1 PIN ASSIGNMENT (TOP View)
The pin assignment of the TMPZ84C00A are as shown in Figure 2.1 and Figure 2.2.

A1101 -/ 40 JA10
A1202 39[1A9
A1303 38 [1 A8
A4 4 37[1A7
A1505 36 [1A6
cLk6 35[0 A5
pDaf]7 34[1A4
D38 331 A3
D59 32[1A2
D6l 10 31[1A1
Vel 1 30 A0
ng 12 29 %vss
D70 13 28 [I RFSH
pDo[ 14 27 0™
D1[] 15 26 [1 RESET
INTO 16 25 {1 BUSREQ
NMmif 17 24 [1 WAIT
HALTL 18 23 [ BUSACK
MREQ(] 19 22 IWR
TORQ[] 20 21 [IRD
060489
Figure 2.1 DIP, SOP Pin Assignment Figure 2.2 PLCC Package Pin Assignment

MPUZ80-3



TOSHIBA TMPZ84C00A

2.2 PIN NAMES AND FUNCTIONS

I/0 pin names and functions are as shown Table 2.1.

Table 2.1 Pin names and Functions (1/2)

. Q'ty
Pin (Number)

D0-D7 8 Input/output | The 8-bit bi-directional data bus.
3-state

A0-A15 16 Output The 16-bit address bus.

3-state These pins specify memory and /O port
addresses. During a refresh cycle, the refresh
address is output.

Type Function

MT 1 Output The Machine Cycle 1 signal.

In an operation code fetch cycle, this pin goes
“0"” with the MREQ signal. At the execution of a
2-byte operation code, this pin goes “0"” for each
operation code fetch. In a maskable interrupt
acknowledge cycle, this pin goes “0” with the
IORQ signal.

RD 1 Output The Read signal. Itindicates thatthe MPU is
3-state ready for accepting data from memory or I/0
device. The data from the addressed memory or
1/0 devices is gated by this signal onto the MPU
data bus.

WR 1 Output | The Write signal. Thissignal is output when the
3-state data to be stored in the addressed memory or I/O
device is on the data bus.

MREQ 1 Output The Memory Request signal. When the

3-state execution address for memory access is on the
address bus, this pin goes “0” . During a memory
refresh cycle, this pin also goes “0" with RFSH
signal.

|

el
=
O

Output The Input/Output Request signal. This pin goes
3-state “0” when the address for an I/0 read or write
operation is on the low-order 8 bits (A0 through
A7) of the address bus. The IORQ signal is also
output with the M1 signal at interrupt
acknowledge to tell an I/0 device that the
interrupt response vector can be placed on the
data bus.

CLK 1 Input The Single-phase Clock Input.

When the clock input is placed in the DC state
(continued “1” or “0" level), this pin stops
operating and holds the state of that time.

060489

MPUZ80-4



TOSHIBA TMPZ84CO0A

(2/2)

Q'ty

(Number) Type Function

RESET 1 Input The Reset signal input.

RESET signal is used for initialization MPU and
must be keptin active state (“0" ) for a period of
at least 3 clocks.

INT 1 Input The Maskable Interrupt signal. An interruptis
caused by the peripheral LSI. Aninterruptis
acknowledged when the interrupt enable flip-
flop (IFF) issetto “1” by software.

The INT pin is normally wire-ORed and requires
an external pullup resistor for these applications.

WAIT 1 Input The Wait Request signal. Thissignal indicates to
the MPU that the addressed memory or I/0O
device is not ready for data transfer. Aslong as
thissignal is “0”, the MPU is in the Wait state.

BUSREQ 1 Input The bus Request signal. The BUSREQ signal
forces the MPU address bus, data bus, and
control signals MREQ, IORQ, RD, and WR to be
placed in the high-impedance state. Thissignal is
normally Wire-ORed and requires an external
pullup resistor for these applications.

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

HALT 1 Output The Halt signal. This pin goes “0” when the MPU
has executed a Halt instruction and is in the Halt
state.

X
s
[%)
I
-

Output The refresh signal. When the dynamic memory
refresh address is on the low-order 8 bits of the
address bus, this signal goes “0” . Atthe same
time, the MREQ signal also goes active (“0").

Z

Input The Non-maskable Interrupt Request signal.

This interrupt request has a higher priority than
the maskable interrupt and is not dependent on
the interrupt enable flip-flop (IFF) state.

NC 4 - Not connected internaly.
(PLCC only) Please use by open.

Vce 1 power supply [ +5V

Vss 1 power supply [0V

060489
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TOSHIBA TMPZ84C00A

3. FUNCTIONAL DESCRIPTION

The system configuration, functions and basic operation of the TMPZ84C00A are
described here.

3.1 BLOCK DIAGRAM

The block diagram of the internal configuration is shown in Figure 3.1.
_]/ T Ag~Ars

Address bus output circuit

cLK e
—> Accumulator (A) Accumulator (A")
Flag (F) Flag (F')
=) B register B’ register
o Cregister C register
f_[ D register D' register
E.( E register E' register
w o / H register H’ register
g <Z( L register L’ register
; o I register Rregister
g ﬁ IX register ~—Vgs
Do~D;| | Z Z 1Y register
A Stack pointer (SP)
©w p=4
) o Program counter (PC)
:E) > O a7 g er(
< IG — Temporary register
Voo —> l<—( 54 Incrementer/decrementer
x
° D E—N I
2 M >|a w
= V| Instruction Q =
decoder !
Z w
(o4
O w
(U]
Y -
Data l/O 110 C.OM"IC;;' 2 <Z( ~<— RESET
IFF1 | IFF2 Control Control isggsir:iae ° 3 G RESH
! ] | [
L%tﬁtrr%"l%}'" , Control bus controller
NMI INT IORQ HALT WAIT MREQ RD WR  BUSREQ BUSACK
060489

Figure 3.1 Block Diagram

MPUZ80-6



TOSHIBA TMPZ84C00A

3.2 SYSTEM CONFIGURATION

(1

The MPU has the configuration shown in Figure 3.1. The address signal is put on the
address bus via the address buffer. The data bus is controlled for input or output by the
data bus interface. Both the address and data buses are put in the high-impedance state
by the BUSEQ signal input to make them available for other peripheral LSIs. The
Opcode read from memory via the data bus is written to the instruction register. This
Opcode is decoded by the instruction decoder. According to the result of the decoding,
control signals are sent to the relevant devices. Receiving these control signals, the
ALU performs arithmetic operations. The register array temporarily hold the
information required to perform operation.

The following describes the MPU’s main components and functions which the user
must understand to operate the TMPZ84CO00A.

Internal Register Groups
The configuration of the internal register groups is as follows:
(1)  Main registers
AF,B,C,D,E,H,L
(2) Alternate registers
AP B, CD B H L
(3) Special purpose registers
LR, IX,1Y,SP,PC

Figure 3.3 shows the configuration of the internal register groups. The register
groups, each being of a static RAM, consists of eighteen 8-bit registers and four 16-bit
registers. The following describes the function of each register:

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

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

(b) Flag register (F) (see Fig. 3.2)

The flag register is an 8-bit register to hold the result of each arithmetic
operation. Actually, the G of the 8 bits are set (“1”)/reset (“0”) according to the
condition specified by an instruction.

MPUZ80-7




TOSHIBA ‘ TMPZ84C00A

MsB LsB
7 65 4 3 2 1 0 (* = Undefined)
szl [nl.Jew|n]c]

060489

Figure 3.2 Flag Register Configuration

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

MSB LSB MSB LSB
7 07 0
| Accumulator Flag reister
: A F
Main register
B C
General-purpose D
register
H L
Accumulator Flag reister ]
A’ F’
B’ c Alternate register
D’ E’
H’ L
Interrupt vector Memory refresh ]
| R
MSB LSB
5 Special register
Index register IX
General-purpose Index register Y
register Stack pointer Sp
Program counter PC
060489
Figure 3.3 Flag Register Configuration
. Sign flag (S)

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

° Zero flag (Z)

When all bits turn out to be “0” s after operation, the Z flag is set to “1” .
Otherwise, it is set to “0”.

MPUZ80-8



TOSHIBA TMPZ84C00A

With a block search instruction (CPI, CPIR, CPD or CPDR), the Z flag is set to
“1” if the source data and the accumulator data match.

With a block I/0O instruction (INI, IND, OUTI or OUTD), the Z flag is set to “1” if
the content of the B register used as the byte counter is “0” at the end of
comparison.

. Parity/overflow flag (P/V)

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

The other use of the P/V flag is the overflow flag (V) that indicates whether an
overflow has occurred or not as a result of an arithmetic operation. The V flag is

set to “1” when the value in the accumulator gets out of a range of the maximum
value +127 and the minimum value —128 and therefore cannot be correctly
represented as a two’s complement notation.

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

[ Carry flag (C)

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

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

o Half carry flag (H)

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

o Add/subtract flag (N)

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

MPUZ80-9



TOSHIBA TMPZ84C00A

@)

(3)
(a)

For change of the flag state depending on the instruction, see 3.4
“TMPZ84CO00A Instruction Set” .

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

General-purpose registers consist of 8 bits each. They are used as 16-bit register
pairs (BC, DE, HL) as well as independent 8-bit registers to supplement the
accumulator. The B register and the register pair BC are used as counters when a
block I/0, block transfer, or search instruction is executed. The register pair HL
has various memory addressing features as compared with the register pairs BC
and DE.

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

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

EX AF,AF’ (AoA’,Fol)
EXX (BoB’, CoC’, DoD’, EoF’, Hol, LoL)

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

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

The TMPZ84C00A provides two kinds of interrupts :maskable interrupt (INT)
and non-maskable interrupt (NMI). The maskable interrupt provides three modes
(0, 1, and 2) in which the interrupt is handled. These modes can be selected by
instructions IMO, IM1, and IM2 respectively. In Mode 2, any memory location can
be called indirectly depending on the interrupt. For this purpose, the I register
stores the high-order 8 bits of the indirect address. The low-order 8 bits are
supplied from the interrupting peripheral LSI. This scheme permits calling the
interrupt handling routine from any memory location in an extremely short access
time. For the details of interrupts, see [4] “Interrupt Capability”.

MPUZ80-10



TOSHIBA TMPZ84CO00A

(b)

(@]

(d)

Memory refresh register (R)

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

Index registers (X, 1Y)

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

Stack pointer (SP)

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

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

(ex)
: MEMORY 'The contents of the SP
MEMORY ADDRESS ADDRESS before the instruction
(HEX) INSTRUCTION is accepted
i < (HEX) :
LOWER . 2 = 1230 CALL 1500H FFF1
H : + o : :
FFEB [ CO | & e : :
— o] H B
[ FIEC | B2 | 5 © 1500 PUSH  AF FFEF ; A=05, F=23
FFED 1 23 | o s 1501 PUSH BC FFED ; B=B2, C=CO
FFEE | 05 | = o : :
v v
l FFEF | 33 v
FFFO | 12 I :
; : 1600 POP  BC FFEB
HIGHER j 1601 POP  AF FFED

1602 RET FFEF

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

Program counter (PC)

The program counter holds, in 16 bits, the memory address of the instruction to
be executed next. The MPU fetches the instruction from the memory location
indicated by the program counter. When the content of the program counter is put
on the address bus, the program counter is incremented automatically. However, it
is not incremented with a jump instruction, a call instruction, or interrupt
processing. Instead, the specified new address is set on it. With a return
instruction, the content restored from the stack is set on the program counter.
These operations are all performed automatically and therefore, no care is
required for programming.
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(2]

[3]

Halt Capability

When a HALT instruction has been executed, the MPU is put in the halt state. The
halt capability can be used to halt the MPU against the external interrupts, thereby
reducing the power dissipation. In the halt state the states of MPU’s internal registers
are retained. The halt state is cleared by reset or when an interrupt is accepted. For the

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

(M

)

Halt operation

When a HALT instruction has been executed, the MPU sets the HALT signal to
“0” to indicate that the MPU is going to be put in the halt state. Actually, the
MPU in the halt state automatically continues executing NOP instructions if there
is the system clock input. However, the program counter is not incremented. This
keeps the refresh signal generated when the dynamic memory is used. During
halt, the MPU’s internal states are retained. By using TLCS-Z80’s clock
generator/controller (TMPZ84C60P or TMPZ84C61AP), the clock input control for
these halt operations is realized easily.

Releasing the halt state

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

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

RESET Signal

®
(2)
3)

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

(1

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

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

When reset, the MPU performs the following processing:

Program counter

0000H is set.
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[4]

(2) Interrupt

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

(3) Control output

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

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

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

Interrupt Capability

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

The TMPZ84CO00A provides the non-maskable interrupt (NMI) and maskable
interrupt (INT) capabilities which are detected by the NMI and INT interrupt request
signals, respectively. A non-maskable interrupt, when caused by a peripheral LSI, is
accepted unconditionally. This interrupt is used to support critical functions such as the
protection of the system from unpredictable happening including power failure. A
maskable interrupt can be enabled or disabled by program. For example, if the timer is
used and, therefore, an interrupt is not desired, the system can be programmed to
disable the interrupt. Table 3.1 lists the processing by interrupt source.
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(1

Interrupt enable/disable

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

MPU reset
Execution of DI instruction
Acceptance of maskable interrupt

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

Execution of EI instruction

Actually, the waiting maskable interrupt request is accepted after the
execution of the instruction that follows the EI instruction.
This delay by one instruction is caused by accepting an interrupt after completion
of the execution of a return instruction if the instruction following the EI
instruction is a return instruction.
In the above operation, the contents of IFF1 and IFF2 are the same.
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Table 3.1 Processing by Interrupt Source

Interrupt
Interrupt Source Priority | Programmed condition Vector address return
instruction
Non-maskable interrupt 1 None Address 66H RETN
(the falling edge of NMI)
Instruction from
Maskable interrupt (INT 2 IFF=1 Mode 0 | peripheral LSI. (Note)
becomes “0” at Normally, CALL or RST RETI

instruction's last clock) instruction.

Mode 1 | Address 38H.

The address indicated by
the data table (memory)
Mode 2 |atthe address specified

by | register (high-order
8 bits) and data from
peripheral LSI (low-
order 8 bits, LSB="0").

060489
Note : Mode 0 applies when the instruction from peripheral LSIis CALL or RST instruction.

Parity flag

(RETN) ] (LDA,lorLDA,R)
(Determination of IFF1 J I IFF2 1 ;
actual INT enable ‘ : (For holding IFF1)
/disable)

Executed instruction

0 0 : MPU reset
Dlinstruction
INT acceptance

1 1 . Elinstruction
RETN instruction
when IFF2 = 1.
0 state of IFF1 : NMI acceptance
" before NMI
acceptance

060489

Figure 3.4 Interrupt Enable Flip-Flop (IFF)
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When a non-maskable interrupt has been accepted, IFF1 is reset to “0” (interrupt
disable) until an EI or RETN instruction is executed, so as to prevent from accepting the
next interrupt. For this purpose, the state (interrupt enable/disable) of IFF1
immediately before non-maskable interrupt acceptance must be stored. This state is
copied into IFF2 upon acceptance of a non-maskable interrupt. The content of IFF2 is
copied into the parity flag at the execution of the following instructions, so that the
copied data can be tested or stored:

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

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

When the return instruction (RETN) from the non-maskable interrupt is executed,
the contents of the current IFF2 are copied back to IFF1. If an operation which changes
the contents of IFF2 (due to the execution of EI or DI instruction, for example) has not
been performed during interrupt handling, IFF1 automatically returns to the state
immediately before the interrupt acceptance. Table 3.2 lists the states of IFF1 and IFF2
after execution of interrupt-related instructions.

Table 3.2 State of IFF1 and IFF2

Operation sequence IFF1 IFF2 Remarks
NPU reset 0 0
El 1 1
NMl acceptance 0 1
LDA,I * * Parity flage—IFF2
RETN 1 1 IFF1<IFF2
LDA,R * * Parity flag<«IFF2
INT acceptance 0 0
RETI * *
El 1 1
NMl acceptance 0 1
DI 0 0
RETN * *

Note : *=no change 060489

(2) Interrupt processing

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

Non-maskable interrupt (NMI)

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

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

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

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

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

A non-maskable interrupt processing program terminates after executing the RETN

instruction. This return instruction performs the followings:

1
2

(b)

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

Acceptance of non-maskable interrupt (NMI)

l

[ Execution of ordinary program

EL Service routine

Address 0066H Execution of RETN instruction

060489

Figure 3.5 Non-Maskable Interrupt Processing
Maskable interrupt (INT)

When a maskable interrupt has been accepted, the MPU performs the following
processings:

Both IFF1 and IFF2 are reset to “0”, disabling the maskable interrupts.
The contents of the current program counter are saved into the stack.

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

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

Acceptance of interruptin mode 0

l

‘ Execution of ordinary program

Address specified by [:I Service routine Execution of

CALL or RST instruction RETI instruction
from peripheral LSI.

060489

Figure 3.6 Interrupt Processing in Mode 0
o Mode 1

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

Interruptin mode 1

l

I Execution of ordinary program

[:\ Service routine

Address 0038H Execution of RET! instruction

060489

Figure 3.7 Interrupt Processing in Mode 1

4 Mode 2

The interrupt processing in mode 2 requires a 16-bit pointer consisting of the
high-order 8 bits of the I register and the low-order 8 bits (with the LSB="0") of
the data fetched from the TLCS-Z80 family peripheral LSI. Therefore, the
necessary value must be loaded in the I register beforehand. This pointer is used to
specify the memory address in the table. The contents of the specified address and
the next address provide the start address of the service routine. Therefore, use of
this mode requires the table of the service routine’s start address (16 bits) to be set
at appropriate location under software control . This location can be anywhere in
memory.
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The LSB of the table pointer is set to “0” because a 2-byte data is needed to
specify the service routine start address in 16 bits and start that address from an
even-number address. In the table, the start address begins with the low-order
byte followed by the high-order byte as shown in Figure 3.8.

Interruptin mode 2

1

l Execution of ordinary program |

Table | T

l——»l Service routine }—I

. Execution of
RETI instructi
l 8 bits L 7 bits l 0 l—> Lg;"{gr —l instruction
T T Higher J
Iregister  TLCS-Z80 family byte
peripheral LSI

060489

Figure 3.8 Interrupt Processing in Mode 2

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

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

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

® Notifies the requesting peripheral LSI of the termination of interrupt
processing.
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3.3

(1]

MPU STATUS TRANSITION DIAGRAM AND BASIC TIMING

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

Instruction Cycle

Each TMPZ84CO00A instruction is executed by combining the basic operations of
memory read/write, input/output, bus request/acknowledge, and interrupt. These basic
operations are performed synchronizing with the system clock (the CLK signal).

One clock period is called a state (T). The smallest unit of each basic operation is
called a machine cycle (M). Each instruction consists of 1 to 6 machine cycles and each
machine cycle consists of 3 to 6 clock states. basically. However, the number of clock
states in a machine cycle can be increased by the WAIT signal described later on. Figure
3.9 shows an example of the basic timing of a 3-machine-cycle instruction.

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

T cycle

||

Ta

Maachine cycle

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

Cycle instruction
060489

Figure 3.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction)
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[2] Status Transition Diagram

W < RESET=0

31 M1IMMEDIALELY AFTER ACCEPTING INT ?

NO
m
Lo
TORQ =0 J
T2 < 1/0 OPERATION } TW*
. TW WAIT
™w
™w
WAIT=0
YES
\ NO
- [ TORQ=1
3
IS M3TSTATE ?
T4 <
IS M 4T STATE ? YES
M1 CYCLE ? NO
s <
ISM 5T STATE ? YES
6 { T
060489

Figure 3.10 Status Transition Diagram
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3]

Basic Timing

(M

Opcode fetch cycle (M1)

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

Figure 3.11 shows the basic timing of a basic Opcode fetch cycle.

In clock state T1, the content of the program counter is put on the address bus.
The M1 signal goes “0”, indicating"to the MPU that this is the Opcode fetch cycle.
At the same time, MREQ and RD signals go “0”. When the MREQ signal goes “0”,
the address signal has already been stabilized. Therefore, this signal can be used
for the memory chip enable signal. The RD signal indicates that the MPU is ready
to accept the data from memory. By these signals, the MPU accesses memory to
fetch the Opcode in the instruction register. The MPU samples the WAIT signal
on the falling edge of clock state T2. If the WAIT signal is “0” on the falling edge of
clock state T2 and the following wait state (TW), the next state becomes clock state
TW. Figure 3.12 shows the delay state of the Opcode fetch cycle caused by the
WATIT signal.

The data (Opcode) on the data bus is fetched on the rising edge of clock state T3
then, the MREQ, RD, and MT signals go “1”. In clock state T3, a memory refresh
address is put on the low-order 8 bits of the address bus and the RFSH signal goes
“0” and the MREQ signal goes “0” again. This signal indicates that the memory
refresh cycle is on. At this time, the contents of the I register are put on the high-
order 8 bits of the address bus and the 8 bits of the R register are put on the low-
order 8 bits of the address bus. By using the RFSH and MREQ signals, memory
refresh is performed in clock state T8 and T4. However, the RD signal remains “1”

because the contents of the memory refresh address are not put on the data bus.

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

Ao~A1s

MREQ

CLK

Ao~A1s

MREQ

WAIT
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__//_\_/

M1
T2

aw

cycle
T3

© N\

Ta

C N/

T

Proagram counter

X Refresh address

N\
N\

/]

N\

{ Inpu

Y
e

Figure 3.11 Opcode Fetch Timing
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RFSH

M1icycle
T4 T2 Tw Tw T3 Ta

[/ T ( T v S [
X Program counter X Refresh address X:
T\ /\ /1

T

\ |/ Nl /1 / \
\ /

Figure 3.12 Opcode Fetch Timing Incliding Wait State

060489
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)

CLK

Do~D7

WAIT

Memory read/write operations

Figure 3.13 shows the basic timing of memory read/write operations (except for

the Opcode fetch cycle) in the same diagram for convenience.

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

fetch cycle.

In memory read, memory data is put on the data bus by the address, MREQ, and

RD signals. The MPU reads this data.

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

can be used as the memory write signal.

-~ For memory read cycle —_——— For memory write cycle —
T T2 T3 T T2 T3
Y N A n_/ \_/ \ AN {
:X Memory address X Memory address x
T\ /
{input ) ( Data output )—
/ / \

Figure 3.13 Memory Read/Write Cycle Timing

060489
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3

Input/output operations

Figure 3.14 shows the basic timing of input/output operations. The feature of
the I/O operation timing is that, regardless of the state of the WAIT signal in clock
state T2, the I/O cycle automatically goes in the wait state (TW*) after clock T2.
The WAIT signal is sampled on the falling edge of TW*. If the WAIT signal is “0”
on the falling edges of TW* and the following clock state, the I/O operation enters
into clock state TW*. Clock state TW* is inserted because the IORQ signal goes
“0” in clock state T2, so that it is too late to sample the WAIT signal after decoding
the I/0 port address. In each of input and output operations, the I/0 port address is
put on the low-order 8 bits of the address bus in clock state T1. On the high-order 8
bits, the contents of the accumulator or B register are output. In clock state T2, the
TORQ signal goes “0” instead of the MREQ signal. The IORQ signal can be used as
the chip enable signal for a peripheral LSI.

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

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

T T2 Tw* T3 T
CLK N/ '\ } 4 v L
Ao~A7 K Port address X
[ORQ \ /]
RD \ / Read cycle
(input)
Do~D7 “ Input )
WAIT / \
WR \ /_ Write cycle
(output)
pp~D; —F——— Curpurt >

060489

Figure 3.14 1/O Operating Timing
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(4) Busrequest and bus acknowledge operations

Figure 3.15 shows the basic timing of bus request and bus acknowledge
operations.

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

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

In this state, however, no memory refresh is performed and, therefore, the
RFSH signal is set to “1”. Hence, to maintain this state for a long time with a

system using dynamic memory, memory refresh must be performed by the
external controller.

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

Each machinecycle .l Busenablestate ;|

LastT T T T T
state X X X !
ak —
BUSREQ \ /
BUSACK \ /7

Floating state
Ao~A1s Dalababl bbbtk Bkl <

Floating state

Do~D7 SR kel A S

P Floating state

'

|§
X
mj
z
o
Y
|
i
I
+
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Figure 3.15 Bus Request and Bus Acknowledge Timing

MPUZ80-27



TOSHIBA TMPZ84C00A

()

Maskable interrupt acknowledge operation

Figure 3.16 shows the basic timing of the maskable interrupt acknowledge.

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

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

When a maskable interrupt has been accepted, a special Opcode fetch cycle is
generated. In this cycle, 2 clock states of wait state (TW*) is automatically
inserted after the clock state T2. The WAIT signal is sampled on the falling edges
of the second clock state TW* and the following clock state TW and, if the WAIT
signal is found “0”, the instruction cycle enters in the next clock state TW. In this
Opcode fetch cycle, the TORQ signal goes “0” in the first TW* state instead of the
MREQ signal while, in a normal Opcode fetch cycle, the MREQ signal goes “0” in
clock state T1. This indicates to the maskable interrupt requesting LSI that the 8-
bit interrupt vector can be put on the data bus. The MPU reads this data to
perform interrupt processing. Therefore, the contents of the program counter put
on the address bus are not used. Unlike an ordinary I/O operation, the RD signal
does not go “0”.

In clock state T3, the memory refresh address signal is put on the address bus
for memory refresh like normal Opcode fetch cycle and the RFSH signal goes “0”.
In the subsequent machine cycles (M2 and M3) , the contents of the current
program counter are saved into the stack. In machine cycles M4 and M5, the
contents of the I register (the high-order 8 bits) and the contents of the address
indicated by the address of the vector (the low-order 8 bits) from the peripheral LSI
are fetched in the program counter.
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Instruction’s last M cycle M1
é.taas{(eT T T2 Tw* Tw* T3
ak - f /4
INT \ |/
Ao~A1s Program counter Befesh

1P

iOR \
Do~D7 (input)
WAIT / \
RD
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Figure 3.16 Maskable Interrupt Acknowledge Timing
(6) Non-maskable interrupt acknowledge operation

Figure 3.17 shows the basic timing of non-maskable interrupt acknowledge.

When the non-maskable interrupt request signal (NMI) goes low, the internal
non-maskable flip-flop is set to “1”. The NMI signal is detected in any timing of
each instruction. However, the internal NMI flip-flop is sampled on the rising
edge of the last clock of each instruction. Therefore, the NMI signal should go low
by the last clock state of an instruction.

The Opcode fetch cycle for non-maskable interrupt request acknowledge is
generally the same as the ordinary Opcode fetch cycle. However, the Opcode on
the data bus at the time is ignored. The contents of the current program counter
are saved into the stack in the subsequent machine cycles (M2 and M3) . In the
following machine cycle, the operation jumps to address 0066H, the non-maskable
interrupt vector address. The machine cycles after these depend on the contents of
the fetched Opcode.
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Figure 3.17 Non-Maaskable Inpterrupt Acknowledge Timing
Halt operation

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

The halt state is cleared when an interrupt is accepted or the RESET signal is
set to “0” to reset the MPU. Figure 3.18 shows the halt state clear operation by
interrupt acknowledge. An interrupt is sampled on the rising edge of the last clock
(clock state T4) of the NOP instruction. A maskable interrupt can be accepted
when the INT signal is “0”. A non-maskable interrupt is accepted when the
internal NMI flip-flop which is set on the falling edge of the NMI signal is set at
“1”. However, it is required that the interrupt enable flip-flop is set to “1” for a
maskable interrupt to be accepted. The interrupt processing for the accepted
interrupt starts from the next cycle.
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However, when the supply of the system clock has been stopped by the power
down operation, it is required to restart the supply of the system clock and input
the INT signal until the execution of one instruction is completed or the RESET
signal until 3 clocks are input. Figure 3.19 shows the timing of clearing the halt
state caused by power down. By using TLCS-Z80’s clock generator/controller
(TMPZ84C60P or TMPZ84C61AP), above-stated operation is realized easily.

For the reset operation, see (8) “Reset operation”. Note that the INT and NMI
signals are shown on the same diagram in Figures 3.18 and 3.19 for convenience.

(HALT instruction) (NOP instruction)
— M1 M1 M1 —
Ta . Ty T2 T3 Ta T T2
ax —f N ¢ g‘\_f—\_
HALT \ )
INT N\ \ |/
Of e e i R Al IR (R
NMI i e e m = - = ] b e o e e o ——— —
NMlinternal m b e e el e e e e I N W A, —————
latch -
e ———— - ——— =
060489
Figure 3.18 Timing of Clearing Halt State Caused by Interrupt Acknowledge
External Clock Restarting clock supply
i X supply stop NOP operation
| NOP instruction | | |
| ! | |
Ta Tq T2 T3 Ta Ty T2 T3 Ta T T2
CLK I | I | I l j

S e e mmmmmmme e
' M e = _}>_[_gg_ __________
NMlinternal _ e S

INT 4

060489

Figure 3.19 Timing of Clearing Halt State Caused By Power Down
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(8) Reset operation

Figure 3.20 shows the basic timing of reset operation.

To reset the MPU, the RESET signal must be kept at “0” for at least 3 clocks.
When the RESET signal goes “1”, instruction execution starts from address 0000H
after a dummy cycle of at least 2 clock states.

M1 of address 0
-
T1

M\ S\ S\
RESET ——-\ /

< Dummycycle —>

060489

Figure 3.20 Reset Timing
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3.4 TMPZB4CO0A INSTRUCTION SET

This subsection lists the TMPZ84CO00A instruction codes and their functions. The
table below lists the symbols and abbreviations used to describe the instruction set. The
symbols which require special attention are described in the locations in which they
appear.

° Symbols (1/2)

Classification Symbol Meaning
Register rg Register B,C,D,E, H LA,
t Register pair BC, DE, HL
Stack pointer SP
q Register pair BC, DE, HL, AF
p Register pair BC, DE
Index register IX
Stack pointer SP
S Register pair BC, DE
Index register Y
Stack pointer SP
tH Higher register of register pair
(8, D, H)
Higher 8 bits of stack pointer (SP)
qH Higher register of register pair
(B,D,H, A)
IXH Higher 8 bits of index register IX
IYH Higher 8 bits of index register IY
PCH Higher 8 bits of program counter (PC)
tL Lower register of register pair
(C.E, L)
Lower 8 bits of stack pointer (SP)
qL Lower register of register pair
(C,E, L, F)
IXL Lower 8 bits of index register IX
1YL Lower 8 bits of index register IY
PCL Lower 8 bits of program counter (PC)
rb Bit b (0-7) of register (B, C,D, E, H, L, A)

120489
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o Symbols (2/2)
Classification Symbol Meaning
Memory mn Memory address represented in 16 bits.
m indicates higher 8 bits and n, lower 8 bits.
(HL)p Bit b (0-7) of the contents of the memory
address indicated by register pair HL.

