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CMOS 4-BIT MICROCONTROLLER

TMP47C660N, TMP47C860N
TMP47C660DF, TMP47C860DF

PART No. ROM RAM PACKAGE oTP PIGGYBACK
T s | en |B e |
T v | o | [
FEATURES
# 4-bit single chip microcomputer SDIP64-P-750

& Instruction execution time: 1.3 us (at 6 MHz),
244 us (2t 32.8 kHz)
4 92 basic instructions

& Table look-up instructions m
& 5-bit to 8-bit data conversion instruction /AM\N
& Subroutine nesting: 15 levels max. o
# 6 interrupt sources (External: 2, Internal: 4) i
All sources have independent latches each, and multiple TMP47C660N
interrupt control is avaiiabie. TMP47C860N
# 1/0 port (56 pins) TMPA7PESON
e Input 2ports  5pins QFP64-P1420A
e Output 4ports 16pins K
e i/O9ports 35 pins
& Interval Timer
& Two 12-bit Timer/Counters
Timer, event counter,and pulse width measurement mode
& Watchdog Timer
# Serial Interface with 8-bit buffer

e Simultaneous transmission and reception capability
o 8/4-bit transfer, external/internal clock, and leading/trailing TMP47C660DF
edge shift mode TMP47C8E0DF
o A _ TMP47P860DF
# 8-bit successive approximate type A/D converter
e With sample and hold SDIC64 piggyback

e 8anaiog inputs
e Conversiontime  :32 us(at 6 MHz)
& Remote control signal pre-processing capability
& High current outputs
LED direct drive capability (typ. 20 mA x 8 bits)
& Duai-ciock operation
High-speed/Low-power-consumption operating mode
# Hold function
Battery/Capacitor back-up
# Real Time Emulator : BM47C860A

Note : Refer to “10 package.”
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PIN ASSIGNMENTS (TOP VIEW)
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TOSHIBA TMPA7C660/860/060
PIN FUNCTION
PIN NAME Input/Qutput FUNCTIONS
K03 - KOO Input 4-bitinput port
P03 - POO Output 4-bit output port with latch
P13 - P10 4-bit output port with latch.
P23 - P20 Output 8-bit data are output by the 5-bit to 8-bit data conversion instruction [OUTB @HL].
P33 - P30 Output 4-bit output port with latch
RS3 {(AIN7) .
110 (input) . AJD converter analog input
- R40 (AINO) 4-bit l/O port with latch.
When used as input port, watchdog timer
R63 - R60 /o output or analog input, the latch must be
setto"1".
R73 (XTOUT) 1/0 {Output) i . . Resonator connecting pin (Low-freq.)
............................................................. Set to Dual-clock operating mode, when | o inpytting external clock, XTIN is
R72 (XTIN) 10 (Input) R73,R72 pin use as clock generator. used and XTOUT is opened.

........ el ot cleared, and tested for each bit | s
R71(WTO) 1/0 (Output) as specified by L register indirect addressing | Watchdog timer output
............................................................. blt manipulation instfu(ﬁons. eeerdeseraeearaiaaeenadnsisissatinnantantiiresrrnrrarrttnsniand
R70 o

4-bit /O port with latch.

When used as input port, external interrupt | gyternal interrpt 1 input
/0 (Input) input pin, or timer/counter external iNPUT | e §
R81(T2) pin, the latch must be setto "1". Timer/Counter 2 external input
IO External interrpt 2 or REMO-COM |
R80 (INT2) input

-] 3-bit /O port with latch.

When used as input port or serial port, the
latch must be setto "1,

Serial clock I/O

RO0 (S1) 110 (Input) Serial data input
RA3 - RAOQ

4-bit I/0 port with latch.
RB3 - RBO 1’0 When used as input port, the latch must be setto " 1".
RC3 - RCO
XIN input Resonator connecting pin (High-frequency) .
"""""""""""""""""""""""""""""""""" For inputting external clock, XIN is used and XOUT is opened.
XOouT QOutput
RESET Input Resetsignal input
HOLD (KEOQ) Input (Input) HOLD request/release signal input Sence input
TEST Input Test pin for out-going test. Be opened or fixed to low level.

Power supply

+5V

ov (G

ND)

A/D converter analog reference voitage (High)

A/D converter analog reference voltage (Low)
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OPERATIONAL DESCRIPTION

1.

2.1

SYSTEM CONFIGURATION

o
v
2.1

2.2
2.3

INTERNAL CPU FUNCTION
Program Counter (PC)
Program Memory (ROM)
H Register, L Register, and Data Memory Bank Seiector (DMB)

2.4 Data Memory (RAM)

2.5
2.6
2.7
2.8
29
L 4
3.1
3.2
33
34
3.5
3.6
3.7

® Stack
@ Stack Pointer Word (SPW)
® Data Counter (DC)
Accumulator
Flags
Clock Generator, Timing Generator, System Clock Controller
Interrupt Controller
Reset Circuit
PERIPHERAL HARDWARE FUNCTION
Input/Output Ports
Interval Timer

Watchdog Tnmer

Remote Control Pulse Detector
A/D Converter

Serial Interface

Concerning the above component parts, the hardware configuration and functions are described.

INTERNAL CPU FUNCTION

Program Counter (PC)

The program counter is a 13-bit binary counter which indicates the address of the program memory
storing the next instruction to be executed. Normally, the PCis incremented by the number of bytes of
the instruction every time it is fetched. When a branch instruction or a subroutine instruction has been

executed or an interrupt has been accepted, the specified values listed in Table 2-1 are set to the PC. The
PCis initialized to “0” during reset.
MSB LS8
PCs PCy PCw PC,

T T

PCy; PCyq ‘ PCio 1 PCq [ PCg PC; l PCq l PCs l PCs PC3 I PCy l PCy l PCo

Bank a:

——

ssignment Page assignment Address assignment in page

Figure 2-1. Configuration of Program Counter
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The PC can directly address an 8192-byte address space. However, with the shortymiddle branch and
subroutine call instructions, the following points must be considered:

(1) Short branch instruction [BSS a}

In [BSS a] instruction execution, when the branch condition is satisfied the status flag is “1”, the
value specified in the instruction is set to the lower 6 bits of the PC. That is, [BSS a] becomes the in-
page branch instruction. When [BSS a] is stored at the last address of the page, the upper 7 bits of

[P T SR PSP My R

P Yol Y o AU RSPy 1y el b ale
LHE U PUINLUIC NITAL Pay, S0 gl RIanlll D Inauc W LHE (AL payce.

(2) Middle branch instruction [BS a]

In [BS a] instruction execution, when the branch condition is satisfied, the value specified in the
instruction is set to the lower 12 bits of the PC. That is, [BS a] becomes the in-bank branch
instruction.

When first byte or second byte of this instruction is stored at the last address of the bank, the most
significant bit of the PC point the next bank, so that branch is made to the next bank.

{3) Subroutine call instruction [CALL a]

Im [EATL Al tnedriirtimn avacriidinm dtha cantande af tha D ava cavad 44 tha ctacl than 4ha valiia
W CALL g iNSTTUCUON eXedution, wie CoONwen®s OF Uit ru aig 5avel WO Wic 5adlk uwieh wig vaiue

specified by the instruction is set to the PC. The address which can be specified by the instruction
consists of 11 bits and the upper 2 bits of the PC is always “0”. Therefore, the entry address of the

subroutine should be within an address range of 00004 through G7FFy.

Instruction . Program Counter (PC)
or Condition e e - rereeme e e e s - :
Operation PCi2 1PC1q (PCyg (PCg ( PCg ( PC7 i PCe 1PC3 (PC2 1PCy [Py
SF=1 (Branch condition is satisfied) Immediata data specified by the instruction
8sSL 2
SF=0 (Branch condition is not satisfied} +3
Lower 12-bit address # FFE, FFFy, Hold : immediata data specified by the instruction
SF=1 ;
8S 2 Lower 12-bit address = FFE, FFFy, H . . . .
c (Last address in bank) +1 : Immediata data specified by the instruction
°
- SF=0 +2
-
. Immediata data specified by the
© Lower 6-bit address # 3Fy Hold instruction
> SF=1
~ lass a Lower 6-bit address =3F, 1 Immediata data specified by the
- (Last address in page) H instruction
-
SE=0 o1
. SE=0 +1
T leaw a Y 0 Immediata data specified by the instruction
{ The vaiue generated by the immediate
CALLS 2 0 0 0 0 0 ! data specified by the instruction . 10
RET The return address restored from stack
RET! The return address restored from stack
ber of by
Interrupt acceptance 0 0 o 0 o [ 0 ] 0 i interruptvector 0
Reset ] 0 0 0 0 4] 0 [ 0 0 0 0 [}
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2.2

Program Memory (ROM)

The 47C860 has 8192 x 8bits (addresses 0000 through 1FFFy)and
the 47C660 has 6144 x 8bits (0000 through 17FFy), of the
program memory (mask ROM).

Programs and fixed data are stored in the program memory.
The instruction to be executed next is read from the address
indicated by the contents of the PC. The fixed data can be read
by using the table look-up instructions or 5-bit to 8-bit data

CONVenion HduucLuvil.

(1) Table look-up instructions [LDL A ,@DC], [LDH A,@DC +]
The table look-up instructions read the lower and upper 4
bits of the fixed data stored at the address specified in the
data counter (DC) to place them into the accumulator.
[LDL A,@DC] instruction reads the lower 4 bits of fixed
data and [LDH A,@DC+] instruction reads the upper 4
bits.The DC is a 12-bit register, and it can specify an
address within the range of 1000y through 1FFFy of the

program memdory.

{2) 5-bit to 8-bit data conversion instruction [OUTE @HL]

3F

Figure 2-2. Configuration of
Program Memory

The 5-bit to 8-bit data conversion instruction reads the fixed data (8 bits) from the data conversion
table in the program memory to output the upper 4 bits to port P2 and the lower 4 bits to port P1.
The table is located in the last 32-byte space (addresses 1FEOy through 1FFFy) in the program
memory with the lower address consisting of the 5 bits obtained by linking the data memory
contents specified by the HL register pair and the content of the carry flag.

This instruction is suitable for such applications as converting BCD data into an output code to the

7-segment display elements.

Example : The following shows that the BCD data at address 2Fy in data memory is converted
into the 7-segment code (anode common LED) to be output to ports P2 and P1.

Lo HL #2F,; : HL&2Fy (Data memory address is set)
TEST CF ;s CF«0 (The table is specified at addresses 1FEOH - 1FEFH) 0
ouTB @HL Fau !
: 85,8
ORG 1FEOH ; Data conversion table 4' ‘2
L N [x] «7

DATA 0C0H, 0F9H, 0A4H, 080H,99H,92H, 82H,008H, 80H, 88H

u'
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2.2.1  Program Memory Map

Figure 2-3 shows the program memory map. Address 0000 through 0086y and 1FEQ through 1FFFy for
the 47C860, 0000 through 00864 and 17E0 through 17FFy for the 47C660, of the program memory are
also used for special purposes.

Address = = N\

00001.4 eset start address

0002 bl L

0004 Interrupt service oo

0006 - routine entry

0008

000A address Subroutine call entry
address designated by

000C INT2 [CALL a]instruction

bt Subroutine call entry

' address designated by

0086 [CALLS a]instruction
07FF - ot
0800 oo et e .T/
! L
FFF
Note . In case of the 47C660, 5-bit S N
to 8-bit data conversion 1090
table is at address 17E0 1
through 1FFFy. When the ' 1 L | nata tahle far
piggyback is used in order ' -~ ~ |npl A@ee
to evaluate the 47C660, it is 1 {tg; /:\,(@@%cc];]

: ’
necessary to a also place_a (17€0) 1FEO Data conversion table for instruction
Lonveniun LOUIE dL auureds ' . .
1FEO through 1FFFy and 7 [OUTB  @Htlinstruction
operation are exactly the (17FF) 1FFF
same. ¥ { ):incase of the 47C560

23

Figure 2-3. Program Memory Map

H Register, L Register, and Data Memory Bank Selector (DMB)
The H register and the L register are 4-bit general registers. They are also used as a register pair (HL) for
the data memory (RAM) addressing pointer. The data memory consists of pages, each page being 16
words long (1 word =4 bits). The H register specifies a page and the L register specifies an address in the

page. The data memory consists of two banks {bank0 and bank1). The data memory bank selector (DMB)

is a 1-bit register to specify a data memory bank. During reset, the DMB is initialized to “0”. The DMB is
set or cleared by the [CLR DMB] or [SET DMB] instructions. The currently selected data memory bank can
be known by executing the [TEST DMB] or [TESTP DMB] instruction.

The L register has the automatic post-increment/decrement capability, impiementing the execution of

composite instructions. For example, [ST A ,@HL + ] instruction automatically increments the contents of

the L register after data transfer. Dunng the execution [SET @L], [CLR @L], or [TEST @L] instruction, the L
register is also used to specify the bits corresponding to I/0 port pins R73 through R40 (the indirect
addressing of port bits by the L register).

Example 1: To write immediate values “5" and “Fy" to data memory (bank 0) addresses 10 and 114.

CLR DMB ; DMBe&O

LD HL,#10H ; HLe 10y

ST #5,@HL + ; RAM[10K] «5,&«LR+1

ST #0FH,@HL+ RAM[HH](—FH, LRe<LR+1

“an

Example 2: The output latch of R71 pin is set to
manipulation instruction.
LD L,#1101B ; SetsR71 pin address to L register
SET eL ; R71 « 1

by the L register indirect addrressing bit
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H Register

DMB
HR3 ‘ HR, I HRy ! HRg

LRy ' LR, l LRy l LRg

A

Bank specification  Page specification

Address specificationin page

Figure 2-4. Configuration of H, L registers and DMB

24 Data viemory (RAM)
The 47C860 has 512 x 4 bits and the 47C660 has 384 x 4 bits,
of data memory (RAM).
The data memory is addressed in one of three ways :
(1) Register-indirect addressing mode

In this mode, a bank is specified by the DMB, a page by
the H register and an address in the page by the L
register.

Example: LD A,GHL i Acc « RAM[HL]

(2) Direct addressing mode
An address in the bank is directly specified by the 8 bits
of the second byte (operand) in the instruction field.
The bank is specified by the DMB.

LD A,2CH Acc « RAM[2CH]

Examnla:
cXamp:e:

(3) Zero-page addressing mode
An address in zero-page of bank 0 (addresses 004
through OFy) by the lower 4 bits of th nd
(operand) in the instruction field.
Example: ST #3,05H ;. RAM[0S54]«3

Ny

e second byte

When power-on is performed, the contents of the RAM become

initialized by the initialization routine.
Example: Toclear RAM

LD HL, #00H ; HL«00y
SCLR1: CLR DMB ; DMB«0
SCLRZ: ST #0, @HL+ ; RAM[HL

SCLR2

SET OMB ; DMBel
SCLR3: ST #0, GHL+

B SCLR3

ADD H, #1 ; HReHR+1

B SCLR1

[=4
<
@

HR LR

RAM address

I

Instruction field
T
X X XX : X XXX

|

Instruction field

-

[EIE]%

RAM address

I

RAM address 0

Figure 2-5. Addressing mode

Lyyyy |

;

0000 | yyyy

npredictable, so that they must be

-
.

RAM[HL]«0, LR¢LR+1
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24.1 Data Memory Map
Figure 2-6 shows the data memory map. The data memory is also used for the foliowing special
purposes: Note that this special function area is provided only on bank 0.
@ stack @ Count registers of the timer/counters {TC1, TC2)
@ Stack pointer word (SPW) ® Zero-page
@ Data counter (DC)

Address in page

(a) Bank 0

Page <

, Zero-page

(o N WP dwOPBAT MY

Ad’d‘reg@page
(b)Bank1 _"F ¢ D ¢ B A 9 8 7 6 5 4 3 2 1 0

Page <

foanwbONDOPDADO MM

Notel. denotes the stack area.
Note2. The TC1 and TC2 areas are shared by the locations 13 and 14.

Figure 2-6. Data Memory Map
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(1) Stack

The stack provides the area in which the return address is saved before a jump is performed to the
processing routine at the execution of a subroutine call instruction or the acceptance of an
interrupt. When a subroutine call instruction is executed, the contents (the return address) of the
program counter are saved; when an interrupt is accepted, the contents of the program counter
and flags are saved.

When returning from the processing routine, executing the subroutine return instruction {RET]
restores the contents of the program counter from the stack; executing the interrupt return
instruction [RET!] restores the contents of the program counter and flags.

The stack consists of up to 15 levels (locations 0 through 14) which are provided in the bank 0 of
data memory (addresses COy through FBy). Each location consists of 4-word data memory.
Locations 13 and 14 are shared by the count registers of the timer/counters (TC1, TC2) to be
described later.

The save/restore locations in the stack are determined by the stack pointer word (SPW). The SPW is
automatically decremented after save and incremented before restore. That is, the value of the
stack pointer word indicates the stack location number for the next save.

(2) Stack Pointer Word (SPW)

Address FFy in the data memory (bank 0) is called the stack pointer word, which identifies the
location in the stack to be accessed (save or restore).

Generally, location number 0 to 12 can be set to the SPW, providing up to 13 levels of stack
nesting. Locations 13 and 14 are shared by the count registers of the timer/counters 1o be
described later; therefore, when the timer/counters are not used, the stack area of up to 15 levels
is available. Address FFy is assigned with the SPW, so that the contents of the SPW cannot be set
"15" in any case. The SPW is automatically updated when a subroutine call is executed or an
interrupt is accepted. However, if it is used in excess of the stack area permitted by the data
memory allocating configuration, the user-processed data may be iost. ‘(For example, when the
user-processed data area is in an address range 004 through CFy, up to location 4 of the stack are
usable. ! an interrupt is accepted with location 4 already used, the user-processed data stored in
addresses CCy through CFy corresponding to the location 3 area is lost.)

The SPW is not initialized by hardware, requiring to write the initial value (the location with which
the use of the stack starts) by using the initialization routine. Normally, the initial value of "12" is
setto the SPW.

(3) Data counter (DC) MSB LS8
The data counter is a 12-bit register to specify Data Counter (DC)
the address of the data table to be referenced bCy | OCm e
in the program memory (ROM). Data table -
reference is performed by the table look-up ana:k%rfss (FE) (FOw) (Fe)

instructions [LDL A,@DC] and [LDH A,@DC +].
The data tables are set in the program
memory area between addresses 1000H and
1FFFu. The DCis assigned with a RAM address in unit of 4 bits.
Therefore, the RAM manipulation instruction is used to set the initial value or read the contents of
the DC.

Example: To setthe DCto 780H

Figure 2-8. Data Counter

CLR DMB ; DMB«0

LD HL, #0FCH . Sets RAM address of DC to HL register pair.
ST #0H, CGHL+ ; DCe780y

ST #8H, GHL+

ST #7H, GHL+
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FLAG PC

SAK VAR

RAM (EB,
address

—-"<— Location 10 —»*4— Location 9

Before execution  After executi
sew [0 | — [ 9 |
RAM address (FFu)

(FFy)
(a) Atexecution of asubroutine call instruction

FLAG PC

]

RESTORE
STACK chB l

Il

[FLAGIT PCy 1 PCw 1 PCL | 1

"M (BB (EAR) (E9) (E8) (E7W)
address

—>}e—  Location10  —»<— Location9

Before execution  After execution
sw [ 9 ] — [ 0]
RAM address (FFy) (FFy)

(c) Atexecution of a subroutine return instruction

PC

FLAG
[
L ' | '
SAVE
PCs
\/

STACK

[FLAGI ¥ PCy  PCm 1 PC | i
RAM (EBw) (EAu (E9u) (E8W) (E7W)
address

Al
—»i(— Location 10 ——»f-«— Location 9

acceptance  After acceptance

SPW Tw]—»fg |

RAM address (FFH) (FF)

(b) Atacceptance of aninterrupt

FLAG PC

RESTORE
STACK l l b \

Py Py Treu {76 | 1.

RAM (EBn) . (EAW) (E9%) (E8n) (E7w)
address

—s}—  Location10  —>}«— Location9

Before execution  After execution
sow [ 9 ] — [0 ]
RAM address (FF) (FF)

(d) Atexecution of an interrupt return instruction

Figure 2-7. Accessing Stack (Save/Restore)

(4) Count registers of the timer/counter (TC1, TC2)

The 47C660/860 has two 12-bit timer/counters. The count register of the timer/counter is assigned
with RAM addresses in unit of 4 bits, so that the initial vaiue setting or contents reading is

performed by using RAM manipulation instruction.

The count registers are shared by the stack area (locations 13 and 14) described earlier, so that the
stack is usable from location 13 when the timer/counter 1 is not used. When none of timer/counter
1 and timer/counter 2 are used, the stack is usable from location 14.

When both timer/counter 1 and timer/counter 2 are used, the data memory (bank 0) locations at
addresses F7H and FBy can be used to store the user-processed data.

MSB LSB
Timer/Counter 1 (TC1)
Ty} TCm | TCL
RAM address -
(bank0) (Fép) (FSp) (F4)

(5) Zero - page

ms8 LSB
Timer/Counter 2 (TC2)
TC24 | TC2m } TC2
(FAW) (FOH) (F8w)

Figure 2-9. Count Registers of Timer/Counters (TC1,7C2)

The 16 words (at addresses 00y through OFy) of the page zero of the data memory (bank 0) can be
used as the user flag or pointer by using zero-page addressing mode instructions (comparison,
addition, transfer, and bit manipulation),providing enhanced efficiency in programming.
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Example: To write “8" to address 09y if bit 2 at address 04 in the data memory (bank 0) is “1”.

TEST 04H, 2 ; Skips if bit 2 at address 044 in the is “0”.
B SKIP
ST #8, 09H : Writes “2” (v address 09y in the RAM.
SKIP:
2.4.2 Data Memory Capacity (Address)

The 47C860 contains two 256 x4 bit 004 004
data memory banks {bank{ and ‘ :

bank1). The 47C660 contains 256 x4 : :
bit bank0 and 128 x4 bit bank1. DMBO DMBO
When power-on is performed, the : :
contents of the data memory become

T alala - A Ay e a
unpredictable, so that they must be

initialized by the initialize routine. FFy FFy
Example: To clear RAM 00x 0
LD HL, #00H DVB1
SCLR1 : CLR DMB ‘
SCLR2 : ST #0, GHL+ MBI 7Fn
B SCLR2
SET DMB :
SCLR3 : ST #0, @HL+ FFy
B SCLR3 (@) 47C860 (b) 47C660
ADD H, #
B SCLR1
Einura 2.10 Data Maemorv (RAM)
rigure &-31v. LA NVIEMOTY | vy

2.5 ALU and Accumulator

2.5.1  Arithmetic/Logic Unit (ALU)
The ALU performs the arithmetic and logic operations specified by instructions on 4-bit binary data and
outputs the resuit of the operation, the carry information {(C), and the zero detect information (2).
(1) Carry information (C)

The carry information indicatets a carry-out from the most significant bit in an addtion. A
subtraction is performed as addition of two's complement, so that, with a subtraction, the carry
information indicates that there is no borrow to the most significant bit. With a rotate instruction,
the information indicates the data to be shifted out from the accumulator.

(2) Zero detect information (2) ¢ Data bus S
Thisinformation is “1” when the operation result or the iT | l | ——— Cin
data to be transferred to the accumulator/data memory
is "0000g".

ALU
Example: The carry information (C) and zero detect

information (2) for 4-bit addtions and L E

subtractions. result o
9pe|:atlon Reiult E E Note. Cin indicates the carry input
4+c= ° v v specified by instruction.
7+9= 0 1 1
8~1= 7 1 0 Figure 2-11. ALU
2-2= 4] 1 1
5-8= -3(1101g) 0 0
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2.5.2

Accumulator (Acc) MsB LS8

The accumulator is a 4-bit register used to hold source 3 2 1 0
data or results of the operations and data manipulations.

2.6

Flags (a) Acc

There are a carry flag (CF), a status flag (SF), and zero flag
(2F),each consisting of 1 bit. These flags are set or cleared 3 2 1 0

according to the condition specified by an instruction. I CF i zF | SF [

rrupt is accepted, the 'ﬂ:n: are caved on the

Al nta
vvnen an uluzllu,-n. 5 ateepied, W

stack along with the program counter, When the [RETI] (b) Flag
instruction is executed, the flags are restored from the

stack to the states set before interrupt acceptance.

&)

Carry flag (CF)
The carry fiag hoids the carry information received from the ALU at ‘u.e exe;udc.. o
addition/subtraction with carry instruction, a compare instruction, o
carry flag test instruction, the CF holds the value specified by it.
@ Addition/subtraction with carry instructions [ADDC A,@HL], [SUBRC A,@HL]
The CF becomes the input (Cin) to the ALU to hold the carry information.
® Compare instructions [CMPR A,@HL], [CMPR A #K]
The CF holds the carry information (non-borrow).
® Rotate instructions [ROLC A], [RORC Al
The CF is shifted into the accumulator to hold the carry information (the data shifted out
from the accumulator).
@ Carry flag testinstructions {TESTP CF], [T
With [TESTP CF] instruction, the content of the CF is transferred to the SF then the CF is set
to “1".
With [TEST CF] instruction, the value obtained by inverting the content of the CF is
transferred to the SF then the CFis cleared to "0".

(2) Zero flag (ZF)

3)

The zero flag holds the zero detect information (2) received from the ALU at the execution of an
operational instruction, a rotate instruction, an input instruction, or a transfer-to-accumulator
instruction.

Status flag (SF)

IIIC .)r ’JIUV!dC) \.hc blal e
set to “1”. Normally the SF is set to "1”, so tha any branch instruction can be regarded as an
unconditional branch instruction. When a branch instruction is executed upon set or clear of the
SF according to the condition specified by instruction, this instruction becomes a conditional
branch instruction. During reset, the SF is initialized to 1", other flags are not affcted.

Example: When the following instructions are executed with the accumulator, H register, L

register, data memory address 07y, and carry flag are “Cx”, "On", "71", 51" ,and “1"
respectively, the contents of the accumulator and flags become as follows:

. Branch is performed when the SF is

) Accafter |Flag after execution ] Acc after |Flag after execution
Instruction execution | cF 7F oF fnstruction execution | CF 7 SF
LD A, #0 O 1 1 1
ADDA*M ....... QH ............ ot 1 ........ 0
DEC By 1 0 1
ROLC 9 1 0 0
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[ T D — i | High-frequency Timing System clock

o i ) :
""I ;| clock oscillator : Generator Controlier
= H
XouT T i TR : T 1T 1 r [T
f —— HOLD request Yyvyy
XTIN D‘ : System clock \
'__{ . i | Low-frequency : OPi6 IPOE
g i ) ‘ ! W32
T D i | clock oscillator : N
XTOUT =5 i Clock Generator contro! Cammand regictar Statue reqister
ol Command register Status registe

Figure 2-13. Clock Generator, Timing Generator and System Clock Controller

2.7.1 Clock Generator (CG)
The clock generator produces the basic clock pulses which provide the system clock to be suppiied to the
CPU and peripheral hardware. It contains two oscillators: a high-frequency clock oscillator and a low-
ator. Power consumption can be reduced by switching to the low power operation
based on the low-frequency clock by the system clock controlier. The high-frequency clock and the low-
frequency clock can be easily obtained by attaching a resonator between the XIN and XOUT pins and the
XTIN and XTOUT pins, respectively. The system clock can also be obtained from the external osciilator.

frequency clack o
Trequency clock

prmooosmsosooos High-frequency ~~-"------=="=sm1 pomsssssososoes Low-frequency -==r---=ommoooo 1
Xout XIN XouT XTIN XTOUT XTIN XTOUT

(a) Crystal or ceramic (b) External oscillator {¢) Crystal (d) External oscillator
resonator

Figure 2-14. Examples of Resonator Connection
Note. Accurate adjustment of the oscillation frequency
Although no hardware to externally and directly monitor the clock pulse is not provided,
the osciliation frequency can be adjusted by making the program o output the pulse with
a fixed frequency to the port with the all interrupts disabled and timericounters stopped
and monitoring this pulse. With a system requiring the oscillation frequency adjustment,
the adjusting program must be created beforehand.

Exampie : g
(Before executing the program, make sure that MCU outputs the stable low-frequency clock
oscillation in SLOW mode.)

SFCCHK : SET %OP07, 0 Output waveform
CLR %O0P07, 0 I l I l
BSS SFCCHK -

e {5/ 40 ——>!
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2.7.2 Timing Generator (TG)
The timing generator produces the system clocks from ciock puise which are supplied to the CPU and
peripheral hardweare.
The timing generater consists of a 19-stage binary counter with a divide-by-8 prescaler. The source clock
to the timing generater and its input stage depend on the operating mode as shown below.
During reset, the binary counter is cleared to “0”. However, the prescaler is not cleared.