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

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

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

120489
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TMPZ84CO00A Instruction Set (1/9)

TEM/ Object code No. | No.
CLASSI _ Flag of | oF
-FICA- mnemonic Binary Hex Function -
Tion 76 543 210 s
LD r,g 01 rrr ggg 40+r x 8+g reg LT -
- r|rere
.......................... A e e e g | gag
LD r,(HL) 01 110 | 46+rx8 re(HL) B 000
C jo001
D jo10
Ejo011
H | 100 1
L {101
Ajur

o 70+r

Tl 9 e e e e

© LD (HL),n 36 (HL)«n SR R R A S A O Y P

-

n

) R P0s e PY Rt T B Cissaye e B

- 36 ;

< d |

e l

-

@

© |
A<(DE) |
Ae(mn) |
(DE)<A

<o

= <

< O

o =

_ h

@

®

Note : r,gmeansany of the registersA,B,C,D,E, H, L.
IFFin “Flag” column indicates that the content of the interrupt enable flip-flop is copied into the P/V flag. 120489
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TMPZ84CO00A Instruction Set (2/9)

TEM/ Object code No. | No.
bl
cuassi A - Functi Flag oF |oF
fICA- Binary Hex unction o |sta
TION 76 543 210 CLES | TES
LD IY,mn 11 111 101 FD IYemn 4| 14
00 100 001 21
nn nnn nnn n
t]tt
Le(mn) BC | 00
................. DE | 01
tye(mn+1) 6| 20] HL|10
tye(mn) SP |11
IXH*(mnﬂ) ............................... 5 20
IXpe(mn)
[ T S LT T B e R B LTI T T TTR PP PP RPPPPPRPPPPPPPPPPIPPIPPRS
< IYHe(mn+1)
o IV «(mn)
-
‘ : (mn+1)*-H ...............................
<« (mn)el
o
| (mn+1)ety
‘ - (mn)ety
‘ -
@
o . (mn+1 ) v XH ...........................
- (mn)eIXp
. (mn+1 ) *IYH ...........................
(mn)eIYL
q9]ag
BC |00
DE | 01
HL | 10
AF | 11
QHe(SP+1),qL+(SP),
.............................................. SPESPAZ s
POP IX 11 011 101 DD IXHe(SP+1),IXL<(SP)
..................... 11200 001 LEL o | SPESPE2
POP IV 11 111 101 FD IYye(SP+1),IYL<(SP)
11.100 001 E1 SPeSP+2
DEoHL
*1
BCe&BC’,DEeDE’ ,HLeoHL”
Note : tis any of the register pairs BC, DE, HL, SP.
q is any of the register pairs AF, BC, DE, HL.
(PAIR)y, (PAIR), refer to high order and low order eight bits of the register pair respectively. (Ex) BC, =C, AFy =A.
*1 : EXCHANGE 120489
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TMPZ84CO00A Instruction Set (3/9)
ITEM/ Object code No. | No.
CLass! bl - . Flag ofF |oF
A Binary Hex Function
TION 76 543 210
u Mo (SPrL)Le(SP)
4 IXyo (SP+1)
<
I
M H
oy I o (SP)
LDI 11 101 101 [ED (DE)«(HL),DE«DE+1 -1 4}16
......................... 10.109.000 _1AQ v | HUEHLELBCEBCL )
LDIR 11 101 101 | ED (DE)«(HL),DE«DE+1 5| 21 «[BC< >0]
HL¢HL+1,BC+BC-1 Repeat until «[BC=0]
o
b ST
w T
w O
i: «[BC< >0]
o« w «[BC=0]
-
I 1
vV
(X 2
oo «[BC< >0 &
® o A< > (HL)]
x[BC=0 or
A= (HL)]
«[BC< >0 &
A< > (HL)]
R [BC=0 or
......................... A= (HL)]
......................... _r_ rer
B | 000
- C|oo1
Ll D {010
v
- E {011
©
o H | 100
FE PN L {101
O et Al111
z ——
S ST
L R B T I YT TR
-
w
Z e,
I |ADC A, (IV+d) AcA+(IY+d)+CY
«
<
-
@
L B R R B B L B A A P e R LLLLTI TLEIE TrTees B
(1X+d) AcA-(1X+d)
10 010 110 96
.......................... dd ddd ddd L9 )
SUB  (IY+d) 11 111 101 |FD AcA—(IY+d) 5( 19
10 010 110 96
dd ddd ddd d
Note :  *M PN flagis0ifthe result of BC—1=0, otherwise PV =1.

*N Zflagis1if A=(HL), otherwise Z=0.

[ lindicates the total condition of the number of cycles and states indicated by arrow.

rmeans any of the registers A, B,C, D, E, H, L.

120489
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TMPZ84CO00A Instruction Set (4/9)

TEM/ . Objectcode No. | No.
cuasst Assembl| - ) Flag oF |oF
FICA- mnemonic Binary Hex Function cv- | sta
TION 76 543 210 CLES | TES
AcA=r=CY LA e
2 7| B |000
........... ¢ 001
~aloaf oot
AcA-(IX+d)~-CY 19 E|o011
H | 100
L 101
A
. A
<
v
U]
o
"
P TR EAtb U et PSRN | A(—A/\(IY+d) ....................................
z
<
L Pt} SO USRI Fe
-
w
=
: AcAV(IX+d)
-
O DOSOCUOOPIIOOTPRPRORN B0 OO OUURROOSSSSO OP000090 00RO SSINOOON YIS NN HPOF-N NS SUEIOTSOVE-NOON O S
<
-
@
'
P B FTTIRTITTORINN P ti N iU I RS LI TPRISTSOPSTRIRE (FFTIUITPSPITRTRRRURPIPRPTRRUORPRURTYS RVRYS TRV SUURETSNUS RUNs SHVTOSSUIE NOUN IS SN
.................................................................. A‘-AV(IX+d)
(IX+d)
10 111 110 BE
99,99 99 18 L bbb B L
(IY+d) A-(IY+d)
................................................................. (LY (L)
INC (IX+d) 11 011 101 DD (IX+d)e(IX+d)+1 6| 23
00 110 100 34
dd ddd ddd d
Note : rmeansany of theregistersA,B,C,D,E, H, L. 120489
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TMPZ84C00A Instruction Set (5/9)
ITEM/ Object code No. | No.
CcLAsSI bl - ) Flag of |oF
FICA mnemonic Binary Hex Function cv- | sta
TION 76 543 210 P/V CLES | TES
[} INC (Iv+d) 11 111 101 FD (IY+d)«e(IY+d)+1 Xi Vv 6] 23
- ;
w —_—
2 rlrrr
I . —
| B [ 000
22 (IX+d) c |oo01
< v D |o10
° E|o011
Ll
- (1Y+d)«(IY+d)-1 H | 100
@ a L]101
4
© Aj111
_. Decimal adjust accumulator
° .
o
-
=4
(o]
5
Sh
af:
=3
w .
)
oz
a |
o«
D V.
o -
Ve
aw
< S
- I
W
= -
w o Set interrupt mode 2
O «
bt
BC | 00
DE | 01
L—l HL| 10
- SP |11
o L,
=3 —_—
T p|pp
- IVeIY+s BC [ 00
o« DE | 01
< IX |10
- SP |11
« —
' IYeIY+1 s |ss
© BC [ 00
DE | 01
IY | 10
SP | 11
w H
b :
2 |RLCA 00 000 111 |07 70 Xi - 1| 4
o :
o A T
Note :  ssisany of the register pairs BC, DE, HL, SP. PP isany of the register pairs BC, DE, IX, SP.
rris any of the register pairs BC, DE, 1Y, SP. 120489
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TMPZ84CO0A Instruction Set (6/9)
ITEM/ Object code No. | No.
cLass! Assembler ) Flag o | oF
-FicA- mnemonic Binary Hex Function . cv- | sta-
TION 76 543 210 PP/VENEC | aus|TEs
I rre
B | 000
¢ | o001
D |o10
E {o11
- 11 001 011 |CB H | 100
- r, (HL), (IX+d), (IY+d) L {101
- LEET
I
"
w
-
<«
-
o
o
11 001 011 |CB
dd ddd ddd | d r, (L), (IX+d), (IY+d)
......................... 00 010 110 116 ..
RL(IV+d) 117111 101 |Fo
11 00t 01t |[cB
dd ddd ddd |d
......................... 00,010 110 116 oo
RRC r 117001 011 fcp |
......................... 00,001 ree 1 08+r .
RRC (HL) 11001 Tot1 e
.......................... 00,001 110 JOE ...
RRC (IX+d) 117011 101" |00
11 001 011 |cB r,(HL), (IX+d), (IY+d)
dd ddd ddd |d
.......................... 00,001 110 |OE ...
RRC (1Y+d) 117111 101 |0
11 001 011 |cB
dd ddd ddd |d
......................... 00 001 110 | OE OO SO URORPUO B
R R B R S
IS A 00 011 ree | 18+r .
RR(HL) 117001 011 Jeg T
................... 0001 110 |1E
RR(Ix+d) 117011 101 oo T r, (HL), (1X+d)
11 001 011 |CB
dd ddd ddd |d
00 011 110 |1E
Note : rmeansany of theregistersA,B,C,D,E, H, L. 120489

MPUZ80-40




TOSHIBA TMPZ84C00A
TMPZ84CO00A Instruction Set (7/9)
TEM/ Object code No. | No.
cLassi bl Flag oF |oF
“FICA- mnemonic Binary Hex Function . - - - cy- | sTA- i
TION 76 543 210 POIP/VENDC faes|Tes ‘
RR  (IY+d) 11 111 101 PX PP PO 6| 23
11 001 o011 : : F l
dd ddd ddd |
00 011 110
S| 00 011110 = \
AAAAAAAAAAAA 00100 rer | 8 1000
SUAT(HD 117001 011 | ¢ |oo01 '
AAAAAAAAAAAA 00,100 110 0 |o10
SLA (Ix+d) |117011 101 E|o11
11 001 011 |cB (7 <0]=0 H | 100
dd ddd ddd |d ™, (HL), (IX*d), (1Y+d) L | 101
..................... 00,100 110 f26 Al
SLA T (1Y+d) 11111 101 |FD h
11 001 011 |CB
dd ddd ddd |d
o — 00,100 110 |26 | |
w [SRAr 11 001 011 {CB ) |
- .| 00 101 rrr | 28+r 3
e T R | R RHRHIVES It |
< 00 101 110 |2E
w | SRA(Ix+d) 11011 101 |oo
- 11 001 011 |[CB 750
< dd ddd ddd |d
g 00 101 110 |2E r, (HL), (IX+d), (IY+d)
o
B 3E . F(HL), (1X34), (1¥49)
SRU(Iv+d) 11111 101 [F0 T
RLD »
A7 43 0] (HL)
wie e e e e ey ey | o
01 100 111 |67 A (HL) -
b [ bbb
= [BIT b,r 11 001 011 [CB o [o00
2 01 bbb _rer | 40sbxBrr | 2¢7p L o001
a[BIT b, (HL) 11 001 o011 e 2 |oto
5 < 01 bbb 110 |46+bx8 z(HL)p 3|01t
:E 4 {100
= u 5 | 101
6110
Note *1: Rotate digit left and right between the accmulator and location (HL). T
The content of the upper half of the accumulator is unaffected.
The notation (HL)y, indicates bit , (0 to 7) within the contents of the HL register pair.
The notation ry, indicates bit ;, (0 to 7) within the r register. 120489
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TMPZ84CO00A Instruction Set (8/9)

TEM/ Object code No. | No.
CLASSI bl . Flag OF | OF
“FICA- mnemonic Binary Hex Function I — cv- | s1A
TION 76 543 210 PHEOIP/VINGC | aes|Tes
BIT b,(IX+d) {11 011 101 DD 11X X 0} - 5120
cB Ze(IX+d)p H
| d
| 460058 L bbb b
-
»
| w
‘ e o [ 20D TR S I —
[ T T I Y R P B | 000
= (HL)p*1 ¢ |o01
< D foi0
E|011
= H | 100
- d L 101
w b L1 bbb 110 |COsoxs Al
e« | SET b,(Iv+d) |11 111 101 FD o
11 001 o011 CB _b [bbb
' = dd ddd ddd d 0 jo000
. 1o 110 lCoroxs | L |oo1
RES b,r 11 001 o011 CB 2 (010
L T | 10 bbb rer J80sbxgre | 3 |01t
‘ - |RES b, (HL) |11 001 011 |cB 1 v ’ 4 | 100
| ® 10 bob 110 |86sbxs | 5 | 101
F TRt P Pr Y Ea v | '('i.x';d)b«l') ........................ ¢ 1110
2l
d
86+bx 8
_Jerepresentsthe |
extension in the
{Only when condition is met) H relative
addressing
mode,a=e-2.
o Jeisasigned
E two's
- ' |complement
number in the
) range of
|-126se<129

¢ | ccc| Condition

Note: @ a=e-2intheOpcode providesan effective address of PC+ e as PCis incremented by 2 before the addition of e. NZ| 000| Non-zero
® $indicates the reference to the location counter value of the current segment. z| 001| zero
® The notation (HL)y, (IX + d)p indicates bit, (0 to 7) within the contents of the register pair. NC| 010| No-carry
® The notation r, indicates bit , (0 to 7) within the r register. c|o011| carry
® a=e-2inthe op-code provides effective address of PC + e as PCis incremented by 2 prior to the addition of e. Po| 100| Odd Parity

PE[ 101 Even Parity
P| 110] Sign Positive
M| 111} Sign Negative

270489
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TMPZ84CO00A Instruction Set (9/9)

i | kkk

Tem/ Object code
CLass! Assembler .
“FICA. mnemonic Binary Hex Function
TION 76 543 210
NEEQ (1X) 11 011 101 |DD PC(IX)
S| A0 00T
> PCe(1Y)
(SP-1)«PCH, (SP-2)«PC|_
z PCemn
o
T T S e SIS TCIRITE TS TTTIINS APUITORTE: YOS NOOYS SRS SRRSO IOOTOR SO
: CALLmn.
(-4
PCLe(SP), PCHe(SP+1)
° SPESPEZ e bbb b
= If condition cis met, same as RET.
< 5.
o Return from interrupt Processing
» )
<
v InterruptProcessingroutine | F PG e
(SP-1)«PCy, (SP-2)«PCL 3|11
PCHe0,PCLe],SPeSP-2
IN A,(n) 11 011 011 DB A«(n) 3 |11
n—A0~A7,A—A8~A15
[AR SN PUN 1 B0 RS S A AT R oA A SUVPIIIE ISR d Ao ESOPUUTUUUUPPUPRURITY FOUURE SUVO-RURUE JOUDRE-Se SO SN RUPIN SR
ol
L S O U P PP F U PR PR S S SPPRTN PSS PP PPN PR
-
=]
P R TIATIIIN St et RS YRR R I A SIS A PTSPIO RN [IVTN FIISS SIPPE SIS IR SRR PN S ORI Mt
o
z
<
[
S T TSTSTTRPRUUOUUURERPIN Shie SUVAN SRSl TN I SURRORRRPRTY FLUECAD00AMALATISS SO0 4ouTRNPUPRRY ROUE SUPIC PPN ST SOPTUUR SUUOTSPPUN (S RN
o
= g A g S S R SR SR SO SN PR RN
(C)«(HL),BeB-1,HLeHL+1 U5 |21
10 110 011 |B3 Repeat until B 41
4 |16
0TOR 117101 101 |ED (€Y< (HLY,B<B=1, HLCHL=1 T5 |21
10 111 010 BB Repeat until B=0 4 |16
Note: e *M Ifthe resultof B~ 1is zero, the Z flag is set, otherwise it is reset. " ;::g::zs NCZ g;; Ez:ﬂt;}:
® A0 through A15 indicate the address bus. 2] 001 | zero
® [ lindicates the total condition of the number of cycles and states NC| 010 | No-Carry
indicated by arrow. C| 011 | Carry
PO| 100 | Odd Parity
PE} 101 | Even Parity
P| 110 | Sign Positive
M| 111 | Sign negative

|
|

00H | 000
08H
10H
18H
20H
28H
30H
_son | a1t

|srzmoool

«[B<>0]
«[B=0] |*1

«[B=0]

\

\

|

|

|

|
“[B<>0]

“B[<>0]
«[B=0] |*1

«[B<>0]
(-[B:O] _

120489
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35

USAGE

Basic TMPZ84C00A configurations using memory and peripheral LSIs are described
below.

Memory Address Assignment

When the memory is being accessed, the MPU outputs address and control signals.
These signals are used as the memory chip enable signals.

The MPU uses 16-bit address signals to specify the addresses for 64K (0-FFFF). With
systems having only one memory, memory addresses can be specified with these signals
alone. When there are several memories, however, the memories must be arranged so
that access is possible using 64K of space. Normally, several address buses are decoded
to create this arrangement, several address buses are developed for use as one memory
chip enable signal for all memories.

Example: The addresses for an 8K X 8-bit ROM and 8K X 8-bit RAM are arranged as
shown in Figure 3.21. Figure 3.22 shows am example using the MREQ signal, RD signal
and address signal A13 as the chip enable signals.

Address

0000
8K x 8bit ROM

1FFF

2000
8K x 8bit RAM

3FFF

060489

Figure 3.21 Address Assignment
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3.5.2 Connection with TLCS-Z80 family peripheral LSI

TMPZ84CO00A can connect with peripheral LSI directly. A simple connecting
example of the TMPZ84C00A with peripheral LSI is shown in Figure 3.23.

TMPZ84CO0A

MPU

A0~A12
A13
D0~D7

MR

o m
g B

Address bus

I

Data bus

Q

L, S~

s =

E Do~D7 Ag~A12
ROM (8K x 8 bits)

W/R

CE2

CET  Do~D7

RAM (8K x 8 bits)

Ao~A12

Figure 3.22 Example Connection with Memories

060489
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Clock generator/controller

>

TMPZ84C60P CGC

Ly
) -
g g
- X X —
- - w
[P P RV [%2)
I&’ I= I% 3 &
TMPZ84C00A __ MPU |
RESET
HALT
CLK
A0~A15 TOR
VIREQ
™7
RD
DO~D7 >
o +
- " BUSREQ
2 5 BUSACK Y
N +
< INT i
” o TMPZ84C30A __ CTC
’ o RESET
° TMPZ84C40A, 41A, 42A, 43A | SIO
2 RESET
TMPZ84C20A | PIO
< po~D7  CLK
Sl s o
(@D E
= RD
M
el —_ P——
° EQ o INT
o oW
- l
TMPZ84C10A DMA
w CLK
TORQ
PO~A15 eeg
( \oo~p7 M1
= RD
| |- WR
o CE
S BUSREQ
2 NT
R
P BAI
< [

Figure 3.23 Example Connection with TLCS-Z80 family peripheral LSls
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4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vce Supply Voltage -0.5~+7 \Y
ViN Input Voltage -0.5~VCC+0.5 Vv
PD Power Dissipation 250 mwW

(TA=85°C)
TSOLDER Soldering 260 °C
Temperature (10sec)
TSTG Storage Temperature -65~150 °C
TOPR Operating Temprature -40~85 °C

060489

4.2 DCELECTRICLAL CHARACTERISTICS |

DC Characteristics (1/%) |
Topr = —40°C~85°C, Vcc =5V +10%, VSS =0V .

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
VILC !_ow Level Clock _03 _ 0.6 v
input Voltage
High Level Clock
Vi Vcc-0.6 - V .3 Vv
HC input Voltage -0 c+0
Input Low Voltage
VIL -0.5 - 0.8 \Y
(except CLK)
Input High Voltage
Vi 2. - V \Y
H (except CLK) 2 cc
VoL Output Low Voltage IOL=2.0mA - - 0.4 Vv
VOH1 (C’I“;‘p“t High Voltage | \5y_ 1 gma 2.4 - - v
VOH2 8}‘;"“" HighVoltage |51 H50ua Vec-08| — - v
ILI Input Leak Current Vss=V|N= Vce - - +10 BA
3 state Output current |Vss+0.4 = Vouyrt _ _ +
ILo in Floating = Vcc £ wA

060489
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DC Characteristics (2/2)

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
Vce=5V AP-6
fCLK = (Note 1) [/AM-6 - 15 22
VIHC=VIH |/AT-6
lcct S ly Current
<« uPPY =Vcc-0.2V [APs mA
(Operating) VILC=VIL  |/Am8 - 20 25
=0.2V IAT-8
Vee=5V
(Note2) CLK = (Note2)
lec2 Supply Current VIHC = VIH = - 0.5 10 A
(Stand by) Vce-0.2V
VILC=VIL=0.2V
Notel feoLg=1/TcC (MIN.) 060489

Note2  AtT4“LOW?” state after the halt instruciton fetch cycle.

4.3 ACELECTRICAL CHARACTERISTICS (1/3)
TopR = —40°C~85°C, Voo =5V +10%, VSS=0V

AP-6/AM-6 | AP-8/AM-8
/AT-6 /AT-8
NO. SYMBOL ITEM (6MHz) (8MHz) UNIT
MIN. | MAX. | MIN. | MAX.

1 |TcC Clock Cycle Time 165 | DC 125 | DC ns
2 | TwcCh Clock Pulse Width (High) 65 DC 55 DC ns
3 | TwC1 Clock Pulse Width (Low) 65 DC 55 DC ns
4 |TfC Clock Fall Time - 20 - 10 ns
5 |TrC Clock Rise Time - 20 - 10 ns
6 |TdCr(A) Clock 7 to Address Valid Delay - 90 - 80 ns
7 | TdA (MREQf) Address Valid to MREQ |, Delay 35 - 20 — ns
8 | TdCf (MREQf) Clock | to MREQ |, Delay - 70 - 60 ns
9 |TdCr (MREQr) Clock 1 to MREQ 1 Delay - 70 - 60 | ns
10 |TWMREQh MREQ pulse Width (High) 65 — 45 - ns
11 | TWMREQ1 MREQ pulse Width (Low) 135 — | 100 - ns
12 | TdCf (MREQr) Clock |, to MREQ 1 Delay - 70 - 60 ns
13 | TdCf (RDf) Clock | to RD ] Delay - 80 - 70 ns
14 | TdCr (RDr) Clock 1 to RD 1 Delay - 70 - 60 | ns
15 | TsD (Cr) Data Setup Time to Clock T 30 - 30 - ns
16 | ThD (RDr) Data Hold Time to RD 7 0 - 0 - ns
17 | TSWAIT (Cf) WAIT Setup Time to Clock |, 60 - 50 - ns

060489
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AC Electrical Characteristics (2/3)

AP-6/AM-6 AP-8/AM-8
/AT-6 /AT-8
NO. SYMBOL ITEM (6MHz) (8MHz) UNIT
MIN | MAX. | MIN | MAX.

8 IThWAIT(Cf)  |WATT Hold Time after Clock | 0| = 10| = | ns

19 |TdCr(M1f) Clock 1 to MT |, Delay - 80 - 70 ns

20 |TdCr(M1r) Clock 7 to M1 1 Delay - 80 - 70 ns

21 {TdCr (RFSHf) Clock 7 to RFSH |, Delay - 110 - 95 ns

22 | TdCr (RFSHr) Clock 1 to RFSH 1 Delay - 100 - 85 ns

23 |TdCf (RDr) Clock | to RD 1 Delay - 70 - 60 ns

24 | TdCr (RDf) Clock 1 to RD |, Delay - 70 - 60 ns

25 |TsD(c) 3 Stfnzelt/(ljzp, 'l(\jl)3c,ll(\)/lc: ol; M5 Cycles 40 - 30 - ns

26 |TdA (IORQf) Address Stable prior to TORQ |, 110 - 75 - ns

27 |TdCr (IORQf) Clock 1 to TORQ |, Delay - 65 - 55 ns

28 |TdCf(IORQr) Clock | to TORQ 1 Delay - 70 - 60 ns

29 |TdD (WRf) Data Stable Prior to WR |, 25 - 5 - ns

30 |TdCf (WRf) Clock | to WR | Delay - 70 - 60 ns |
31 |TwWR WR Pulse Width 135 | — [ 100 | — | ns
32 |TdCf (WRr) Clock | to WR 1 Delay - 70 - 60 ns

33 |TdD (WRf) Data Stable Prior to WR |, -55 — | -55 - ns |
34 |TdCr (WRf) Clock T to WR |, Delay - 60 - 55 ns ‘
35 | TdWRr (D) Data Stable from WR 1 30 - 15 - ns

36 |TdCf (HALT) Clock | to HALT 7 or, - 260 - 225 ns |
37 |TwNMI NMI Pulse Width 70 - 60 - ns

38 |TsBUSREQ (Cr) |BUSREQ Setup Time to Clock 1 50 - 40 - ns

3*9 ThBUSREQ(Cr) BUSREQ Hold Time after Clock 1 10 - 10 - ns

40 |TdCr(BUSACKf) |Clock 1 to BUSACK | Delay - 90 - 80 ns

41 |TdCf(BUSACKr) |[Clockt | to BUSACK 1 Delay - 90 - 80 ns

42 |TdCr(Dz) Clock 1 to Data Float Delay - 80 - 70 ns

43 |Tdcr(cT2) g:’lg';(TN';g E‘gjggg”%?:ﬁf%;‘ - 70| = | 60| ns

44 TdCr(Az) Clock 1 to Address Float Delay - 80 - 70 ns

060489
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AC Electrical Characteristics (3/3)

AP-6/AM-6 AP-8/AM-8
/AT-6 /AT-8

NO. SYMBOL ITEM (6MHz) (8MHz) UNIT

MIN. | MAX. | MIN. | MAX.

MREQ, TORQ, RD, and WR to _ _

45 | TdCr(A) Address Hold Time 35 20 ns
46 |TsRESET(Cr) RESET to Clock 1 setup Time 60 - 45 - ns
4*7 ThRESET(Cr) RESET to Clock 7T Hold Time 10 - 10 - ns
48 |TsINTF(Cr) INT to Clock 1 Setup Time 70 - 55 - ns
4*9 TsINTr(Cr) TNT to Clock T Hold Time 10 - 10 - ns
50 | 1dm1f(ORQf)  |WIT | to TORQ | Delay 365 | — | 270 | — | ns
51 | TdCf(IORQf) Clock | to IORQ |, Delay - 70 - 60 ns
52 | TdCr(IORQr) Clock 7 to IORQ 7 Delay - 70 - 60 ns
53 | TdCf(D) Clock |, to Data Valid Delay - 130 - 115 ns

060489
Notel AC TestCondition
VIH=2.4V,VIL=0.4V,VIHC=V¢c—-0.6V, VILC=0.6V
VOH=2.2V,VOL=0.8V, CL=100PF
Note 2  Items with an asterisk (¥) are non-compatible with NMOS Z80.

4.4 CAPACITANCE

TA=25°C
SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
CCLOCK |Clock input Capacitance |f=1MHz — — 8 pF
- All pins except
CIN Input Capacitance measured are - - 6 pF
couT Output Capacitance connected to GND. - - 10 pF

060489
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4.5 TIMING DIAGRAM

Figure 4.1 to 4.8 show the basic timings of respective operations. Numbers shown in
the Figures correspond with those in the AC Electrical Characteristics Table in 4.3.
T @ T, Tw T3 Ta
CK _/ ® N, SLSS._/ N N/ 5_7L_\_
@ - | |« @
_6 (¢ £ @

A0~A15 Program (Counter « X Refresh Address X

% —~® ” @%9 -

I T )y th 1

.
R0 © . O | F

. - - S
Q- Yol
WATT 7N\
— )
MT T\ . .
= 1~® <,<, Ol = =©
D0~D7 [—-—66« (’(I gslnputDataa
RFSH - S ‘_E@ ~=®

! 060489

Figure 4.1 Operation Code Fetch Cycle

Tq T, Tw T3
Kk __ 71 " M/ st e =
® -~ ® E
« I«
A0~A15 7 Program [Coypter «
H ~® @ RO~
VIREQ 7
o,
WAIT
> - @ |
"
Read -
Operation { —>| <— = |(—
D0~D7 ] (((( « « ) Input Data
Write 1 WR 3 — 2 e
Operation { <)< « « > @ |~
D0~D7 Data,Output « —

060489

Figure 4.2 Memory Read/Write Cycle
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T T2 Tw= Tw T3
CLK \_/'-_J
~ o ¥ Ny [ Ny /[ BT
el k{4
) 7
AO~A7 Port Address 5 i K
® e
IORQ #t (€ ] g
I ® T:(_J; - |<—
WAIT (e f s
" Rl
_ —e
—
\t D Q) ﬁ
Input ~—>{16]1c—
Operation - T I ('_) pl
D0~D7 ( ((( '(‘( (" ) nput Data
o "y ] L @ <
WR
. ® 5 r— T
utput
operation g @ =~ s s @
Dy A — Data . Output ( —
) Ll
Note : 1 wait state (TW*) is inserted automatically by MPU. 060489
Figure 4.3 Input/Output Cycle
T T T2 Tw* Tw* Tw T3
cix I/ /L /. N\
R
={ - §
INT
® ®
£ [(-
A0~A15 i Program Counter :: ('(' X
) )
®
" * § 7
IORQ i ({ i
(50) . IRy Ho ]
59) — ~—
@* |~ (,(‘ @f‘J I](’
WAIT \ [(I(‘ \()(l
|~
na G PR lg M
DO~D7 j\j\_(( :: x(':lnput Data ]
" )
Note 1 TL is the final state of the preceding instruction.
Note 2 2 wait state (TW*) is inserted automatically by MPU. 060489

Figure 4.4 Interrupt Request/Acknowledge Cycle
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Final M Cycle

Refresh Address X:

060489

Note: NMIis asynchoronous input but in order to assure the positive response in the following
cycle, NMI trailing edge signal must be generated keeping abreast of the leading edge of
the preceding TL state.

CLK

BUSREQ

BUSACK

AO0~A15

D0~D7

S

I

=

|

X
1
W
T

Figure 4.5 Non-maskable Interrupt Request Cycle

Final M Cycle

R

by

_/ \ L TL

g—»;

|

lTx\
=
—

)

S ==

— F\—

(¢
> ‘— ’Floating
{4

!
!
®

)

— 5 <_ Floating

&
Il "

(¢
)

— *_ Floating
{C

A

|
T
®| |®

7T

i

> @I(_ £
7

{C

HALT

Note1:
Note 2:

'('(Remains Unchanged

Figure 4.6 Bus Request/Acknowledge Cycle

)

TL is the final state of any machine cycle
TX is optional clock used by requested peripheral LSI.
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HALT Instruction’s

— My ,: - My l M
Ta T1 T2 T3 Tg T1 T2
CLK
HACT —\ Vi
———— ®*
NI N/
060489
Note:  INT signalis also used for releasing from the halt state
Figure 4.7 Halt Acknowledge Cycle
e M ——— e
T T2
CLK 4 ;———\_/——\_
i e
-~ (l_’l@’
RESET ( N/
@>| |= . >(®)|=<
Ao~Ais ¢ Floating  —————
I ——————
>|@ |~
Dg~D7 5 Floating
(( > @ -
_ M1 /
_MREQ
RD, WR I
IORQ [ \
RFSH
BUSACK
HALT 060489

Figure 4.8 Reset Cycle
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5. PACKAGE DIMENSION |
5.1 DIP PACKAGE

DIP40-P-600
Unit: mm I
i
in |
40 21 § !
o O s O e 1 s O e O e 1 s Y s O s s e e e O o O O e O e W o o

D)

0y g i
1

20

13.4+0.2

| 50.7%0.2 |

1.22TYP

270289

Notel : Thisdimension is measured at the center of bending points 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.1 and No.40 leads.

MPUZ80-55



TOSHIBA

TMPZ84C00A

5.2 SOP PACKAGE
SSOP40-P-450

;uauuaaaauuauuuauuuﬁ 7 -
%HHHWHHHHHHHHHHHHHLO “ 3
1.15TYP | 0(;'315(5@0), 1 (1_1 5TYP

Note: Package Width and length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.

Unit: mm

270289
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5.3 PLCCPACKAGE
QFJ44-P-S650

|
|
17.52+0.2 Unit: mm t
|

16.6%0.2 )
|
6 144 40 {i
OO OO el - !
7[] O []39
O B
O il
O 0 3 s| S
i 0 gl g °
O ] = h o ‘
O il g l
O B o |
0 0 = |
17(] 129 ‘
I e A 1 ]
18 28 -8 ‘
§ 1!
v ) "y

0.71%0.1

15.76 £0.2

N
~
E

270289
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6.

CAUTIONS
Please observe the following cautions when using the TMPZ8400A.

(1)
(2)

(3)

4)

(5)

(6)

(7

®)

9

(10)

The RESET signal input used for resetting must be held at “0” for at least 3 clocks.

When the MPU is not the bus master (BUSREQ=0), the memory is not
refreshed because the RFSH signal is “1” and address signals are at high
impedance. With systems using dynamic RAM, an external circuit is required for
memory refresh if this condition persists for any length of time.

Also, interrupts cannot be received when the MPU is not the bus master.

When exiting a power down operation with the MPU in hold status, supply the
prescribed stabilized clock.

Maskable interrupt mode 2 is only for use with Z80 family peripheral LSIs.

Only the program counter, interrupt enable flip-flop, internal NMI flip-flop, I
register and R register of the MPU are initialized. All other registers must be
initialized by program when necessary. Also, set the interrupt mode to mode 0.

The interrupt enable flip-flop is set to “1” by the instruction following the EI
instruction to enable receipt of maskable interrupts.

Only the program counter register is saved during interrupt processing. Save
and restore interrupt processing routines as necessary.

When using maskable interrupt mode 2, a data table for the vector addresses
must be created in the memory.

When periphral LSIs and memory are connected with the MPU on a PCB, use
wiring as large as possible and the shortest routing for connecting Vss (GND) and
Vee.

Caution is necessary because of the large spike currents which can occur when
signals change (0—1, 1—0) with high-speed versions.