Prescaler

fc [H2]
et |

2 19-stage binary counter l—' status SMF

T
LT B R R

Figure 2-15. Configuration of Timing Generater

fs [Hz]

The timing generater provides the following functions:
@ Instruction cycle @ Internal serial clock for a serial interface
® Internal pulse for interval timer ® Warm-up time at reiease of the hoid operation
® Internal pulse for timer/counters ~ ® Source clock for a watchdog timer
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2.7.3  System Clock Controller
The system clock controller starts or stops the high-frequency and low-frequency <
switches between the basic clocks. The operating mode is generally divided into the single-ciock mode
and the dual-clock mode, which are controlled by command. Figure 2-16 shows the operating mode
transition diagram. Figure 2-17 shows the command and status registers.

Single-clock mode Dual-clock mode

D

. Command R . ) I
High-freq.: Oscillating é\lgr:;\;InI >~ :"e":;:;z High-freqg.: Oscillating
Low-freq. : Stopped peratng perating || oy freq. : Oscillating
ow-ireq. : stoppe mode Command

o

Qode
‘\\ Reset /

Re& Reset

Rising edge release

of HOLD pin Reset , Command | |Command

¢ JCommand @—aﬁon I

input

Reset e Reset V|
/-\( High-freq.: Oscillating

High-freq.: Stopped HO L‘D Low-freq. : Stopped SeLr(a)t‘i/r\: High-freq.: Stopped
Low-freq. : Stopped @ Qoy Low-freq. : Oscillating

Figure 2-16. Operating Mode Transition Diagram

-

a. Single-clock mode
® Normal-1 operating mode
The CPU and the peripherai hardware are operated on the high-frequency clock. At reset
release, this mode is set. In this mode, it is necessary to clear SLCK (bit 2 of command register
OP16) to “0“.
@ HOLD operating mode
In this mode, the system operations are all stopped, holding the internal states valid
immediately before the stop at the iow power consumption.
b. Dual-clock mode
@ Normal-2 operating mode
In this mode, the CPU is operated on the high-frequency clock but many peripheral
hardware operate on the low-frequency clock.
In this mode, the high-frequency clock oscillation is stopped to operate the CPU and the
peripheral hardware on the low-frequency clock, thereby reducing power consumption.
Note. Normal-1 and Normal-2 operating modes are sometimes referred to as the Normal
operating mode collectively.
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(1) System clock control

initialized to "0” and the single-clock mode is selected.

Each state at operating mode switching can be read from the status register (IPQE).
System clock control command register (Port address OP16)

3 2 1 0
[ bcks | siex | paki | owur | (Gnitislvalue 0000)

Selects operation mode |

t. ration m |

0 0: Singleclock mode (Normal-1 operating mode)

0 i: Reserved
0: Dual clock mode (Normal-2 operating mode)

11 1: Dualclock mode (SLOW operating mode)

Selects input clock for the eighth stageof TG | (Note 2)

0 : fc/27 [H2]
1t o fs

—

Sets the warm-up time | (Note 3)

Example: At fc=4.19MHz

fs=32.8kHz
0 @ 28/fs+20/fcs] 7.2 [me]
10 21 /f5429/fc e 626

Note 1.fc ; High-frequency clock [Hz] L
fs; Low-frequency clock (Hz]

Note 2. Only Normai-2 operating mode

Note 3. Only switching from SLOW to Normal-2

Note 4. The access to command register (OP16) may cause the outputs over the
eighth stage of timing generator to precede that to be expected by
maximum 27/fc or 1/fs [s].

System clock control status register (Port address IPOE)

3
r(SIOF) [ (SEF) | SI\]/\F IHOL:ISLS}

)
Low-frequency ciock oscillating statil

0: Notoscillating or unstabie oscillation
1: Stable oscillation

HOLD pin state/operation state monitor |

— Single-clock mode———— Dual-clock mode —
0: HOLD pinat “H" level In Normal operation
|_1: HOLDpinat”L" level In SLOW operation

17. System Clock Control Command Register/Status Register
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(2) Instruction Cycle
The instruction execution and on-chip peripherai hardware operations are performed in
synchronization with the basic clock. The smallest unit of instruction execution is called the
"instruction cycle”. The TLCS-470 series instruction set has 3 kinds of instructions, 1-cycle
instruction to 3-cycle instruction. Each instruction cycle consists of 4 states (51 through $4). Each
state consists of 2 basic clock pulses.

1/fcor 1/fs {s]
| e |

[a}
o

State st [ s2 [ 3 [sa [ s [ s [
Instruction cycle :

Figure 2-18. Instruction Cycle
2.7.4 Operation Mode

(1) singl-clock mode
In this mode, only the high-frequency clock osciliator is used. Pins R72 (XTiN) and R73 (XTOUT)
become the ordinary /O port. The HOLD operating mode is available for reducing power
consumption. Itis controiled by the command register (OP10). In this mode, therefore, the system
clock control command register (OP16) need not be manipulated. For the details of the HOLD
operation, refer to Subsection “2.7.5 HOLD Operating Mode".

(2) Duai-clock mode
in this mode, the Normal-2 operation is generally performed by generating the system clock from
the high-frequency clock (fc). As required, the SLOW operation can be performed by generating
the system clock from the low-frequency clock (fs). In the SLOW operation, the high-frequency
clock oscillation automatically stops, enabling the low-power voltage operation or the low-power

is performed. However, some peripheral hardware capabilities may be affected. For details, refer
to the description of the relevant operation.

(3) System clock switching control
The following describes the switching between the Normal-2 and SLOW operatio
ciock mode. During reset, the command register is initiaiized to the si

set to the Normal-2 operation of the dual-clock mode.

a.Switching from Normal-2 operation to SLOW operation
SMF (bit 1 of the status register) is monitored by program. First, Sets SLCK(bit2 of OP16) to "1".
Next, when it has been confirmed that the low-frequency clock oscillation is stable and SMF is
changed “1"—"0"—"1"or “0”“—"1"—"0", bit 2 of the command register is set to “1". At this
time, the high-frequency clock oscillator stops.

b.Returning from SLOW operation to Normal-2 operation
Bit 2 of the command register is cleared to “0” and, at the same time,the warm-up time for
return is set to DWUT. When the warm-up time has passed, the Normai-2 operation takes piace.
By monitoring SLS (bit 0 of the status register), the current operating mode can be known.
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High-freq. clock %
wovn UMMM g U AAARARA A
Low-freq. cioch N e A a N A e a e A alr aatravtrawra
i SeSEAVAVAVAVAVAVAVAVAVAVAVAVA VIV
P =] l | ‘
BasiC QoCK (L) I l l _lmumumul_ll_‘ r--‘L—II—‘I-._II—-IL-J[_-II—- I
Normal operation ——;<——— SLOW operation Normal operation

A|<— Warm-up —>
Changed to the SLOW -/ _Changed to the Normal -/

operationg mode operating mode by program
by program [ 1
SLS I |
Figure 2-19. System Clock Switching Timing

Note. In the HOLD and SLOW operating modes, the power consumed by the oscillator and the
internal hardware is reduced. However, the power for the pin interface (depending on the
external circuitry and program) is not directly associated with the low-power consumption

operation. This must be considered in system design as well as interface circuit design.

2.7.5 HOLD Operating Mode
The HOLD feature stops the system and holds the system’s internal states active before stop with a low

power. The HOLD operation is controlied by the command register (OP10) and the HOLD pin input. The

HOLD pin input state can be known by the status register (IPQE). The HOLD pin is shared by the KEQ pin.

(1) Starts the HOLD operating mode
The HOLD operating mode when the command is set and holds the following states during the

HOLD operation:
® Oscillator stops and the systemé internal operations are all held up

@ The interval timer is cleared to “0".
® The states of the data memory, registers, and latches valid immediately before the system is
putin the HOLD state are all heid.

@ The program counter holds the address of the instruction to be executed after the
iction [out A, %OP10] or [OUT @HL, % OP10] which starts the HOLD operating mode.

imetrs
INSTUCIonN UT A, BTV 0N iUV BN JLL




Ti mrne pet T 1 pr et v .
I HALLVIS l RwUI | {nitial value xg»*)

Sets mode and starts HOLD operation !

01: Starts HOLD operation in edge sensitive release mode

11: Starts HOLD operation in |level sensitive release mode
*»0: Reserved

Sets the warm-up time at release of HOLD operating mode

Example: Atfc=4MHz
00: 218/fcs] e 65.5 [ms]
01: 218/fc e 4.1

i0: Reserved

Note1. = ; don'tcare
. . 6/fc 00 eesees

Note2. fc,; High-frequency clock [Hz] _” 2k 0.016

Note 3. Do not access the OP10

when HOLD mode is not used

HOLD opeating mode status register  (Port address IPOE)

3 2 1 0
(SIOF) (SEF) (SMF) HOLD
(KEQ)

I H pin input state
l—-’ 0: HOLD piniis high
1

: HOLD pin is low (HOLD operation request)

Figure 2-20. HOLD Operating Mode Command Register/Status Register

The HOLD operating mode consists of the level-sensitive release mode and the edge-sensitive release
mode.

a. Levei-sensitive release mode
In this mode, the HOLD operating is released by setting the HOLD pin to the high level. This mode is
used for the capacitor backup with the main power off or for the battery backup for long hours.
if the instruction to start the HOLD operation is executed with the HOLD pin input being high, the
HOLD operation does not start but the clear sequence (warm-up) sets in immediately. Therefore, to
start the HOLD operation in the level-sensitive mode, that the HOLD pin input is low (the HOLD
operation request) must be recognized in program. This recognition is one of the two ways below:
@ Testing HOLD (bit 0 of the status register)
@ Applying the HOLD pin input also to the INT1 pin to generate the external interrupt 1
request.
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Example : To test HOLD to start the HOLD operation in the level-sensitive release mode (the
warm-up time = 214/fc).

SHOLDH:  TEST %IPOE, O ; Waits until HOLD pin input goes low.
B SHOLDH
LD A, #1101B ;OP10<1101g
out A, %0P10

. 1
ragpmeng H
HOLD pin 3‘_‘ ‘¢ /
4
XOUT pin l H “ l IH |
b

[
a . a o)
Normal operation —> HC

PO R I
NOfia operalion

By using the program, enter \_The HOLD operating mode or released by

the HOLD operating mode hardware.
after detected the HOLD / The HOLD operating mode aiways reieased)
pinis low level. when the HOLD pin'is high level.

Figure 2-21. Level-sensitive Release Mode

b. Edge-sensitive release mode
In this mode, the HOLD operation is released at the rising edge of the HOLD pin input. This mode is
used for applications in which a relatively short time program processing is repeated at a certain
cycle. This cyclic signal (for example, the clock supplied from the low power dissipation oscillator).

In the edge-sensitive release mode, even if the HOLD pin input is high, the HOLD operation is

high
performed.
Example: To start the HOLD operation in the edge-sensitive release mode (the warm-up time =
214/f¢c).
LD A, #0101B ; OP10«0101g
out A, %0P10

{(

1 rd
HOLD pin \ I ;« \—__

5( ) 4
course TN L I
\

1 i i
Normal operation —sbe—— HOFD . te \Warm-up ez Ma i _HOLD operation

/ operation B operatioi/

Enter the HOLD

operating mode \  The HOLD operating mode is released by hardware
by program. with the rising edge of the HOLD pin input.

Figure 2-22. Edge-sensitive Release Mode

Note. In the HOLD operation, the dissipation of the power associated with the osciliator and the

internal hardware is lowered; however, the power dissipation associated with the pin
interface (depending on the external circuitry and program) is not directly determined by
the hardware operation of the HOLD feature.
This point should be considered in the system design and the interface circuit design. In the
CMOS circuitry, little current flows when the input level is stable at the power voltage level
(Vpp/Vss); however, when the input level gets higher than the power voltage level (by
approximately 0.3 to 0.5 V), a current begins to flow. Therefore, if cutting off the output
transistor at an ifO port (the open drain output pin with an input transistor connected) puts
the pin signal into the high-impedance state, a current flow across the ports input
transistor, requiring to fix the level by pull-up or other means.
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(2) Releasesthe HOLD operating mode
The HOLD operating mode is released in the following sequence:

® The high-freg. oscillator starts.

@ Warm-up is performed to acquire the time for stabilizing oscillation. During the warm-up,
the internal operations are all stopped. One of three warm-up times can be selected by
program depending on the characteristics of the oscillator used.

® When the warm-up time has passed, an ordinary operation restarts from the instruction
next to instruction which starts the HOLD operation. At this time, the interval timer starts
from the reset state "0".

X - The warm-up time is obtained by dividing the basic clock by the interval timer, so that, if

the frequency at clearing the HOLD operation is unstable, the warm-up time shown in

Figure 2-20 includes an error. Therefore, the warm-up time must be handied as an

approximate value.

The HOLD operation is also released by setting the RESET pin to the low level. In this case, the normal
reset operation follows immediately.

Note. To release the HOLD operation at a low hold voltage, the following points must be
considerred:
To release the HOLD operation, the power voltage needs to be raised to the operating
voltage level. If this is done, the RESET pin input, which is at the high level, also rises with
the power voitage. In this case, if a time constant circuit or the iike is externaliy attached,
the rise of the RESET pin input voltage goes behind the rise of the power voltage. At this
time, if the voltage level of the RESET pin input drops below the non-inverted high level
input voltage of the RESET pin input (hysteresis input), the reset operation may occur.

2.8 INTERRUPT FUNCTION

2.8.1 Interrupt Controller
There are 6 interrupt sources (2 external and 4 internal).
The prioritized multiple interrupt capability is supported.
The interrupt latches (iLs through iLo} to hoid interrupt requests are provided for the
Each interrupt latch is set to “1” when an interrupt request is made, asking the C
interrupt. The acceptance of interrupt can be permitted or prohibited by program through the interrupt
enable master flip-flop (EIF) and interrupt enable register (EIR). When two or more interrupts occurs
simultaneously, the one with the highest priority determined by hardware is serviced first.

imbare s
Wi

eiTu

. Interrupt Pertmit Entry
tion:
Sources Priority latch co;?égl?a;,by address

External |Externalinterrupt 1 (INT1) (High rank)} 1 ILs EIfF=1 00024
Serial interface interrupt (1S10) 2 Ly EIf=1,EIR3=1 0004y

It I Timer/Counter 1 overfiow interrupt (IOVF1) 3 L3 EIF=1,EIRy=1 00064

nternal
Timer/Counter 2 overflow interrupt (IOVF2) 4 1L, 0008y
EIF=1,ERy=1
Interval timer interrupt (iTMR) 5 1L 000Ay
External | External interrupt2 (INT2) (Lowrank) 6 ily EIfF=1,EIRp=1 000Cy

Table 2-2. Interrupt Sources
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ITMR

Interrupt latch

r u.sj

Priority

Encoder

&

Entry

address

Generator

Address

VAL

Interrupt
acceptance

Interrupt

—

1

~

2)

(3)

request

L

: 1LQI'j |
R
E— '

Eifg

[XCH A, EIR] {} Interrupt

enavie

register

Accumulator

rcicinp 1no#
EICLR L, 1)

[DICLR 1L, r]

INT2

O o 00

Ts fa T3 r2 r1 o

|

EICLR IL,r 1 Q

DICLR IL,r
CLR  It,r

@

System reset

B
LEIF
r—LR

Interrupt
enable
master FiF

]

—_

Figure 2-23. Interrupt Controller Block Diagram

Interrupt enable master flip-flop (EIF)
The EIF controls the enabie/disable of all interrupts. When this flip-flop is cleared to "0, all
interrupts are disabled; when itissetto “1”, the interrupts are enabied.
When an interrupt is accepted, the EIF is cleared to "0”, temporarily disabling the acceptance of
subsequent interrupts.
When the interrupt service program has been executed, the EIF is set to "1” by the execution of the
interrupt return instruction [RETI], being put in the enabled state again.
Set or clear of the EIF in program is performed by instructions [EICLR IL,r] and [DICLR ILr],
respectively. The ElF is initialized to “0” during reset.

Interrupt enable register (EIR)
The EIR is a 4-bit register specifies the enable or disable of each interrupts except INT1. An interrupt
is enabled when the corresponding bit of the EIR is “1”, an interrupt is disabled when the
corresponding bit of the EIR is “0”. Bit 1 (EIRq) of the EIR is shared by both IOVF2 and ITMR
interrupts.
Read/write on the EiR is performed by executing [XCH A,EIR] instruction. The EIR is initialized to "0”

-during reset.

interrupt latches (iLs through ILg)

An interrupt latch is provided for each interrupt source. Itissetto “1” when an interrupt request is
made to ask the CPU for accepting the interrupt. Each iatch is cieared to “0”upon acceptance of the
interrupt. itisinitialized to "0" during the reset.

The interrupt latches can be cleared independently by interrupt latch operation instructions ([EICLR
IL,r], [DICLR ILr], and [CLR IL,r] to make them cance! interrupt requests or initialize by program.
When the value of instruction field(r) is “0”, the interrupt latch is cleared; when the value is “1", the
iLis heid. Note thatthe interruptiatches cannot be set by instruction.
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Example 1:To enable IOVF1, INT1, and INT2

LD A, #0101B ; EIR«0101g
XCH A, EIR
EICLR IL, 1111118, EIFe?

Example 2 : To set the EIFto “1” and to clear the interrupt latches except ISIO to “0”.
EICLR IL, 010000B ; ElIFe1, ILse-0, IL3-1Lge0

2.8.2 InterruptProcessing
An interrupt request is held until the interrupt is accepted or the IL is cleared by reset or the interrupt
latch operation instruction. The interrupt acknowledge processing is performed in 2 instruction cycies
after the end of the current instruction execution (or after the timer/counter processing if any). The
interrupt service program terminates upon execution of the interrupt return instruction [RET!].
The interrupt acknowledge processing consists of the following sequence:
@ The contents of the program counter and the flags are saved on the stack.
® The interrupt entry address corresponding to the interrupt source is set to the program
counter.
@ The status flag issetto “1".
@ The EIFiscleared to "0”, temporarily disabling the acceptance of subsequent interrupts.
® The IL for the accepted interrupt source is cleared to "0”.
® The instruction stored at the interrupt entry address is executed. (Generally, in the program
memory space at the interrupt entry address, the branch instruction to each interrupt
processing program is stored. Note that the interrupt entry address is assigned every 2-byte,
so that the long branch instruction can not be stored in the program normally. The
interrupt service program is assigned to the memory locations 00004 through OFFFy.)

To perform the muiti-interrupt, EIF is set to “1” in the interrupt service program, and the acceptabie
interrupt source is selected by the EIR. However,for the INT1 interrupt, the interrupt service is disabled
under software control became it is not disabled by the EIR.
Example : The INT1 interrupt service is disabled under software control (Bit 0 of RAM [05p] are
assigned to the disabled switch of interrupt service).

PINT1: TEST 05H, 0 ; if RAM [05n] = 1,returns without the interrupt service
B SINT1
RETI

SINT1:
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one instruction cycle
|

il | {

T i
INT2 ‘\\\
ITMR ’ !)
1R ( &
\f \
15 S | -
EIF
4*’ A ”
Ve i 7
Interrupt Instruction Execute Interrupt Instruction 1
acceptance acceptance

_yeecloon] et o

e 000G | _

it is assumed that there is no other interrupt request and EIR =0011g.
The value rin the [EICLR IL, r]instruction isassumedas 11111

™ = ™ " denotes the execution of an instruction.
o  ——d

Figure 2-24. interrupt Timing Chart (Example)

The interrupt return instruction [RETI] performs the following operations:
(@ Restores the contents of the program counter and the flags from the stack.
@ Setsthe EIF to “1" to provide the interrupt enable state again.

Note.

When the time required for the interrupt service is ionger than that for the interrupt

request, only the interrupt service program is executed without executing the main

program.

In the interrupt processing, th
accumuiator and other regists

e program counter and flags are automatically saved or restored but the
ers (H or L register, DMB, DC, etc.) are not. If it is necessary to save or

restore them, it must be performed by program as follows for example. To perform the multi-
interrupt, the saving RAM area never be overlapped.

Example 1: To save/restore accumlator and HL register pair.

XCH
XCH

HL, GSAV1 ; RAM{GSAVi]je HL
A, GSAV1+2; RAM[GSAV1+2] e Acc

Note. The lower 2 bits of GSAV1 should be “0’s”.

Example 2: To save DMB to bit 0 of address GSAV2 in the RAM.

CLR

TEST

B

SET
SKIPS:

GSAVZ, § ; RAM[GSAV2] g0
DMB ; If DMB =0 then skip
SKIPS

GSAV2, 0 ; RAM[GSAV2] g1

Example 3 :Restore DMB from bit 0 of address GSAV3 in the RAM.

CLR
TEST
B

crT
2C1

=
c

SKIPR:

bmB , DMBe&0

GSAV3, 0 ; IFRAM [GSAV3] ¢ = 0 then skip
SKIPR

DviB , DMBe1
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2.8.3  External Interrupt
When an external interrupt (INT1 or INT2) occurs, the interrupt latch is set at the failing edge of the
corresponding pin input (INTT or INT2) . The INT1 interrupt cannot be disabled by the EIR, so thatit is
always accepted in the interrupt enable state (EIF = “1” ) . Therefore, INT1 is used for an interrupt with
high priority such an emergency interrupt. When R82 (INTT) pin is used for the /O port, the INT1
interrupt occurs at the falling edge of the pin input, so that the interrupt return [RET1] instruction must
be stored at the interrupt entry address to perform dummy interrupt processing.
The INT2 interrupt can be enabled/disabled by the EIR.
Therefore, the INT2 interrupt occurs at the falling edge of the pin input when R80 (INT2) pin is used for
the /O port.
But bit 0 of the EIR is only kept at “0” not accepting the interrupt request.
Because the externai interrupt input is the hysteresis type, each of high and iow ievei operation requires
2 or more instruction cycles for a correct interrupt operaion.

¥ The external interrupt through the rising edge.
The external interrupt pin through the rising edge is not prepared under hardware. When
Timer/Counter are not used, the interrupt request signai can be applied to the Timer/Counter
input pin by the event counter mode (count register is set to FFFy) .

2.9 RESETFUNCTION
When the RESET pin is held to the low level for at 3 or more

oD H o VDD
instruction cycles when the power voltage is within the !
operating voltage range and the oscillation is stable, reset is RESET !
Ampfommn el 4 aliva tha intarnal etatac
[P

When the RESET pin input goes high, the reset is cleared and
program execution starts from address 000y.
The RESET pin is a hysteresis input with a pull-up resistor (220

ko typ) Externally attaching a capacitor and a diode
....... + lified power-on-reset. Figure 2-25. Simplified power-on-
implement a simplified po reset circuit

oV
perivinicy l.U IIanll‘C LIIC internai staies. _L

[

hardware Initial vaiue

Refer to the
description of
Command register each relative
command
register.

Interrupt latch

Table 2-3. Initialization of Internal States by Reset Action
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2.9.1 Warm-Start
The warm-start capacibility to hold the data memory contents in the reset operation is not supported by

hardware. However, it can be implemented by the following measures:
@ Back up the voitage to be supplied to VDD pin.
@ Apply to the HOLD pin the waveform synchronized with the power voltage variation.
@ Setthe HOLD operating mode during the power is off.
@ Perform reset by using the output port of sink open drain {initial “Hi-Z") after reiesing
HOLD operation.
® Apply to an input port the power-on detect signal, and skip the initialize routines such as
clearing RAM.
Figure 2-25 shows Warm-start Circuit Example

)

PORT vDD —W—i<¢ Power
topen
drain)
Resetsignal >——4——| RESET
HOLD T’WV'—N—

77

i

INPUT
S
Power on PORT

detection
signal
I—— VSS

. Warm-start Circuit Exampie

[
~N
(%)

Figure
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3. PERIPHERAL HARDWARE FUNCTION

3.1 Ports
The data transfer with the external circuit and the command/status/data transfer with the internal circuit

are performed by using the /0 instructions (13 kinds). There are 4 types of ports:

@ 110 port . Data transfer with external circuit

@ Command register ; Controi of internai circuit

@ Status register ; Reading the status signal from internal circuit
@ Data register ; Data transfer with internal circuit

These ports are assigned with port addresses (004 through 1Fy). Each port is selected by specifying its
port address in an I/O instruction. Table 3-1 lists the port address assignments and the /O instructions

that can access the ports.

3.1.1 /O Timing

(1) Inputtiming
External data is read from an input port or an /O port in the $3 state of the second instruction cycle

during the input instruction (2-cycle instruction) execution. Thistiming cannot be recognized from
the outside, so that the transient input such as chattering must be processed by program.

| 1stinstruction cycle ,  2stinstructioncycle |
instruction _—— '1‘51 . S2 . ‘S:/ sS4 . S1 . S2 .'53 , S4 I r——
execution cycle - N | TEST/TESTP instruction [
Input strobe l_l .

O D

Figure 3-1. InputTiming

(2) Outputtiming
Data is output to an output port or an I/O port in the $4 state of the second instruction cycle during

the output instruction (2-cycle instruction) execution.

| 1stinstruction cycle e 2st instruction cycle
Instruction - St . S2 . S3 . S4_ S - S2 . ?3 . sS4 -
P [ oUt/OuTB/SET/CLRinstryction, | . _ _
Output latch pulse - !_-I .
Port - X __

Figure 3-2. OutputTiming
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3.1.2 /OPorts
47C660/860 have 15 I/0 ports (56 pins) each as follows:

® Ko ; 4-bitinput

@ PQ, P2 ;  4-bitoutput

® P1, P2 ;  4-bitoutput

@ R4, RS . 4-bitinput/output (shared with A/D converter analog inputs)

® R6 ;  4-bitinput/output

® R7 ;  4-bit input/output (shared with the low-frequency resonator connecting
pins and the watchdog timer output)

@ R8 ;  4-bit input/output (shared with external interrupt request input and
timer/counter input)

® R9 : 3-bitinput/output (shared with serial port)

@ RA, RB, RC ; 4-bitinput/output

@ ke . 1-bit sense input (shared with hold request/release signal input)

Each output port containsa latch which holds the output data.
The input ports have no latch; therefore, it is desired to hold data externally until it is read or read twice
or more before processing it.

(1) Port KO (KO3 - K0O)
Port KO is a 4-bit input-only port. A pull-up or pull-down resistor can be contained by the mask

option.
Port KO (Port address  1P00) IN/TEST/TESTP
3 2 1 0
[ ko3 | Koz | KO1 | KOO | Datainput =— {"F - e

Figure 3-3. PortKO
(2) Ports PO (P03-P00) and P3 (P33-P30)

Ports PO and P3 are 4-bit output ports with iatch. la a
an input instruction is executed, the latch data are read as tl h e port P3 but the port PO.

Port PO {(Port address OP00) PortP3 (Port address OP03/1P03)

2 1 0 3 2 1 0

3
[ eos l,’°2 ot | po0 | [ e | p3:2 [ et | P2 ]

IN/TEST/TESTP/SET/CLR

Input data ‘————h—‘

Output data > PIN Output data "" PIN

(a) PortPO (b) PortP3

Figure 3-4. Ports PO, P3
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(3) PortsP1(P13-P10) and P2 (P23 - P20)
Ports P1 and P2 are 4-bit high current output ports which can directly drive LEDs, with 4-bit latches.
When an input instruction is executed, the latch data is read in these ports. The latch is initialized to
“1" during reset. They can be accessed separately at port addresses OP01/IP01 and OP02/IPO2.
Additionally,8-bit data can be set to these ports (the upper 4 bits to port P2, the lower 4 bits to port
P1) by using the 5-bit to 8-bit data conversion instruction [OUTB @HL].

Example 1: To outputimmediate value “5” to port P1.
ouT #5, %0P01 ; Port Ple5

Example 2: To read the latch data from port P2 to storeitin the accumulator

IN %I1P0Z, A ; AccePort P2

Example3: To read, from ROM, the 8-bit data corresponding to the 5 bits obtained by linking
the content {1 bit) of the carry flag with the contents (4 bits) of at address 90y in
RAM to output the 8-bit data to ports P2 and P1.