As countermeasures for the above, connect a capacitor with good pulse response
between Vee and Vss (GND) of the MPU and other devices to absorb the pulse
current.
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TMPZ84C01F, TMPZ84C02AF-6

TLCS-Z8OMPU : 8-BIT MICROPROCESSOR
CMOS z80 8-BIT MICROPROCESSOR

1. OUTLINE AND FEATURES

The TMPZ84C01F/02AF-6 is 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 TMPZ84C01F/02AF-6 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. TMPZ84C02AF-6 can insure duty 50% clock output easily with Internal
Oscillation Divider.

The TMPZ84C01F/02AF-6 is fabricated using Toshiba’s CMOS Silicon Gate Tech-
nology and molded in a 44-pin mini-flat package.

The principal functions and features of the TMPZ84C01F/02AF-6 are as follows.

(1) InstructionSet compatible with the Zilog’s Z80 MPU.

(2) Low power consumption

Table 1.1 Operation modes and Supply Current (Vcc =5v.TYPICAL)

Product name gggfuag;:;g RUNMODE | IDLE1 MODE | IDLE2 MODE | STOP MODE

TMPZ84CO1F fosc=aMiz 15mA 1mA 3mA 0.5pA

TMPZ84C02AF-6 | SSIAMZ | 20ma 1.5mA 4.5mA 0.5pA

170489
(3) DC to 6MHz operation (at 5V +10%)

(4) Single 5V power supply (at 5V 10%)

(5) Operating temperature (—40°C to 85°C)

(6) On-chip clock generator

MPUZ80-59



TOSHIBA TMPZ84C01/02A

)

©))
9

(10)
(11)
(12)
(13)
(14)
(15)
(16)

In the HALT state, the following 4 modes are selectable:
[ Run mode

° IDLE 1 mode

e IDLE2mode

. STOP mode

In the following explanation for the same content, IDLE1 Mode and IDLE2
Mode are referred to as IDLE1/2.

Powerful set of 158 instructions available
Powerful interrupt function

(a) Non-maskable interrupt terminal (NMI)
(b) Maskable interrupt terminal (INT)

The following 3 modes are selectable ;

® 8080 compatible interrupt mode (interrupt by Non-Z80 family peripharal
LSI) (Mode 0)

. Restart interrupt (Mode 1)

(] Daisy chain structure interrupt using Z80 family peripheral LSI (Mode 2)
An auxiliary register provided to each of general purpose registers.

Two index registers

10 addressing modes

Built-in refresh circuit for dynamic memory.

Molded in 44-pin mini flat package

Built-in clock divider for insuring duty 50% easily (TMPZ84C/02AF-6)

Low voltage oparation Vee=2.7V~5.5V (TMPZ84CO01F)

Further, in the following text and explanations for charts and tables, hexadecimal

numbers are directly used without giving an identification to explanation of address,
ete. to the extent not to cause confusions.

Note: Z80is atrademark of Zilog Inc., U.S.A.
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2. PIN CONNECTIONS AND PIN FUNCTIONS

The pin connections and I/O pin names and brief functions of the TMPZ84C01/02A
are shown below.

2.1 PIN CONNECTIONS
The pin connections of the TMPZ84C01/02A are as shown in Figure 2.1.

o

SACK

| OO

oc

-

sPiCERE

TR

N W
-
< (=
— —[Dlg
X X|m|S

3332 31 30 29 28 27 26 25 24 23
RESET ] 34 22— INT
M1 —3s 21—/ D7
CLK —36 20 —1 D6
Vss 37 19— D5
A0 ]38 18— D4
Vec() 39 17— Ve )
Al — a0 16 1 D3
A2 — 15— D2
A3 —a 14 {—1 D1
Ab—n3 13—/ DO
AS s 12 3 MIS2
1234567891011
JUDUUTEEnL
L T =T =

|

|

060489 ‘

Note: ConnectPin 39 and Pin 17 externally. l

Figure 2.1 Pin Connections (Top View)
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 (1/3)

Number Input/Output

Pin Name of Pin 3state Function
Output 16-bit address bus.
A0~A15 16 3-state Specify addresses of memories and I/O to be accessed. During the

refresh period, addresses for refreshing are output.

Mode selection input.
MS1, MS2 2 Input One of 4 modes (RUN, IDLE1/2, STOP) is selected according to the
state of these 2 pins.

060489
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Table 2.1 Pin Names and Functions (2/3)

Pin N Number Input/Output Function
intame of Pin 3-state unctio
D0-D7 8 YO |8-bit bidirectional data bus.
3-state
Maskable interrupt request signal.
Interrupt is generated by peripheral LSI. Thissignal is accepted if the
INT 1 Input interrupt enable flip-flop (IFF) issetat “1".
INT is normally used on Wired-OR. In this case, a pull-up resistor is
externally connected.
Non-maskable interrupt request signal.
NV 1 Inout This interrupt request has the higher priority than the maskable
P interrupt request and does not rely upon the state of the interrupt
enable flip-flop (IFF).
Haltsignal.
HALT 1 Output | MPU execute HALT instruction and when the halt state is resulted.
“0" is output.
- Output Memory request signal.
MREQ 1 3-st§te When an effective address for memory access is on the address bus,
“0" is output.
I/0 request signal.
When addresses for 1/0 are on the lower 8 bits (A0-A7) of the
ORQ 1 Output |address bus in the I/0 operation, “0” is output. In addition, IORQ
3-state signal is output together with M1 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
o “0" signal is output for a period when MPU can receive data from a
= utput . . . Lo
RD 1 3.state | Memory or peripheral LSI. It is possible to put data from a specified
peripheral LSI or memory on the MPU data bus after gating by this
signal.
Output Write signal.
WR 1 3—st:te This signal is output when data to be stored in a specified memory
or peripheral LSl is on the MPU data bus.
Bus acknowledge signal.
e In response to BUSREQ signal, this signal informs a peripheral LSI of
BUSA bl el e i
USACK ! Output the fact that the address bus, data bus, MREQ, IORQ, RD and WR
signals have been placed in the high impedance state.
Wait signal.
WA 1 Input WAIT signal is a signal to inform MPU of specified memory or
P peripheral LSl which is not ready for data transfer. As long as WAIT
signal as at “0" level, MPU is continuously kept int the wait state.

060489
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Table 2.1 Pin Names and Functions (3/3)

| Number Input/Output .
Pin Name . Function
of Pin 3-state
Bus request signal.
BUSREQ signal is a signal requesting placement of the address bus ,
BUSREQ 1 Input data bus, MREQ, IORQ, RD and WR signals in the high impedance
state. BUSREQ signal is normally used on wired-OR. In this case, a
pull-up resistor is externally connected.
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.
Signal showing machine cycle 1.
“0" is output together with MREQ signal in the operation code fetch
cycle.
Mi 1 Output | This signal is output for every opcode fetch when 2byte opcode is
executed.
In the maskable interrupt acknowledge cycle, this signal is output
together with IORQ signal.
Crystal oscillator connecting terminal.
XTAL1 . . R
(XIN) Input For 01F, connects an oscillator having the oscillation frequency as
XTAL 2 2 outout high as the system clock (CLK) frequency.
(XouT) P For 02AF/02AF-6, connects an oscillator having the oscillation
frequency 2 times as high as the system clock (CLK) frequency.
Single-phase clock output.
CLK 1 Output |When the HALT instruction in STOP Mode is executed, MPU stops its
operation and holds clock output at “0” level.
Vee (1), 2 Power +5
(2) supply Connent 39 pin and 17 pin externally.
Vss 1 Power 4,
supply

060489
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3. FUNCTIONAL DESCRIPTION

The system configuration, functions and basic operation of the TMPZ84C01F/02AF-6
are described here.

3.1 BLOCK DIAGRAM

The block diagram of the interval configuration is shown in Figure 3.1.

MSs1  MS2 CLK Ag~Ars
P48 |

— P ADDRESS BUS OUTPUT CIRCUIT
Veey) e CLOCK GENERATOR | I
S CONTROL CIRCUIT PN
XTAL2 o 4T Clock ACCUMULATOR(A) ACCUMULATOR (A")
—{| &322
E=> @ |2 FLUG(F) FLUG(F')
Z U =3
xtau—| =52 @ B REGISTER B’ REGISTER
* INTERNAL COUNTER < C REGISTER C' REGISTER
FOR WARMING-UP = -
< D REGISTER D' REGISTER
. E  REGISTER E' REGISTER
< |H_REGISTER H’' REGISTER
Do~D7 & L REGISTER L' REGISTER
S s IX REGISTER
g - IY REGISTER
e < STACK POINTER _(SP) <~ Vss
Ve, —> s PROGRAM COUNTER (PC)
(2)
@ - 2« TEMPORARY REGISTER
g i ¢ INCREMENT/DECREMENT
s
< V)
[ = w ——
< w o< ____.____I\ o
[a) =z o
_ ——/ INSTRUCTION o0%
DECODER o o
- w
32 <— RESET
Vo
(O]
DATA 1/0 controL | @ =
CONTROL /0 CONTROL signaLTo| < ©
INTERNAL “» .
INTERRUPT
CONTROLLER CONTROL CIRCUIT FOR CONTROL BUS
NMT  INT I[ORQ  HALT WAIT -~ MREQ RD WR BUSREQ BUSACK

* 02AF-6
170489

Figure 3.1 Block Diagram
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3.2 SYSTEM CONFIGURATION

The TMPZ84C01F/02AF-6 has a built-in system clock generator for CMOS Z80 in
addition to the standard functions of the TMPZ84C00A CMOS Z80 MPU.

The explanation is provided here with emphases placed on the halt function relative
to the clock generator, which is an additional function. The internal register group,
reset and interrupt function are identical to those of the TMP84CO00A. For details please
refer to the data sheet for the TMPZ84C00A.

In this section, the following principal components 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 TMPZ84C01F/02AF-6 has a built-in oscillation circuit and required clock can be
easily generated by connecting an oscillator to the external terminals (XTAL1, XTAL2).
For the TMPZ84CO01F, Clock in the same frequency as input oscillation frequency is
generated. As the TMPZ84C02AF-6 has a built-in divider, Clock in the half frequency
as input oscillation frequency is generated.

Examples of oscillator connection are shown in Figure 3.2.

XTAL1 % @XTALZ

Cin ]; Court :l/:

060489

Figure 3.2 Example of Oscillator Connection

Table 3.1 External connecting capacitance

o | an [ cour | Mg
4MHz 22PF 33PF |TMPZ84CO1F
8MHz 22PF 33PF |TMPZ84CO02AF-6

12MHz 33PF 33PF |TMPZ84C02AF-6

170489
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In case of using Crystal oscillator, please use products with the following
characteristics or use the following maker’s products.

Cs Table 3.2 Crystal oscillator necessary characteristics
i Oscillati Application
Frsecéwaerlfé; cs Rs FE’ll?o uct

4MHz under4PF | under50Q [ TMPZ84CO01F
8MHz under4PF | under30Q | TMPZ84C02AF-6

L ¢ Rs 12MHz | underdPF | under25Q | TMPZ84C02AF-6
Figure 3.2 Crystal oscillator Table 3.3 Crystal oscillator of recommendation
equivalent circuit e
Sf;éllbaetﬁzc Product name Maker
AMHz MR4000-C20
8NMHz MR8000-C20 | Tokyo Denpainc.
12MHz MR12000-C20

170489

3.2.2 Operation modes

There are 4 kinds of operations modes available for the TMPZ84C01F/02AF-6 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 (MS1, MS2).

The operation mode is effective when the halt instruction is executed and when the
halt instruction is 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).

Operations of these modes in the halt state are shown in Table 3.4.

Table 3.4 Clock Generating Operation Modes

Operation

Mode MS1 MS2 Description at HALT State

MPU continues the operation and supplies clock to the outside

RUN Mode 1 1 !
continuously.

The internal oscillator’s operation only is continued and clock (CLK)
IDLE1 Mode 0 0 |[output as well as internal operation are stopped at “0” level of T4
state in the halt instruction operation code fetch cycle.

The internal oscillator’s operation and clock (CLK) output are
IDLE2 Mode 0 1 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, clock (CLK) output, and
STOP Mode 1 0 internal operation are stopped at “0” level of T4 state in the halt
instruction operation code fetch cycle.

060489
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3.2.3 Warming-up time at time of restart (STOP Mode)

When MPU is released from the halt state by accepting an interrupt request,MPU,
then, will execute an interrupt service routine. Therefore, when an interrupt request is
accepted, MPU starts generation of internﬁl system clock and clock output after a
warming-up time by the internal counter (2 +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.

3.3 STATUS CHANGE FLOWCHART AND BASIC TIMING

In this section, the status change and basic timing when the TMPZ84CO01F/02AF-6 is
operating are explained.
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3.3.1 Status change flowchart

YES

@H

E
N
ANGE?
T

IMMEDIATEL

YES

AFTER ACCEPTING
TNT?

T2<

T3 3

s

T4 {

HALT START

ISM 4T

YES

STATE?

NO

-

T5

ISM 5T

YES

STATE?

T6] TXWAIT

{

Figure 3.4 (

060489
a) Status Change Flowchart
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HALT START
HALT=0
RUN MODE /MO‘DE?\ STOP MODE
IDLE1 MODE IDLE2 MODE
| INTERNAL OSCILLATION
STOP
CLOCK OUTPUT STOP (CLOCK OUTPUT STOP)
INTERNAL OPERATION INTERNAL OPERATION | | |NTERNAL OPERATION
sTOP STOP STOP
NO

STOP MIODE? YES (STOP MODE) |
INTERNAL OSCILLATION
NO (IDLE MODE) START
WARMING UP

l

CLOCK OUTPUT RESTART

END
060489

Figure 3.4 (b) Status Change Flowchart

MPUZ80-69



TOSHIBA TMPZ84C01/02A

3.3.2 Basic timing

(1

The basic timing is explained here with emphases placed on the halt function relative
to the clock generator. Except RFSH signal output, the following items are identical to
those for the TMPZ84C00A. Refer to the data sheet for the TMPZ84CO00A.

. 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
U] Reset operation

Note that the TMPZ84C01F/02AF-6 dose 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 TMPZ84CO00A since the on-chip refresh control circuit is available.

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
internal system clock is running, MPU continues to execute NOP instruction even in the
halt state.

(a) RUN Mode (MS1=1,MS2=1)

Shown in Figure 3.6 is the basic timing when the halt instruction is executed in
RUN Mode.

In RUN Mode, system clock (g) in MPU and clock output (CLK) to the outside of
MPU are not stopped even after the halt instruction is executed. Therefore, until
the halt state is released by the interrupt signal (MNI OR INT) or RESET signal,
MPU continues to execute NOP instruction.
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M1 CYCLE +}<———— M1 CYCLE } M1 CYCLE
o2 T4 T1 T2 T3 T4 T1 T2 T3
| b L1 L4 L1 1 L1 L4 1
HALT |> / /
ocle " COPEFETCH ——>‘<— NOP EXECUTION | NOP EXECUTION

060489
Figure 3.6 Timing of RUN Mode (at Halt Instruction Execution)
(b) IDLE1 Mode (ML1=0, MS2 =0)

Shown in Figure 3.7 is the basic timing when the halt instruction is executed in
IDLE1 Mode.

In IDLE1 Mode, system clock (¢) in MPU and clock output (CLK) to the outside
of MPU are stopped and MPU stops its operation after the halt instruction is
executed.

However, the internal oscillator continues to operate.

T4
CLK I I <
D(INTERNAL l_r MPU OPERATION STOP
SYSTEM CLOCK) i
HALT k 4
W uqu

HALT COMMAND OPERATION
CODE FETCH CYCLE

060489
Figure 3.7 IDLE1 Mode Timing (at Halt Instruction Execution)
(¢) IDLE2 Mode (MS1=0, MS2 = 1)

Shown in Figure 3.8 is the basic timing when the halt instruction is executed in
IDLE2 Mode.

In IDLE2 Mode, system clock (g) 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.
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T4
ak__| I I l | | I L | LI

D(INTERNAL r—"l\ MPU OPERATION STOP
SYSTEM CLOCK) i
HALT K 6
S

HALT INSTRUCTION OPERATION ’

CODE FETCH CYCLE
060489

Figure 3.8 IDLE2 Mode timing (at Halt Instruction Execution)

(d) STOP Mode (MS1=1,MS2=0)
Shown in Figure 3.9 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 (¢) in MPU and clock output
(CLK) to the outside of MPU are stopped.

T2 T3 T4
CLK | l l I l | CLK OUTPUT STOP
D(INTERNAL L MPU OPERATION STOP
SYSTEM CLOCK)

y

HALT

I1hh

| HALT INSTRUCTION OPERATION CODE FETCH CYCLE |
| l 060489

M1

Figure 3.9 STOP Mode Timing (at Halt Instruction Execution)
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(o))

Release from halt state

The halt state of MPU is released when “0” 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 is set at the leading edge of MNI
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) RUN Mode (MS1, MS2=1)

The halt release operation by acceptance of interrupt request in RUN Mode is
shown in Figure 3.10.

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.

The halt release operation by resetting MPU in RUN Mode is shown in Figure
3.11. 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 “0” for at
least 3 clocks. In addition, if RESET signal becomes “1”, after the dummy cycle for
atleast 2T states, MPU executes an instruction from address 0000H.
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HALT INSTRUCTION | NOP INSTRUCTION EXECUTION INTERRUPT
EXECUTION PROCESS
| M1
T4 T1 T2 T1 T2 T3 T4 T1 T2

@ (INTERNAL
SYSTEM CLOCK)

5
§

HALT | «

m—1__{

-

|

fl
-

- _;*— MPU INTERNAL

LATCH FOR NMiI

!

INT
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Figure 3.10 Halt Release Operation Timing by Interrupt Request Signal in RUN Mode

HALT INSTRUCTION ]
EXECUTION

EXECUTE INSTRUCTION
ADDRESS 0000H

T4 T1 T2
S S S I P I S P O I I O

@ (INTERNAL

SYSTEM CLOCK) I I I | l lss l | | I | Iss | | I I | | | l

i

HALT | « [

(¢ <«

3) )

L

(¢
RESET I { ng_J

)Y

Figure 3.11 Halt Release Operation Timing by Reset in RUN
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(b)

IDLE1 Mode (MS1=0, MS2 =0), IDLE2 Mode (MS1=0, MS2 = 1)

The halt release operation by interrupt signal in IDLE1 Mode is shown in
Figure 3.12 (a) and in IDLE2 Mode in Figure 3.12 (b).

When receiving NMI or INT signal, MPU starts the internal system clock
operation . In IDLE1 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 E
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 next cycle.
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TIOP INSTRUCTION E)(ECU'I'ION|

I I

T4 T1 T2 T3 T4 T1
ak _ ] " L L 1y
e o0 7 I I O
SYSTEM CLOCK) —-J—] £
HALT I « / I

_— — |
M1 I I I

({9

)] T NIPU
N S50 N O & — — =" INTERNAL
\ LATCH
14 1 FOR NMI
3) !
T | '
|
INTERRUPT SAMPLING'TIMING 060489

Fig3.12(a) IDLE1 Mode

| NOP INSTRUCTION EXECUTION

T4 T1 T2 T3 T4 T1

@ (INTERNAL
svstemcoc) — | § /S I I O

)

1
|
i
1
! I________

(4 0
1
1
1
|
|
1

HALT

)

— !
M1 I N

|
1
{{ !
T
1

) _: MPU
v S B S — & — — 4 INTERNAL
NMI ! LATCH
« ' FOR NMI
1 1
INT l '

INTERRUPT SAMPLING TIMING
060489

Fig 3.12(b) IDLE2 Mode
Fig.3.12Halt Release Operation Timing by Interrupt Request Signal in IDLE1/2 Mode

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. IfINT signal is not at “0”
level at the rise of T4 state, no interrupt request is accepted.
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The halt release operation by resetting MPU in IDLE1 Mode is shown in Figure
3.13 (a) and that in IDLE2 Mode in Figure 3.13 (b).

When RESET signal at “0” level is input into MPU, the internal system clock is
restarted and MPU will execute an instruction stored in address 0000H.

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

1 EXECUTE INSTRUCTION
FROM ADDRESS 0000H

T1 T2 T3

ak [ 1T 1T LI LTI

SYSTEM CLOCK) —J_I—“
(¢
HALT . —
—_— s
RESET ‘-I r“‘

j . 060489

Figure 3.13 (a) IDLE1 Mode

EXECUTE
INSTRUCTION

<«— FROM ADDRESS
0000H

T1 T2 T3

@ (INTERNAL
T iplglgigipl
(.
HALT l « | &
)
TUTH‘ T ') L_________________[----

— T
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Figure 3.13 (b) IDLE2 Mode
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()

@ (INTERNAL
SYSTEM CLOCK) -—J——l £

STOP Mode (MS1=1, MS2=0)

The halt release operation by interrupt signal in STOP Mode is shown in Figure
3.14.

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 +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 is accepted, MPU
executes the interrupt process operation from next cycle.

At time of interrupt signal input, it is necessary to take the same care as that in
the interrupt signal input in IDLE1/2 Mode. The halt release operation by MPU
resetting in STOP Mode is shown in Figure 3.15.

When RESET signal at “0” level 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 is 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.

I P INST: TIONE. TION I

T T2 T3 Ta T

Ts
CLK [«

/4 WARMING-UP TIME

/ WARMING-UP TIME
W I £C ([(

i )

{C I(§

T ’ ’ I R B

T MPU
_______________ ~-—— J T INTERNAL
LATCH
FORNMI

|
|

IINTERRUPT SAMPLING TIMING
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Figure 3.14 Halt Release Operation Timing by Interrupt Request Signal in STOP Mode
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; g M rriue
11 (;ﬁ/ PR I P
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L L{/ § —
{4 (S
1 17 J
—_—

H
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Figure 3.15 Halt Release Operation Timing by Reset in STOP Mode

3.4 INSTRUCTION SET

Instruction set of the TMPZ84C01F/02AF-6 are the same as those for the
TMPZ84CO00A. For details refer to the data sheet for the TMPZ84CO00A.

3.5 METHOD OF USE

A connecting example of the TMPZ84C01F/02AF-6 with the TLCS-Z80 family
peripheral LSI’s is shown in Figure 3.16. For the explanation and precautions for
connection, refer to Section 3.5 Method of use of the data sheet for the TMPZ84CO00A.
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Figure 3.16 Example Connection with Z80 family peripheral LSI
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4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS

i
|
|
|
|

SYMBOL ITEM RATING UNIT
vcC Supply Voltage -05to+7 v ‘
VIN Input Voltabe -0.5to Vec +0.5 \" '
PD Power Dissipation (TA =85°C) 250 mw
TSOLDER | Soldering Temperature (10sec) 260 °C
TSTG Storage Temperature -65t0 150 °C
TOPR Operating Temperature -40to 85 °C
060489
4.2 DCELECTRICAL CHARACTERISTICS
4.2.1 DC Chracteristics
TaA=10°C to +60°C (TMPZ84C01F @ Low voltage operation)
SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
\de Supply Voltage 2.7 - 5.5 Vv
Input High Voltage : _
VIHC (XTAL) VCC-0.2 VCC+0.3 \Y
Input High Voltage } _
VIH (Except XTAL1) VCC-0.2 VCC+0.3 Vv
Input Low Voltage ] _
VILC (XTAL1) 0.3 0.2 v
Input Low Voltage . _
VIL (Except XTAL1) 0.5 0.2 \Y

060489
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4.2.2 DC Chracteristics (1)
VCC=2.7V t05.5V, Ta=-40°C to +85°C (TMPZ84CO01F @ Low voltage operation)

SYMBOL ITEM TEST CONDITION® MIN. TYP. MAX. UNIT
ILI Input Leak Current VSS=VIN=VCC - - +10 BA
Lo 3 State .Output Current VSS< VINS VCC — — +10 pA
in Floating
Output High Current _ g - —

I0H (Except XTAL2) VOH =VCC-0.2V 0.1 mA
Output Low Current _ _ _

1oL (Except XTAL2) VOL=0.2V 0.4 mA
Supply Current VCC =3V, f=1MHz _

lect (@Run Mode) VIH = Ve, VIL =0V 25 >0 mA
Supply Current VCC=3V, _

Icc (@stop Mode) VIH = Ve, VIL =0V 0-5 10 BA
Supply Current VCC =3V, f=1MHz _

lccs (@IDLE1 Mode) VIH = Ve, VIL =0V 05 10 mA
Supply Current VCC =3V, f=1MHz _

lcca (@IDLE2 Mode) VIH = Vce, VIL = OV 10 20 | mA

060489
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4.2.3 DC Chracteristics (II)
Ta=-—40°C to 85°C, VCC=5V+10%, VSS=0V

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
VOLC Low Level Clock Output 1OL = 2.0mA _ _ 04 v
Voltabe
High Level Clock _ _ _ _
VOHC Output Voltage IOH= -2.0mA Vcc-0.6 \
VIL Input Low Voltage -05 - 0.8
VIH Input High Voltage 2.2 — vcc \"
Input High Voltage _ _
VIHR (RESET) Vcc-0.6 vcC \
Input Low Voltage
-0. - 4 Vv
VILR (RESET) 0.5 0.45
Output Low Voltage _ _ _
VoL (Except Clock) IOL=2.0mA 0.4 \Y
Output High Voltage _ _ _
VOH1 (1) (Except Clock) IOH = - 1.6mA 24 \"
Output High Voltage _ _ — —
VOH2 () (Except Clock) IOH = - 250uA VCC-0.8 \
ILI Input Leak Current VSS=VIN=VCC - - +10 pA
3 State Output VSS+0.4=VOUT= _ _ "
Lo Currentin Floating Ve 10 BA
VCC=5V,
Supply Current fclk = (NoTer) | 01F - 15 20
Icct (@ RUN Mode) VIHC=VIH mA
=VCC-0.2, 02AF _
VILC=VIL=0.2V |-6 20 24
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SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
Supply Current VCC =5V, fCLK = (Note2)
ICC2 VIHC = VIH=VCC~0.2V - 0.5 10 pA
(@STOP Mode) VILC=VIL=0.2V
VCC=5V,
fCLK = (Note1) 01F = 1.0 2.0
Icc3 Supply Current VIHC=VIH = mA
(@ IDLE1 Mode) VCC-0.2V
VILC=VIL= 02AF-6 - 1.5 3.0
0.2v
VCC=5V,
fCLK = (Note1) 01F - 3.0 6.0
ICc4 Supply Current VIHC=VIH= mA
(@ IDLE2 Mode) VCC-0.2V
VILC=VIL= 02AF-6 - 4.5 7.5
0.2v

Note1: fCLK=1/T¢cc (MIN)
Note 2: AtT4 “LOW?” state of the halt instruction fetch cycle.
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4.3 ACELECTRICAL CHARACTERISTICS
TOPR=—40C to85C,VCC=5V£10%, VSS=0V

(1/4)
01F 01F 02AF-6
(Vcc=2.7V~5.5V _
No.| symBoL ITEM fCLK = 1MHz) | (CLK=4MH2) | (fCLK=6MH2) | T
MIN. [ MAX.| MIN. | MAX. | MIN. | MAX.

1 |TcC Clock frequency 1000 | DC 250 | DC 165 DC ns
2 |TwCh High clock pulse width 400 | DC 110 | DC 65 DC ns
3 | Twdl Low clock pulse width 400 | DC 110 | DC 65 DC ns
4 |TfC Clock falling time - 200 - 30 - 20 ns
5 {TrC Clock rising time - 200 - 30 - 20 ns
6 |Tdcr(a) Effective addrgss output| _ 400 _ 110 _ 20 ns

delay from clock rise

Address output definite _ _ _
7 |TdA (MREQf) time prior to MREQ 200 65 35 ns

Delay from clock fall to| __ _ _
8 |TdCf(MREQf) MREQ = “L" 300 85 70 ns

Delay from clock rise to| _ _ _
9 | TdCr(MREQr) MREQ = “H" 300 85 70 ns |

—— \
10 |TwMREQh MREQ high level pulse width | 400 | — 110 - 65 - ns "
11 |TWMREQI MREQ low level pulse width 800 - 220 - 135 - ns ‘

Delay from clock fall to| _ _ _ l
12 | TdCf (MREQr) WVREQ = “H” 300 85 70 ns }
13 | Tdcf (RDA) %‘foﬁ”’m clock fall to} _ 350 | — | 95| — | 80| ns |
14 |TdCr (RDY) Delay from clock rise to] _ | 300\ _ | g5 | — | 70| ns

RD="H
15 |TsD (cn) IrDiSa:a set-up time for clock 180 — 35 _ 30 _ ns
16 |ThD (RDr) Data hold time for RD rise 0| — 0 - 0 - ns
17 | TsWAIT (cH) WAIT signal set-up time for 350 _ 70 _ 60 _ ns

clock fall
1*8 ThWAIT (Cf) }/;/I?JT hold time after clock 10 _ 10 _ 10 _ ns
19 |Tdcr (M1f) '\DA_‘j'f‘{,Lf,,mm clock rise to) | 450 | — | 100 | — | 80| ns
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(2/4)
01F 01F 02AF-6
(Vee=2.7V~5.5V -
No.|  symBoL ITEM fCLK = i) | (CLK=4MHZ) | (CLK=6MH2) | T
MIN. | MAX. [ MIN. | MAX. | MIN. | MAX.
20 [TdCr(M1n) Delay from clock rise tol  _ | 450 | — | 100 | — | 80 | ns
M1="H
21 |Tdcf(RDr) Delay from clock fall to] _ ] 300 | _ | g5 | — | 70 | ns
RD="H
‘ 22 |Tdcr (RDA) %'aXLf”’m clock rise tol | 350 | — | 85 | — | 70 | ns
‘ =
4
.i Data set-up time for clock
t 23 [TsD (Cf) fall (at time of M2, M3, M4,| 250 - 50 - 40 - ns
M5 cycle)
Address definite time prior _ _ _
24 |TdA (IORQf) to TORQ fall 550 180 110 ns
Delay from clock rise to| _ _ _
25 |TdCr(I0RQN)  |iged WL 300 75 65 ns
Delay from clock fall to| _ _ _
26 |TdCf(IORQr) TORG = "H" 300 85 70 ns
Data definit time prior to _ _ _
27 |TdD (WRf) WR fall 200 80 25 ns
28 |TdCf (WRf) Delay from clock fall to} _ | 350 | — | 8o | = | 70 | ns
WR="L
29 | TwWWR WR pulse width 750 - 220 - 135 - ns
30 | TdCf (WRr) Delay from clock fall to) _ | 355 | _ | g9 | — | 70 | ns
WR ="H
Data definit time prior to _ — . _
31 [TdD (WRf) WR fall 10 -10 55 ns
32 |Tdcr(wr  |Delay from clock rise to) | 55 | | g5 | — | 60 | ns
WR="L
33 [TdWRr (D) Output data holding after| 5o, | _ | g0 | — | 30| — | ns
WR="H
Delay from clock fall to| _ _ _
34 |TdCf (HALT) HALT = “L” or"H" 1000 300 260 ns
35 | TwNMI NMI pulse width 300 - 80 - 70 - ns
36 |TsBUSREQ (Cr) Set-up time for clock rise 250 - 50 - 50 - ns
3*7 ThBUSREQ (Cr) BUSRE_Q hold time after 10 _ 10 _ 10 _ ns
clock rise

170489
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(3/4)
01F 01F 02AF-6
(Vcc=2.7V~5.5V
No.|  SsymsoL ITEM fClk = tMHg) | (CLK=4MH2) | (fCLK=6MH2) | T
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.
Time from clock rise to| _ _ _
38 | TdCr (BUSACKS) | 20 400 100 90 ns
Time from clock fall to
-~ — 4 - 1 - 90
39 | TdCF (BUSACKN) |grae 200 00 00 ns
Delay from clock rise to data| _ _
40 |TdCr(Dz) bus float state 350 90 80 ns
Delay from clock rise to
41 |TdCr(CTz) control output float state — 300 - 80 - 70 ns
(MREQ, IORQ, RD, WR)
Delay from clock rise to| _ _ _
42 |TdCr(A2) address bus float state 350 % 8 ns
Address holding time from _ _ _
43 [TdCr (A) VIREQ, IORQ, RD or WR 200 80 35 ns
44 |TSRESET (Cr) fifeSET set-up time for clock| 5001 _ | g | — | 60| — | ns
4*5 ThRESET (Cr) :feSET hold time for clock 0| - 10 _ 10 _ ns
46 |TsINTf (Cr) INT set-up time for clock rise | 300 | — 80 - 70 - ns
4*7 TsINTr (Cr) INT hold time after clock rise 10 — 10 - 10 - ns
48 M1 output (“L") definite
p— — 3 J—
. | TdM1f(IORQf) time prior to TORQ fall 2000 565 65 ns
Delay from clock fall to| _ _ _
49 |TdCf (IORQf) TORG < “L" 300 85 70 | ns
Delay from clock rise to| _ _ _
50 |TdCr(IORQn  |ed e 300 85 70 | ns
51 |Tdcf (D) Delay from clock fall to data| _ 550 _ 150 _ 150 ns
output

170489
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(4/4)
01F 01F 02AF-6
(Vec=2.7V~5.5V
No.| SyMmBoL ITEM fCLKk = 1MHz) | (FCLK=8MH2) | (fCLK=6MH2) | T
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
(**) (**) (**)
Clock (CLK) restart time by| _ (214 _ (214 (214
>2 | TRST1S INT (STOP mode) +2.5) +2.5) s25)| ™
X TcC xTcC X TcC
(**) (**) (**)
Clock (CLK) restart time by| _ (214 _ (214 (214
>3 | TRST2S NI (STOP mode) +2.5) +2.5) s25)| ™
XTcC xTcC X TcC
Clock (CLK) restart time by| _ (**) | _ (**) | _ (**)
>4 | TRST1I INT (IDLE1/2 mode) 2.5TcC 2.5 Tee p5Tee| ™
Clock (CLK) restart time by| _ (**) | _ (**) | _ (**)
35 |TRSTeI NMI (IDLE1/2 mode) R2.5TcC R.5TcC 5TcC ns
170489
Note1l: Testconditions (1) @VCC=5V*10%
VIH=2.4V,VIL=0.4V,VIHC=VCC-0.6V, VILC=0.6V, VOH=2.2V, VOL=0.8V
Test conditions (2) TMPZ84C01F @Low Voltage Operation
VIH=VCC-0.2V, VIL=0.2V, VIHC=VCC-0.2V, VILC=0.2V, VOH=VCC/2V,
VOL=VCC/2V
Note 2: Items with an asterisk (*) are non-compatible with NMOS Z80.
Note3: **TYPICAL

44 CAPACITANCE

TA=25°C

SYMBOL ITEM TEST CONDITION MIN. | TYP. | MAX. | UNIT
CCLOCK CLOCK input capacitance f=1MHz - — 8 pF
CIN input capacitance All pins except measured - - 6 pF
couT output capacitance pin are connected to GND - - 10 pF

070489
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4.5 TIMING DIAGRAM

Figures 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.

L@ 2 W T3 T4
* o= s T
e | |-
@6' PR ? 0 3 = EFRESH
AO~A15 - e (’(’ A ADDRESS A
- @ €|
Q-7 ® o0
MREQ —
% O -

> <— @ ‘ > <—
DO~D7 —t_—ggj:)gm

Figure 4.1 Operation Code Fetch Cycle
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T V) ™W 13
7 ® Y/ et e e\
((’ « e @
AO0~A15 Y| PROGRAM (COUNTER || .
J <@ F'*
MREQ
@—> <
@) —
WATT \L
RD « g(,
OPER RTESR{ -0 ; Chqlinl ,
ATI < )
0~D7 2 &1 “ A DATA
WR 1& ¢ " @
WRITE I
OPERATION ~@~[<@—~ 5 SaNCH
D0~D7 « DATA OUTPUT i

070489

Figure 4.2 Memory Read/Write Cycle
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T T2 Tw* Tw T3
@ __/ ® A 7 Nt D/ B/ Kl N\
(¢ (¢
AO~A7 X Port Address ¥ o X
) Ll
® | <l
ORQ T S K
- — O e
AT HE
)7 T
@ —t @ <
e RD \ v
N I It f
Input ] )T I _,.(_
Operation { ! B p— i ’(’_) <
DO~D7 K (’(‘ H Minput Data ¥
o @ — <
WR -\S 1
@ N I I g <
2 1 |
Output e @ - @
operation I i
D0~D7 —————————% Data , Output « —
l il
Note : 1 wait state (TW*) is inserted automatically by MPU. 070489

Figure 4.3 Input/Output Cycle

T T T, Tw* Tw* Tw

R Uan e Pas.

@ \__/

== (_ I _(C
”\l_T W Ll
©

AO0~A15 ) Program Counter

{4 (¢
) )
£ I
7 )

g
¥
®
A
4
I
¢
®

® —> -<— ||
TTATT = ®_) < (8 @(— r,<’
WAIT \ 4 (;'7] \j,('
Youosgmy O
po~b7 AMUWY (e x_“()lnput Data _x
Note 1 TL is the final state of the preceding instruction.
Note2 2 waitstate (TW*) is inserted automatically by MPU. 670489

Figure 4.4 Interrupt Request/Acknowledge Cycle
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FINALM CYCLE M1

—(1 ———>:—— @

Note : NMI is asynchronous input but in order to assure the positive response in the following
cycle, NMI triling edge signal cust be generated keeping abreast of the leading edge of the
preceding TL state.

070489

Figure 4.5 Non-maskable Interrupt Request Cycle

———  FINALMCYCLE ———>
CTL X ™ | TX T
- S oy 1O
BUSREQ \ ]l'-
3 t 4 _}‘
BUSACK =\ o
(
—| == "rloaTing -
AO~A15 j £ ¢
— 4_ FLOATING — <_
D0~D7 i S L
MREQ N FLOATING | @
B‘D t( aa——
WR r ), C
I0RQ
i : TN
M] 1)
{C
HALT \REMAINS UNCHANGED
il
Note :

1. TLis the final state of any machine cycle.

2. TX is optional clock used bv requested peripheral LSI. 70885

Figure 4.6 Bus Repuest/Acknowledge Cycle
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HALT CAMMAND'S
— M1 | M1 | M1
T4 T1 T2 T3 T4 T1 T2
L)
HALT ——\ .
— e @ )
NMi A

Note: INT signalis also used for releasing from the halt state.
070489

Figure 4.7 Halt Acknowledge Cycle

—— M1 ——— e
T1 T2
¢ T\
— }/_\_J"__\_ﬁﬂ:\__/_\__?
= ﬁz' (>1® ®
RESET Eﬁ-—; \__/
@—> - -—>© -
Ag~Ars « FLOATING  ————
> - ’
Do~D7 5 FLOATING
- « > -
VE] : 7 ll
AD,WA §
ORQ __ /1111 h N
BUSACK
HALT
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Figure 4.8 Reset Cycle
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Figure 4.9 Clock Restart Timing (STOP Mode)

", a8 2 13
(IDLE1 MODE) W\I\_
T4 T T T3
(IDLE2 MODE)
2)
T A\
RIMIT X K
[5)
5
070489

Figure 4.10 Clock Restart Timing (IDLE1/2 Mode)

PRECAUTIONS

To reset MPU, it is necessary to hold RESET signal input at “0” level for ; 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.

In releasing MPU from the HALT state by interrupt signal in IDLE1/2 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. In particular, care must be taken when INT is used.

Other precautions are identical to those for the TMPZ84C00A except those for RFSH
terminal. Refer to the data sheet for the TMPZ84CO00A.
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6. OUTLINE DRAWING
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Note: Package Width and Length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.
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TMPZ84C10AP-6 / TMPZ84C10AM-6 / TMPZ84C10AT-6
CMOS-Z280 DMA : DIRECT MEMORY ACCESS CONTROLLER

1. GENERAL DESCRIPTION AND FEATURES

TMPZ84C10A (hereinafter referred to as DMA) is the CMOS 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/O-to-I/O (I/O devices as peripheral LSI or I/O devices such as
printer, etc.) data transfer capability is also provided.

The TMPZ84C10A is fablicated using Toshiba’s CMOS Silicon Gate Technology. The
principal functions and features of the TMPZ84C10A are as follows.

(1) Compatible with the Zilog Z80 DMA.

(2) DC to 6MHz operatio

(3) Single 5V power supply (at 5V +10%)

(4) Data transfer rate 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
10pA MAX (5V, stand-by)

(9) Extended operating temperarure
—407C to85C

(10) Transfer, search, or transfer/search operations can be specified.
(11) Byte, burst or continuous modes can be specified.
(12) Bit maskable byte searching function.

(13) Built-in Reset logic that is synchronized external signal, Software and when
powered on.

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 confunctions.

Note:  Z80isatrademark of Zilog Inc., U.S.A.
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2. PIN ASSIGNMENTS AND PIN FUNCTIONS

The pin assignments and I/O pin names and brief functions of the TMPZ84C10A are
shown below.

2.1 PIN ASSIGNMENTS

The pin assignments of the TMPZ80C10A are as shown in Figure 2.1, Figure 2.2.

A5 [
A4
A3 ]

> >
SR
| o B e

A0
CLK ]
WR ]
RD [}
TORQ O
Vee [
MREQ [
BAO {
BAI [
BUSREQ |
CE/WATT
A15 [
A4 [
A13 ]

[
W O N O VB W N =

A12 [

-/

40 [1 A6

391 A7

38 (1 IEI

37 [] INT/PULSE

36 [1 IEO

351 DO o =-h po
341 D1 O 3 00 o
331 D2 37 g D2
321 D3 36 o0 gz
31p4 2% £oh vss
30 [1 Vss (0V) 33 0 D5
291 DS 32 uip D6
28{1 D6 3o EB wir
271 D7 ‘b NC
26 1 MT

25 {1 RDY

24 1 A8

231 A9

22 1 A10

210 AN 100489

Figure 2.1 DIP, SOP Pin Assignments

2.2 PIN NAMES AND FUNCTIONS

100489

Figure 2.2 PLCC Pin Assignments

Table 2.1 Pin Names and Functions (1/2)

. Number |Input/Output .
Pin Name of Pin 3-state Function
AO~ATS 16 Output 16-bit address bus.
3-state DMA output address bus to source port and destination port.
Input Single phase clock signal.
CLK 1 P Clock input to DMA. The same clock as that for MPU can be used.
Write signal.
WR 1 110 When used as input, MPU writes to DMA control register. When
 3-state used as output, DMA controls write to the memory or I/O port
address.
Read signal.
7D 1 1/0 When used as input, MPU reads out of DMA status register. When
3-state used as output, DMA controls read from the memory or /O port
address.

00489
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Table 2.1 Pin Names and Functions (2/2)

Pin Name Numl?er Input/Output Functions
of Pin 3-state
TORQ 1 1/10 1/0 request signal.
3-state When I/O data is read or written, DMA controls read/write.
MREQ 1 Output Memory requestsignal.
3-state When memory data is read or written, DMA controls read/write.
Bus line enable output signal.
BAO 1 Output In the several DMA configuration, controls priority for the bus using
right.
BAI 1 Inbut Bus line enable input signal.
p Indicates that the system bus using right is released for DMA control.
Bus line enable inputsignal.
BUSRE 1 .
Q Vo Indicates that the system bus control are sent to MPU. Open drain.
Chip enable/wait signal.
CEWAIT 1 Input Normally, operates as CE but it is possible to program to operate as
WAIT at time of data transfer.
Ready signal.
RDY 1 Input Monitored by DMA to determine effective polarity. Effective
polarity is programmable.
Signal showing machine cycle 1.
M1 1 Input Indicates that MPU is in the operation code fetch cycle or
interruption acknowledge.
o 8-bit bidirectional data bus.
D0-D7 8 Control byte from MPU, status byte from DMA and data from the
3-state .
memory or I/O are transferred through these terminals.
Interrupt enable output signal.
IEO 1 Output Using jointly with IEl, forms the daisy chain structure for interrupt
priority when several peripheral LSI’s are connected.
Interrupt enable input signal.
1EI 1 Input Using jointly with IEO, forms the daisy chain structure for interrupt
priority when several peripheral LSI’s are connected.
o BTTEE Interrupt request signal.
INT/ PULS 1 t
Output Forinterrupt request and pulse generation. Open drain.
\'de 1 Power supply | +5V
VSS 1 Power supply | OV

100489
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3. DESCRIPTION OF OPERATION
3.1 BLOCK DIAGRAM
IEI IEQ INT/PULSE
INTERRUPTION PULSE BYTE PORT A
N BUS PRIORITY CIRCUIT COUNTER ADDRESS [
CIRCUIT
o~ ~ < /}
INTERNAL MuLTI
BUS PLEX. Ao
SR — B
A1s
NS NS N NS
CEWATT N BUS CONTROL BYTE PORT B ||
RDY. VT, 10RQ, € ] CONTROL STATUS EQUALITY
WIREQ, RD, WR CIRCUIT REGISTER CIRCUIT ADDRESS

Tl

BUSREQ BAT BAO

Figure 3.1 Block Diagram

3.2 SYSTEM CONFIGURATION

Co

1)
(2)
(3)
4)
(%)
(6)
(7N
8
9
(10)

100489

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

mponents

Reset circuit

Control & status register group

Bus control circuit

Pulse circuit
Byte counter

Byte equality circuit
Port A address, Port B address
Interrupt priority circuit

Basic function
Interrupts
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3.2.1 Reset logic

DMA has following three reset functions.

(1) Power onreset
DMA has reset circuit that is synchronized automaticaly when powered on.
(2) External signal reset

When M1 signal is active more than two system clocks without an active RD or TORQ
signal, the DMA is reset at rising edge of M1 signal.

(3) Softwarereset

3.2.2 Control & status register group

The DMA is provided with 21 writable register 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 Microprocessor (hereinafter referred to as MPU) |
is capable of setting and monitoring values in respective registers. x,

The control register group is classfied into 7 groups of WR0 to WR6 (Figure 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.

The status regiser group consists of PRO to PR6 (Figure 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.
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WR0 7

Basic register

5 87 0
Port A Start address }
Block length I

WR1
| Basic register I

| Port A variable timing

Basic register

[ Port B variable timing

Basic register

‘ Mask byte

l Match byte

Basic register

Interrrupt control byte

‘ Pulse control byte

‘ Interruption vector

Basic register

Ijead out mask

Figure 3.2 Control Register
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RRO

RR2

RR3

RR4

RR5

RR6

Status byte

Byte counter (low order 8 bit)

Byte counter (high order 8 bit)

Port A Address counter (low order 8 bit)

Port A Address counter (high order 8 bit)

Port B Address counter (low order 8 bit)

Port B Address counter (high order 8 bit)

Figure 3.3 Status Register

100489
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3.2.3 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 I/O devices. In addition, it controls
updating of required address counter and byte counter.

(1) Busdirection control

° At time of programming, the bus master is MPU and the control bus and data bus
(when data is written into the control regiser) 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 system bus. At this time, the address bus buffer
is disabled.

. 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.

° When data is read out of the memory or I/O device, 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) Busrequest

If DMA requested 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
3.2.4 Pulse circuit

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

3.2.5 Byte counter

The byte counter is cleared when 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.

3.2.6 Byte equality circuit

DMA always monitors data being transferred during the data teansfer and when
equality is detected, generation of interruption becomes possible.
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3.2.7 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.

3.2.8 Interrupt priority circuit

(1

(2

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) ().

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 WNT|er—F————————————————— 5 --------
INT INT
+ 5V —> IEl IEO |EI IEO —>TO INTERRUPTION
DEVICE IN LOWER
PRIORITY ORDER

THE HIGHEST PRIORITY DEVICE

100489

Figure 3.4 Interruption Daisay Chain
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. Until 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 drom
MPU. Priority is so decided that low order DMA will not receive BUSACK signal
through BAI/BAO chain of DMA when multilpe DMA’s made the bus request in the
same clock cycle period.
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BUSREQ % ---------

MPU

BUSACK -

|
|

|

o

Al BUSREQ BA

O
|

Al BUSREQ BA

O

DMA DMA

100489

Figure 3.5 BUS REQUEST Daisy Chain

3.2.9 Basic functions
DMA is provided with the following basic functions:
(1) Datatransfer paths

Transfer between memory and I/O
Transfer between memories
Transfer between I/O and I/0O
Memory search

I/0 search

GECESNCRS)

(2) Operating classes
(3) Operation modes

@ Byte mode
@  Burstmode
®  Continuous mode

(4) Transfer speed

(5) Operating conditions
(6) Automaticrestart

(7) Variable cycle

(8) Pulse generation
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3.2.9.1 Data transfer paths

(1)

o))

@)

The data transfer paths of DMA are as shown in Figure 3.6.

@

1/10

Memory ©)

®Transfer between
memory and 1/O

@ Transfer between
memories

@ @ Transfer between

DMA ® 1/0 1/0 and 1/0

@ Memory search

® 1/0 search

100489

Figure 3.6 Transfer Paths of DMA
Transfer between memory and I/O

This is the most ordinary method of data transfer and data transfer with the high
speed serial interfaces (Z80SIO, etc.) is possible.

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/O. 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.

Transfer between I/0 and 1/0

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
transferred from I/O to I/0. However, if I/O 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.
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(4)

(5)

Memory search

This memory search is used to search a large quantity of data at high spped. The
same function as that of CPIR command (search command) of the Z80 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 check block is also possible.

1/0 search

This is 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 showing a file delimiter on a magnetic
tape.

3.2.9.2 Operating classes

(4]

0)]

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

Data transfer between 2 ports
®  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.

@  Simultaneous transfer

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

Search of special bit pattern in byte at one port

@  Search

This is a method to search special bit pattern by comparing 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).
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®3)
@

Transfer/search

Data transfer between 2 ports and 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.

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.

3.2.9.3 Operation modes

In the transfer methods for various operation classes, DMA can select the following

modes:

L] Byte mode
. Burst mode

] Continuous mode

The single byte transfer/search is shown in Figure 3.7 (commonly applicable to all

modes).

b

INCREMENT/DECREMENT
SOURCE PORT ADRESS

[

READ/OUT OF SOURCE
PORT DATA

INCREMENT/DECREMENT
DESTINATION PORT ADRESS

I

WRITING OF DATA TO
DESTINATION PORT

<:| IN CASE OF TRANSFER

INCREMENT BYTE CHANGE BIT DO
COUNTER OFRROTO “1"
o CONTINUITY
o BUSRELEASE
o INTERRUPT

Figure 3.7 Single Byte Transfer/Search

100489
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(1

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.

Then, the bus request is made and single byte transfer/search is performed when
DMA becomes the bus master. The same operation is 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
Figure 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 is transferred at a time and the system bus control right is returned to
MPU for at least one machine cycle period.

IfRDY 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 Figure 3.8.

DMA ENABLE DATA
TRANSFER START

RDY ACTIVE

EXECUTE OVER CPU1

MACHINE CYCLE BUS REQUEST

1BYTE
BUS RELEASE TRANSFER/SEARCH
NO END OF BLOCK
YES

CHANGE BIT Ds
OF RRO TO “0”

o INTERRUPT
o BUS RELEASE

o AUTO RESTART
100489

Figure 3.8 Byte Mode

MPUZ80-107




TOSHIBA TMPZ84C10A

(2) Burst mode

In the burst mode, after one byte data is transferred, RDY signal is checked to
determine if it is active without releasing the system bus control 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/O 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 Figure 3.9.

DMA ENABLE DATA
TRANSFER START

RDY ACTIVE

BUS RELEASE

NO

BUS REQUEST

@cwvs e

1BYTE
TRANSFER/SEARCH

NO
END OF BLOCK

YES

CHANGE BIT Ds
OF RROTO "0"

o INTERRUPT
o BUS RELEASE
o AUTO RESTART
100489

Figure 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 is 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 Figure 3.10.

DMA ENABLE DATA
TRANSFER START

RDY ACTIVE

NO
BUS REQUEST

1BYTE
TRANSFER/SEARCH

No END OF BLOCK

YES

CHANGE BIT Ds
OF RROTO “0”

o INTERRUPT
o BUSRELEASE
o AUTO RESTART
100489

Figure 3.10 Continuous Mode
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3.2.9.4 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.

Table 3.1 Transfer and Search Max. Speed
(Burst and continuous modes)

i Z-80

Operation (6.0MH2)
Simultaneous transfer of DMA
DMA search only } 3M byte/s
Simultaneous transfer/search
DMA transfer
DMA transfer/search :,_ 1.5M byte/s
Block transfer command of MPU 0.300M byte/s

100489

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 transfer is further reduced.

Table 3.2 Z-80 MPU Throughput Reduction Per DMA
Transfer K Baud (Byte Mode)

i Z-80
Operation (6.0MH2)

DMA transfer o
DMA transfer/search :I_ 0.027%
MPU transfer by interrupt 0.142%

100489

3.2.9.5 Operating conditions

Programmable conditions to get DMA perform certain operations and these
operations are shown in Table 3.3. 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.
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Table 3.3 Operating Conditions

Operations that can be caused

Conditions under conditions at left hand

End of block a. Busrelease
b. MPU interruption
c. Autorestart

Coincidence of byte a. Busrelease
b. MPU interruption
c. Continuation

Pulse control byte coincided with low a. Pulse generation
order byte of byte counter

RDY signal is active a. Busrequest

b. MPU interruption
RDY signal is non-active a. Busrelease

b. Breaking

(in case of continuous mode)

RETI command (interruption return a. Busrequest
command from MPU)

100489

3.2.9.6 Autorestart

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 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.

3.2.9.7 Variable Cycle

DMA is 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.

3.2.9.8 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).
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3.2.10 Interrupt

33

DMA is able to make an interrupt request to MPU under the following conditions:

° 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.

° 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 enf 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 is 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) ().

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.
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3.3.1 Status change flowchart

1BYTE

TRANSFER/SEARCH

- DETAIL

POWER ON

COMMAND WRITE
MODE SET

WRITE DMA ENABLE

DMA ENABLE

to Fig. 3.11(c)

Figure 3.11 (a) Status Change Flowchart

b

RESTART OF SOURCE

PORT ADDRESS

(INCREMENT/
DECREMENT)

[

READ SOURCE
PORT DATA

NO

MATCHBYTE

RESTART OF
DESTINATION PORT

ADDRESS (INCREMENT/
DECREMENT)

|
|
1
1
1
|
|
1
1
1
|
I i
1
1
1
1
1
i
1
|

DATAWRITE TO
DESTINATION PORT

INCREMENT BYTE

COUNTER

CHANGE BIT DO OF
RROTO “1”

|

o CONTINUITY
° BUS RELEASE
° INTERRUPT

100489

Figure 3.11 (b) Status Change Flowchart
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BUSREQ=1

BYTE MODE BURST MODE CONTINUOUS MODE
DMA ENABLE DMA ENABLE DMA ENABLE
RDY ACTIVE? NO RDY ACTIVE? RDY ACTIVE?
YES YES YES
BUSREQ =1
_ S NO S
BUSREQ =0 BUSREQ =0 BUSREQ =0
NO
YES
RDY ACTIVE?
1BYTE 1BYTE 1BYTE
TRANSFER/SEARCH TRANSFER/SEARCH TRANSFER/SEARCH
(NOTE) (NOTE) (NOTE)
%BLOCK NO _—FND OF BLOCK END OF@
YES YES YES
CHANGE D5 OF CHANGE D5 OF CHANGE D5 OF
RROTO “0". RROTO “0". RROTO “0".
IEl=1 [INT=0
( INTERRUPT )
BUSREQ=1
BUS RELEASE
BUSREQ=0

Note :

( AUTO RESTART )

The details for signal byte transfer/search is shown in Figure 3.11 (b)
Status Change Flowchart.

Figure 3.11(c) Status Change Flowchart

100489
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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 (D0 to D7) into necessary write registers at the rising edge of next
clock.

CE e B |
JORQ N e B - |
WR /+

-~ / N\ |
DO~D7 y 4 > |
— — |
CE, IORQ, WR, DATA IN DO~D7 ARE |

SIGNALS ARE LATCHED. WRITTEN.

100489 |

\

Figure 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, TORQ 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.

ck __| L | | | L | L

cE P S
IORQ \ y 2 I
RD
D7~D7 4 D

Figure 3.13 Readout Timing from the Readout Register of DMA
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(2) When DMA is the bus master:

(a)

A0~A15

READ

WRITE

{ DATA BUS IS DRIVED BY DMA
war 1] J I\ "1--/---- VAR -

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/O operation. In addition, in the I/O 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 register 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/O write. If WAIT
signal is at “0” level 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.

< MEMORY READ CYCLE I e — 1/O WRITE CYCLE —_—>
T2 T3 Tq T, Tw* T3
cLk L | l |
—
MEMORY ADDRESS X 1/ 0 ADDRESS x

WR \ /1

100489

Figure 3.14 Transfer Standard Timing of Memory to I/O
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° Memory to I/O

In the memory readout, DMA put the memory address on the memory bus (A0
to A5) in the period of T1 rise and bring MREQ and RD signals to “0” level at the
falling edge of T1 state. The memory data is read out at this point of time, put on
the data bus (D0 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/O write cycle, DMA put I/O address on the addresss bus in the T1 rise
period, makes JORQ 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.

] 1/0 to memory
In the I/O readout cycle, DMA put I/O address on the address bus in the T1 rise
period and makes IORQ signal and RD signal to “0” in the T2 fall period. I/O 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.

l
In the memory write cycle, DMA places memory address on the address bus in b\
the T1 fall period, makes MREQ signal to “0” level at the falling edge of T1 and WR ‘
signal to “0” level in the T2 rise period, and write data on the data bus (data i
readout from I/O) into the memory. ‘
|

1

I/OREAD CYCLE ————>l<— MEMORY WRITE CYCLE —
T T2 Tw= T3 T T2 T3
T— |
ak [ L L L L L |
Ac~Ass X /0 ADDRESS X MEMORY ADRESS )& }
(lorqQ \ /
READ
’D \ /
Do~D7 > {  DATABUSISDRIVED BYDMA  >—
MREQ \ A
WRITE
WR \ /
eemvar _ -7 INJC L7 N1

100489

Figure 3.15 Transfer Standard Timing of /0O to Memory
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] Memory to memory
This operation is a combined operation of the memory read cycle and memory
write cycle.

<—— MEMORY READ CYCLE ——>|<—— MEMORY WRITE CYCLE ——>|

T T2 T3 T T2 T3

| I | L[

MEMORY ADDRESS X MEMORY ADDRESS X

|
X
MREQ |\ /T N\ T\
T\

WR \ /
), \ DATA BUS IS DRIVED BY DMA X

s I /2 1 I W /8 2 O B R

100489

Figure 3.16 Transfer Timing of Memory to Memory

] I/0 to I/O
This operation is a combined operation of the I/O read cycle and I/O write cycle.
<————— |/ OREAD CYCLE 1/0 WRITE CYCLE

T T2 Tw* T3 T T2 Tw* T3

CLK L 1 | | | |
Ao~A10 _ X /O ADDRESS X /0 ADDRESS X
ORQ \ / \ /T

RD \ -/

WR \ /1
Do~D7 ) { DATA BUS IS DRIVED BY DMA X:
S e e /48 I et ity i TT::::}:

100489

Figure 3.17 Transfer Timing of 1/0 to I/O
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(b)

()

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/O transfer
shown in Figure 3.14 and that of I/O to memory transfer in Figure 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/O control signal is
generated using an external logic circuit and DMA operation is performed
according to this control signal. In addition, I/O ports are selected by hardware
during the operation. Signals with (EXT) shown in Figure 3.18 through Figure
3.21 are those generated by an external logic circuit.

Memory to I/O (Memory search cycle)

In this data transfer, the memory search mode is programmed and the memory
readout and I/O 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/O write by TORQ signal and WD signal that are
generated using an external logic circuit.
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READ/WRITE CYCLE
T1 T2 T3
ak _| | |
AO~A15 X MEMORY ADDRESS X
vrReq |\ Vo
READ
RD \ /
Do~D5 X DATA BUS IS DRIVED BY MEMORY X
IORQ _———'\ I
G /]
WRITE
WR —_—\ f—t——
(EXT)
(o707 S A NZ I U R P

100489

Figure 3.18 Simultaneous Transfer Timing of Memory to I/O
(Memory search timing)

. I/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 hardware performes the I/O 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.
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< READ/WRITE CYCLE >

Tq T2 T3
CLK l L
Ao~A1s ::X MEMORY ADDRESS X
——— MREQ | \ Yy
WRITE — L
— R [\ /]
READ Do~D7 X oatasusisorivepsY o X
L> TORQ(EXT) \ Y
—— wrExn |\ /T
N - S S L —
CE/WAT | }__7"‘__ _____ -

100489

Figure 3.19 Simultaneous Transfer Timing of /O to Memory (Memory search timing)

° Memory to I/O (I/0 search cycle)

In this data transfer, the I/O search mode is programmed and the memory read
and I/O write operations are performed in one readout cycle by generating MREQ
signal and WR signal in the I/O readout cycle using an external logic circuit. The
hardware 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.

. 1/0 to memory (I/0 search cycle)

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

MPUZ80-121



TOSHIBA ' . TMPZ84C10A

~<—— READ/WRITECYCLE —>
Ty T, Tw* T

CLK ——‘

Ao~A1s ) & MEMORY ADDRESS X

— IORQ AN /__

WRITE —— o \ Vou
READ

7

DATA BUS IS DRIVED BY
Do~D7 X MEMORY X

—> MREQ (EXT) \ /——

=

L—> WR(EXT

N
l

Py ndaatl kil ol o ol el e

CE/WAIT

—_——kmmm b, e AN e -
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Note:  Althrough addresses on A0-A15 are originally /O addresses, they are handled as
memory addresses.

Figure 3.20 Simultaneous Transfer Timing of Memory to I/O (/O search timing)

 READ/WRITECYCLE —
T, T To* T
W AT
Ao~A1s X MEMORY ADDRESS X
— . TORQ \ Y
READ — _ |
R \ /
D0~D7 X DATA BUS IS DRIVED BY 1/O X
E MREQ (EXT) .
WRITE \ /—
WR (EXT) \ /—_
cewar _ [ T[N
100489

Note:  Althrough addresses on A0-A15 are originally I/O addresses, they are handled as
memory addresses.

Figure 3.21 Simultaneous Transfer Timing of I/O to Memory (I/O search timing)
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(d)

BAT(BUSACK)

(e)

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 (valiable) and one clock period of
MPU.

When detecting that BAI (BUSACK) signal is at “0” 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

w T L L LA

ACTIVE (

[
RDY \
- SAMPLE
BUSREQ — "\
V

EXECUTE DMA
OPERATION

100489

Figure 3.22 Bus Request Timing
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
trasfer/search 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.
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<«— DMACYCLE —>|

ak 1 1 2/ | | [ | [ L

BUSREQ
BAI (BUSACK) /

100489

Figure 3.23 Bus Release Timing - Byte Mode
(f) Busrelease at the end of block in the burst 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.

CLK [ L1 I [ L1 |

—" ACTIVE I E

BUSREQ
< TRANSFER OF FINALBYTE ———>|=<—— MPU IS BUS MASTER

100489

Figure 3.24 Bus Release Timing - at End of Block
(g) Busrelease 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.

e 4 L1 L L1 LI LN L

RDY ACTIVE e A
el e
\r—-

BUSREQ

~—— DATA TRANSFER OF Nth BYTE DATA TRANSFER OF n + 1th BYTE
COINCEDENCE IS DETECTED IN

Nth BYTE

100489

Figure 3.25 Bus Release Timing on Match - Byte Mode, Continuous Mode
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(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
trasfer/search operation ended. Therefore, the action for BUSREQ signal is
slightly behind the action for RDY signal.
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 Figure 3.26.
ek 0 L1 L LI LTI 1 ‘> |
RDY ACTIVE
\ (
BUSREQ
<— DMA CYCLE ———>|=— MPU IS BUS

MASTER
100489

Figure 3.26 Bus Release Timing when RDY Signal becomes Non-active

Timing of RDY signal with other signals are shown in Figure 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
withour affecting its operation. In the byte or burst mode, BUSREQ signal and
BATIsignal are set to “1” at the end of byte operation of RDY signal. In 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 ative again.
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Figure 3.27 Timings of RDY Signal with Other Signals (Byte Mode)
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Figure 3.28 Timings of RDY Signal with Other Signals (Burst Mode)
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Figure 3.29 Timings of RDY Signal with Other Signals (Continuous mode)

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
WRI1 (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 cycle variable I/O 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/O operation. In the 2 clock cycle operation
it is not sampled. Use of this variable cycle 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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Figure 3.30 Variable Cycle
| T | T | T | T |
| 1 | 2 | 3 | 4 |
ik — | | | | I [ L
CE/WAIT
BCYCA-E\/{ACI\:_% ____________________________ e ——
MEMORY -————-—_____:u _________________________
OPERATIONS)
CEWAIT
(4CYCLE/O ~ - =TT T T TS T T TS TTE ST T\ | ST T T T T T
OPERATION) -_.___.....___..____.......___;\__[: _______________ -

Figure 3.31 WAIT Sample in Var

100489

iable Timing

MPUZ80-128



TOSHIBA TMPZ84C10A

() 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 accepted, [ORQ signal also becomes active at the
same time (normally, MREQ signal) in the period of its M1 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 IE1 and IEO signals and thus, it becomes possible to identify
which peripheral LIS will react.