LD HL, #90H ; HL+90y (Setsthe RAM address)
QUTB @HL ; Port P2, P1«ROM data
Port P2 (Port address  OP02/1P02) Port P1 (Port address OPO1/1P01)
3 2 1 0 3 2 1 0
[Pz | P2 | pPn_| P20 | P3| P2 | pu_ | P10 |
IN/TEST/TESTP/SET/CLR

Data input 4—————é—l
outa s [>T o

Figure 3-5. Ports P1, P2

(4) Ports R4 (R43 - R40), R5 (R53 - RS0), R6 (R63 - R60), R7 (R73 -R70)
These ports are 4-bit /O ports with a latch. When used as an input port, the latch must be setto “1”.
The latch is initialized to “1” during reset.
These 4 ports (16 pins) can be set,cleared, and tested for each bit as specified by L register indirect
addressing bit manipulation instructions [SET @L), [CLR @L], and [TEST @L]. Table 3-2 lists the pins
(1/0 ports) that correspond to the L register contents.
Example: To clear R43 pin as specified by the L register indirect addressing bit manipulation

instruction.

LD L, #0011B ; Set R43 pin address to L register
CLR eL ; R43«0
%. reg}ster» pin L reg}sterv pin [_ {Qg.iste{A Pin L reg'ister‘ bin

3:2:1:0 3:2:1:0 3:2:1:0 3:2:1:0
0o 0 0 O R40 0 1 0 O R50 1 0 0 0 R60 11 0 0 R70
0o 0 0 1 R41 o 1.0 1 RS1 1 00 R61 11 0 R71
o 0 1 0 R42 o 1 1 0 R52 1t 0 1 0 R62 i i1 0 R72
0o 0 1 1 R43 0o 1 1 1 RS3 10 1 1 R63 11t R73

Table 3-2. Relationship between L register contents and I/O port bits
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a. Ports R4 (R43-R40) and R5 (R53-R50)
Ports R4 and R5 are 4-bit I/0 ports with latch shared by the analog inputs for A/D converter. When
used as an input ports or analog inputs, the latch should be set to “1".
If other port is used as an output, be careful not to execute the output instruction for any port
during A/D conversion in order to keep accuracy of conversion.
The latch isinitialized to “1” and analog input is selected R40 (AINO) pin during reset.

Port RS (Port address OP05/1P0S)

3 2 1 0 Analog input selector
50 |
3 F52 Rs1 R50 Analog input
e e s s IN/TEST/ TESTPl
PortR4  (Portaddress OP04/IP04) Input data <—
SET/CLR
3 2 1 0
R43 R42 R41 RA0
(AIN3) (AIN2) (AIN1) (AINO) Output data ——P-—D PIN

Figure 3-6. Ports R4,R5

b. Port R6 is 4-bit I/O port with a latch. When used as an input, the latch must be set to “1”. The latch

is initialized to “1” during reset.
Datainput I SETTCR 4—’

Port R6 (Port address OP06/!P06) ﬂ
2 1 0 LATCH F { PIN

_ Data outpt

3
[me3 | me2 | ret | &0 | — = =

Figure 3-7. PortR6
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¢. PortR7isshared by the low-frequency resonator connection pins (XTIN, XTOUT) and the watchdog
timer output pin {WTO). For the duai-ciock mode operation, the low-frequency resonator
(32.768kHz) is connected to R72 (XTIN) and R73 (XTOUT) pins. For the single-clock mode operation,
R72 and R73 pins are used for the ordinary /O ports. When the watchdog timer is used, R71 (WTO)
becomes the watchdog timer output pin. The watchdog timer output is the logical AND output
with the port R71 output latch. To use the R71 pin for an ordinary I/O port, the watchdog timer

[P TR LU S B By ST Ty SR PUl K By - "waqny
MUdL RE UDaVIEU (WU LT wallniuoy U mer UUI.[JU!.)CI. LU i ).

IN/TEST/TESTP
SET/CLR

%

Datainput —————<
Data output —PE;H—" —D R70
Datainput 4—11:}-' ;
Data output ———D R71 (WTO)
Watchdog — —————
tmer OU(PUL "}
Datainput <_—i—<:]—l r
) Ten Htt—] > { Jr72 (xTiN
ata output LATCH
Port R7 (Portaddress OP07/1P07) _'l—-l t
3 2 i 0 [ A § Ri

Data input i

R73 R72 R71 R70

(XTOUT) | (XTIN) | (WTO) Data output LATCH | { > {73 (xToun
Clock mode +
(1" in the single-ciock mode)
Figure 3-8. PortR7
ey Psrt RS o2 _non)
\2}] FUOIILAC\NUS - nov)

Port R8 is a 4-bit /O port with a latch. When used as an input port, the latch must be setto “1”. The
latch is initialized to "1” during reset. Port R8 is shared by the external interrupt request input pin
and the timer/counter input pin. To use this port for one of these functional pins, the latch should be
setto “1”. To use it for an ordinary /O port, the acceptance of external interrupt must be disabled or

cunter/pulse width measurement modes of the timer/counter must be disabled.

»
ﬂD
<
o
E

o

Note. When R82 (INT1) pin is used for an l/O port, external interrupt 1 occurs upon detection
of the falling edge of pin input, and if the interrupt enable master flip-flop is enabled,
the interrupt request is always accepted, so that a dummy interrupt processing must be
performed (only the interrupt return instruction [RET!] is executed).

With R80 (INT2) pin, external interrupt 2 occurs like R82 but bit 0 of the interrupt
enable register is only kept at “0”, not accepting the interrupt request.
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Control Ennu.-_—-—/\————————-
Pt =J IN/TEST/TESTP
Port R8 (Port address OP08/1P08)
Data input
3 2 1 o i SET/CLR
R83 R82 R81 R80
(T1) (INTT) T2) (INT2) PR . PIN
waia QuLpuL batl Baaldond V T

Figure 3-9. PortR8
(6) PortR9 (R92 -R90)
Port R9 is a 3-bit I/O port with latch . When used as an input, the latch must be set to “1”. The latch is

To use port R9 for the serial port, the latch should be set to “1”. To use port R9 for an ordinary /O
port, the serial port must be disabled. Although R93 pin does not exist actuaily, execution of the

set or clear instruction for R93 ([SET %OP09,3] or [CLR % OP09,3]) affects the operation of the
internal CPU. Therefore, these instructions should not be execution on R93. However, other
instructions may be used, in which an uncertain value is read upon execution of an input instruction.

ay b
Control input IN/TEST/TESTP

Port R9 (Port address OP09/iP09)

Datainput SET/CLR
S N S N [0
R92 R91 R90
H (5CK) (sO) (s
TR Data output LATCH PIN
Control output
Figure 3-10. PortRS

(7) Ports RA (RA3-RAD), RB (RB3-RBO), RC{RC3-RC0)
These ports are 4-bit I/O ports with latch. The latchisinitialized to “1" during reset.
When used as input port, the iatch should be setto “1”.

IN/TEST/TESTP
Rxport (Port address OPOQ=* /1P0¥) A
innut data
Input data T
T
2 " 0 SET/CLR
[T Re3 | Re2 | Ret | R0

L — ! _— ! 1 i
*; Ap By Cy Outputdata —>| LATCH > PIN

Figure 3-11. PortsRA, RB, RC
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3.2

(8) Port KE (KEO), Port K10 (K103)
Port KE or Port K10 is a 1-bit sense input port shared by the hold request/release signal input pin
(HOLD). This input port is assigned to the least significant bit of port address IPOE or the most
significant bit of port address IP10 and both input data is processed as the data with inverted
polarity. For example, if an input instruction is executed with the pin on the high level, “0” is read.
Note that KEO port cannot be used in the dual-clock mode

Example: To wait until KEO pin goes low. (in single clockmode.)

SWAIT : TEST %IPOE, 0 ; Waitsif KEOpin = “L".
B SWAIT
Port KE (Port address  IPOE) Control input <———<——
3 2 1 0
IN/TEST/TESTP
(S10F) (SEF) (SMF) KEO
(HOLD) Data input D PIN

Figure 3-12. PortKE

interval Timer

The interval timer can be used to generate an interrupt with a fixed frequency. An interval timer
interrupt is controlled by the command register (OP19) . And the command resister (OP19) is initialized
to “0” during reset. An interval timer interrupt is generated at the first rising edge of the binary counter
output after the command has been set. The interval timer is not cieared by command, so that the first
interrupt may occur earlier than the preset interrupt period.
Example: Tosetthe interval timerinterrupt frequency to f¢/215[Hz] (Single clock mode)
LD A,#0110B ; OP19«0110g
ouT A,%0P19

Interval timer interrupt control command register (Port address OP19)

3 2 ] 1 0
: ' : | (nitial value 0000)
Single clock mode Dual clock mode
r_ Normal-1 ] Normal-2 ——l I_ SLOW /)
00%x : Interrupt disabled lr[';errupt disabled  Interruptdisabled
0100:  Interrupt frequency fc/2"'{Hz] fs/2%[Hz] Reserved
l————>| 0101: Interrupt frequency fc/2" fs/2° Reserved
0110:  Interrupt frequency fc/2" fs/28 Reserved
0111:  Interrupt frequency fc/2% fs/2% s/ 2 [Hz]
Notel. =; don't care *hw Reserved Reserved Reserved
Note2. fc; High-frequency clock [Hz],
fs; Low-frequency clock [Hz] () Command register
Singleclock mode | Dual clock mode At fc =4.194304 MHz, fs=32.768 kHz
fc/2" [Hz] fs/2°[Hz] 2048 Hz
fer2 fs/28 512
fc/2" fs/2® 128
fc/2" fs/ 2" 32

(b) Example of interrupt frequency

Figure 3-13. Interval Timer Interrupt Command Register
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3.3 Timer/Counters (TC1, TC2)
The 47C660/860 contains two 12-bit timer/counters. RAM addresses are assigned to the count register in
unit of 4 bits, permitting the initial value setting and counter reading through the RAM mauipulation
instruction.
When the timer/counter is not used, the mode selection may be set to “stopped” to use the RAM at the
address corresponding to the timer/counter for storing the ordinary use-processed data.

MsB LSB MSB LS8
Timer/Counteri (TC1) Timer/Counter2 (TC2)
TCly : TCIm | TCN TC2 | TC2m | TC2
RAM address (F6u) (FSw) (F4) RAM address (FAW) (F9n) (F8)

Figure3-14. The Count Registers of the Timer/Counters {TC1, TC2)

3.3.1  Functions of Timer/Counters
The timer/counters provide the following functions:
@ Event counter
@ Programmabie timer
@ Pulse width measurement
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3.3.2 Control of Timer/Counters
The timer/counters are controlled by the command registers. The command register is accessed as port
address OP1C for timer/counter 1, and port address OP1D for timer/counter 2. These registers are
initialized to “0" during reset.
Timer/counter 1 control command register (port address OP1C)
3 2 1 0
TCIMS IPR1 ] (Initial value 0000)

Mode select

00: Stopped

01: Eventcounter mode

10: Timer mode

11: Puise width measurement mode

Internal pulse rate (interval timer output) select !

Single clock mode Dual clock mode
= Normal 1 —— ~— Normal2 —— — SLoW —;
| I ! I 1
00: fe/ 28 [Hz) fe /25 [Hz] Reserved
01: fc/28 fs/2 Reserved
10: fc/2% fs/2? Reserved
[1t: fer2™ fs/27 fs/2’ [Hz]
Timer/counter 2 control command register (port address OP1D)
3 2 1 [
| TC2MS PR2 | (Gnitial value 0000)
Mode select
00: Stopped
01: Eventcounter mode
10: Timer mode
L11: Pulse width measurement mode
internai puise rate {intervai timer output) seiect i
Single clock mode Dual clock mode
l'—' Normal 1 ——'l r Normal 2 _] r SLow j
00: fc/2" [Hz) fs/23 (Hz] Reserved
01: fc/2' fs/27 fs/27 [Hz]
Note fc, High-frequency clock [Hz] 10: fc/2® fsr2" fs/2"
fs: Low-frequency clock [Hz] - fe/ 22 £ 1018 FAPPST
hd L /e 0D c iI3f £

Figure 3-15. Timer/Counter Control Command Register
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The timer/counter increments at the rising edge of each count pulse. Counting starts with the first rising
edge of the count pulse generated after the command has been set. Count operation is performed in 1
instruction cycle after the current instruction execution, during which the execution of a next instruction
and the acceptance of an interrupt are delayed. If counting is requested by both TC1 and TC2
simultaneously, the request by TC1 is preferred. The request from TC2 is accepted in the next instruction
cycle. Therefore, during a count operation, the apparent instruction execution speed drops as counting
occurs more frequently. The timericounter causes an interrupt upon occurrence of an overflow (a
transition of the count value from FFF4 to 000y). If the timer/counter is during the interrupt enabled
state and the overflow interrupt is accepted immediately after its occurrence, the interrupt is processed
in the sequence shown in Figure 3-16. Note that counting continues if there is a count request after
overflow occurrence.

instruction cycle

Count pulse | 1
Count request \ 1
Detection of overflow I
Occurence of IOVF \\J —
imermupt e e ’i‘Count ’ggxetution o’f: Interrupt acceptanceg‘i
Execution of instruction cycle instruction  processing i

Figure 3-16. Timer/Counter Overflow Interrupt Timing

(1) Eventcounter mode

@

In the event counter mode, the timer/counter increments at each rising edge of the external pin
(T1, T2) input. T1, T2 pins are shared by R83, R81 pins. Output latch of R83, R81, are set to ‘1"
when used as timer/counter input. Also output latch is initialized “1” during reset. The maximum
applied frequency of the external pin input is f/32 for the 1-channel operation; for the 2-channei
operation, the frequency is f&/32 for TC1 and f/40 for TC2. The apparent instruction execution
speed drops most to (9/11) x 100 = 82% whenTC1and TC2 are operated at the maximum applied
frequency because the count operation is inserted once every 4 instruction cycles for TC1 and every
5 instruction cycles for TC2. For example, the instruction execution speed of 2us drops to 3.64us.

Example: To operate TC2 in the event counter mode.

LD A, #01008 3 OP1D e 01xxg
out A,%0P1D
i . — | | | —1
External input (T1, T2 pin) I | i 1 i L
Count register n Y n+1 X n+2 X n+3

Figure 3-17. Event Counter Mode Timing Chart

Timer mode

In the timer mode, the timer/counter increments at the rising edge of the internal pulse generated
from the interval timer. One of 4 internal pulse rates can be selected by the command register.
The selected rate can be initially set to the timer/counter to generate an overflow interrupt in
order to crerate a desired time interval.

When an internal pulse rate of f¢/210 is used, a count operation is inserted once every 128
instruction cycles, so that the apparent instruction execution speed drops by (1/127) x 100 =
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0.8%. For example, the instruction execution speed of 2 us drops to 2.016 us. In the timer mode,
R83 (T1) and R81 (T2) pins provide the ordinary /O ports.