FINAL M CYCLE IN COMMAND M1
FINALT * *
< cTaTE T T2 Tw Tw T3 —

|
ak o o/ o
L . N /25N P AP IS

Ao~A1s X PC X RerResH

TORQ \
Do~D7 (iweyr
war L N
RD
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Figure 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.

. Enable after interrupt return (B7H)
®  DMA enable (87H)

MPUZ80-129




TOSHIBA TMPZ84C10A

[ Execution of REI instruction to reset IUS latch during the interrupt service in the
780 DMA (ED4DH)

(k)  Pulse generation

In the pulse generation, INT signal is set to “0” level (pulses are generated on
the INT line) every 256 bytes after offset value is loaded to the write register 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.

T2 T3 Tq T2 Tyy* T3

{4 1 L1 L1 LI 1

Ty
]
VREQ | \ /
T\

RD /
- \ T
— -
, N - /)
(PULSE OUTPUT) ’
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Figure 3.33 (a) Pulse Output (Standard timing at the time of transfer)
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Figure 3.33 (b) Pulse Output (Standard timing at the time of memory search)
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0]

Precautions
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/O are selected by the hardware using an
external logic circuit. It is normally programmed that I/O addresses are fixed and
memory addresses are updated during the DMA operation. At this time, DMA
controls memory addresses and outputs I/O select signal using an external logic
circuit.

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.

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 is once generated and after
DMA operation is completed, pulse is generated during the read cycle of the 1st
byte when the DMA operation is performed again without changing the offset
value.

TRANSFER CYCLE

> TRANSFER CYCLE
OF Nth BYTE

OF (N +1)th BYTE
EMOR
ﬂlmeE;

T,

MEMOR!
('READL

INT / PULSE \ / \ /
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Figure 3.34 Pulse Generation Timing (Byte mode)
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3.4 PERIPHERAL COMMANDS

(1

To operate DMA, specify its operations by 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/WATT pin.

The configurations of the control register group and status register group are as follows:

Control register group (2) Status register group

@ Write register WRO @ Readout register RRO
@ Write register WR1 ® Readout register RR1
® Write register WR2 ® Readout register RR2
@ Write register WR3 @ Readout register RR3
® Write register WR4 ® Readout register RR4
® Write register WR5 ® Readout register RR5
@ Write register WR6 @ Readout register RR6

3.4.1 Control register group

(1

The control registers consist of 7 groups of WR0 to WR6, each of which consists of a
basic register and related registers. If the pointer bit of the basic redister is “1”, related
redisters are accessed by turns.

The basic registers WR0 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.

Write register WR0

WRO is identified by the condition that Bit 7 of the basic register is “0” and Bit 1, 0 are
other than both “0”.
WRO has 4 pointer bits, each of which has related registers, respectively.

(a) Basicregister bit 0, 1 (Designation of operating class)

Bit 0 and 1 designate the operating class; transfer, search only, and
transfer/search operations. 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.
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D7 D6 D5 D4 D3 D2 D1 DO

Basic register Lo I J | | J I J J

Data transfer mode

0 0 Don’t use

0 1 Transfer

1 0 Search

1 1 Transfer/search

Data transfer direction
0 PortB—PortA

1 PortA—PortB
romaregierto [T T T T T T 11 sy
Feledregitertt | ||J I | ll N N -

|
Related register#2 | [ | l T ] T ] 5|oov$/kolfdnegrtgbits)
Related register#3 | | l | | | | [ | | Block length

(b)

(o)

(d)

(e)

(High order 8 bits)

100489

Figure 3.35 Write Register WRO
Basic register bit 2 (Designation of data transfer direction)

Bit 2 declears the source port, and by implication, the destination port, if the
operation is a sequential transfer. In the search only operation, the source port
only is designated and in the simultaneous 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.

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 byts are written into #0 and high order bytes in #1.

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 writting 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.
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16
In addition, if “zero” is set for these registers, the transfer or search of 2 41 bytes
is carried out.

(2) Write register WR1
WR1 is identified by the condition that all of Bits 0, 1 and 7 of the basic register are
“0” and Bit 2is “1”.
(a) Basicregister bit 3 (Port A designation)

A memory is designated by Port A when “0” is written for Bit 3, while I/O is
designated when “1” is written. This designation makes the control signal (MREQ
or IORQ) active against the cycle including this port.

D7 D6 D5 D4 D3 D2 D1 DO

Basic register | 0 | , l l l 1 | 0 I ) |
Designation of Port A
0 PortA-Memory
1 PortA-1/O
Port A address update
0 0 Decrement
0 1 Increment
] ? —_Address fix
Related register#0 | i | 0 I 0 | l | [ |PortAvariab|etimingbyte
| | Cycle Length
0 0 4 clock
0 1 3 clock
1 0 2 clock
1 1 Don't use
agn |ugn | uge ugn

R RD WMREQ IORQ Earlyend
100489

Figure 3.36 Write Register WR1
(b) Basicregister 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) Basicregister 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.
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° Bit 0, 1 (Cycle length)

Length of data transfer cycle (memory read/write, [/O read/write) relative to
Port A is designated. Timing can be changed in a range of 2 - 4 clocks.

(] Bit 2, 3, 6, 7 (Early end)

The timing of the control signal IORQ, MREQ, RD and WR can be advanced by i
1/2 clock. |

(3) Write register WR2

WR2 is identified by the condition that all of Bits 0, 1, 2 and 7 of the basic register are
‘(0”'

(a) Basicregister bit 3 (Port B designation)

A memory is designated by Port B when “0” is written for Bit 3, while I/O is
designated when “1” is written. This designation makes the control signal (MREQ
or JORQ) active against the cycle including this port.

D7 D6 D5 D4 D3 D2 D1 DO

Basic register | 0 | I l l I 0 l 0 | 0 l
Designation of Port B
0 Port B - Memory
1 PortB-1/0
Port B address update
0 0 Decrement
0 1 Increment
}‘ (1) :l—Address fix
Related register #0 | | | 0 I 0 ] | | I IPort B variable timing byte
| ’ Cycle length
0 0 4 clock
0 1 3 clock
1 0 2 clock
1 1 Don’t use
uge |mgn | ugn agn

R RD MREQ IORQ Earlyend

100489
Figure 3.37 Write Register WR2
(b) Basicregister 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.
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(4)

()

(d)

Basic register Bit 6 (Pointer bit)

When Bit 6 is set to “1”, next related register is accessed. In addtion, when Bit 6
is set to “0”, DMA’s variable cycle is not used.

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.

Bit 0, 1 (Cycle length)

Length of data transfer cycle (memory read/write, I/O read/write) relative to
Port B is designated. Timing can be changed in a range of 2 - 4 clocks.

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.

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)

(b)

(o)

(d)

(e)

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.

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

Basic register Bit 5 (Interrupt enabled)
When this bit is set at “1”, DMA interrupt is enabled.
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.
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(f) Related register #0 (Mask byte)

This register is accesed 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 00H mask byte.

(9) Related register #1 (match byte)

This register is accessed by basic register Bit 4. The match byte is used as data
to be compared when the data transfer mode is search or transfer/search. The
match byte is masked by the mask byte of related register #0.

D7 D6 D5 D4 D3 D2 D1 DO
Basic register I ! ] ‘ I | I | ‘ | 0 |04l

DMA Enable :1 1: Stop or match

Interrupt enable :1

el I A I L

ey [ [ [ [ [ T [ ]

100489

Figure 3.38 Write Register WR3
(5) Write register WR4

WRA4 is identified by the condition that both Bit 0 and Bit 7 of the basic register are
“1” and Bit 1 is “0”.

(a) Basicregister 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) Basicregister 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 Figure 3.39.
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(o)

(d)

(e)

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, thr loading to related register #1 is not required.

Related regiser #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.

Bit 0 (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.

Bit 1 (Interrupt on end of block)

When Bit 1 is set at “17, DMA generates interrupt if a value of the byte counter
becomes “0” in DMA operation.

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.

Bit 3, 4 (Pointer bits)

When Bit 3 is set at “1”, pulse control byte is accessed after interrupt control
byte. When Bit 4 is set at “1”, the interrupt vector is accessed.

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.

Bit 6 (Interrupt on RDY)

When this bit is set at “17, 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 instruction is executed after the
interrupt enable of WR6 (B7H) is sent out, the bus request is started.

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).
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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.

D7 D6 D5 D4 D3 D2 D1 DO

Basic register | 1 [ l | | | I 0 | 1 |
Designaion of data trasfer l ‘
mode
Byte mode 0 0
Continuous mode 0 1
Burst mode 1 0
Don’t use 1 1
Related register #0 | ] l ] | l | | I Port B Start address
l l (Low order 8 bits)
Related register #1 L [ | | l | I | | | ?ﬁigﬁg:g;trasdg;gss
Related register #2 | 0 I | | | | | I | ’ | Interrupt control byte
Interrupt on RDY :1 1: Interrupt on match
1: Interrupt on end of block
Status affects vector :1 1 pul )
: Pulse generation
Related register #3 | I | I l | | I | | Pulse control byte
Related register #4 L I ! | | l | | | Interrupt vector

Interrupt on RDY

Interrupt on match

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

Y Ye)
_,O OO —]

100489

Figure 3.39 Write Register WR4
(f)  Related register #4 (Interrupt vector)

When Bit 4 of the interrupt control byte is set at “1”, the interrupt vector is
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", M1 =%0"). If 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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(6)

?)

Write register WR5

WR5 is identified by the condition that Bit 1 and 7 of the basic register are “1” and Bit
0,2 and 6 are “0”. WR5 has no related register.

° 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 signal becomes “1” and active.

®  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.

. 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 | 1 | 0 | l I l 0 ! 1 | 0 ,

Effective polarity of RDY signal
0 Active at “0" level
1 Activeat”1” level
Use of CE/WAIT

0 Usesonly as CE function
1 Multiplex CEAVAIT

Designation of automatic restart

0 Ends attime of the end of clock
1 Automaticrestart

100489
Figure 3.40 Write Register WR5 .
Write register WR6

WR6 is identified by the condition that Bit 0, 1 and 7 of the basic register are at “1”
level. In 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;
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(b)

(o)

(d)

(e)

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 retains CE function only.
Returns the timings of both Port A and B to the Z80 standard timing.

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 necessry to execute the reset command 6
times successively (this is because there are 5 related registers that are capable of
directing in WR4).

Further, DMA is not always reset completely by this reset command. The read
sequence is reset only by the read sequence reset command.

Port A timing reset (C7H)

This command resets Port A variable timing byte and returns Port A timing to
the Z80 standard timing.

Port B timing reset (CBH)

This command resets Port B variable timing byte and returns Port B timing to
the Z80 standard timing.

Load (CFH)

When this command is executed, 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 immediately 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.

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 positions 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.
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In order to execute this command, interrupt at the end of each blocks is needed and
new block length shall be entered in WRO0 with the continue command.

In transferring data blocks, interrupt becomes necessary whenever transfer of
each data block ended. In trasferring next data block after the interrupt, this
continuity command is used inserted of the load command.

D7 D6 D5 D4 D3 D2 D1 DO
Basic regisater l 1 | 1 1 | 1 |

Hexadecimal command name

C3 Reset

C7 PortAtiming reset

CB Port B timing reset

CF Load

D3 Continue

AF Interruptdisable

AB Interrupt enable

Reset and disable interrupt
B7 Enable after RETI

BF Read status byte

8B Status byte initialize
A7 Readsequence initiate
B3 Forced RDY

87 DMA enable

83 DMA disable

BB Continue readout mask

CO0000000OO s s —

o Y = P SN NN Y = Y = Y = Y - pm—

L0000 R 20000000 —|

L0000 w002 02200 —|

COL0OmOm—00_0—0—=0 —
&

Readoutmask o[ [ [ [ [ [ [ |

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)

100489

Figure 3.41 Write Register WR6
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(f)

(9)

(h)

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 Z80 MPU, if the inerrupt disable
command is written into the beginning of the service routine, INT signal returns to
“1” level but next interrupt 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.

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 instruction 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.

Reset and interrupt disable (A3H)

This command is used on such systems as 8080 and 8085 to interface DMA and
MPU which is provided with the interrupt acknowledge function but has no RETI
instruction. 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

Succeesing interrupt disable by DMA (same as the interrupt disable command)
Enable after RETI (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 grenerates 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 Enable after RETI instruction.
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(k)

U]

(m)

(n)

The execution sequence of the Z80 MPU service routine is as follows and the bus
request is mode after RETI instruction is executed:

Enabie after RETI
DMA Enable

RETI' Instruction

Read status byte (BFH)

This command indicates that next read command is the status byte access.
Status byte initialization (8BH)

This command indicates the reinitialization of bit 4 and 5 of the status byte.
The reinitialization of the interrupt pending status (Bit 3) of the status byte can be
effected by the interrupt acknowledge, interrupt process, interrupt reset and
disable command writing. The reinitialization of DMA operation status (Bit 0) can
be efected by the load command.

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.

Read sequence initiate (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.

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 signals 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:
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(o)

(p)

Reset command

Load command

Interrurpt reset and disable command
Ending by end-of-block

Ending by byte match

Busrelease by DMA

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
instruction.

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.

3.4.2 Status register group

Q)

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/O command. Commands to be written into DMA are as follows:

@
)
®
@

Read status byte (BFH)

Read sequence initiate (ATH)
Status byte reinitialize (8BH)
Read mask continue (BBH)

The above commands are those which are shown for WR6.

Read register PRO - Status byte

(a)

(b)

(d)

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.

Bit 1 (RDY signal active)

“0” of this bit indicates that RDY signal is active. “1” indicates RDY signal
being non-active.

Bit 2 (Don't Care)
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This bit indicates the interrupt pending (IP) latch status. “0” indicates the

When this bit is “0”, it indicates the match after the last status byte reset or

When this bit is “0”, it indicates the end-of-block reached after the last status
byte reset, load, continuity or reinitialization.

(d) Bit 3 (Interrupt pending)
interrupt pending.

(e) Bit4 (Match detection)
reintialization command.

(f)  Bit 5 (End-of-block detection)

(g) Bit6,7(Don't Care)

Read register RR1, RR2 - Byte counter

The 16-bit counter consisting of two register RR1 or RR2 are cleared to zero by the
load, continuity or resest command.

D7 D6

D5

D4 D3 D2 D1 DO

RRO | N | *‘1

L 1 [-] |

(% : Don'tcare)

1: DM

0: Interrupt pending
0: Match detection
0: End-of-block

RR1 | [ W

L[ [ 1 |

we 1]
w 11
™ T
ws 1T
we 1]

LT [ 1 ]

Figure 3.42 Read Register

’ Status byte

A operation is made.

0: RDY signal active

Byte counter
(low order 8 bits)

Byte counter
(high order 8 bits)

Port A Address couner
(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 bit)

100489
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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 (WRO0), 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 order 4 byte (RR1) of the byte
counter.

(3) 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 one.

(4) 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 counter 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.

Values of these counters when DMA operation ended are shown in Table 3.4 (a) and
Table 3.4 (b).

Table 3.4 (a) Values of Those Counters when DMA Operation Ended

Data Data Value of Number of Value of Address Address counter
P transfer block length | byte to be b counter value | value of destinaion
ormat mode register transferred | PYt€ COUNter | ot ooirce port | port
Byte N N+1 N Ast (N+1) Ast (N)
Transfer Burst N N+1 N Ast (N+1) Ast (N)
Continuity N N+1 N Ast (N+1) Ast (N)
Byte N N+1 N Ast (N+1)
N+1 N Ast (N+1)
Burst N
Search N +2* N+1* As (N +2)*
. N+1 N Ast (N+1)
Continuity N
N +2* N+1* Ast (N+2)*

As: Start address *: The values when N +1 byte data is trasferred and RDY signal is active using 2-
’ cycle valiable timing.

100489
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Table 3.4 (b) Values of Those Counters when DMA Operation Ended

Data Data Byte no. to be Number of Value of Address Address counter
P " transfer d d byte to be b counter value | value of
orma mode etecte transferred | PY1€ COUNter | ot ource port | destination port
Byte M ™M M-1 As* (M) Ast (M-1)
Transfer Burst M M M-1 As* (M) Ast (M-1)
Continuity M M M-1 Ast (M) Ast (M-1)
Byte M M M-1 Ast (M)
M+1 M Ast (M+1)
Burst M
Search M* M-1* As* (M)*
M+1 M Ast (M+1)
Continuity M
M* M-1* Ast (M)*
As:Startaddress *: The values when match is detected and RDY signal is active. 100489

3.4.4 List of command (1/3)

D7 D6 D5 D4 D3 D2 DI DO
Basic register l 0 ] ] l ] | ] l ]

T I Data transfer mode
0 0 Don't use
0 1 Transfer
1 0 Search
1 1 Transfer/search
0 Data transfer direction
PortB—PortA
PortA—>PortB
Related register #0 || : [ T [T 1 (Cow ordar gty
Related register #1 [ r I r * l T I [ I j rﬁgﬁ;?g};gg’;“
. Block length
Related register #2 I l * l l T ! l I } (low ordegrs bits)
. lock length
Related register #3 | | I I I | | ] I Ble 2 i
g (High order 8 bits) 100489
Figure 3.35 Write Register WR0O
D7 D6 D5 D4 D3 D2 D1 DO
Basic register [ 0 | ] 1 ] I 1 | 0 l 0 I
Designation of Port A
0  PortA-Memory
1 PortA-1/0
Port A address update
0 0 Decrement
0 1 Increment
: (1) } Address fix
Related register #0 L ] I l L l Port A variable timing byte
l I Cycle length
0 0 4clock
0 1 3clock
1 0 2clock
“ge 1 1 Don'tuse
R RD MREQ IORQ Earlyend
100489

Figure 3.36 Write Register WR1
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List of command (2/3)

D7 D6 D5 D4 D3 D2 D1 DO
Basic register | 0 ] I | | I 0 ] 0 ] 0 ]

Designation of Port B
0  PortB-Memory

1 PortB-1/0
Port B address update

0 0 Decrement

0 1 Increment

} ? ]“ Address fix

Related register #0 | I l l l Port B variable timing byte

I I Cycle length
0 0 A4clock
0 1 3clock
1 0 2clock
1 1 Don't use

WR RD MREQ IORQ Earlyend

100489
Figure 3.37 Write Register WR2
D7 D6 D5 D4 D3 D2 D1 DO
Basic register o J L l [ [ o l 0 [
I I
DMA Enable :1 1: Stop by coincidence
Interruption enable : 1
Related register #0 | | | | | | | | | 0: Comparison
(mask byte) *
Related ister #1
clated register #1 LT T T T T T 7T 1]
100489

Figure 3.38 Write Register WR3

D7 D6 DS D4 D3 D2 D1 DO

Basic register | 1 | | l I I I 0 | 1 l
Designation of data transfer mode I I
Byte mode 0 0
Continuous mode 0 1
Burst mode 1 0
Don’t use 1 1
Related register #0 | I ! | | I | | | Port B Start address
I * (Low order 8 bits)
Related register #1 | [ [ [ ; | I [ [ | E’mg:g:gertr agdbclltrse)ss
Related register #2 I 0 | | f | l | l I Interruption control byte
| l
Interrupton RDY :1 1: Interrupt on match
Status affects vector :1 1: Interrupt on end of block
1: Pulse generation
Related register #3 I I I l 1 l J l I Pulse control byte
Related register #4 I I | I I I | | | Interrupt vector

Interrupt on RDY

Interrupt on match

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

Figure 3.39 Write Register WR4

bao00 —
O mO —]

100489
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List of command (3/3)

D7 D6 D5 D4 D3 D2 D1 DO
Basicregisterl 1 [ o ] I | | 0 | 1 | 0 ]

| Effective polarity of RDY signal
0 Activeat“0” level
1 Activeat 1" level

Use of CEAWAIT
0 Uses only as CE function
1 Multiplex CE/WAIT

Designation of automatic restart
0  Endsattime of the end of clock
1 Automaticrestart
100489

Figure 3.40 Write Register WR5

Basic register | 1 l ] I | | | 1 I 1 I
Hexadecimal command name

|
\
|
‘ D7 D6 D5 D4 D3 D2 D1 DO

C3  Reset

C7  PortAtiming reset

CB  PortBtiming reset

CF Load

D3 Continue

AF  Interrupt disable

AB Interriptenable

Reset and disable interrupts
B7  Enable after RETI

BF  Readstatus byte

8B Statusbyte initialize
A7  Read sequence initiate
B3  Forced RDY condition
87  DMAenable

83  DMAdisable

BB  Continue readout mask
Readout mask E 0 [ I [ | | | l

1=Enable ]

CO000000O00O s —

—00-—s0Oswwssc0000 —

SO0 00-L—2000 20000 —

SO 00O SO0 =RS0O= 00 —

0O0—-0—-0-—00—0—0—0 —
>

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) 100489

Figure 3.41 Write Register WR6

D7 D6 D5 D4__D3 D2 DI DO
RO [« [« [ [ [ T+«T [ ] stetusbyte

(x . Don't care)

1: DMA operation is made.
0: RDY signal active
0:Interrupt pending
0:match detection
0: End-of-block
L S N D D 454 {990

B e
e [T T T T T [ [ ] gsecoumer
e [ [ T [ T T T 1
rea [ [ T T T T [ 1
res [ [ [ [ T T T 1

ree [ | 1 T T T T 1
Figure 3.42 Read Register

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 orde 8 bits) 100489
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3.5 METHOD OF USE
(1) Example of interface
ctock || meser NN
— >
GENERA-|[ cjrcuiT
TOR
) | S
y Y i
CLK RESET | N| L] || N
AO~AT5 —| [ [ao=ats )
D0~D7 j> a D0~D7 N
1 4 }[ 4
MREQ I MREQ MEMORY
ORQ N
280 RD_ N R RD_
MPU WR L] WR
RFSH e RFSH
BUSACK | || |
BUSREQ | | | | |
WAT |5 |2 |2
INT o I A
[E—— wv -
NMI Al 1& 8
—— w < &
HALT || |8 |
a o
< ()
+5V —p————
aporess |/— L ————'\ADDRESS
DECORDER \l__ — | — - /|DECORDER
+5Vﬁ
¥
IEl CE
CE/WAIT | L [ao (' PAO~PA7 )
A0~a15 A || [ ] [
' D0~D7 j\> &« DO~D7 )
BUSREQ | Y BUSREQ| | V] \_\‘: 4 ARDY
280 = | BUSACK | | | | | 280 ASTB
BAI PIO  ASTB
DMA MREQ L
TORQ NN [ORQ
RD 1 ] [ro
WR 1 [ WR ' PBO~PB7 )
M1 O [t
TNT/PULSE | INT N NT
CLK 1 [ [Tex BRDY 5578
BAO RDY IEO IEl IEO
l — NSNS SN ; |
[]

BAIOF OTHER DMA

IEI OF OTHER PERIPHERAL LS|

Figure 3.43 Example of Z80 System Interface

100489
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As the method of use of DMA using the Z80 family, a simple example of the Z80
system interface is shown below. Figure 3.43 shows the connection employing the
Z80MPU, Z80DMA, Z80PIO, and MEMORY.

On the Z80 sistem, signal lines of MPU and peripheral devices are connected almost
directly. In Figure 3.43, priority is in the order of DMA and PIO. This is because the
connection is made according to the daisy chanin method which is peculiar to the Z80
system. In the case of DMA, espescially, 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 Figure 3.43.
In addtion, memory mapped I/O also can be connected to DMA.

Program example

As a program example of DMA operation, an example of transfer from I/O to
memory using PIO is shown.
.280
H 280 DMA DATA TRANSFER

; I/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,10H
1003’ ED 47 LD I,A
1005’ ED 5E IM 2 s INTERRUPT MODE 2

H PIO B INITIALIZATION

1007’ 3E 4F LD A,4FH ;MODE 1
1009’ D3 21 OUT  (CPIOB),A
1008’ 3E 07 LD  A,07H
1000’ D3 21 OUT  (CPIOB),A

;  DMA RESET
100F’ 3E C3 LD A,OC3H
1011’ 06 06 LD  B,06H
1013’ D3 30  DMRT:  OUT  (DMA),A
10156° 10 FC DIJNZ DMRT

;  DMA INITIALIZATION
1017’ 06 12 LD  B,DMAFIN-DMACTA
1019’ 0E 30 LD  C,DMA
101B° 21 104E’ LD HL,DMACTA
101E’ ED B3 OTIR
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1020’ FB EI
1021’ €9 RET
;  INTERRUPT ON READY
1022’ 76 IOR: HALT
:  INTERRUPT ON MATCH
1023’ 76 TOM: HALT
;  INTERRUPT ON END OF BLOCK
1024’ CD 1037’ IOE: CALL SAV
1027’ 3E 8B LD A,8BH
1029’ 32 0030 LD (DMA),A
102C" 06 04 LD  B,DMAFIN-DMACTB
102E° 0E 30 LD C,DMA
1030’ 21 105C’ LD HL,DMACTB
1033’ ED B3 OTIR
1035’ C9 RET
; INTERRUPT ON MATCH,END OF BLOCK
1036° 76 IME: HALT
;  REGISTER SAVE
1037’ E3 SAV: EX  (SP),HL
1038" D5 PUSH DE
1039’ C5 PUSH BC
103A° F5 PUSH AF
1038’ DD E5 PUSH IX
103D’ FD E5 PUSH IY
103F’ CD 104D’ CALL RUN
1042’ FD E1 POP IV
1044’ DD E1 POP  IX
1046° F1 POP  AF
1047° C1 POP  BC
1048’ D1 POP  DE
1049’ E1 POP  HL
104A° FB EI
104B” ED 4D RETI
104D’ EQ RUN : JP (HL)
;  DMA COMMAND TABLE
; PORT A - MEMORY
; PORT B - PIO CHANNEL B
104E° DMACTA EQU §$
104E’ C3 DEFB  0C3H ;WR6  RESET COMMAND
104F’ 7D DEFB  7DH ;WR0O  PORT A TO PORT B (TEMP)
1050”2000 DEFW DSTN ; DESTINATION ADDRESS
1052"  OOFF DEFW LNGTH-1 ; BLOCK LENGTH
1054”14 DEFB  14H {WR1  PORT A - "INCREMENT" ADDRESS
1055° 28 DEFB  28H iWR2  PORT B - "FIXED" ADDRESS
1056’ A0 DEFB  0AOH :WR3  ENABLE INTERRUPT
1057’ 95 DEFB  95H :WR4  BYTE MODE TRANSFER
1058’ 20 DEFB  DPIOB ; PORT B ADDRESS (L)
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1069’ 32 DEFB  32H H IOE,STATUS AFFECTS VECTOR
106A’" FF DEFB  INTV-STRT ;INTV.  INTERRUPT VECTOR

1068’ 82 DEFB 82H ; WRE RDY ACTIVE ‘LOW’,CE/ ONLY
105C’ DMACTB  EQU  $

106C’" CF DEFB  OCFH ;WR6 LOAD ADDRESS TO PORT A
106D" 01 DEFB 01H ;WRO PORT B TO PORT A

106E" CF DEFB  OCFH ; WR6 LOAD ADDRESS TO PORT B
105F" 87 DEFB 87H ; WR6 ENABLE DMA

1060" DMAFIN  EQU  §
ORG ~ STRT+O0FFH
10FF” 1022 INTV: DEFW IOR

1101’ 1023’ DEFW IOM

1103" 1024’ DEFW IOE

1105" 1036”7 DEFW IME
END
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4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating Unit
Vee Supply Voltage -0.5t0 +7 \Y
ViN Input Voltage -0.5toVCC+0.5 \
Po Power Diddipation (TA = 85°C) 250 mwW
TSOLDER Soldering Temperature (10 sec) 260 °C
TstG Storage Temperature -65to 150 °C

| Topr Operating Temperature —-40 to 85 °C

100489

4.2 DCELECTRICAL CHARACTERISTICS
Ta=—40°C t0 85°C, Vo =5V +10%, Vgg =0V

SYMBOL PARAMETER TEST CONDITION MIN. |TYP. MAX. UNIT
VILC Low Clock Input Voltage -03 - 0.6 "
VIHC High Clock Input Voltage Vee-0.6] — | Vec+0.3 Y
VIL Low Inpur Voltage (Except CLK) -0.5 — 0.8 Y
VIH High Input Voltage (Except CLK) 2.2 - Vee Vv
IOL=2.0mA
VOL Output Low Voltage — - 0.4 Y
BUSREQ only 3.2mA
VOH1 |Output High Voltage (1) IOH= -1.6mA 24 - —
VOH2 |Output High Voltage (1) IOH = - 250pA Vcc-0.8] — - \Y)
ILI Input Leak Current Vss=V|N= Ve - - +10 nA
ILO Output Leak Current Vss+0.4 = Vi = Ve - - +10 BA
Vce=5V
fak =(1)
AP-6/AM-6
Vic=ViH
ICC1 Power Supply Current JAT-6 - 6 10 mA
=Vcc-0.2V
ViLe=ViL
=0.2V
Vee=5V
1ICC2 Standby Supply Current ViHc =VIH = Vcc-0.2V - 0.5 10 BA
Vilc=V)L=0.2V

100489

Note 1 :fCLK=1/TcC (MIN.)
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4.3 ACELECTRICAL CHARACTERISTICS
4.3.1 AC characteritics (I)
When operate as peripheral devices (inactive state)

TA=—40C to85C,VCC=5V+10%, VSS=0V

IAP-6/AM-6/AT-6

NO.|  SsYmBoOL PARAMETER (6MHz) UNIT
MIN. | MAX.

1 |TcC Clock cycle time 165 DC ns
2 |TwCh High clock pulse width 65 DC ns
3 | Twdl Low clock pulse width 65 DC ns
4 [TrC Clock rise time - 20 ns
5 |TfC Clock fall time - 20 ns
| 6 |Th Hold time 0 - ns
7 |TsC(Cr) W,Wandﬁsignals set-up time for clock rise 60 - ns
8 |TdDO (RDf) Delay from RD rise to data output - 300 ns
9 |Tswm (Cr) il\)/l_a1’cz:yicr;é'))ut set-up time for clock rise (write and 30 _ ns
10 |Tdct (Do) g;l_?x g(zlr:)mfall to data output _ 100 ns
11 [TsRD (Dz) Delay from RD rise to data bus float state - 70 ns
12 | TslEI (IORQ) IEl set-up time for IORQ fall (INTA cycle) 100 - ns
13 | TdIEOTr (IEIr) Delay from IEl rise to IEO rise - 70 ns
14 |TdIEOf (IEIf) = |Delay from IEl fall to IEO fall - 70 ns
' [rawrzo)  [Oct fom M1 flte EO ol hen mieruptis| | 1 |
16 | TsM1f(Cr) MT signal set-up time for clock rise 70 - ns
17 | TsM1r(Cf) MT signal set-up time for clock fall -10 — ns
18 |TsRD (Cr) RD signal set-up time for clock rise (M1 cycle) 60 - ns
19 | TdI (INT) if:]t:;)iljerczggg)terruption generation to INT fall (at _ 450 ns
20 |TdBAIr(BAOr) |Delay from BAI rise to BAO rise - 100 ns
21 |TdBAIf (BAOf) |Delay from BAI fall to BAO fall - 100 ns
22 |TsRDY (Cr) RDY signal set-up time for clock rise 50 - ns

100489
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4.3.2 AC charateristics (IT) (1/2)
When operate as bus controller (active state)

TA=-40C to85C,VCC=5V£10%, VSS=0V

AP-6/AM-6/AT-6
NO.|  sumsoL PARAMETER (6MHz) UNIT
MIN. | MAX.
1 |TcC Clock cycle time 165 DC ns
2 |TwcCh High clock pulse width 65 DC ns
3 |Twdl Low clock pulse width ) 65 DC ns
4 |TrC Clock rise time - 20 ns
5 |TfC Clock fall time - 20 ns
6 |TdA Delay of address output - 90 ns
7 |TdC(Az) Delay from clock rise to address bus float state - 80 ns
8 |TsA (MREQ) Address set-up time for MREQ fall (memory cycle) 35 — ns
9 | TsA (IRW) ,(Al/dodzjzls:)et-uptime for TORQ, RD, WR fall 110 _ ns
10 |TdRW (A) Address hold time from RD, WR rise 35 — ns
11 | TdRW (A2) (Aacﬁlrs:i lswtc;ltde;clme from RD, WR rise 65 _ ns
12 | TdCf(DO) Delay from clock fall to data output - 130 ns
13 |Tdcr (D2) aa:;iﬁ)z?;)dock rise to data bus float state _ 70 ns
14 | TsDI(Cr) ?r:::jicny’::lljet |S: ;uh?cﬁ%zz;ce)slao: Ic(hraizi rise) 30 - ns
s [roiey  [oraimmerusimeuniodedial | - | s
I ?ni:;:n%?;ix;zlgt-up time up to WR fall 25 _ ns
17 | TsDO (W) g/aotac;ct;g)ut set-up time up to WR fall 55 _ ns
18 | TdWr (D0O) Data hold time from WR rise 30 - ns
19 |Th Hold time 0 - ns
20 | TdCr (Mf) Delay from clock rise to MREQ fall - 70 ns
21 | TdCf (M) Delay from clock fall to MREQ fall — 70 ns
22 |TdCr(Mr) Delay from clock rise to MREQ rise - 70 ns
23 | TdCf (Mr) Delay from clock fall to MREQ rise - 70 ns

100489
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AC characteristics (IT) (2/2)

AP-6/AM-6/AT-6
NO.|  symBoL PARAMETER (6MHz) UNIT
MIN. | MAX.
24 | TwMl Low MREQ pulse width 135 - ns
25 | TwMh High MREQ pulse width 65 - ns
26 | TdCf (If) Delay from clock fall to TORQ fall ) - 70 ns
27 | TdCr (If) Delay from clock rise to TORQ fall - 65 ns
28 | TdCr(Ir) Delay from clock rise to IORQ rise - 70 ns
29 | TdCf(Ir) Delay from clock fall to TORQ rise - 70 ns
30 |TdCr (Rf) Delay from clock rise to RD fall - 70 ns
31 |TdCf (Rf) Delay from clock fall to RD fall - 80 ns
32 |TdCr(Rr) Delay from clock rise to RD rise - 70 ns
33 | TdCf(Rr) Delay from clock fall to RD rise - 70 ns
34 | TdCr (W) Delay from clock rise to WR fall - 60 ns
35 | TdCf (WH) Delay from clock fall to WR fall — 60 ns
36 |TdCr(Wr) Delay from clock rise to WR rise — 70 ns
37 | TdCf (Wr) Delay from clock fall to WR rise — 70 ns
38 | Twwl Low WR pulse width 135 - ns
39 | TsWA (Cf) WAIT signal set-up time for clock fall 60 - ns
40 |TdCr(B) Delay from clock rise up to BUSREQ signal - 90 ns
ot [racrie ooy rom s e o oG AR R T [
AC Test conditions . 100489
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°C
SYNBOL ITEM TEST CONDITION MIN. TYP. | MAX. | UNIT
CCLOCK | Clock Input Capacitance f=1MHz - - 5 pF
CIN Input Capacitance All terminals except that to — — 5 pF
cout Output Capacitance :sr::}eea;u red should be 10 pF

100489
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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)

oG

V.

INTERRUPT /
CONDITION

BA T\ T

f—
BAO \

Ti
Dy ACTIVE i

NON-ACTIVE

100489
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(2) When operate as bus controller (active state)

©)
® )
Lk _A:Js : : jjj NN\
@< ® Q@
ro~A1s | XL { X X
8 ®
INPUT X X X
Do~D7{ —H @
OUTPUT i —
@
& 2 B e
VREQ @ J“_\L ig
-5 <a— ==0
RD \ / o
&
WR ) @ —
® ® ® -
IORQ ;1 g e k2 [
)
RD \ VAR
WR @? L
oje T r—
WAIT X X
BUSREQ 3

100489
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5. EXTERNAL DIMENSION VIEW
5.1 DIP PACKAGE

DIP40-P-600
Unit: mm
)
40 21 §
P, o
~
o
+l
<
«®
1 20
| 50.7+0.2 |
1.22TYP
0.25

270289

Note1l: Thisdimension is measured at the center of bending point of leads.
Note2: Each lead pitch is 2.54mm, and all the leads are located within +0.25mm from their
theoretical positions with respect to No.1 and No.40 leads.
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5.2 SOP PACKAGE
SSOP40-P-450

Unit: mm

Tonganmapannnpananti —7 -
?ﬁ@?HHHHHHHHHHHHH’N F 3
1.15TYP | 0(;'3156t é 1 <1A_15TYF’

é
0.19+0 1h2 4
0.15 %805

-

0.8+0.2

270289

Note: Package Width and length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.
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5.3  44-PIN PLCC PACKAGE
QFJ44-P-5650

17.52£0.2 Unit : mm
16.6+0.2
6 1 44 40
i 0 e 0 e e s e O O e -
7[] O 39
O i
0 i
! ! - N
0 I B S| ©
. 02 ° €
ef 72 :
O il ® - e
[ j +
O 0 s
O N -1
17[] 129
O 0 e 2 —
18 28 -3
o5
N
o
o~
| | o
| | +
1 1 g
<
0.71+0.1
1 T I
127

15.76+0.2

270289
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6.

PRECAUTIONS

No special care is required in the Z80 system designing employing DMA but it is
necessary to fully understand the basic timings and commands shown in 3. Operational
Description.

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 destinaion port
programming” is briefly described. When Port A is assumed to be the “fixed address
destination port”, address can be loaded in the following stepe:

(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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TMPZ84C20AP-6 / TMPZ84C20AM-6 / TMPZ84C20AT-6
TMPZ84C20AP-8

TLCS-Z80 PIO : PARALLEL INPUT /OUTPUT CONTROLLER

1. GENERAL DESCRIPTION AND FEATURES

The TMPZ84C20A (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

780 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 TMPZ84C20A is fabricated using Toshiba’s CMOS Silicon Gate Technology.

The principal functions and features of the TMP84C20A are as follows.

(1) Compatible with the functions and pin connections of Zilog Z80 PIO.

(2) Low power consumption
3mA Typ. (@5V @6MHz) --- TMPZ84C20AP-6/AM-6/AT-6
4mA Typ. (@5V @8MHz) -+ TMPZ84C20AP-8
10pA Max.(@5V, Stand-by)

(3) Operationg temperature
—40°Cto85°C  6MHz VERSION
—10°Cto70°C ~ 8MHz VERSION

(4) DC to6MHz operation ‘-~ TMPZ84C20AP-6/AM-6/AT-6
DC to 8MHz operation -+ TMPZ84C20AP-8

(5) 2 programmable independent 8-bit input/output ports with handshake functions.

(6) 4 operation modes for each port:
Mode 0 (Byte Output Mode)
Mode 1 (Byte Input Mode)
Mode 3 (Byte Input/Output Mode) ......... Port A only
Mode 4 (Bit Mode)

(7)  Built-in interrupt priority control circuit in daisy chain structure
(8) Port B outputs capable of driving Darlington transistors
(9) Allinput/output lines are TTL compatible.

(10) Single 5V power supply. Single-phase clock

(11) 40 pin DIP, SOP, 44pin PLCC Package.

Note : Z80 is a 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 TMPZ84C20A are as shown in Figure 2.1, Figure 2.2.

D2 01 -/ 40 [1 D3
D7 [2 391 D4
D6 [[3 381 D5
CE [J4 370 MT
b s 36 [1 TORQ
B/A 6 351 RD b RD
A7 I: 7 TMPZ84C20AP-6 34 ] 87 § gé
A6 []8 am-6 33 [1B6 D Bs
A5 (]9 32185 b Ba
A4 [] 10 TMPZ83C20AP8 5. 1 by H B3
vss 0 11 30083 TMPZ84C20AT-6 u} :f
A3 []12 29 1 B2 § BO
A2 []13 28 [1B1 b vec
A1 014 27 180 p cLK
A0 [] 15 26 {1 vcC v

ASTB [] 16 25 1 CLK N EEEEmam e

BSTB []17 24 1 IEI ~E|EESEE%%8|E;

ARDY []18 23 [1TNT BT & 777 100489
DO [ 19 22 1 IEO
D1 [] 20 21 [1 BRDY

100489
Figure 2.1 DIP, SOP Pin Connection Figure 2.2 44-Pin PLCC Package

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 (1/3)

. Number | Input/Output .
Pin Name of Pin 3.state Function
DO~D7 8 1’0 8-bit bidirectional data bus.
3-state Data transfer between MPU and PIO.

Chip enable.
Used for accessing MPU and PIO.

CE 1 Input When MPU selects this P10, this terminal becomes L level
(Refer to 3.4 Basic timing.)
Normally, this terminal is connected to the address decoder output.
Control/data select.

) 1 Inbut Indicates if signal on the data bus is control signal or data. Selects

P data at L level and command at H level. Normally, connected to

address bit A1 of MPU.

100489
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Table 2.1 Pin Names and Functions (2/3)

. Number | Input/Output .
Pin Name of Pin 3-state Function
Port A/Port B select.
B/A 1 Input Selects Port A at L level and Port B at H level.
Normally, connected to address bit A0 of MPU.
AO~A7 8 1/0 Port A bus.
3-state Data transfer between Port A PIO and external device.
Port A strobe input
o] Handshake signal from the external device.
ASTB ! Input Signal meaning differs depending upon operation mode.
(Refer to 3.4 Basic timing.)
Port B strobe input
Handshake signal from the external device.
BSTB 1 Input Signal meaning is the same as ASTB but differs if Port Aisin Mode 2.
(Refer to 3.4 Basic timing.)
Register A ready.
Port A ready.
Handshake signal to the external device.
A 1 .
RDY Output Signal meaning differs depending upon operation mode.
(Refer to 3.4 Basic timing.)
Machine cycle 1.
When both M1 and TORQ are at L level, indicates that MPU is
MT 1 Input executing the interrupt acknowledge cycle.
(Refer to 3.4 Basic timing.)
Normally, connected to M1 of MPU.
I/0 request.
Used to access between MPU and PIO. This terminal becomes L level
when 1/0 addresses are on the address in the write cycle and read
IORQ 1 Input cycle. Further, when TORQ and M1 are both at L level, it indicates
that MPU is executing the interrupt acknowredge cycle.
(Refer to 3.4 Basic timing.)
Normally, connected to IORQ of MPU.
Read signal.
. Used to access between MPU and PIO.
RD 1 Input Controls the transfer direction.
(Refer to 3.4 Basic timing)
Normally, connected to RD of MPU.
/o Port B bus.
BO~B7 8 3-state Data transfer between Port B of PIO and external device. Capable of
driving - 1.5mA (@VoH = 1.5V) Darlington transistors.
System clock.
Input Signal-phase clock input.
CLK 1 P In DC state (either at H or L level), PIO is in a stand-by state and
power consumption becomes extermely less.

100489
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Table 2.1 Pin Names and Functions (3/3)

. Number | Input/Output .
Pin name of Pin 3-state Function
Interrupt enable input.
Together with IEO and INT, forms daisy chain interrupt control
Inbut signal. Connected to IEO of high priority peripheral LSI.
IEl 1 P 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.
INT 1 Output interrupt request signal for MPU.
Connect to INT of MPU. (Open drain)
Interrupt enable output.
Together with IEl and INT, forms daisy chain interrupt control signal.
Connected to IEl or low prioirity peripheral LSI.
IEO 1 . L.
Output However, if this PIO has the lowest priority than any other
peripheral LSI's, this IEO is not used.
(Refer to 3.3.2 Interruption.)
Port B ready
Handshake signal to the external device.
BRDY 1 Output Signal meaning is the same as that of ARDY.
However, it differs when Port A isin Mode 2.
(Rerfer to 3.4 Basic timing.)
Vce 1 Power supply | +5V
Vss 1 Power supply |0V

100489
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3. FUNCTIONAL DESCRIPTION
3.1 PIOBLOCK DIAGRAM
Figure 3.1 shows the PIO block diagram.
INTERNAL
COGIcAL 8
OPERATION PORT A PAO~PA7
CIRCUIT o DATA CONTROL LINE
AN LoGIcaL | (PORT /O LINE)
OPERATION ASTB
CIRCUIT ARDY
HANDSHAKE
8 CONTROL LINE
po~07 >
DATABUS s
I LOGICAL INTERNAL BUS
CE,M1,I0RC 6 OPERATION
CDBARD “controL [ CIRCUIT 8
LINE PORT B PBO~PB7
o DATA CONTROL LINE
~ ‘:l> LOGICAL (PORT I/O LINE)
BSTB
QERNAL o aReu BROY
COuIear HANDSHAKE
OPERATION CONTROL LINE
CIRCUIT

I S

IEQ =——r

INTERRUPT CONTROL LINE

Figure 3.1 PIO Block Diagram

3.2 PIOSYSTEM CONFIGURATION

The PIO system consists of the four logic circuits:

(1)
(2)
(3)
(4)

MPU bus I/0 logic circuit
Internal control logic circuit
Interrupt control logic circuit

Port I/0 logic circuit

[11° MPU Bus I/O Logic Circuit

200489

The MPU bus I/0 logic circuit transfers data between the MPU and the PIO.

[2] Internal Control Logic Circuit

The internal control logic circuit controls the PIO operating functions like the PIO

selecting chip enable and the read/write circuits.
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(3]

(4]

Interrupt Control Logic Circuit

The interrupt control logic circuit performs the MPU interrupt-associated processing
such as determining interrupt priorities. The priorities with other LSI peripherals are
determined by the physical location chain connection.

Port I/O Logic Circuit

The port I/0 logic circuits are used to directly connect to peripheral devices. Each
consists of the following 7 registers and 1 flip-flop. Data are written in the registers by
the MPU as specified in the program. Figure 3.2 shows the internal configuration of the

ports.
. Data output register (8 bits)
o Data input register (8 bits)
. Mode control register (2 bits)
(] Interrupt vector register (8 bits)
. Interrupt control register (2 bits)
. Mask control register (8 bits)
. Data I/O control register (8 bits)
. Handshake control logic circuit
INTERRUPT MODE DATA INPUT/
VECTOR CONTROL —N|  controL
REGISTER REGISTER — /| REGISTER
(8BITS) (2BITS) (8BITS)
™ LOUTPUT ENABLE
DATA
INTERNAL BUS OuTPUT
REGISTER
(8BITS)
DATA
<~ 7 CONTROL LINE
INTERRUPT MASK DATA
CONTROL [\ CONTROL /LINPUT oATAl INPUT
REGISTER f—— /| REGISTER 1 REGISTER N——
(2BITS) (8BITS) (8BITS)

READY

INTERRUPT HANDSHAKE HANDSHAKE

REQUEST CONTROL CONTROL LINE
CIRCUIT STROBE

100489

]

Figure 3.2 Portinternal Configuration
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3.3
(1

(1

@)

3)

(4)

(©)

(6)

@)

(®)

Data Output Register

This register holds the data to be teansferred from the MPU to peripheral
devices.

Data Input Register

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

Mode Control Register

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

Interrupt Vector Register

This register holds the vector which makes up the address of the table storing
the start adress of the interrupt processing routine.
This register is used only for interrupt processing.

Interrupt Control Register

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

Mask Control Register

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

Data I/0 Control Register

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

Handshake Control Logic

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

PIO BASIC OPERATIONS

Reset

The PIO provides the following two reset capabilities:
When PIO is connected with the MPU (TMPZ84C00A, 01A, 02A) of Z80 series, or

ASSP (TMPZ84CO011A, 013A, 015A, 710A, 810A), it is necessary to connect with
external logic as Figure 3.3.

() I___D_,W

RESET 1 PIO
EXTERNAL
MPU / ASSP RESET LOGIC

100489

Figure 3.3 External Signal Reset Logic
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[2]

(1) Power-on Reset

The PIO contains the circuit which automatically resets the PIO at the time of
power-on.

(2) Hardware Reset

Making the M1 pin low for 2 system clock periods with the RD and IORQ pins
being high resets the PIO on the rising edge of the M1 pin.

Reset State

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

(b) Interruptisdisabled.

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

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

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

The reset state is held until the control word is written. For the function of the
control word, see Subsection 3.5 “Operational Procedure”.

Interrupt

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

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

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

The interrupt priority among the Z80 peripharal LSIs is determined by the daisy
chain structure. In daisy chain, the peripheral LSIs are connected one after another as
shown in Figure 3.4. The more a peripheral LSIs is physically located near the MPU,
the higher the priority of the peripheral is. Within the PIO, port A is given higher
priority than port B. The Z80 peripheral LSIs have the signal lines IEO and IEI
connected to the IEO of a higher peripheral LSIs and IEI of a lower peripheral LSI
respectively. However, the IEI of the highest peripheral LSIs is connected to the IEI pin
and the IEO of the lowest peripheral LSI is connected to the IEO pin. In this state, the
PIO interrupt follows the conditions:
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. When both IEI and IEO are high, no interrupt has occurred. This time, the
interrupt request signal (INT) is high. In this state, the PIO can request interrupt.

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

. When the IEI goes low, the IEO also goes low.

U When the IEI is low, the PIO cannot request an interrupt.

(] If the IEI goes low during interrupt occurrence, the interrupt processing is

suspended.

The operations of the four Z80 peripheral LSIs (the states of IEI, IEO and INT signal)

daisy-chained as shown in Figure 3.4 are as follows:

(1) Beforeinterrupt occurrence

% Vee

MPU T |- T T T T
v H INT H NT H INT NT
€ OB g IEO E g IEO Il g IEO El g IEO
(2) Interruptrequest from LSI-2 to the MPU
% Vee
=l L
MPU TNT ‘
! I t i
v H NT H INT L INT INT
cc O—IEl g IEO B g IEO Il g IEO B g IEO

(3) The MPU acknowledges (enables) the interrupt.
performed.

MPU

3

Interrupt processing for LSI-2 is

T T

Vee o—— el IEO IEl ® IEO IEI
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(4) Interrupt request from LSI-1 to the MPU. The interrupt processing for LSI-2 is

suspended.
%Vcc
wrl L
MPU INT
)
i ! |
H INT L INT L INT L INT
Vee 0—— ki o) IEO 13 © IEO 13 ® IEO IEl @ IEO

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

performed.
%Vcc
MPU [y T T T T
H INT L INT L NT L INT
V Oo—
cc B g IEO B g IEO E g IEO El g IEO

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

% Vee
MPU T |

H
Vee o—— Ikl @ [EO IEI

>
f >
——>
———

|
e
X

IEO 1E! e IEO IEI @ IEO

®Z

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

% Vee

MPU o T T T T
H INT H INT H INT H INT
Vee o—— el ® [EO IEl g IEO IEl g [EO IEl g IEO

Interrupt priority is given to LSI-1, LSI-2, LSI-3 and LSI-4 in this order.
100489

Figure 3.4 Signal States in Daisy Chain Structure
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(3]

Operation Modes

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

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

] Mode 2 (byte I/O mode)

. Mode 3 (bite mode)

(1) Mode 0 (byte output mode)

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

(2) Mode 1 (byte input mode)

MPU through the port data input register. The data transfer to the MPU is

|
i
In this mode, the PIO sends the data received from the external device to the ‘
|
suspended until the MPU has read the current data. |

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

Mode 2 is a combination of mode 0 and mode 1. This mode is used only for port 1
A. In this mode, all 4 handshake control lines are used. Port A’s handshake ‘
control lines are used for data output and the port B’s handshake control lines are
used for data input. For data transfer, port A is used. Port B is set in mode 3 (bit
mode) in which no handshake control line is used.
In this mode, the interrupt timing occurs almost at the same time in mode 0 and
mode 1. In an input operation, the port B’s handshake control lines are used, so
that the interrupt vetor written in port B is transferred. Therefore, the interrupts
in input and output can be controlled by different vectors.

(4) Mode 3 (bit mode)

In mode 3, the 8-bit port I/O lines are controlled for each bit. Since no
handshake control lines are used, ordinaly read/write operations can be performed.
I/O operations can be performed on the port as well. In a write operation, the data
sent from the MPU to the PIO are latched in the data output register
corresponding to the bit set for output in the same timing as in mode 0.
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An interrupt occurs in the interrupt enabled state and when the bit set for input
satisfies the condition specified in the interrupt control word. However, if port A is
operating in mode 2, port B cannot cause an interrupt in the bit mode. Note that,
to use the interrupt capability, the mask control register bit corresponding to the
bit set for output must be set to “1” to disable its interrupt.
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3.4 PIO STATUS TRANSITION AND BASIC TIMING

[1] Status Transition

Figure 3.5 shows the PIO status transition diagram.

Q/L

POWER ON

INITIAL SETTING

SELECT PORT

C/D=H

YES

LEVEL?

JUDGEMENT

©

QF MODE MODE 1 MODE 3
YES
NO
YES )
DASTA RECEIVE DATA RECEIVE
FROM MPU ROM THE
DATA RECEIVE Eﬁgﬁ F;EH%EIVE EXTERNAL DEVICE
FROM MPU EXTERNAL DEVICE l
| I WRITE TO OUTPUT WRITE TO INPUT
WRITE TO OUTPUT WRITE TO INPUT REGISTER REGISTER
REGISTER REGISTER I |
|
DATA
COMPOSITION
OUTPUTTO
EXTERNAL DEVICE OUTPUTTO MPU
DATAS OUTPUT
‘OMPLETION OF

READING MP!

OINCIDENCE

IN INTERRUPT
ONDITIO
YES
OUTPUT OF
OUTPUT OF INTERRUPT VECTOR
INTERRUPT VECTOR

Figure 3.5 (a) PIO Status Transition

100489
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DATA RECEIVE
FROM MPU

DGEMEN

QOF CONTROL WORD.
INTERRUPT CONTROL INERRUPT
MODE CONTROL CHARACTER VECTOR
WORD
SETING MODE SETING OF INTERRUPT WRITE OF INTERRUPT
CONDITION VECTOR
<o
NO BIT4=12?
YES
DATA RECEIVE YES
FROM MPU
l DATA RECEIVE
FROM MPU
SETTING OF PORT
INPUT/QUTPUT
SETTING OF MASK

@
100489

Figure 3.5 (b) PIO Status Transition
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[2] Write Cycle

The IORQ, RD, C/D (A0), and CE(A7 through A0) signals generate the write signal
(*WR) inside the PIO.

The MPU sets the PIO’s IORQ signal to the low level at system clock T2, to start the
write cycle. At this time, to indicate that this cycle is a write sycle, the PIO’s M1 signal
must be set to the high level. At the same time, the MPU sends signals to the P1I0O’s B/A
(A1) and C/D (A0) to specify the port or select control signal or the data. This allows the
port data ouput register of the PIO’s selected port to latch the data at system clock T3.
TW is a wait state automatically inserted by the MPU.

Ty T, Tw T3 T

ak |1 4 & L1 °L—1 1

C/D,B/A X CHANNEL ADDRESS X

DATA BUS X INPUT X

*WR \ /

=

*WR =C/D-CE-RD-IORQ 100489

Figure 3.6 Write Cycle Timing
[3] Read Cycle

The MPU sets the PIO’s, RD pin, CE signal, and IORQ pin to the low level at system
clock T2 to start the read cycle. At this time, to indicate that this cycle is a read cycle,
the PIO’s M1 pin must be set to the high level. The PIO outputs data in the CE, IORQ,
and RD signals. TW is a wait state automatically inserted by the MPU.
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(4]

(51

T To Tw T3 T1
Kk | L | ] L1 | [ | | |
/b, B/A X X
e \ /
TORQ \ /
RD \ /
M1
DATA BUS @
*RD \ /

*RD=C/D-CE-RD-IORQ 100489

Figure 3.7 Read Cycle Timing
Mode 0 (Byte Output Mode)

The mode 0 output cycle starts when the MPU executes an output instruction. When
an output instruction is executed, he write signal (*WR) is generated in the PIO in the
write cycle. This signal latches the data on the data bus to the data output register of
the selected port. The RDY pin goes high on the first falling edge of the system clock
after the rise of the write signal (*WR). This indicates that the data in the data output
register are already on the port I/O pin. The peripheral device sets the RDY pin to the
low level on the first falling edge of the system clock after the rise of the STB pin to be
input to the PIO to indicate that the peripheral device has received the data from the
port I/O pin, waiting for the next output instruction. If, at this time, the PIO is enabled
for interrupts, it sets the INT pin to the low level on the rising edge of the STB signal to
output the interrupt request signal to the MPU. Figure 3.8 shows the timing chart of
mode 0.

Mode 1 (Byte Input Mode)

The input cycle starts when the MPU has completed the previous data read operation.
The peripheral device sets the PIO’s STB pin to the lower level, putting data on the port
1/0 line.

The RDY pin is driven low on the first falling edge of the system clock after the rise of
the STB pin, disabling the peripheral device to send the next data. If, at this time, the
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PIO is enabled for interrupts, it sets the INT pin to the low level on the rising edge of the
STB pin, making an interrupt request to the MPU. When the MPU executes the input
instruction in the interrupt processing routine, the read signal (*RD) is generated in the
PIO in the read cycle. This signal puts the data in the data input register of the selected
port on the data bus. The MPU receives this data. The PIO sets the RDY pin to the high
level on the first falling edge of the system clock after the rise of the read signal (*RD) to
wait for the input of the next data. Figure 3.9 shows the mode 1 timing chart.

T2 Twa T3
CLK__JlI‘i\lII‘#IIIII/%’\IL_
RDY \ / K/ \_)
_ |/

STB /
" | —
SO PREVIOUS DATA X [ DATAFROM MPU

|\

*WR =C/D - CE-RD-TORQ

1004839

Figure 3.8 Mode 0 Timing Chart

Twa

T2 T3
axk 1 L1 L1 /¢ [ L L1 L1 L Ql L
RDY \\> g // /

PORT INPUT/ = = — — = ————-

OUTPUTLINE m = e e :X:X:____.gg
I{

*ﬁ_— #‘\\

100489

Figure 3.9 Mode 1 Timing Chart
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(6]

(71

Mode 2 (Byte I/O Mode)

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

The input timing is the same as in mode 1.

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

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

CLK

ARDY / \

- e —
\

" LT

PORT A INPUT/

OUTPUT LINE ‘—-\_—-—_&7 OUTPUT
*WR

*WR =C/D-CE-RD-IORQ 100489

Figure 3.10 Mode 2 Timing Chart
Mode 3 (Bit Mode)

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

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

T4 T2 Tw T3

ST I I e [ A A e A e A I
T\ S
IORQ \ /[
RD \ /S

PORT INPUT/
OUTPUT LINE x

DATABUS [ < INPUT

\ INTERRUPT CONDITION IS
SATISFIED DATA 11SPUT ON BUS

DATA 1 X DATA 2 X

100489

Figure 3.11 Mode 3 Timing Chart

[8] Interrupt Acknowredge Cycle

Outputting the interrupt request signal (INT), the PIO sets the IEO signal to the low

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

The RD pin remaines high to make distinction between the instruction fetch and
interrupt acknowledge cycles. While the RD pin is high, the interrupt control logic in
the PIO determines the interrupt requesting port of the highest priority. When the
TORQ pin goes low with the IEI pin being high, the interrupt vector is put on the data
bus from the interrupt requesting port. At the same time, two system clocks are
automatically inserted by the MPU as a wait state to stabilize the daisy chain structure.
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(9]
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DATA BUS 7 VECTOR

IEO
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Figure 3.12 Interrupt Acknowledge Cycle Timing Charts
Return from Interrupt Cycle

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

The RETI instruction consists of two bytes and its code EDH and 4DH. The PIO
decodes the RETI instruction to determine whether there is any interrupt requesting
port. In the daisy chain structure, the IEI and IEO of the interrupting LSI remain high
and low respectively at the time the instruction code EDH has been decoded. If the code
following EDH is 4DH, only the peripheral LSI which has sent an interrupt vector
immediately before, that is, the LSI whose IEI is high and IEO is low, returns from
interrupt processing. This restarts the interrupt processing of the supended peripheral
LSIs of lower interrupt priory.
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100489

Figure 3.13 Interrupt Cycle Return Timing Chart
3.5 PIO OPERATIONAL PROCEDURE

To operate the PIO the control words shown below must be written in it as the initial
settings. They must be wrriten in the PIO’s ports, A and B, separately. Spesify the I/O
address listed in Table 3.1 to write control words and data in the PIO.

Table 3.1 1/O Adreesses

1/0 function B/A | C/D CE
Port A data 0 0 0
Port B command 0 1 0
Port B data 1 0 0
Port B command 1 1 0

100489

(1) Interrupt Vector Word

|D7|DG|DSFD4|03—[D2]D1|0|
| I |

Identifies the interrupt vector word.
User-defined interrupt vector

200489

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

. DO through D7 are written in the interrupt processing register.

. This word is not needed when the interrupt capability is not used.
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(2) Mode Control Word

B7|06|DSID4| 1J 1 | 1 J 1J
L | l | | |
L Identifies the mode control word.

Don't care

Mode Select

[D7=0, D6=0 : Mode 0
D7=0, D6=1 : Mode 1
LD7=1, D6=0 : Mode 2
D7=1, D6=1 : Mode 3

100489

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

(3) Datal/O Control Word

|D7ID6|DSJD4JD3ID2|D1|DO|
| ]

| |-0 : Output
L1:Input

100489

° This word is needed only in mode 3.

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

. Each port is specified for output or input.
. DO through D7 are written in the data I/O register.
(4) Interrupt Control Word

|D7|06|DS|D4|0 ] 1 | 1 l 1]

L—_—|:—>_ldentifies the interrupt control word.

0 : Mask word not required.
1 : Mask word required.

0 : Active level is low.
1 : Active level is high.

0 : Interrupt occurs when logic condition is OR.
1 : Interrupt occurs when logic condition is AND.

0 : Interrupt disabled.
1 : Interrupt enabled.

100489
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®)

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

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

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

With D4=1, the suspended interrupts are all reset regardless of the mode.

D5 and D6 are written in the control register.

Mask Control Word

D7] DG[ DS] D4l D3| D2| D1| Do|
]

I |—0 : Not masked (to be monitored)
L1 : Not masked (not to be monitored)

100489

This word is needed only in mode 3.

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

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

When the bit is set to 0, the corresponding input line is monitored and regarded as
the input associated with interrupt occurrence.

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

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

DO through D7 are written in the mask control register.

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

set in mode 3 which uses no handshake lines. At the same time, all mask control word
bits must be set to 1 (masked).

Note : Only interrupt enable/disable can be set by the following control word:
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[p7 D6 [D5[Daf o o] 1]
L | L ]
I Identifies the control word which sets only
interrupt enable/disable.
Don’t care

0 : Disables interrupt.
L1 : Enablesinterrupt.

100489

3.6 USINGPIO

The following is a programming example to operate the PIO’s port in mode 3. This
program is followed by the main routine and the interrupt processing program.

e  The MPU is used in the mode 2 interrupt.

®  Thetable storing the start address of the interrupt processing routine is 0802H.
) Interrupts occur when both PIO’s port input lines A6 and A5 go high.

. The I/0 addresses of the PIO are the address listed in Table 3.1.