Example: To generate an overflow interrupt (at fc=4 MHz) by TC1 after 100 ms.

LD HL,#0F4H TC1 « E794 (Setting of count register)
ST #9,GHL+
ST #7,@HL+
ST #OEH, @HL+
LD A,#10108B ;. OP1C« 10108 (Timer mode rate fc/210)
ouT A,%0P1C
LD A,#0100B s EIR«0100g (Enablesinterrupt)
XCH A,EIR
EICLR ii,1101118 ;  Eife1,il3e0

Internal pulse 1 1

Count register n X n+1 X n+2 X n+3

Figure 3-18. Timer Mode Timing Chart

¥ The drop of the apparent instruction execution speed can be calculated by the following
way

1+ (basical clock freq.)/8 _ ;4 x 100 [%]
(internal pulse rate)
% Calculating the initial value of the count register
212- (interrupt setting time) x (internal pulse rate)

For example, to generate an overflow interrupt after 100 ms at fc =4 MHz with the internal

pulse rate of /210, set the following value to the count register as the initial value:
212-(100x 10-3) x (4x106/210) =3705(E79p)

" . Atfc=4.194304 MHz
Internal pulse rate Max.setting time —
Internal pulse rate Mayx.setting time

fc /26 [Hz] 218/ fc[s] 65536 [Hz] 0.0625 [s]
fcr28 220/ fc 16384 0.25
fc/210 222/f¢ 4096 1

fcr214 226/fc 256 16

fc/218 230/ 4¢ 16 256

fe/222 234/ 1 4096

Table 3-3. Internal Pulse Rate Selection

(3) Pulse width measurement mode
In the pulse width measurement mode, the timer/counter increments with the pulse obtained by
sampling the external pins (T1,T2) by the internal pulse. As shown in Figure 3-19, the
timer/icounter increments onily whiie the externai pin input is high. The maximum appiied
frequency to the external pin input must be one that is enough for analyzing the count value by
program. Normally, a frequency sufficifient slower than the internal pulse ratesetting is applied to
the external pin.




OSHIBA TMP47C660/860/060

External input ! I:
e T l_l L1 L1 L L_l L

Timer/Counter n Y n+1 Y n+2 Y n+3 X n+4

Figure 3-19. Pulse Width Measurement Mode Timing Chart

3.4 Watchdog Timer (WDT)

The watchdog timer capability is provided to quickly detect the CPU malfunction such as endless looping
caused by noises or the like, and restore the CPU to the normal state.
The watchdog timer output appears on R71 (WTO) pin as the malfunction detectsignal. To use the WDT,
the output latch of R71 must be setto “ 1" {during reset, itisset to “1"). Note that, the WDT isdisabled

during reset. Connecting the WTO pin and the RESET pin resets malfunctxon,

3.4.1 Configuration of Watchdog Timer

fc/27 [Hz] 3 2 1 0

The WDT consists of 10 binary counters, a flip-flop, and a controller. Source input clock of binary
counters is f¢/27[Hz] or fs[Hz]. Table 3-4. shows watchdog timing detection time and operating mode
(detection time of watchdog timer) .

The flip-flop is set to “1” during reset, and cleared to "0 on the rising edge of the binary counter output.

Binary counter CPU reset
I I ] |

l

1

2|345[6J7.8910} FIE g
l L»s Q !

I

1 I

]

External circuit (example)

—

——-—,|1
Y R i
R71(WTO) Malfunction
L— Controlter j i detection signal
Clear
request TT -
)
i
OP15 OP07 é 1 -I- %
T

rCommand regxster I R7 output latch J
1 I 3

i Simplified
i

or & % RESET S  power-on-reset
o T T
l <

internal Bus

Figure 3-20. Configuration of Watchdog Timer

3.4.2 Control of Watchdog Timer

The WDT is controlled by the command register {OP15). The command register is initialized to “1000g"
during reset.

t the CPU malfunction by the WDT:

@ Setthe WDT detection time, and clear the binary counters.

@ Enable the WDT.

® Clear the binary counters within WDT detection time that was set in @. If a CPU
malfunction occurs, preventing the binary counters from being cleared, the flip-flop is
clearred to "0” on the rising edge of the binary counter output, making the malfunction
detection signal active. If the output latch of R711is “1" at thxs time, the WTO output goes
low.




Example : To enablethe with detection time of 63 x 215/fc [s]
Lo A, #00108 ; OP15¢0010g (Set WDT detection time, clear
ouT A, %OPi3 binary counters)
LD A, #01108 ; OP15«0110g (Enable WDT)

[ out A, %OP15
Within WDT detection timer

l\LD A, #01108 ; OP15«01105 (Clear binary counters)
ouTt A, %OP15

Note. It is necessary to clear the binary counter prior to enabling watchdog timer. Further,
the Watchdog Timer should be disable by program during warm-up time from SLOW
operating mode to Normal-2 operating mode.

Watchdog timer control command register (port address OP15)

3 2 1 0
[Cawr [ ewr | Wt | tnitial value 1000}
Clears Binary counter
0: Binary counter cleared
(after clear, it is automatically setto “17)
Watchdog timer enable/disable ]
0: Disable
u: Enable
Set Watchdog timer detection ti me4|
Example At fc=4.19 MHz
00: 3x215/fcfs] oo 23 [ms]
01: 15x215/fc e 17
Note. fc, High-frequency clock [Hz] 10: 63x215/fc e 493
fs ; Low-frequency clock [Hz] 11 S11x215/fc e 3996

Figure3-21. Watchdog Timer Control Command Register

- Normal 1 operation Normal 2 operation mode (Interval timer input) SLOW operation
mode fe/27 [Ha) fs [Hz] moae
00 3x215/fc  [s] 3x28/fs [s]
01 15x 215/ fc 15x28 /fs
10 63x215/fc 63x28 /s
11 511x215 /fc 511x 28 /fs

Table 3-4. Watchdog Timing detection time
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3.5 Remote Control Pulse Detector
The remote control pulse detector counts the edge-to-edge time of the input pulse and generates an
interrupt request each time that the switching edge of an input pulse is detected. Remote control signal
been rectified by the receiver is inputed to the R80 (INT2) pin.

waveform which has

3.5.1  Circuit configuration

3 2 1 ¢ 3 2 10 3 2 1 o0
! Command Register ‘ l[ Count Value l ! Offset Value l
OPQE 1POD OPOD
Overflow
1— Detector \l—u
7 5 s 4 2 2 1 0 2714¢
JEE— L T T T T T T T Count [
INT2 D Control Circuit 8-bit Preset Counter ]‘_ Cycle 28/ fc
Selector |we——
l REMO-CON Interrupt
Interrupt
TNT2 Interrupt Source interrupt Request
Selector

Figure 3-22. Remote Control Puise Detector
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3.5.2 Control of Remote Control Pulse Detector
The remote control pulse detector is controlied by the command register (OPOE) Aiso, externai interrupt
2 is used to interrupt source. At reset, INT2 is selected, so a remote control discrimination interrupt is
selected by command. Interrupt enable master F/F (EIF) and interrupt enable register (EIR) are used to
enable/disable remote control discrimination interrupt. The interrupt priority is the same as for external
interrupt 2.

REMO-CON pulse detector command register (Portaddress OPOE)

3 2 1 0
f ERM ] EDGE K32 l ELD I (Initial value 0000)

Select of interrupt request I

(=]
5
]
5
3
1]
2
3
3
-
>
3
5
]
D
(2.
»]
>,

1 : REMO-CON Interrupt  (Swithching edge)

1
Select of edge for interrupt J

0 : Attrailing edge
L1 : Atleading edge

Counter clock cycle
O A |

Example : At fc=4.19 MHz

Mata ENCE 8322 £f
Note. colGo, (R34, e

available when ERM

©

is —
1' ’ Load of offset value

1 : Enable (Cleares after loading)

Figure 3-23. Command Register

(1) 8-bit preset counter
This a binary counter which counts the time from edge to next edgd. A value of offset value

register (OPOD) are loaded to the lower 4 bits and the value of the upper 4 bits are stored to the
count value register (IP0D).

Offset value is loaded in the following cases :
@ When ELD (bit 0 of the OPOE) issetto “1”.
@ When there is an overflow of the lower 4 bits.
® When interrupt request occurs.

Count value is stored in the following cases :
® When the upper 4 bitsareall “1111g".
@ When interrupt request occurs.
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2

(3)

ERM
EDGE

REMO-CON
Waveform

Count
Operation

[
y
Count Value / >\ﬁ / JX

Program

Reference time and detection time

The reference time must be created before measuring the pulse width of the remote control signal
waveform. Reference time is set the value shown in Table 3-5. by the count cycle of the preset
counter selected with the OPOE and the offset value set to the OPOD. Therefore, the product of
the reference time and the count value read from the IPOD becomes the detecion time.

However, a worst error of the detection time is equivalent to reference time.

Count clock cycle Offset value (HEX) Reference1tsi;ne

(n=0~

2774cs) OtoF @Y1 -nx27)/1c [s]

28/ fe OtoF (212-nx28)/fc

Table 3-5. Setvalue of reference time

Remote control pulse detector operation

First, set the offset vaiue for creating the reference time to the OPGD. The offset value is loaded to
the lower 4 bits of preset counter by setting ELD to “1“. ERM can also be set to “1" at the same
time. Setting ERM starts counting. ELD is cleared after loading but it is automatically loaded
during the count by an overflow of the lower 4 bits.

After storing the count value in the IPOD by detecting the switching edge (leading/trailing) of the
input pulse, the preset counter again ioads the offset value 10 the lower 4 bits, clears to “0" the
upper 4 bits and restarts counting.

An interrupt request is generated at this time. Therefore, read the count value in the interrupt
service routine. The nextinterrupt is disabled until the stored count value is read. Switching edges
can select in one by one using EDGE.

if the upper 4 bits of counter becomes “1111g" before the nex

an overflow and the interrupt is generated.

In this case, IPOD is set to “F” and it can be identified to be the overflow interruption. The input
pulse width of both “H” and “L” levels must be more than 192/f¢c [s]. |f any shorter puise than
192/fc [s] may be expected, put the dummy instruction [IN  %IPOD, A] reading out from count
value register in the main routine.

Even if ERM is “0”, when an INT2 interrupt source is enabled (determined by EIF, EIR), an interrupt
request is generated by a falling edge of input pulse.

Figure3-35. shows the operation timing the remoto control pulse detector.

‘_‘\,4
-/ L

rﬂ——;—— load of offset value /

ntvaiue ._-—j read of count value J

Figure 3-24. Timing chart
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Exampie : To store a count value to
RAM [104] that pulse
. . . Puise
width of input pulse is |~ width | I
measured.
Main Routine
OUT  #5, %0POD ;  Offsetvalue registersetto “5”.
0UT  #OFH, %0OPOE ; Interrupt enable with setting count cycle to 32 us,
leading edge detection mode.
CLR 0, 0 ; Clearto RAM [004] ¢ as interrupt status flag.
LD A, #0001B ; Interrupt enable
XCH A, EIR
EICLR IL, #111110B
INT2 service routine
TEST 0, O ; Skip, ifinterrupt status flag is “0".
B STO
LD HL, #10H ; HL « 10H
IN %IPOD, @HL ; RAM [104] « Count value
CLR 0, 0 ; Clearing interruptstatus fiag.
OUT  #0EH, %OPOE ; Settoleading edge detection mode.
B SEND
ST0 : SET 0, 0 ;  Setting interrupt status flag.
OUT  #0AH, %OPOE ; Settotrailing edge detection mode.
IN %1P0D, A ; Dummy

SEND :

% Calculation of pulse width with the above program when the count value stored to the RAM

[104] is “9".
When the ciock frequency is 32 s (fc=4.19 Mt
time will be as foliows :

(211 -5x27) /fc =336 [us]
Thus, the detection time (pulse width) will be 336 x 9 =3.02 [ms]
(including an error of 336 us max.)

Hz) and the offset valu

o
Iy

Note: When the low-frequency clock (fs) is input to the interval timer in the normal 2

operating mode, count cycle 28/fc operation cannot be used. Also, remote control
pulse detector cannot be used in the SLOW operating mode.
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3.6 A/D Converter

47C660/860 have a 8-bit successive approximate type A/D converter and is capable of processing 8 analog
inputs.

3.6.1 Circuit Configuration

L g Ladder Resistor

VASS D [ Tap Decoder
Reference voitage
AINO D—-

[~ Comparator

1

3 A[:all?tg Sample

% Multi%lexer &Hold | Successive Approximate Circuit
i

{

o L L oo o
Control Circuit
v P12

e| C : A/ D Converted Value Register i
3 2 1 0 37271 e 3 2 170 7 6 5 4 3 2 1 0

Figure 3-25. Block Diagram of A/D Converter

3.6.2 Control of A/D converter
The operation of A/D converter is controlied by a command. The command register is accessed as port
addresses OP12 and OP13. A/D converted value and end of conversion flag (EOCF) can be known by
accessing port addresses iP12 and iP13.

(1) Analog inputseiector
Analog inputs (AINO through AIN7) are selected by this register.

Analog input select command register (Port address OP12)
3 2 1 0
' SAIN I | Gnitial value 0000)
Analog input selection

0000: R40(AINO)
0001: R41{(AIN1)
0010: RA2(AIND)
0011: R43(AIN3)
0100: RS0 (AIN4)
0101: RS51{AIN5})
0110: R52(AIN6)
0111: R53(AIN7)

Note. *, don‘tcare L1***: Analoginputis not selected.

Figure 3-26. Analog input selector

(2) Start of A/D conversion
A/D conversion is started when ADS is set to “17. After the conversion is started, ADS is cieared by

hardware. If the restart is requested during the conversion, the conversion is started again at the
time.
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AJD conversion start command register  (Portaddress OP13)

3 S LI 0
: i ADS (Initial value 0000)

]

A/ D conversion enabie |

L 1 : A/Dconversion isstarted (clears after starting)

Figure 3-27. A/D conversion start register

2V A/ cama artad ualiia samictar
A3/ AL IONVENEd Vaiue regisat

An A/D converted value is read by accessing port address IP12. An A/D converted value is read by
splitting into upper 4 bits and lower 4 bits by a value of LRq (LSB of the L registers).

A/D converted value register (Portaddress P12}

3 2 1 0
[ D3 l D2 1 D1 ] Do l When LRg = 0, lower 4 bits of the converted value is read.
l b7 | D6 l D5 ] D4 ] When LRg = 1, upper 4 bits of the converted value is read.