MPU Ag~A7 Do~D7 PlO : External device

Do~Dy DO~D7 :2?
Ao ) PA2
A B/A PA3

PA4
PAS5
PA6

Address — PA7
Ar~Az —_‘> decoder CE

f
|

Z|
=
=
=

100489

Figure 3.14 PIO Connection
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ORG 100H
LD SP,100H ~------ Sets the stack pointer.
M2 e Sets for MPU mode 2 interrupt.
LD A,08H  -r-- Writes data in MPU I register.
LD I,A

)
LD A,02H - Writes the interrupt vector word.
OUT (01H) ,A
LD A,OCFH == ‘Writes the mode control word.
OUT (01H),A
LD A,62H e Writes the data I/O control word, Sets PIO.
OUT (01H),A
LD A,F7H - Writes interrupt control word.
OUT(01H),A
LD A,9FH e Writes the mask control word.
OUT (01H),A
ET e Setinterrupt enable.
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4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATING

Symbol Item Rating Unit
Vce Supply Voltage -0.5~+7 \Y
ViN Input Voltage -0.5~VCC+0.3 \Y
o [roveroiesten e virgoN Ta-270 e
TSOLDER |Soldering Temperature (10 sec) 260 °C
TSTG Storage Temperature -65~150 °C
TOPR Operating Temperature oMMz VERSION - 2078 °C

8MHz VERSION -10~70

050489
4.2 DCELECTRICAL CHARACTERISTICS

6MHz VERSION : Tp=—-40°C~85°C, Voc=5V+10%, Vgg=0V
8MHz VERSION : Tp=-10°C~70°C, Voc=5V£5%, Vgg=0V

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. MAX. UNIT
VILC Low Clock Input Voltage -0.3 — 0.6
VIHC High Clock Input Voltage Vcc-0.6| — Vcc+0.3 Y
VIL Low Input Voltage (Except CLK) -0.5 - 0.8 \
VIH High Input Voltage (Except CLK) 2.2 - Vce Y
VoL Output Low Voltage I0L=2.0mA - - 0.4 "
VOH1 |Output High Voltage (I) IOH= - 1.6mA 2.4 - - \
VOH2 |OQutput High Voltage (II) IOH = - 250nA Vee-0.8] — - Y
ILl Input Leakage Current Vss= V|N= Ve - - 10 BA
ILO 3-STATE Output Leakage Vss +0.4 = Vour = Vee _ _ +10 BA
Currentin Float
IOHD Darlington Drive Current VOH =15V
@ gton Drive Curren REXT = 1.1KQ -1.5 - -5.0 mA
Vee=5V AP-6/
fCLK = (1) AM-6/ - 3 8
p Suppl Vie=ViL AT-6
ICC1 ower Supply Current =02V mA
ViHc=VIH AP-8 - 4 10
=Vcc-0.2V
Vilc=ViL=0.2
— pA
ICC2 Standly Supply Current Vine = Vin = Vee-0.2V 0.5 10
Note: (1) fCLK=1/tcC (MIN.) (2) Port B only 050489
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4.3 ACELECTRICAL CHARACTERISTICS
6MHz VERSION : Tp=—40°C~85°C, Veo=5V+10%, Vgg=0V
8MHz VERSION : Ta=—10°C~T70°C, Veo=5V +5%, Vgg=0V )
AP-i/TA'Q/I-G/ AP-8
NO. SYMBOL PARAMETER (6MHz) (8MHz) | UNIT
MIN. | MAX. | MIN. | MAX.
1 |TcC Clock cycle time 165 DC 125 DC ns
2 |TwCh High clock pulse width 65 DC 50 DC ns
3 | TwCl Low clock pulse width 65 DC 50 DC ns
4 |TfC Clock falling time - 20 - 15 ns
5 |TrC Clock rising time - 20 - 15 ns
6 |TsCS(RI) CE, B/A and C/D set-up time for RD, IORQ 50 — 50 - ns
*7 |Th Hold time 40 - 40 - ns
8 |TsRI(Q) RD, TORQ set-up time for clock rise 70 - 60 - ns
9 |TdRI(DO) Delay from RD, TORQ fall to data output - 300 - 200 ns
10 |TdRI(DOs) Delay from RD, TORQ rise to data float - 70 - 70 ns
11 |TsDI(C) Data set-up time for clock rise 40 - 40 - ns
12 | TdI0 (DOJ) E&l{z}:};‘rom TORQ fall of INTA cycle to data | __ 120 _ 85 ns
13 | TsM1 (Cr) W:Lset—up time for clock rise 70 — 50 — ns
14 |TsM1 (Cf) M1 =H set-up time for clock fall (M1 sycle) 0 - 0 - ns
15 |TdM1 (IEO) Delay from WiT fall to IEO fall - 1(?)0 - 1(?)0 ns
16 |TsIEI(10) IEl set-up time for IORQ fall (INTA cycle) 100 - 80 - ns
17 |TdIEI (IEO) Delay from IE! fall to IEO rise - 120 - 100 ns
18 |TdIEI (IEOr) Delay from IEl rise to IEO fall — 150 - 120 ns
TORQ = H set-up time for clock fall
19 {TcO(Q) (in case of making READY to active by next | 170 - 120 - ns
cycle)
20 |TdC(RDYT) Delay from clock fall to READY rise - 170 - 150 ns
21 | TdC (RDY) Delay from clock fall to READY fall - 120 — 110 ns
22 | TwSTB (C) STROBE pulse width 1(5)0 - 1(2)0 - ns
Set-up time of STROBE rise for clock fall
23 |TsSTB(Q) iiyrllcea;se of making READY to active by next| 150 — 100 - ns

200489
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(2/2)
AP-6/AM-6/
AT-6 AP-8
NO. SYMBOL PARAMETER (6MHz) (8MHz) | UNIT
MIN. | MAX. | MIN. | MAX.
24 |TdI0 (PD) Delay from IORQ rise to port data stable| _ 160 _ 140 ns
(Mode 0)
25 |TsPD (STB) Data set-up time for STROBE rise (Mode 1) 190 - 150 - ns
26 |TdSTB (PD) Output data delay time from STROBE fall _ 180 _ 150 ns
(Mode 2)
Delay from STROBE rise to data float _ _
27 |TdSTB (PDr) (Mode 2) 160 120 ns
28 |TdPD (INT) Delay from port data match to INT fall| _ 430 _ 350 ns
(Mode 3)
29 |TdSTB (INT) Delay from STROBE rise to INT fall _ 350 _ 250 ns
(Mode 2)

200489
Note :
1 Item with * mark (No.7) is not compatible with NMOS Z80 PIO.
2 (1) Ifthedaisy chainisat N stage,
2.5 TeC>(N-2)TAIEI(IEOS) + TdM1(IEO) + TSIEI(I0) + TTL buffer delay must be satisfied.
(2) In Mode 2, TwSTB>TsPD(STB) must be satisfied.
(3) Attestcondition : 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 Capacitance | f- 1\MHz — - 10 pF
CIN Input Capacitance All terminals except that to be — - 5 pF
couT Output Capacitance measured should be earthed. — - 10 pF

050489
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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.

@—-»
O)|KO)
cLock s ‘ /__\-—/_—\—/_\'f—-/_—\‘ /\
B/A, C/D, CE —_/\ ® s
O~ 5 JO) O
RD, TORQ X
®
ouTt —
D0~D7{ — (]~ 7
IN
_— 14_@_, ;
YE —\ [
E| ————\ @ 7
IEO — 4—3 |
o — ®
READY ){ T\
uorotsron 2
(ASTB ORBSTB) N
(@) —}
MODEOQ ®
).
MODE1
AO0~A7 ei’ <:>
B0~B7 )  mobe2
@
MODE3 X
T
L S
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Figure 4.1 Timing Diagram
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5. PACKAGE DIMENSION
5.1  40-PIN PLASTIC PACKAGE

DIP40-P-600
Unit: mm
0
40 21 ;
0 s 1 o s o s T s I s 1 s 1 e O e e s Y e O e O o s s O s O e W e | o
~
o
+
)
o
1 20
| 50.7+0.2 |
i / l N m
° o
X p—
1 m_r
Lk A A
z by
P h——
22TY s ™
1.22TYP 410, 540 )
" I [Dl0.25W] ©

270289

Note 1 :This dimention 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.1 and No.40 leads.
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5.2 40-PIN SMALL OUTLINE PACKAGE
SSOP40-P-450
Unit: mm

Hnnasanngannaaaaaagl ]
1.15TYP | oais:@obj <1A_15TYP

0.2

j ]
2 .8M/]\X

+0.1
0.15 _glos

g

0.1910.1"2.4

2lo.1]

Note: Package Width and length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.

o
©

+
o
N

W
|

(450mi 1)

270289
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5.3 44-PIN PLCC PACKAGE
QFJ44-P-S650
. 17.5240.2 Unit : mm
16.6£0.2
W e W W s e B B W /
7|1 O 39
O 1
O i
E :I ~ o~ ? ~
5 A ol s
[ 0@ g e
O i - ol o®
5 N g
O o
E ==
17[ 129
OO0 g /= ¥ —=
18 28 -8
£7
s
- 3
I 5
, (L 3
} 0.71£0.1
[
1.27 ]o.1]
| 15.76 0.2
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TMPZ84C30AP-6 / TMPZ84C30AM-6 / TMPZ84C30AT-6
TMPZ84C30AP-8

TLCS-Z80 CTC: COUNTER TIMER CIRCUIT

1. GENERAL DESCRIPTION AND FEATURES

The TMPZ84C30A (hereinafter referred to as CTC) is CMOS version of Z80 CTC and

has been designed to provide low power operation.

(1)
(2)

3)

4)

(%)
(6)

(7N

(8)

9

(10)

(11)

(12)

The TMPZ84C30A is fablicated using Toshiba’s CMOS Silicon Gate Technology.

The principal functions and features of the CTC are as follows.

Compatible with the Zilog Z80 CTC.

Low power consumption.

4mA Typ. (@5V @6MHz) --- TMPZ84C30AP-6/AM-6/AT-6
5mA Typ. (@5V @8MHz) -~ TMPZ84C30AP-8

10pA Max. (@5V, Stand-by)

DC to 6MHz operation --- TMPZ84C30AP-6/AM-6/AT-6
DC to 8MHz operation -+ TMPZ84C30AP-8

Single 5V power supply and single-phase clock. 5V £10% (6MHz VERSION)
5V £ 5% (8MHz VERSION)

Capable of driving Darlington transistors.

Four independent counter/timer channels each of which is capable of
independently selecting Timer Mode and Counter Mode.

Each channel is provided with a prescaler to divide system clock into 16 or 256.

Built-in interrupt control logical operation circuit allows priority processing of
interrupt in Daisy-chain structure and automatic loading of 8 bit interrupt vector
on the system bus.

Four channels occupy 4 successive positions in the Daisy-chain structure. Most
significant channel is Channel 0 and least significant channel is Channel 3.

In both modes, at the zero count, the content of the time constant register is
automatically loaded on the down counter.

In either Counter Mode or Timer Mode, the content of the down counter is
readable by the microprocessor (hereinafter referred to as MPU).

Interrupt function available in Z80 MPU Mode 2.
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(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, 40 pin SOP, 44 pin PLCC package.

Note : Z80 is a 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 CTC are as shown in Figure 2.1 and Figure 2.2.

Dy 1 -/ 28 [1D;

Ds [ 2 27 D, :

Ds ] 3 26 [1Ds 6543 2 14443424140

D, 4 25 [1D, vss O 39 ip NC

e @ i

ROLJ6  pzsacsonrs 23 [ CH/TRG0 z¢m00 O 36 NC
2000 O] 7 mpzsacaoams22 | CLK/TRG, NC O 35 CLK/TRGO
700, [] 8 TmPzsac3oars 21 [ CLK/TRG, zamol TMPZB4C30AT-6 N
zam0, 9 20 [1 CLK/TRG3 1ORQ O CLK/TRG2

TORQ [] 10 19 [JCsy NC O CLK/TRG3

€0 O 11 18 [JCso IrE\J?: E g 2‘;

INT [ 12 17 ORESET 177 1819202122232425262728

eI 13 16 [1CE

M1 014 15 [cLk

Figure 2.1 DIP, SOP Pin Connections

2.2 PIN NAMES AND FUNCTIONS

100489 100489

Figure 2.2 44-Pin PLCC Package

I/0 pin names and functions are as shown in Table 2.1.

Table 2.1 Pin Names and Functions (1/2)

. Number |Input/Output .
Pin Name of Pin 3-state Function
110 e e
D0~D7 8 8-bit bi-directional data bus.
3-state
The read signal. -
RD 1 Input This signal is used in combination with IORQ and CE signals for
transfer of data and channel control words between MPU and CTC.
Z2C/TO0 The Zero Count/Timer Out signal. In either the Timer mode, or
~ 1 Output counter mode, pulses are output from these pins when the down
2C/TO2 counter has reached zero.
1/0 request signal.
TORQ 1 Input 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 peripheral LSI's in the Daisy-
IEO 1 Output 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 channelsin CTC.

100489
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Table 2.1 Pin Names and Functions (2/2)

Pin Name

Number
of Pin

Input/output
3-state

Function

Output

Interruption request.

This terminal becomes L level if a down-counter for any channel in
CTC counts zero when the IEl terminal is at H level and interruption
is authorized by a program.

1El

Input

The interrupt Enable Input signal. Thissignal is used with the IEO to
form a priority daisy chain when there is more than one interrupt-
driven peripheral LS.

Input

Machine cycle 1.

Informs the machine cycle from MPU. In combination with the RD
signal, indiates that MPU fetches commands from the memory, and
in combination with the TORQ signal, indicates that MPU is in the
interruption acknowledge cycle. This terminal is used, in
combination with the IORQ signal, to send the interruption vector
to MPU.

CLK

Input

Single-phase clock input.

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.

Input

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.

Input

Resetsignal . .

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.

CS0~Cs1

Input

Channel selection.
Any one of four channels of the CTC is selected by 2-bit code at time
of read/write.

CLK/
TRGO~
CLK/
TRG3

Input

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

Vcc

The power supply (+5V) pin

Vss

The ground (0V) pin

100489
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3. FUNCTIONAL DESCRIPTION
3.1 BLOCK DIAGRAM
The block diagram of CTC is shown in Figure 3.1.

INTERNAL
TRIER:
OPERAION — N channeLo [ 2€/T00
CIRCUIT —/ <— CLK /TRGgp
DATA AN
Do~D> -
MPU BUS
e % N cHANNELT [ 2€/TO1
CONTROL LOGICAL INTERNAL BUS Vv <~ CLK/TRGy
CE —| operaTION [\
Cso CIRCUIT
CSy \ CHANNEL2 ZC/TO,
Ve o —/ <— CLK/TRG
e INTERRUPT
oRQ Nl [
v R | | L
T l CHANNEL3 |«<— CLK /TRG3
IEO IEl INT

100489
Figure 3.1 Block Diagram
3.2 SYSTEM CONFIGURATION
The CTC system consists of the following 4 logic circuits.
(1)  MPU bus Input/Output Logic Circuit
(2) Internal control logic circuit
(3) Interrupt Control Logic Circuit
(4) 4 Independent Counter/Timer Channel Logic Circuit
3.2.1 MPU bus input/output logic circuit
This circuit transfers data between the MPU and the CTC.
3.2.2 Internal control logic circuit

This circuit controls the CTC operational functions such as the CTC selecting enable,
reset, and read/write circuit.
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3.2.3 Interrupt control logic circuit

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

3.2.4 Counter/timer channel logic circuit

This circuit consists of the following 2 registers and 2 counters.
Figure 3.2 shows the configuration of this circuit.

(] Time-constant register (8 bits)

° Channel control register (8 bits)

° Down-counter (8 bits)

. Prescaler (8 bits)
CHANNEL CONTROL TIME CONSTANT
REGISTER (8 BITS) REGISTER (8 BITS)

INTERNAL BUS
SYSTEM CLOCK PRESCALER DOWN COUNTER | zC/TO
’ (8 BITS) (8 BITS)
CLK/TRG

100489

Figure 3.2 Configuration Counter/Timer Channel Logic Circuit
(1) Time-constant register

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

(2) Channel control register

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

@

33
3.3.1

Down-counter

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

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

Prescaler

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

CTC BASIC OPERATIONS
Reset

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

3.3.2 Interrupt

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

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

The interrupt processing is terminated when the MPU executes an RETI instruction.
The CTC has the circuit which decodes the RETI instruction. By constantly monitoring
the data bus the CTC can detect the termination of the interrupt procrssing.

The order of interrupt priority with the Z80 peripheral LSIs is determined by the daisy
chain connection. That is, the peripheral LSIs are connected one after another and the
one physically near MPU is given a higher priority.
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Inside the CTC, channel 0 is given the highest priority, followed by channels 1, 2 and
3in this order.

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

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

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

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

° When the IEI goes low while an interrupt is being serviced, the interrupt
processiong is aborted.

3.3.3 Operation modes

(1

0d)

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

Counter mode

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

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

Timer mode

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

This pulse period is given by the following expression:
tc*P*TC
Where,tc = System clock period
P = Prescaler value (16 or 256)
TC = Time constant data (256 for 00H)

The user can select, by means of the channel control word, to start the timer
automatically or to start the timer on the edge of the pulse at CLK/TRG pin. In case the

user select the CLK/TRG pin, the user can also select the rising edge or falling edge of
the pulse.
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3.4 CTCSTATUS TRANSITION DIAGRAM AND BASIC TIMING
3.4.1 Transition diagram

Figure 3.3 shows the CTC status transition diagram.

POWER ON
©)

RD= H7LEVEL

NO

CHANNEL CHANNEL
DESIGNATION DESIGNATION

I |

LOAD OF
DATA RECEIVE DOWNCOUNTER

INTERRUPT l
NO VECTOR OUPUT TO MPU

JUDGMENT
OF CONTROL WORD
IT0=12

YES| CHANNEL CONTROL WORD

WRITE OF CHANNEL WRITE OF INTERRUPT
CONTROL WORD VECTOR WORD

NO

YES
TIME CONSTANT
DATA

DATA RECEIVE

WRITE OF TIME
CONSTANT
T PULSE OUTPUT FROM
ZC/1o

COUNTER MODE INTERRUPT
TIMER MODE VECTOR OUTPUT

DIVIDE THE MEASUREMENT OF I
SYSTEM CLOCK INPUT EDGE

JUDGMENT
OF OPERATION
0D

TIME CONSTANT LOAD

PULSE OUTPUT OF
INTEGRAL NUMBER
TIMES OF THE CLOCK
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Figure 3.3(a) CTC Transition Diagram (a)
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DOWN COUNTER

TIME CONSTANT LOAD

DOWN COUNTER-1
(DECREMENT)
DOWN COUNTER
=0 NO
VES

TIME CONSTANT LOAD

100489

Figure 3.3(b) CTC Transition Diagram (b)

3.4.2 Write cycle

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

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

At the state of the cycle, the channel is specified by CS1 or CS0 of the CTC. Thus, the
CTC’s internal registers are ready to accept data in system clock T3. Tw is the state to
be automatically inserted by the MPU.
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T T2 Tw T3 T1
CLK I 1 L L1 LI 1
CSo, CS1, CE X e
TORQ \ S
RD
M1
DATA X INPUT Y

100489

Figure 3.4 Write Timing

3.4.3 Read cycle

The read cycle is used to read the contents of the down-counter. During clock cycle
T2, the MPU initiates a read cycle by driving the RD and IORQ pins low. It is required
to make the M1 pin high to indicate that the read cycle is on. At the start of the read
cycle, the channel is specified by CS1 or CS0 of the CTC.

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

inserted by the MPU.
Tl T2 Tw T3 T1
CLK [ LJ L4 L1 1
CSq, CS1, CE X CHANNEL ADDRESS )4
M1

DATA OUTPUT

Figure 3.5 Read Timing

100489
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3.4.4 Counter mode

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

CLK I

CLK/TRG
INTERNAL 7ERO AW
COUNTER COUNT

7¢/T0 il AN

100489

Figure 3.6 Couner Mode Timing
3.4.5 Timer mode

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

ax __| L | | /A’ | | l | L
CLK/TRG yd Q

INTERNAL /THVIER OPERATION START
TIMER 100489

Figure 3.7 Timer Mode Timing
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3.4.6 Interrupt acknowledge cycle

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

axk — 1 L L L L 1

DATA VECTOR 100489

Figure 3.8 Interrupt Acknowledge Timing
3.4.7 Return from interrupt processing

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

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

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

The code following EDH is 4DH, only the peripheral LSI which has sent the last
interrupt vector (that is, the LSI whose IEI is high and IEO is low) returns from the
interrupt processing. This restarts the processing of the suspended interrupt of the
peripheral LSI of the next higher priority.
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ac L L LT LT L1 LJ L
TN S S e

IEO /

Figure 3.9 Interrupt Return Timing

100489

3.5 CTCOPERATIONAL PROCEDURE

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

(1) Channel control word

To write the channel control word in the CTC, the channel must be specified by the
corresponding channel codes. Table 3.1 shows the channel codes.

Table 3.1 Channel codes

Input Terminal
Channel
Cs1 Cso
0 0 0
1 0 1
2 1 0
3 1 1

270289
The channel control word to be written in the CTC consists of 8 bits. The system data

bus DO through D7 correspond to bit 0 through 7 respectively. Figure 3.10 shows the
meaning of each bit. Table 3.2 shows the function of each bit.

D7 D6 D5 D4 D3 D2 D1 DO
Interrupt C%‘:ﬁ;s” Prescaler Edge Trigger coq;ll?':;nt Stop 1

100489

Figure 3.10 Channel Control Word

For the channel control words, DO must always be 1.
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Table 3.2 Meanings and Function of Channel Control Words (1/2)

Bit

Meaning and function

0

1

Bit 7
(b7)

Disable channel interrupt

Enables channel interrupt. In either counter or
timer mode, the interupt is requested every’
time the down-counter has reached zero.
When this bit is set to “1”, the interupt vector
must be written in the CTC before the down-
counter starts. When the channel control word
whose D7 bit is “1” is written in an already
operating channel, the interrupt occurs only
when the down-counter has reached zero for
the first time after the writing of the new
channel control word.

Bit 6
(D6)

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

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

Bit 5
(D5)

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

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

Bit4
(D4)

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

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

Bit3
(D3)

Used only in the timer mode.

The timer operation sarts on the rising edge of
the trigger pulse clock after a time constant is
loaded onto the down-counter.

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

When a time lag between the system clock and
trigger pulse satisfies a setup time, the
prescaler starts to operate from the second
leading edge of the trigger pulse. If a time lag
between the system clock and trigger pulse
does not satisfy the setup time, the prescaler
starts to operate at the leading edge of the
trigger pulse after 3 system clocks. If the
trigger pulse is input before loading of a time
constant, the operation is the same as that
when Bit3 =0.

100489
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Figure 3.2 Meanings and Function of Channel Control Words (2/2)

Bit

Meaning and function

0

1

Bit2
(B2)

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

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

Bit 1
(D1)

Continues the current channel operation.

Stops the down-counter operation.

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

(2) Time-constant data

100489

In either the time mode or the counter mode, the time-constant data must be loaded

into the time constant register. When bit 2 (D2) of the channel control word is “1”, the
time constant is loaded into the time constant register immediately after the channel

control word is written. A time constant value must be an integer in a range of 1 to 256.
When the 8 bits of a time constant are all “0”s, such a time constant is assumed to be
256. Figure 3.11 shows the bit configuration of time-constant data.

lD7|D6|D5|D4|D3ID2[D1IDO|

TC7 TC6 TC5 TC4 TC3 TC2 TC1 TCO

100489

Figure 3.11 Time-Constant Data
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(3) Interrupt Vector

In interrupt in the MPU mode-2, the interrupting channel must give an interrupt
vector to the MPU. An interrupt vector is written in the channel-0 interrupt vector
register with bit 0 (D0) =“0”. The vector is written in the same way as the channel
control word is written on channel 0. However, bit 0 (D0) of the vector should always be
“0”. Bit 7 (D7) thrutgh bit 3 (D3) are user-defined values. Bit 2 (D2) and bit 1 (D1) are
automatically given and contain the code of the interrupt-requesting channel having the
highest priority. Table 3.3 shows the channel codes. Figure 3.12 shows the interrupt
vector bit configuration.

Table 3.3 Channel Codes

Bit 2 (D2) Bit 1(D1) Channel
0 0 0 T(Mgm
0 1 1
1 0 2 Priority
! ! ’ (l OW) 100489

lvi]ve |vs[valv] x ] x] o]

| | L |
Fixto “0"

Channel codes
Interrupt vector given by user

. 100489
Figure 3.12 Interrupt Vector

3.6 USINGCTC
(1) Counter mode

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

(a) The counter programming procedure is shown in Figure 3.13.

START

LOAD OF CHANNEL
CONTROL WORD

l

LOAD OF TIME
CONSTANT

END
100489

Figure 3.13 Counter Programming Procedure
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(b) The block diagram for converting the 100kHz system clock into the 10kHz
equivalent is shown in Figure 3.14.

CHANNELO
TIME CONSTANT
PRESCALER REGISTER
NOT USED 10
| ATIME CONSTANT IS LOADED EVERY TIME
! WHEN THE DOWNCOUNTER COUNTS ZERO
1
¥
CLK /TRGO (100kH7)
DOWNCOUNTER
INPUT

OUTPUT 2C/TOO0 (10kHz)

100489

Figure 3.14 Down-Counter Block Diagram

(c) The channel control word configuration is shown in Figure 3.15.

D7 D6 D5 D4 D3 D2 D1 DO
o [ 1 [ o ] v ] o T o ] o |
INTERRUPT NOT USED NOT USED CHANNEL
DISABLE sTOP
COUNTER ~1ATTHE SETTING OF CHANNEL
MODE RISING EDGEOF  TIME CONSTANT CONTROL WORD
CLK/TRG 10048

Figure 3.15 Channel Control Word Configuration
(2) Timer mode

(a) Thetimer programming procedure with interrupt disabled is shown in Figure 3.16

LOAD OF CHANNEL
CONTROL WORD

l

TIME CONSTANT
LOAD

Figure 3.16 Timer Programing Procedure
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(b) The block diagram for converting the 4MHz system clock into the 1 kHz
equivalent is shown in Figure 3.17.

CHANNEL 1
TIME CONSTANT
PRESCALER REGISTER
SYSTEM CLOCK (4MHz)
16-DIVIDE 250
INPUT
(250kHz) 1
1
EA TIME CONSTANT IS LOADED EVERY TIME
iWHEN THE DOWNCOUNTER COUNTS ZERO.
Y
DOWN COUNTER

QUTPUT ZC/TO1 (1kHz)

100489

Figure 3.17 Timer Block Diagram

(¢c) The channel control word is shown in Figure 3.18.

D7 D6 D5 D4 D3 D2 D1 DO
o [ o [ o [ o | o | 1 ] 1 ] 1
INTERRUPT PRESCALER TIMER CHANNEL
DISABLE VALUE (16) START STOP
TIMER START THE TIMER SETTING OF CHANNEL
MODE OPERATION AT THE TIME CONSTANT CONTROL
FALLING EDGE OF THE WORD
CLK/TRG

100489

Figure 3.18 Channel Control Word
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4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS
Symbol Item Rating Unit
Ve Supply Voltage -05to +7 Vv
VIN Input Voltage -0.5to Vcc+0.5 \
Power Dissipation (6MHz VERSION : TA =85°C)
PD (8MHz VERSION : TA =70°C) 250 mw
TSOLDER |Soldering Temperature (10 sec) 260 °C
TSTG Storage Temperature -65t0 150 °C
6MHz VERSION —40to 85
TOPR Operating Temperature °C
8MHz VERSION -10to 70
050489
4.2 DCELECTRICAL CHARACTERISTICS
6MHz VERSION Tpa=—40°C~85°C,Voc=5V110%, Vgg=0V
8MHz VERSION : Tp=—10°C~70°C, Voe=5V +5%, Vgg=0V
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT-
Low Clock Input
VILC -0.3 - 0.6 Vv
Voltage
High Clock Input
VIHC Vce-0.6 - Vee+0.3 \Y
Voltage
Low input Voltage
VIL (Except CLK) -0.5 0.8 Y
High input Voltage
VIH (Except CLK) 2.2 — Vcc \
VOL Output Low Voltage I10L=2.0mA - - 0.4 Y
VOH1 Output High Voltage (1) IOH = -1.6mA 2.4 - bt vV
VOH2 Output High Voltage (11) IOH = - 250pA Vcc-0.8 - - \
ILI Input Leak Current Vss= VIN= Vce — - +10 BA
3-state Qutput Leakage | Vss + 0.4= VOUT= Vcc
ILO j - - +10 BA
Currentin Float
|OHD* Darlington Drive VOH = 1.5V, REXT = 1.1KQ 15 50 A
Current, (2) Applied t0ZC/TO0~2C/TO2| '~ > m
Vce=5V AP-6/
fCLK = (1) AM-6/ — 4 7
lect Power Suuply Current | VIH =VIHC AT-6 mA
=Vcc-0.2V AP-8 — 5 10
VIL=VILC=0.2V
Vece=5V, CLK =VIH =Vcc -
lee2 Standby Supply Current ! —
« youpply 0.2, VIL=VILC = 0.2V 0.5 10 BA

Note: (1) foLx=1/TeC (MIN.)

(2) Applied to ZC/TO00,ZC/TO1 and ZC/TO2.

050489
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4.3 ACELECTRICAL CHARACTERISTICS
6MHz VERSION Topr= —40°C~85°C, Voc=5V1£10%, Vgg=0V
8MHz VERSION Ta=—10°C~70°C, Voc=5V 5%, Vgg=0V
(1/2)
AP-6/AM-6 /AT-6 AP-8
NO. | sYmBoOL PARAMETER (6MHz) (6MHz) UNIT
MIN. MAX. MIN. MAX.
1 | TcC Clock cycle time 165 DC 125 DC ns
2 | TwcCh High clock pulse width 65 DC 50 DC ns
3 | TwC1 low clock pulse width 65 DC 50 DC ns
4 | TfC Clock falling time - 20 - 15 ns
5 |TrC Clock rising time - 20 - 15 ns
6 |Th Hold time 0 - 0 - ns
7 TsCS (C) Set-up time for clock rise 100 - 100 - ns
8 | TsCE(C) |CE Set-up time for clock rise 100 - 80 - ns
9 |Ts10(0) fiite-up time up to IORQ fall for clock 70 _ 65 _ ns
10 | TsRD(C) fii';-up time up to RD fall for clock 70 _ 55 _ ns
11 TdC (DO) |Delay from clock rise to data output - 130 — 110 ns
12 | Tdc (po2) Delay from IORQ, RD rise to data _ 90 _ 85 ns
float
13 | TsDI(C) Data input set-up time for clock rise 40 - 40 - ns
14 | TsM1(C) [M1 set-up time for clock rise 70 - 55 — ns
Delay from M1 fall to [EO fall
TdM1 (in case of generating only _ _
1 (IEQ) interruption immediately before M1 130 110 ns
cycle)
Tdi0 Delay from IORQ fall to data output _ _
16 (DOI) (INTA cycle) 110 85 ns
TdIEI
17 (IEOf) Delay from IEl fall to IEO fall 100 75 ns
TdIEI Delay from IEl rise to IEO rise _ _
18 (IEQOTY) (after ED decode) 110 80 ns
19 | TdC(INT) |Delay from clock rise to INT fall - (1) +120 - (1) +100| ns
20 | TdCLK Delay from CLK/TRG rise to INT fall
(INT) (Counter mode)
tsCTR (C) Satisfied - (19) +(26) - (19) +(26)| ns
tsCTR (C) not Satisfied - (1) +(19) - (M+(19) | ns
+(26) +(26)

050489
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(2/2)
AP-6/AM-6/AT-6 AP-8
NO. | symBoL PARAMETER (6MHz2) (8MHz) UNIT
MIN. MAX. MIN. MAX.
CLK/TRG Frequency _ _
21 TcCTR (COUNT MODE) 2TcC 2TcC ns
22 | TrCTR CLK/TRG rising time - 40 - 30 ns
23 TfCTR CLK/TRG falling time - 40 - 30 ns
24 | TwCTRI Low CLK/TRG pulse width 120 - 90 - ns
25 TwCTRh High CLK/TRG pulse width 120 - 90 - ns
Set-up time up to CLK/TRG rise for
26 | TsCTR(Cs) |clock rise requiring immediate count 150 - 110 — ns
(counter mode)
Set-up time up to CLK/TRG rise for
27 | TscTR(CY) clock rise requiring immediate start 150 _ 110 _ ns
of prescaler
(timer mode)
28 Tdc Delay from clock rise to ZC/TO rise — 140 - 110 ns
(zC/TOr)
29 Tdc Delay from clock fall to ZC/TO fall - 140 — 110 ns
(zC/TOf)

050489

Note1: AC test condition

VIH=2.4V, VIHC=Vc-0.6V, VIL=0.4V, VOH=2.2V, VOL=0.8V CL=100pF

Note 2: Ifthe daisy chainis at N stage,

2.5TcC> (N-2) TdIEI (IEOf) +TdM1 (IEO) +TsIEI+TTL buffer delay must be satisfied.

Note 3: (1):Tec, (19): Tde (INT), (26) : TsCTR (Cs)

4.4

CAPACITANCE

TA=25°C
SYMBOL ITEM TEST CONDITION MIN. | TYP. | MAX. | UNIT
CCLOCK | Clock Input Capacitance | f=1MHz - - 5 pF
CIN Input Capacitance ﬁ:;e,;mbizanl;z);izz - - 6 pF
cout Output Capacitance should be earthed. — - 10 pF

050489
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4.5 ACTIMING CHARTS

O
®—> <—@ '
[ ax—/ g 7 \ / \ / N/ \_
K
. PEING e ROl _
CE \ f
Read < orG @ g @ <
\ y
- o o1t
RD \ 4
—o— =t
DATA >———
® =
< ==t
« \ /]
Write < L |<———> —> @ ]
IOR \ j
—o— o h
DATA X _ [S—O
\13/ —> 6
(T @ g
Acknow- | <—® @'
ledge < TORQ \ jp—
Write _@4
DATA 4-.
~ " > (—@
IEI -———\g
o T
IEO \ /
® =0
T ‘ _\1.__
CLK/TROg.3 Che @ ® '
(COUNTER
MobE) & @_, ®
0-3
R gy | R / —
MODE)
ZC/TOg3 _)T (_ _)}_
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Figure 4.1 Timing Diagram
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5. PACKAGE DIVIENSION
5.1 DIPPACKAGE

DIP28-P-600
Unit: mm
0
28 15 §
e I s S e N e TS s N s S s O s O s O s N e O s O e O e | o

14.0+0.2

T T J OO0 7 O 7 7 0 7T T 0 T I

1 14

| 37.0%0.2 |

0.51MIN||4.0%0.2
3.5+03

e ~f—1SlF02sU

T
1.99TYP 254

270289

Note 1 :This dimension is measured at the center of bending points 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.1 and No.28 leads.
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5.2 SOPPACKAGE

SOP28-P-450
Unit: mm
18.5+0.2
28 15 _ -
s = S
liJ1UUl'Jl’JUUHUUUHUU4____ -
1.0TYP | Ho.43t0.1 @@l

1.27

[4%0.2

g

"
n -3

33 £7
*' i

- -

o o

1.0£0.2

270289

Note: Package Width and length donot include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.
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5.3 44-PIN PLCC PACKAGE
QFJ44-P-S650

17.52+0.2 Unit: mm
16.6+0.2
e e e B e e B e B e e W e W -
7 139
O O 0
O 1
O A . N
0 W g
O 0 o a 2
g 1 = w0
O ]
O ]
O ]
1700 129
LJLJL_JLJLJL_xLJLJL_JLJLJ‘J_________. =

18 28

+0.1
02283||

0.71%0.1

15.76+0.2

=
| 432+02
[

270289
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TMPZ84C40AP-6 / 41AP-6/42AP-6 / 43AF-6 / 44AT-6
TMPZ84C40AM-6/41AM-6 / 42AM-6
TMPZ84C40AP-8 /41AP-8/42AP-8

TLCS-Z80 SIO: SERIAL INPUT/OUTPUT CONTROLLER

1. GENERAL DESCRIPTION AND FEATURES

The TMPZ84C40A (SI0/0), TMPZ84C41A (SI0/1), TMPZ84C42A (S10/2),
TMPZ84C43A, (hereinafter referred to as SIO) are CMOS version of Z80 SIO and have
been designed to provide low power operation.

SIOs 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 like HDLC and SDLC.

SIOs are fabricated using Toshiba’s CMOS Silicon Gate Technology.

The principal functions and features of the SIOs are as follows.

®
(2)
(3)
4)
(5)
(6)
(D
(8)

(9)

(10)

(11)

Note :

Compatible with the Zilog Z80 SIO.

Compatible with the CCITT-X.25.

Compatible with the HDLC/SDLC.

Data transfer rate up to 800K bit/Sec.

2 independent full-duplex channels can be used.
Built-in CRC generation and checking function.
On chip daisy-chain structure interrupt circuit.

Low power consumption

4mA Typ. (@5V @6MHz) --- TMPZ84C40/41/42AP-6, TMPZ84C40/41/42AM-6,
TMPZ84C43AF-6, TMPZ84C44AT-6

Single power supply: 5V110% (6MHz VERSION),
5Vt5% (8MHz VERSION)

Extended operating temperature: —40°C to 85°C (6MHz VERSION),
—10°C to 70°C (8MHz VERSION)

40 pin DIP package, 40 pin SOP package, 44 pin Mini Flat package, 44 pin PLCC
package.

780 is a trademark of Zilog Inc., U.S.A.
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2. PIN CONNECTIONS AND PIN FUNCTIONS
The pin connections, pin functions and functions of SIOs are described in this chapter.
2.1.1 Pin connections (DIP, SOP)

The pin connections of the SIOs are as shown in Figure 2.1, Figure 2.3, and Figure2.5.

p1 1~ 40f Do o1 1~ 40fopo
D3 [2 39 01 D2 D3 2 391 D2
D5 03 3801 D4 D5 03 38 1 D4
D7 (4 37 01 D6 D7 04 37 [1 D6
INT 5 36 1 TORQ INT 05 36 I TORQ
IEl 06 35[0 CE IEI 06 3501 CE
IEO 7 341 B/ IEO 7 34 1 B/A
M1 [8 330CD M1 08 330 C¢D
Vee 09 321 RD Vee 09 32 1 RD
W/RDYA [} 10 31 p Vss (0V) W/RDYA [} 10 31 1 Vss (OV)
SYNCA 011 C40A 30 [ W/RDYB SYNCA 011 C41A 30 1 W/RDYB
RXDA [ 12 29 1 SYNCB RXDA [ 12 29 1 SYNCB
RXCA [13 28 1 RXDB RXCA []13 28 [1 RXDB
TXCA []14 27 [1 RXTXCB TXCA [ 14 27 | RXCB
TXDA []15 26 [1 TXDB TXDA [} 15 26 [1 TXCB
DTRA [} 16 251 DTRB DTRA []16 25 1 TXDB
RTSA 017 24 [1 RTSB RTSA 017 24 [1 RTSB
CTSA []18 23 1 CTSB CTSA 018 23 1 CTSB
DCDA [ 19 22 [1 DCDB DCDA 019 22 1 DCDB
CLK 020 21 1 RESET CLK 020 21 [ RESET
(a)SIO/0 (b)SIO/ 1
p1d1  ~ ahoo
D3 [j2 390 D2 |
D5 03 38 1 D4
D7 4 3701 D6
INT 05 36 [1 IORQ
IEI 06 350 CE
IEO 7 34 01 B/A
™M1 8 330 ¢CD
Vee 09 321 RD
W/RDYA 010 cg2a 310 Vss(OV)
SYNCA [ 11 30 1 W/RDYB
RXDA [ 12 29 1 RXDB
RXCA []13 28 1 RXCB
TXCA [14 27 E TXCB
TXDA 015 26 1 TXDB Figure 2.1 Pin Connections of
DTRA 016 251 DTRB TMPZ84C40A/41A/42A (Top View)
RTSA [ 17 24 ] RTSB
CTSA []18 231 CTSB
DCDA 019 22 1 DCDB 100489
CLK [20 21 [1 RESET
(c)Sio/2
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However, it is necessary to choose the terminals in accordance with the purposes,
because they are limited in number. The differences in SIO/0, SIO/1 and SIO/2 are
shown in Figure 2.2 (a) SIOs version diagram.

SYNCB SYNCB RXDB

RXDB RXDB RXCB

RXTXCB RXCB TXCB

TXDB TXCB TXDB

DTRB TXDB DTRB
(a) SI0/0 (b)sion (c) SI0/2

100489

Figure 2.2 (a) SIOs Version (40-pin DIP, 40-pin SOP)

2.1.2 Pin connections (Mini Flat package)

lo
- o
ZNWbLMm—-UVUO N O[O
-0 00azooo al-
3332 31 30 29 28 27 26 25 24 23
Bl IT] 34 22 I G
0 [TT] 35 21 [T g&
M1 LT 36 20 I ¢
vee [T 37 19 H1 o
W/RDYA [IT]38 18 [T yss
TMPZ84C43A
*ICV [T 39 17 3 #ycy
SYNCA [T a0 16 L1 WRDYB
RXDA [TT] 41 15 I Synce
RXCA [IT] 42 14 I Rrxps
TXCA [CIT] a3 13 [T RXcB
TXDA [TT] a4 12 T3 Txcs
8 91011

|
DCDB I~

CTSB

I -
o
cLk I«

illi

@ o

CTSA I w

DTRA
RTSA
DCDA
RTSB

RESET

DTR
TXD

100489

Notel: NC mustbe used atopen condition.
Note2: *ICV must be used at open condition or connected with VCC.

Figure 2.3 Pin Connections of TMPZ84C43A (Top View)
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2.1.3 How to use TMPZ84C43A as SIO/0 or SIO/1 or SIO/2.
The Figure 2.4 shows six terminals to define TMPZ84C43A as SIO/0 or SIO/1 or

SI10/2.
LD:I
22 CE 0 —)
21 [T g5 22 — CE_ 22 I3
c43A 2 o ca3a 2 BiA C43A o e
19 ) 20 (<3} P
S s :
17 v 18 vss vss
16 [T WRovYs 7 v ey
16 [T WRDYB

15 —>SYNCB

b 1] Llilfafi

[T
NWROJ® OO

— WI/RDYB
14 —>RxD8B 15 . SYnes —>NC
13 14 —>>RXDB —q
RXTXCB 13 —>RXC8 Rxo8
12 —>RXCB
12 —>7TxcB —_——
TXCB
1234567891011
123456789101
HHHHHHHHH HBHHHHH%O 1234567891011
||| ¥ |+ |@ |@ | HHHHHHHHH
A P - I - R O < | ¥ |-]o @ |@
-l U]|w|lu |- |- o o xfnlnl|la ajujo |v |[vn q|q|d | ¥ [+ |@ |0 [
Qlxciv o wipg vV | | O IF =l V|- U o x(nln o alwula (v |vn
LJ = x olelula wlalule 2z o I N S ) (OR[N (e )
ar o« x alxlulo wiolu le | o
- « - X
(ol o
(a) SIO/0 (b) StO/1 (c) SI0/2 100489

Figure 2.4 How to Use TMPZ84C43A as SIO/0 or SIO/1 or SIO/2

2.1.4 Pin connections (PLCC)

- ’S
lz NI M— O < W |0 |[w
— OO0 O00O0nl=iv
imlnlnininlisininleEnlEs!
6 5 43 2 14443424140
IEI d 7 39 0 B/A
IE0 O 8 O 38 0 D
M1 O 9 37 0 RD
vce O 10 36 g VSS
WI/RDYA [ 11 35 1 W/RDYB
SYNCA 5 12 TMPZ84C44AT 34 [1 SYNCB
RXDA [ 13 33 [ RXDB
RXCA [0 14 32 1 RXCB
TXCA O 15 31 [ TXCB
TXDA O 16 30 0 TXDB
NC O 17 29 @ NC
18 19 202122 23 24 2526 2728

|y Iy N I O

I
< |< K |[< ¥ ||| |omu
= = -0 U WO [~
Q | U A w i U
[

wn |z Z
Note 1 :NC must be used at open condition.

— [=
o |0

100489

Figure 2.5 Pin Connections of TVIPZ84C44A (Top View)
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2.1.5 How to Use TMPZ84C44A as SIO/0 or SIO/1 or SI0/2.
The Figure 2.6 shows six terminals to define TMPZ84C44A as SIO/0 or SIO/1 or

SI10/2.
(o (3
— 4 — o
zrxmm—omvw‘Olm zl\mm—owﬁwlcm
“oonoocoonoaocaolFiv —oconooocoonlFiv
inlinlnlnlinininlnlsBelsl i O O e 0 I o e O O B
6 54 3 2 14443424140 6 5 4 3 2 14443424140
39 0 B/A 39 [0 B/A
O 38 0 ¢/D O 38 0 ¢/D
37 0 RD 37 0 RD
36 [1 VSs 36 [ vss
C44A 35 [1 W/RDYB C44A 35 1 W/RDYB
34 B SYNCB —> 34 @ SYNCB —>
33 RXDB ——> 33 RXDB ——>
32 W RXCB 32 RXCB ——
]——-»RXTXCB o
31 TXCB . 31 TXCB —>
30 TXDB —> 30 TXDB ——
29 NC 29 NC
18 19 202122 23 24 25262728 18 19 202122 23 2425262728
uuuuuuuuulu | uumuuu
l<‘<<< llml |<( SIS X Ee
[P (V20N 2 e O [ (e Z o
= |~ [~ O v O |- [~ |= — [ »—
Nl lUd  wiaule o la)
l NC
(a) SIO/0 (b) SIO/1
O
- o
~— oocoocoooconooalFiv
OO0 aM[nn
6 5 43 2 14443424140
O 39 0 B/A
380 ¢/D
37 0 RD
36 VSss
35 W/RDYB
CadA 34 SYNCB —> NC
33 RXDB —>
32 RXCB ——
31 TXCB —>
30 TXDB ——>
29 NC
18 19 202122 23 24 25262723
uu‘uuuuuuu
|<(<( <¥»—I l { l
[ Vol o Z
=
[ay™
(c) SIO/2 100489

Figure 2.6 How to Use TMPZ84C44A as SI0/0 or SIO/1 or SIO/2
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2.2 PIN NAMES AND FUNCTIONS

Table 2.2 Pin Names and Functions (1/2)

. Number |Input/Output .
Pin Name of Pin 3-state Function
1/0 T .
D0~D7 8 8-bit bidirectional data bus.
3-state
Interrupt request signal.
INT 1 Output | This is used, in case SIOs request MPU the interrupt. Wired OR
connection is possible (because of the open drain).
IEl 1 Input Interrupt enable inputsignal.
Interrupt enable outputsignal.
IEO 1 Output IEl and IEO are used for the daisy-chain structure. When IEIl terminal
p is “1" and IEO terminal is “0”, the SIO is being serviced by a MPU
interrupt service routine.
Machine cycle 1.
M1 1 Input When the both of M1 and TORQ are “0”, it is the interrupt
acknowledge eycle by a MPU to the SIO’s interrupt reguest.
Wait/ready signal A, wait/ready signal B.
These can be used as wait signal or ready signal according to SIOs-
WIRDYA programming. e : P
TTRRVE 2 Output SIO becomes active on “0”, when pins are programmed as “WAIT
W/RDYB X
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.
Synchronous signal.
In case of the asynchronous receive mode, These pins become the
SYNCA % Vo same input terminals as CTS and DCD.

*SYNCB In case of the external synchronous mode, pins become the input
terminals and in case of the internal synchronous mode, become the
output terminals.

RxDA . .
RxDB 2 Input Serial receive data
Receive clock signal.
RxCA % Inbut In asynchronous mode, pins can choose the receive clocks which are

*RxCB P 1, 16, 32 and 64 times as large as the data transfer rate according to

the program.
TxDA . .
TXDB 2 Output Serial transmit data
DTRA Data terminal ready signal.

“OTRE 2 Output These pins output the possibility or impossibility of the serial data
receive.

RTSA 2 Output Transmlt request SIgpaI. (Reque;-/st,:to send)
RTSB In serial data transmit, become “0".

100489
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‘ Table 2.2 Pin Names and Functions (2/2)

Number |Input/Output .
Pin Name of Pin 3-state Function
A Transmittable signal. (Clear to send)
P 2 Output When terminals are “0"”, SIOs can receive the serial data transmit of
CTSB X .
the modem which has sent these signals.
DCDA ) ln- ut Data carrier detect signal.
DCDB P When terminals are “0”, SIOs can enable the serial data transmit.
Signal-phase clock input.
CLK 1 Input Inputs Z80 standard system clock of single-phase. When CLK
terminal is DC state (“1” or “0"), SIOs are in stationary state.
I/0 request signal
ORQ 1 Inbut In case both of TORQ and CE are “0”, the data or comman_d are
P transferred between MPU and SIO by the combination of B/A and
C/D.
= Chip enable signal.
E
¢ ! Input When input becomes “0”, SIOs are enabled.
= Channel select signal
B/A
! Input Selects the channel (A/B)
= Command/data select signal.
C/D 1 |
nput Selects the command and data.
Read signal.
) 1 Input In case both of CE and TORQ are “0”, if RD is “0", this pin performs
P 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.
Vce 1 Power Supply| + 5V
Vss 1 Power Supply|0V
100489
Note: The asterisk (*) mark is difference in accordance with the three versions (SIO/0, SIO/1,

SI10/2).
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3. FUNCTIONAL DESCRIPTION

3.1 BLOCK DIAGRAM

i
>
INTERNAL READ/WRITE N ) DATA i
CONTROL REGISTER CHANNELA |«— cLOCK |
CIRCUIT (CHANNEL A) v DN i
|
ATABYS EXTERNAL }—
MPU —N| ¢ontroL |—| conTrOL
sus |/ INTERNAL BUS V| (SRUT [ [ UNE
/0 )
CONTROL BUS "} DATA
N CHANNELB |«~— cLock ‘
INTERRUPT READ/WRITE V <> |
CONTROL REGISTER —> WAIT/READY
CIRCUIT (CHANNEL B) ——
—N] conTROL |—=| conTROL
L /] CRRCUIT |<«— [ LINE
(CHANNELB) je—mo

3.2 SYSTEM CONFIGURATION

3.2.1 Architecture

Figure 3.1 Block Diagram

100489

As shown in Figure 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 connected 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 SIO programming for details.

(1) Communication data path

Figure 3.2 shows the communication path of the transmit/receive data of each
channel.

@

Receiving

The receiver has an 8-bit receive shift register and a 3-stage 8-bit buffer register
in FIFO configuration. This saves time in high-speed data block transfers. The
receivers also have the receive error FIFO which holds the status information such

as parity and framing errors.

The receive data follow different paths according to the operation mode and
character length as shown in Figure 3.2.
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Table 3.1 (a) Write Registers

Register Function
Write register 0 (WRO0) [Resets CRC. Sets pointers of registers, and commands.
Write register 1 (WR1) |Setsthe interrupt mode.
Write register 2 (WR2) |Setsthe vector to be transmitted at interrupt. (Channel B only)
Write register 3 (WR3) |Providesthe parametersto control the receiver.
Write register 4 (WR4) |Providesthe parameters to control the receiver and transmitter.
Write register 5 (WR5) |Controlsthe transmitter.
Write register 6 (WR6) [Setsthe synccharacter or the SDLC address field.
Write register 7 (WR7) |Setsthe synccharacter or the SDLC flag.

100489
Table 3.1 (b) Read Registers

Register Function
Read register 0 (RRO) |Indicates the receive/transmit buffer state and the pin state.
Read register 1 (RR1) [Indicates the error status and the end-of-frame code.
Read register 2 (RR2) |Indicates the interrupt vector contents. (Channel B only)

100489
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PN

MPU, I/0

1/0 data buffer

Z

Internal data bus.

[ 445 4

/1

Receiving | | Receiving WR7 WR6 Transmission
'-‘D‘ ------- error ] synchronous |} synchronous data
____a_tf___ ____“:cir___ register register
FIFO FIFO
Receiving 20-bit 1 . . | Start
> error circuit transmission | shift register H bit
Synchronous ﬁé’(ﬂcmo'
Hunt mode (bisynchronous) data ot
:r 'i Transmit  |7xpa
H multiplexer >
RXDA 1-bit Delet:zeroof Ibit RECEIVE jg —>| 2-bitdelay
| delay ‘y",;gj;:‘j“‘ > | S-R(8BITS) 2 SDLC data
T ¢ > zero
v insertion —J Synchrorjous
g (5 bits) CRC
Asynchronous data 2
9] SDLC-CRC
T |0
JR— . |
RXCA|Receiving (8 BITS) CRC Transmission | TXCA
— clock L | lock A
ireuit generator clock
ciredi circuit
CRC
CRC(SDLCMode) | checker  peultof CRC CHECK
190489

Figure 3.2 Transfer Data path (Channel A)
° Asynchronous mode

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

(] Synchronous mode

In the synchronous mode, the data path depends on the receive processing phase
at the time.
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@

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

° SDLC mode

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

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

®  Transmission

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

®  Asynchronous mode

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

] Synchronous mode

In the synchronous mode, the WR6 and WR7 hold the sync character. The
contents of these registers are sent to the 20-bit transmit register as the sync
character at the transmission of data blocks or as the idle sync character if a
transmitter underrun occurs in data block transmission.

o SDLC mode

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

1/0 functions

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

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

(] Interrupts

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

(] Interrupt on the first received character

(] Interrupt on all received characters

(] Interrupt on special receive conditions

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

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

] Block transfer

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

3.2.2 SIO basic operations
(1) Asynchronous mode

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

Data transfer does not start until the transmit eneble bit is set. When the auto enable
bit is set, the SIO starts transmission upon the CTS pin’s going “0”, allowing the
programmer to send a message to the SIO without waiting for the CTS signal. Figure
3.3 shows the data format of the asynchronous mode.
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Figure 3.3 Data Format of Asynchronous Mode
Transmission

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

Reception

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

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

Example : a 6-bit character “[ 1] p|ps|palp3|p2]D1]|D0]"

When the external/status interrupt is enabled and a break state is detected in
the receive data, the interrupt is generated and the break/abort status bit (D7 of
RRO) is set and the SIO monitors the transmit data until the break state is cleared.
The interrupt is also generated when the DCD signal is in the inactive state for
more than the specified pulse width. The DCD status bit is set to “1”.

In the polling mode, the MPU must refer the receive character valid bit (DO of
RRO) to read the data. This bit is automatically reset when the receive buffer is
read. In the polling mode, the transmit buffer status must be checked before
writing data in the transmitter to avoid overwwrite.

Synchronous mode

There are 3 kinds of character synchronization: monosync, bisync, and external synec.
In each of these synchronous modes, the times 1 clock rate is used for both transmission
and reception. The receive data is sampled on the rising edge of the receive clock input
(RxC).

The transmit data changes on the falling edge of the transmit clock input.
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Figure 3.4 Data Format of Synchronous Mode

®  Monosync

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

® Bisync

In this mode, synchronization is established when a match with 2 consecutive
sync characters set to WR6 and WR7 is found, enabling data transfer. In this mode
as well as the monosync mode SYNC is active during the receive clock period in
which the sync character is being detected.

®  External sync

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

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

. Transmission
a. Data transfer using interrupt

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

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

¢. End of transmission

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

° Reception
a. Interrupt on the first received character

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

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

b. Interrupt on all received characters

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

c. Special receive condition interrupt

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

They can be reset by command 6 of WR6 (error reset).

(3) SDLC mode

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

Figure 3.5 shows the data format in the SDLC mode. In the SDLC mode, one data
block is called a frame and the message in it is put between the open flag and the close
flag. The address field in the frame contains the address of a secondary station.
Checking this address, the SIO receives or ignores the frame.
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Figure 3.5 Data Formatin SDLC Mode
o Transmission

a. Data transfer using interrupt

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

b. Data transfer using wait/ready

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

¢. Transmit underrun/EOM

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

d. CRC generation

For CRC calculation, the CRC generator must be reset before transmission
(bits D6 and D7 of WR0). CRC calculation starts when the address field is
written in the SIO (WR6).

The transmit CRC enable bit (D0 of WR5) must be set before the address field
is written.
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e. End of transmission

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

(] Reception

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

a. Interrupt on the first received character

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

b. Interrupt on all received characters

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

c. Special receive condition interrupt

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

CRC check

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

. End of transmission

When the SIO receives the close flag, the end-of-frame-bit is set to indicate
that the close flag has been received. When the status affect vector has been set,
the special receive condition interrupt occurs and the interrupt vector is output.
Any frame can be aborted by abort transmission. When the external/status
interrupt has been set, the interrupt occurs and the break/abort bit in RRO is
set.
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3.3 SIO STATUS TRANSITION DIAGRAM AND BASIC TIMING

3.3.1 Status transition diagram

Figure 3.6 shows the SIO status transition diagram.
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Figure 3.6 (d) SIO Status Transition Diagram
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3.3.2 Basictiming

Figure 3.7 shows the timing in which data or a command is written from the MPU to
the SIO. Figure 3.8 shows the timing in which data is read from the SIO to the MPU.
Figure 3.9 shows the interrupt acknowledge timing in which the MPU gives an
interrupt response to the SIO’s interrupt request to set the IORQ pin to “0” several
clocks after setting the M1 pin to “0” as the acknowledge signal. To maintain the
interrupt serviced state in daisy chain structure, the interrupt request state cannot be
changed while M1 is active.

Figure 3.10 shows the timing in which the return from interrupt is performed.

Figure 3.11 shows how the daisy chain structure works. First, suppose that the SIO is
servicing interrupt. When the PIO issues an interrupt request immediately before the
first byte “EDH” of the RETI instruction is decoded with M1 being active, “IEO” of the
PIO goes “0”. However, when “EDH” is decoded, the PIO’s inferrupt request is not
acknowledged.

Therefore, the PIO’s “IEOQ” returns to “1”. When the second byte “4DH” is decoded,
the SIO’s “IEO” returns to “1”. Therefore, the “IEI” and “IEO” of each peripheral LSI at
this point of time all go “1”, or out of the interrupt serviced state. The PIO keeps the INT
pin at “0” until this state is set. Then, the interrupt is serviced starting with the
peripheral device of the higher priority.

T1 i) TW T3 1
cLk Q\I l\ | [ | I | I> |
B/A,C/D,CE >/ ‘. —X
ORQ NN /
w s
i ;
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Figure 3.7 Write Timing
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Figure 3.9 Interrupt Acknowledge Timing
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Figure 3.10 Return Timing from Interrupt
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Figure 3.11 Daisy Chain at Execution of RETI Instruction (1/2)
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® Because “4DH” has been decoded, the SIO’s IEO is set to “1”.
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® The PIO’s interrupt request is acknowledged and the PIO’s IEO is set to “0”.
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Figure 3.11 Daisy Chain at Execution of RETI Instruction (2/2)
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3.4 SIO OPERATIONAL PROCEDURE

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

(1)  Write registers
WRO; Write register 0
Table 3.2 Configuration of Write Register 0

D7 D6 D5!D4,D3 m'mIDo
I I I I I

CRC reset code Primary command bit Register pointer bit

I | I l |

100489

Bits DO through D2: Register pointer bits

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

Bits D3 through D5: Basic command bits

° Command 0 (=000) : No operation

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

° Command 1 (=001) : Abort sequence generation

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

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

] Command 3 (=011) : Channel reset

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

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

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

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

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

(] Command 6 (=110) : Error reset

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

° Command 7 (=111) : Return from interrupt

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

Bits D6 and D7: CRC reset code

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

Table 3.3 List of Reset Command Codes

Reset command D7 D6
No operation 0 0
Reset the receive CRC checker 0 1
Reset the transmit CRC generator 1 0
Reset the transmit underrun/EOM 1 1

100489
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WR1; Write register 1
Table 3.4 Configuration of Write Register 1

D7 D6 D5 D4 I D3 D2 D1 DO
|
Wait/ready Receiving Status  |Enable Enble
interrupt -affect |transmission | €Xternal/
Enable Select Select mode vector |interrupt | Status
function | sceing. interrupt

100489

Bit DO: External/status interrupt enable

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

Bit D1: Transmit interrupt enable

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

When this bit is set, bits D1 through D3 (V1 through V3) of WR2 is changed. When
this bit is not set, the same interrupt vector as the contents of WR2 issued. Note that

this bit is available only on channel B.

Bits D3 and D4: Receive interrupt mode

These bits are used to select a receive interrupt mode.

Bits D5 through D7: Selection wait/ready functions

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

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

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

is reset to “0”, the pin functions as the WAIT pin.

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

For example, when D7, D6, and D5 are “1”7, “1”, and “0” respectively, and the
transmit buffer is full, the READY pin goes “1”; when the transmit buffer is empty,
the pin goes “0”.
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Table 3.5 shows the summary of the above description of bits D3 and D4 and D5

through D7.
Table 3.5 List of Receive Interrupt Mode Codes
Receive interrupt mode D4 D3
Receive interrupt disable 0 0
Interrupt on first received character or special receive conditon* 0 1
Interrupt on received character or special receive condition* 1 0
Interrupt on received character or special receive condition* (except for parity error) 1 1
100489
* Special receive conditions: ® End of frame (in SDLC mode only)
® Receive overrun error
® Parity error
® Framing error
Table 3.6 Wait/Ready Select Function (D5 through D7)
Pin state
- - : Buffer state D7 D6 D5
Pin (Function) Pin output
DISABLE WAIT Floating - 0
0 -
READY High - 1
The transmit buffer is full and the
ENABLE | oo Low SIO data port is selected. 0
Floating The transmit buffer is empty. 0
High The transmit buffer is full.
READY 1
Low The transmit buffer is empty.
Floating The receive buffer is full. 1
WAIT Low The receive buffer is empty and 0
the SIO data port is selected. 1
Low The receive buffer is full.
READY 1
High The receive buffer is empty.

100489
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WR2; Write register 2
Table 3.7 Configuration of Write Register 2
D7 ‘ D6 I D5 [ D4 l D3 ( D2 { D1 DO
V7 } V6 ' V5 ’ va V3 V2 V1 V0

Subject to change under different
interrupt conditions if the status-

affect vector bit is set.

100489

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

Table 3.8 shows the WR2 bit states in the interrupt condition with the status affect

vector being set.

Table 3.8 Channel Interrupt Condition Codes

Channel Interrupt condition V3 V2 V1
Transmit buffer empty 0 0 0

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

Special receive condition * 0 1 1

Transmit buffer empty 1 0 0

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

Special receive condition * 1 1 1

* Special receive conditions:
® End of frame (in SDLC mode only)
® Receive overrun error
® Parity error
® Framing error

100489
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WR3; Write resgister 3
Table 3.9 Configuration of Write Register 3

D7 l D6 D5 D4 D3 D2 D1 DO
l
o . Prohibit
Receiving bit Auto ir:‘tﬁ{ reEcneei]\t/)ilr?g ﬁgg:&?s synchronous Enable
/character enable phase CRC .| mode Chf‘fa;ter receiving
l oa

100489

Bit DO: Receive enable

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

Bit D1: Sync character load inhibit

When this bit is set in the sync mode, the sync character is not loaded into the
receive buffer.

This bit is used to remove the sync character and idle sync from the received
characters.

Bit D2: Address search mode

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

Bit D3: Receive CRC enable

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

Bit D4: Enter hunt Phase

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

Bit D5: Auto enable

When this bit is set, the transmitter is enabled at the time the CTS pin is “0”.
When the DCD pin is “0”, the receiver is enabled.

Bits D6 and D7: Receive character length

These bits are used to specify the number of receive bits which make up one
character (character length). Table 3.10 shows the number of bits per character.
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Table 3.10 Receive Character Length Codes

Bits/character D7 D6
5 0 0
7 0 1
6 1 0
8 1 1

100489
WR4,; Write register 4
Table 3.11 Configuration of Write Register 4

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

) Parity
Clock mode Synchronous mode Stop bit

| | |

Even/Odd Enable
|

100489

Bit DO: Parity enable

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

Bit D1: Parity even/odd

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

Bit D2 and D3: Stop bit length

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

Table 3.12 Stop Bit Length Codes

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

100489
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Bits D4 and D5: Sync mode

These bits are used to select the sync mode.

Table 3.13 Sync Mode Codes

Sync mode D5 D4
8-bit sync mode 0 0
16-bit sync mode (bisync mode) 0 1
SDLC mode (flag character; 7EH) 1 0
External sync mode 1 1

100489

Bits D6 and D7: Clock mode

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

Table 3.14 Clock Mode Codes

Clock mode (data transfer rate) D7 D6
x 1 datatransferrate 0 0
x 16 data transfer rate 0 1
x32 data transferrate 1 0
x 64 data transfer rate 1 1

100489
WR5; Write register 5
Table 3.15 Configuration of Write Register 5

D7 D6 l D5 D4 D3 ‘ D2 D1 DO
DTR Transmit bit Break Enable CRC-16 RTS Enable CRC
/character transmission | transmission /SDLC transmission

100489

Bit DO: Transmit CRC enable

When this bit is set at the time the transmit data is loaded from the transmit data
buffer into the transmit shift register, the CRC calculation is performed on that data.
If this bit is not set, the CRC calculation and transmission are not performed in the
transmit underrun state in the synchronous or SDLC mode.
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Bit D1: Request to send (RTS)

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

Bit D2: CRC-16/SDLC

6 2
When this bit is set, the CRC-16 polynomial (X' +X +X +1) is selected. When
this bit is reset to “0”, the CRC-CCITT polynomial (X +X +X +1)is selected.

Bit D3: Transmit enable

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

Bit D4: Transmit break

Wh