Figure 3-28. A/D converted value register

{4) AJD converter status register
End of conversion flag (EOCF) is a single bit flag showing the end of conversion and is set to
when conversion ended. When both upper 4 bits and lower 4 bits of a converted value are read or

A/D conversion is started, EOCF is cleared to "0”.

"y

AJ/D converter status register  (Port address 1P13)

End of conversion flag

0 : Under A/D conversion or before A/D conversion
1 : Endof A/D conversion

Figure 3-29. A/D converter status register

3.6.3 How to use A/D converter
Apply positive of analog reference voltage to the VAREF pin and negative to the VASS pin. The A/D

conversion is carried out by splitting reference voltage between VAREF and VASS to bit corresponding
voltage by a ladder resistor and making a judgement by comparing it with analog input voitage.
(1) Start of A/D conversion
Prior to conversion, select one of the analog input AINO througn AIN7 by the analog input selector.

Place output of the analog input, which is to be A/D converted, in the high impedance state by

setting “1”. if other port is used as an output port, be careful not to execute the cut
for any port during conversion in order to keep accuracy of conversion.
A/D conversion is started by setting ADS (bit1 of the A/D conversion start register). When conversion

ends after 24 instruction cycles, EOCF showing the end of conversion isset to "1".
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()

(3

Reading of an A/D converted value
After the end of conversion, read an A/D converted value is read by splitting into lower 4 bits and
upper 4 bits by the A/D converted value register (IP12). Lower 4 bits of the A/D converted value can
be read when LRo = 0 and upper 4 bits when LRy = 1. Usually an A/D converted value is stored in

RAM by an instruction [IN %p, @HL]. Further, if an A/D converted value is read during conversion, it
becomes an indefinite value.

A/D conversion with HOLD operation
When the HOLD operation is started during the conversion, the conversion is terminated and an A/D
converted value becomes indefinite. Therefore, EOCF is kept clear to “0” after release from the
HOLD operation. However, if the HOLD operation is started after the end of conversion (after EOCF
has been set}, A/D converted vaiue and status of EOCF are heid.

Example: Selecting analog input (AIN4), starting A/D conversion, monitoring EOCF, and storing
lower 4 bits and upper 4 bits of a converted value to RAM [104] and RAM [114]

respectively.

Lo A, #4H ; Selecting analog input (AiN4}
ouT A, %0P12
LD A, #1iH ; Start of A/D conversion
ouT A, %0P13

SLOOP : IN %IP13, A ; Towait until EOCF goesto “1”
TEST A, 3
B SLOOP
LD HL, #10H ; HLe 10y
IN %IP12, @HL ; RAM [10R] « Lower 4 bits
INC L ; Increment of L registers
IN %IP12, @HL ; RAM [114] « Upper 4 bits
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3.7 Serial Interface (S10)
The 47C660/860 have a serial interface with an 8-bit buffer. 4-bit/8-bit tramsfer mode can be sel lected. In
the 8-bit transfer mode, data may be transmitted and received simultaneously. The serial interface is
connected to the exterenal device via 3 pins (the serial port): R92 (SCK), R91 (SO), and R0 (SI). The serial
port is shared by port R9. For the serial port, the output latch of port R9 must be set to "1”. In the
transmit mode, R90 pin provides the I/O port; in the receive mode, R91 pin provides the I/O port.

3.7.1  Configuration of Seriai Interface
Figure 3-30. shows configuration of serial interface.

{ lnternal bus 4
2nd access 1staccesss
{} {} Transmit mode : OPOF
Receive mode : IPOF
Command register 1 I i Command reg:ster 2 i 7 6 5 4 3 2 1 0
OP1E OP1F T eralouffer
2 1.0 r Serial buffer J
Tratus T |
reqister | _______ N i
T T IPOE ‘ J L |
|
< L 3 2 1 0 3 2 1.0 i .
I l L Corial data
li ‘Shih relgusterI r’ﬁ 'Shmrelgister' m SO :::;;:dm
Controller (Shift counter) ’—;&bit mode [:] 4-bit mode i
L { s Serial data
l ) T input
1
— Serial clock r‘-l =X Serial data
Interrupt request "T' 1o}
(Buffer full or Buffer empty) '
Figure 3-30. Configuration of Serial interface

2.7.2 Control of Serial Interface

The serial interface is controlled by command registers (OP1E, OP1F). The operating states of the serial
interface can be monitored by the status register (IPOE).

(Port address  IPOE).

3 2 1 0
[sior | ser [ v [ o) |

Monitor serial transfer operation state ]

0: Transferisterminated

L1: Transfer isin progress

Monitors shift operation statuil

0: Shift operation is terminated

L_1: Shift operation is in progress

Figure 3-31. Serial Interface Status Register
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Serial interface controf command register! (port address OP1E)

3 2 1 0

[ e SBIT CKR (initial value 0001)

1
Forcible stop of serial transfer ]

0 : Transfer continue

L1 : Automatically clearing after stopped
Transfer bit number
—_—

0 : 4-bitserial transfer

Select serial clock frequencd

Singte clock mode Dual clock mode
[~ Normal 1 7 [Normal2 7} [~ SLOW A
00 : fc/26 [Hz] f¢/26 [Hz] Reserved
Note. fc, High-frequency clock [Hz] 01 : fc/27 fc/27 Reserved
10 : fe/29 fs/22 Reserved
L” o fer212 fs/25 fs/25 [Hz]

Seriai interface controi command register 2 {portaddress OP1F)

3 2 1 0
| T T T e n ] sl AmAA
| EsiO | Rw™ | Lm | ECKM | (initiaivalue 0000

&£

instructs serial transfer start/end

0 : Instructsserial transfer end

1+ Instructs serial transfer start

e

Select transfer mode

4 bit transfer —'I l'— 8 bit transfer —I
0 Transmit mode Transmit mode

1 :  Receivemode Transmiv/Receive mode

Select shift edge
N ——————

0 : Shiftatthetrailing edge of serial clock

\_1 : Shiftatthe leading edge of serial clock

Select shift clock

Note. When setting the transfer mode, 0 : Internal clock (output to SCK pin)

ESIO must be “0” L_1 : External clock (input from SCK pin)

Figure 3-32. Serial Interface Control Command Register
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(1) Serial clock
For the serial clock, one of the following can be selected according to the contents of the command
registers:
a. Clock source selection
@ Internal clock
The serial clock frequency is selected by command register.
The serial clock is output on the SCK pin. Note that the start of transfer, the SCK pin output
goes high. This device provides the wait function in which the shift is not occurred until
these processings are completed.
The highest transfer rate based on the internal clock is 93750 bits/second (at fc = 6 MHz).
@ External clock
The signal obtained by the clock supplied to the SCK pin from the outside is used for the
serial clock. In this case, the output latch of R92 (SCK) must be set to “1” beforehand. For
the shift operation to be performed correctly, each of the serial clock high and low levels
needs 2 instruction cycles or more to be completed.
b.Shift edge selection
@ Leading edge
Date is shifted at the leading edge (the falling edge of SCK pin input) of the serial clock.
@ Trailing edge
Data is shifted at the trailing edge (the rising edge of SCK pin input) of the serial clock.
However, in the transmit mode, the trailing-edge shift is not supported.

(2) Transfer bit number
SBIT (bit 2 of the command register 1) can select 4-bit/8-bit seriai transfer.

a.4-bit serial transfer
In this mode, transmission/reception is performed on 4-bit basis. ISIO interrupt is generated
every 4-bit transfer. Transmit/receive data is written/read by accessing the buffer register
(OPOF/IPOF) respectively.

b.8-bit serial transfer
In this mode, transmission/reception is performed on 8-bit basis. ISIO interrupt is generated
every 8-bit transfer. Transmit /receive data is written / read by accessing the buffer register
(OPPOF / IPOF) twice.
At the first access after setting transfer mode or generating the interrupt request, the write/read
operation of lower 4-bit is performed to from the buffer register. Atthe second access, that of
upper 4-bit is performed.

(3) Transfer modes
Selection between the transmit mode and the receive mode is performed by RM (bit 2 of the

command register2).

a.Transmit mode

The transmit mode is set to the command register than writes the first transmit data (4 bitsor 8
bits) is written to the buffer register (OPOF). (if the transmit mode is not set, the data is not
written to the buffer register). In the 8-bit transfer mode, the 8-bit data is wirtten by accessing
the buffer register (OPUF) twice. The transmit data is written after the 8-bit transfer mode is set
or an interrupt request occurs: the lower 4 bits are written by the first access and the upper 4 bits
by the next access. Then, setting ESIO to “1 starts transmission. The transmit data is output to
the SO pin in synchronization with the seriai ciock from the LSB side sequentiaily. When the LSB
is output, the transmit data is moved from the buffer register to the shift register. When the
buffer register becomes empty, the buffer empty interrupt (ISIO) to request for the next
transmit data is generated. In the interrupt service program, when the nexttransmit data tis
written o the buffer register, the interrupt request is reset.
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in the operation based on the internal clock, if no more data is set after the transmission of the
4-bit or 8-bit data, the serial clock is stopped and the wait state sets in. In the operation based
on the external clock, the data must be set in the buffer register by the time the next data shift

operation starts. Therefore, the transfer rate is determined by the maximum delay time
between the occurrence of the interrupt request and the writing of data to the buffer register
by the interrupt serviced program.

To end transmission, ESIO is cleared to “0” instead of writing the next transmit data by the
buffer empty interrupt service program. When ESIO is cleared,transmission stops upon
termination of the currently shifted-ocut data. The transmission end can be known by the SIOF
state (SIOF goes “0” upon transmission end). In the operation based on the external clock, ESIO
must be cleared to "0” before the next data is shifted out. If ESIO is not cleared before, the

transmission stops upon sending the next 4-bit or 8-bit data(dummy).

xample: Totransmit (8-bit serial transfer) data stored in data memory (its address is specified by

the HL register pair and the DMB) in synchronization with the internal clock (f¢/27).
LD A, #0101B ; OP1E « 0101y (Setsthe 8-bitserial transfer)
out A, %OP1E
LD A, #0010B ; OP1F ¢ 0010p (Setsthe transmit mode)
ouTt A, %OP1F
ouT @HL, %OPOF ; OPOF « RAM [HL] (Writesthe lower 4-bit data)
INC L
ouT @HL, %OPOF ; OPOF « RAM [HL] (Writesthe upper 4-bitdata)
LD A, #1010B ; ESIO « 1 (Instructstransmission start)

ouTt A, %OP1F
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1510

SB
(OPQF)

ISI0

SB
{OPOF)
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£
s 1
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(3) Internal-clock-based operation with wait

I clear ESIO |
4 ! * 1
" Lo Am=—== 42
[ 3k
r I . ; 54 v (" *
—1 L -

(b) External-clock-based operation

Figure 3-33. Transmit Mode
Receive mode
A4 DNA El v A lls emmaiiea -
AL RIVi= 1, &Rt TTLwCive v
transmit/receive mode is set whe

.
ph
<
<
3
s W

o 4-bitreceive mode

Data can be received when ESIO is set to “1" after setting the receive mode to the command
register. The data is put from the S pin to the shift register in synchronization with the serial
clock. Then the 4/8-bit data is transferred from the shift register to the buffer register
(IPOF),upon which the (buffer full)interrupt (ISIO) to reguest for readingreceived data is
generated. The receive data is read from the buffer register by the interrupt service program.
When the data has been read, the interrupt request is reset and the next data is put in the shift
register to be transferred to the buffer register In the operation based on the internal clock, if
the previous receive data has not been read from the buffer register at the end of capturing
the next data, the serial clock is stopped and the wait operation is performed until the data has
been read. In the operation based on the external clock, the shift operation is performed in
synchronization with the externally-suppliedclock, so that the data must be read from the
buffer register before the next receive data is transferred to it. The maximum transfer rate in
the external-clock-based operation is determined by the maximum delay time between the
generation of interrupt request and the reading of receive data. In the receive mode, the shift
operatiori may be performed at either the leading edge or the trasiling edge. In the
leadingedge shift operation,data is captured at the leading edge of the serial clock, so that the
first shift data must be put in the Si pin before the first serial clock is applied at the start of
transfer.
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Example: To instruct the receive start operation with the 4-bit serial transfer, internal clock

and ieadingedge shift (with the interrupt enabie register aiready set).

LD A, #0000B . OP1E « 0000g (Sets the 4-bit serial transfer)
ouT A, %OP1E

LD A, #01108 ;. OPIF « 01108 (Sets the receive mode)

ouT A, %OPiF

EI ;  EIF &« 1{(Enablesinterrupt)

LD A, #11108B ; ESIO « 1 (Instructs reception start)

ouT A, %0P1F

To end the receive operation, ESIO must be cleared to “0”. When ESIO is cleared, the
completion of the transfer of the current 4-bit data to the buffer register terminates the
receive operation. To confirm the end of the receive operation by program, SIOF (bit 3 of the
status register) must be sensed. SIOF goes “0” upon the end of receive operation.
Note: If the transfer modes are changed, the contents of the buffer register are lost.
Therefore, the modes shouid not be changed untii the iast received data is read
even after the end of reception is instructed (by clearing ESIO to “0”).

Lo SR DRAPIEUIPRPN f SHpIPY iy

The receive operation can be terminated in one of the foliowing approaches determined by the
transfer rate:

@® When the transfer rate is sufficiently low (the external-clock-based operation):

®

if ESIO can be cleared to “0” before the next serial clock is applied upon occurrence of
buffer full interrupt in the external-clock-based operation, ESIO is cleared to “0” by the
interrupt service program, then the last received data is read.

When the transfer rate is high (the internal/external ciock-based operation):

If the transfer rate is high and,therefore, it is possible that the capture of the next data
starts before ESIO is cleared to "0” upon acceptance of any interrupt, ESIO must be cleared
to “0” by confirming that SEF (bit 2 of the status register) is set at reading the data
proceeding the last data. Then, the data is read. In the interrupt serevicing following the
reception of the last data, no operation is needed for termination; only the reading of the
received data is performed. This method is generally employed for the internal-clock-based
operations. For an external-clock-based operation, ESIO must be cleared and the received

o Al ot

data must be read before the iast data is transferred to the buffer register.

Example: To instruct reception end when transfer rate is high (the internal clock, leading-

edge shift).
SSEF0 : TEST %IPOE, 2 ; Waits until SEF="1"
B SSEFO
LD A, #0110B ; ESIO«0
ouT A, Y%OP1F

IN %IPOF, A ; Acc « IPOF (Reads received data)
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® One-word reception
When receiving only 1 word, ESIO is set to “1” then it is cleared to “0” after confirming that
SEF has gone “1”. In this case, buffer full interrupt is caused only once, so that the received
data is read by the interrupt service program.
Example: To instruct the start/end of 1-word reception (the internal clock, the trailing edge
shift).
iD A, #0100B ; OP1F «0100g (Sets in the receive mode)
ouT A, %OP1F
EX ; EIF &1 (Enables interrupt)
LD A, #11108B . ESIO « 1 (Instructs reception start)5
ouT A, %OP1F
SSEFO0 : TEST %1IPOE, 2 ; Confirmsthat SEF="1"
B SSEFO
LD A, #01108B ; ESIO « 0 (Instructs reception end)
ouT A, %0P1F
ESIO
SIOF
SEF
SCK
Sl
1S10
\ \
8 7 ° X\ X\\D"

READ (iPOF)

READ (IPQF)

N—d \nd d
(a) External-clock-based operation, leading-edge shift (when transfer rate is iow)

I Clear ESIO i

AN ' AN \;i

(b) Internal-clock-based operation, leading-edge-shift (when transfer rate is high)

Figure3-34. 4-bit Receive Mode
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¢ 8-bit Transmit/Receive Mode
After setting the transmition/reception mode to the command register, write first transmit
data into the buffer register. Then, when “1” is set to ESIO, data transmition/reception
becomes possible. The transmit data is cutput to the SO pin at the leading edge of serial clock
and the receive data is input from the Sl pin at the trailing edge. If the shift register is filled
with the receive data, the data is transferred to the buffer register and ISI0 (buffer full)
interrupt is generated to request data read. The received data is read from the buffer register
by the interrupt service program, and then write the transmit data to the buffer register.
Lower order 4 bits of both transmit and receive data are read/written from/into the buffer
register by first access after setting of transmition/reception mode or generation of IS0 and
higher 4 bits by next access.
In the operation based on the internal clock, SIO becomes the wait state untii the received data
are read out and the next data to be transmitted are written.
In the operation based on the external clock, the shift operation is synchronized with the
external clock ; therefore, it is necessary to read the data received and to write data to be sent
next before starting the next shift operation. The maximum transfer rate using an external
clock is determined by the maximum delay time between the generation of the interrupt
request and the writing of the data to be transmitted after the reading of the received data.
Also, the buffer register is used for both transmission and reception, therefore, the data must
be written after reading 8 bits of receive data.
This operation is ended by ciearing ESIO to “0”. When ESIO is cleared, this operation is ended
after transfer of the current 8 bits od data to the buffer register is compieted. Programs can
confirm that the operation has been completed by sensing SIOF (bit 3 of the status register)
because SIOF is cleared to “0” when the operation is completed.

Example 1 : To write data to be transmitted and to instruct the transmit/receive start.

LD A, #01108 ; Setsthe 8-bit transfer and seriai ciock frequency.

ouTt A, %0P1E

LD A, #0110B : Sets the transmit/receive mode of internal clock
operation

ouT A, %OP1F

LD HL, #20H : OPOFe-RAM[20n] (Writes iower 4-bit data to be
transmitted)

out @HL. %OPOF

INC L ; OPOFeRAMI[214] (Writes upper 4-bit data to be
transmitted)
ouT @HL, %0POF
LD A, #11108 ; ESIO « 1 (Instructs serial transfer start)
out A, %OP1F
: ; Data transfer
Example 2 : Toread data received and to write next data to be transmitted.
LD HL, #30H ; Stores lower 4-bit data received in RAM[30x].
IN %IPOF, @GHL
INC L ; Stores upper 4-bit received in RAM[314].
IN %IPOF, @HL
LD HL, #22H ; Writes next lower 4-bit data to be transmitted.
ouT @HL, %OPOF
INC L ;. Writes next upper 4-bit data to be transmitted.

ouT @HL, %OPOF
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(4) Stopping serial transfer
Aserial transfer operation can be stopped forcibly.
It is stopped by setting iNH (bit 3 of command register 1) to “1“, clearing the shift counter. When
the serial transfer is over, INH is auuulucuuauy cleared to “0" with no other bits of command
register affected. in the transmit mode of this case, SCK and SO output are initialized to “H" level
whereas the shift register is not cleared. Therefore, after the resumption of transmit, SO holds the
data just before forcible stop via the shift register until the 1st shift data comes to SO.

£ {( {

s0 ] 7 C A N A—
{0 I{d i

SIOF I P I R / l
I

SEF ] Y

p4e) YDOOXD(M )(\rmii X DOSYD \D2§) K ( non nm D{'ﬁ nns' Dor

02\ ADOSADOSADO7 N  \  APROOXDO1TNY XDOSXDOEADO?

s :)I“m NED wmmw-
sio li—i{ = B

— — (¢
S8 _)(oo Xor Yy Xoo' b Xor
(a) Internal clock based operation with lwait
i Clear ESIO |

£, ! I |
ESIO ” ” 1 i

It I (
siofF 7 ) Sh

« R \ \
sef ] 7 Ll ¥ ] )

s LML LU LU e \ L
XDO0XDO1 )(DOZ'\Q XDO5 X DO XDO7 XDOO’XDOTXDOZ({( XDOSXDO6X DO7'M
— e/ N e e N N I e T N

n//
510 - (;; T E{i

S8 _Xoo \3 X X0 \b Xor

oI

w
(o]

©

(b) External ciock based operation

Figure3-35. 8-bit Transmit/Receive Mode




TOSHIBA
SHIBA

TMP47C660/860/060

INPUT/OUTPUT CIRCUITRY

47C660/860 control pins are shown below.

CONTROL PIN 110 CIRCUITRY REMARKS
05C. enable 4>—'__—_D_|
Resonator connecling pins
XIN input R¢ R =1kQ (typ)
XOUT Output R Ro R¢ =15MQ (typ.)
D Ro =2kQ {typ)
XIN XOUT
0oscC. enable_,_'__:D_\
Resonator connecting pins
XTIN input Re (R =1kQ typ.)
XTOUT Output R * Ro (Ris =6 MQ typ.)
D (Ro =220kQ typ.)
XTIN XTOUT
?VDD Hysteresis input
RESET Input Rin R Pull-up resistor
Rin=220kQ (typ.)
R=1kQ (typ.)
Hysterisis input
R X
HCOLD input @ W D (Sense input)
(KED) {Input)
R=1kQ (typ.)
W Pull-down resistor
Rin=70kQ  (typ.)
TEST input R
j R=1kQ (typ.)
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(2) 11O ports

The input/output circuitries of the 47C660/860 I/O ports are shown below, any one of the circuitries

can be chosen by a code (IA-IC) as a mask option.

PORT 1/e] INPUT/OUTPUT CIRCUITRY and CODE REMARKS
1A B ic
iVDD R Pull-up/pull-down resistor
Ko | input —<]—‘VRW—D RN
Rin Riv =70k (typ.)
R R =1kQ{typ.)
oVDD
Push-pull output
PO ) I Initial “Low”
P3 Output High current
Yk
loL=7mA (typ.)
Cink aman drain autnit
Sink cpen drain cutput
P1 Initial "Hi-2"
P2 QOutput I '[>° " l High current
N e loL = 20 mA (typ.)
R4, RS R6, R7 Sink open drain output
R4 ‘ D Initial "Ki-Z"
—>o—1 PRV | o tLn st
RS v H /R =3 Rizypy
R6 vo AIN selector R _—i>°_—'l Analog inputs (R4, RS)
R7 L ®aY % s =R Ra =5k (typ.)
A; < J <lli Ca =12pF(typ)
Sink open drain output
D Initial “Hi-2*
R8 —>o—]
) . 1 =w
R9 b Hysteresis input
@f R=1KkQ (typ.)
\
? oD
l—i ? Push-pull output
RA D
RB Vo "i Initial “High”
3
RC S
)\17 =R R=1kQ (typ.)
e
~J
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ELECTRICAL CHARACTERISTICS
i ABSCLUTE MAXIMUM .\AT!..'.:S;; {Vgg =0V)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Vpp -03t07 Vv
Input Voltage Vin -0.3toVpp+0.3 \
Vour1 |PortsR4, RS, R7, Push-pull -0.3toVpp+0.3
Output Voitage \Y
Vour2 |PortsP1, P2, R6, R8, R9 ~0.3t010
louTs Ports R 3.2
Output Current (per 1 pin) louT2 Ports P1, P2 30 mA
louTs Ports PO, P3 15
= louTt Ports PO, Pt 120
Output Current (total) mA
Slsyr2 | PortsP2, P3 120
Power Dissipation [Topr = 70°C] PD 600 mwW
Soldering Temperature (time) Tsid 260 (10s) °C
Storage Temperature Tstg -55t0125 °C
Operating Temperature Topr ~40t0 70 °C
[ RECOMMENDED OPERATING CONDITIONS (Vss =0V, Topr= -40to 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min Max UNIT
In the Normal mode 4.5
Supply Voltage Voo In the SLOW mode 2.7 6.0 v
In the HOLD mode 2.0
Vint Except Hysteresis Input Vpp x0.7
VppZ 4.5V
Input High Voltage Viwz | Hysteresis Input Vpp % 0.75 Voo v
Vins Vpp<4.5V Vppx0.9
Viir | Except Hysteresis Input Vopx0.3
Vpp=4.5V ~ — —__ »
input Low Voltage Vi2 | Hysteresis input 0 Vppx0.25 vV
Vis Vpp<4.5V Vpp X 0.1
fe XN, XOUT 0.4 6.0 MHz
Clock Frequency
fs  Ixmin, xTOUT 30 34 kHz
Note 1. Inputvoltage Viy3, Vi3 : in the SLOWor HOLD mode
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[ D.C. CHARACTERISTICS (Vss=0V, Topr=-40t070°C)
PARAMETE SYMBOL PINS CONDITIONS Min. Typ. | Max. | UNIT
Hysteresis Voltage Vs Hysteresis Input - 0.7 — Vv
L Port KO, TEST, ss
INT RECET HATH Vpp=35.5V,
Input Current RESET, HOLD - - £2| pA
sz Ports R (open drain) Vin=5.5V/0V
Low Input Current I Ports R (push-pull ) Vpp=55V,Viy=0.4V - - -2 ma
i Rint Port KO with puli-up/puii-down 30 7¢ 158
input Resistance kQ
Rina RESET 100 220| 450
utput Leakage
Currr;nt 9 Lo Ports (open drain) Vpp=55V,Vgyr=55V - — 2! LA
=45V,
Output High Voltage | Vor Ports (push-pull ) l\{-,?.,D= fzso A 24| — -
v
Output Low Voltage {Vou Except XOUT, ports P Vop=4.5V,lgr=1.6mA - - 0.4
loL2 Ports P1, P2 - 20] -
Output Low Current Vpp=4.5V,Vo =10V mA
fous Ports PO, P3 - 71 -
Supply Current Vpp=5.5V
| - A
(in the Normai mode) oo fc=4MHz 3 6| m
Supply Current Vpp=3.0V
Ibps - 30 60| wA
(in the SLOW mode) fs=32.768 kHz
Supply Current . _ 0.5 10
Vpp=5.5V .
(in the HOLD mode) | ~°" eo A
Note 1. Typ. valuesshow those at Top, =25, Vpp=5V.
Note 2. InputCurrentjy1 ;The current through re515tor is not included, when the input resistor
(pull-up/pull-down) is contained.
Note 3. Supply Currentipp, ippH ., ViN=53Vi0.2V
The KO port is open when the input resistor is contained. The voltage applied to the R
port is within the valid range.
Note 4. Supply Currentlipps ; Vin=28V/02V

Low frequency clock is only osillated (connecting XTIN, XTOUT).

A /D CONVERSION CHARACTERISTICS (Topr = ~40t0 70 °C)

PARAMETER SYMBOL CONDITIONS Min Typ. Max UNIT
Varer Vpo-1.5 - Voo
Analog Reference Voltage v
Vass Vss - 1.5
Analog Reference Voltage Range | aVarer Varer—Vass 2.5 - - v
Analog Input Voltage Vam Vass - Varer v
Analog Supply Current Iger - 0.5 1.0 mA
Nonlinearity Error - - 1
Vpp=4.5t06.0V, Vgg=0.0V
Zero Point Error - - +1
Varer = Vpp £ 0.001V Lss
Full Scale Error - - 1
Vass = 0.000V
Total Error - - +2
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A. C. CHARACTERISTICS (Vss=0V, Vpp=4.5t06.0V, Topr= =401070°C)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT

. et in the Normal mode 1.33 - 20

Instruction Cycle Time ty ns
in the SLOW mode 235 - 267

High tevel Clock pulse Width tweH
External clock mode 80 - - ns

Low level Clock pulse Width twel

A/ D Sampling Time tam fc = aMHz - 4 — P

Shift Data Hold Time tspH 0.5ty - 300 - - ns

Note. Shift Data Hold Time

External circuit for SCK pin and SO pin Serial port (completion of transmission)
vDD
? — \ / \ / \ /ey

(
(

% 10kQ

I - XXX

i RECOMMENDED OSCILLATING CONDITIONS i (Vss=0V, Vpp=4.5t06.0V, Tepr= —4010 70°C)
(1) 6 MHz Eﬁ e 1
Ceramic Resonator sn"/’ier
CSA6.00MGU (MURATA)  Cxin=Cxout=30pF D
KBR-6.00MS (KYOCERA) Cxin =Cxout=30pF Cm== == Cxour
7
(2) 4 MHz
Ceramic Resonator ity XOUT
CSA4.00MG (MURATA)  Cxin =Cxout=30pF
KBR-4.00MS (KYOCERA) Cxin =Cxout=30pF 400 kHz Rxout
Crystal Oscillator H l_-j
204B-6F 4.0000 (TOYOCOM) Cxin=Cxour =20 pF Cxw/;; D ; Cxout
(3) 400 kHz
Ceramic Resonator XTIy XTOUT
CSB400B (MURATA)  Cxin = CxouT =220 pF, Rxout =6.8kQ
KBR-400B (KYOCERA) Cxin = Cxout = 100 pF, Rxout = 10kQ 32.768 kHz
IDI 1
(4) 32.768kHz (Vss=0V, Vpp=2.710 6.0V, Topr = —40t0 70 °C) Cx*rm/f ,;;meur
Crystal Oscillator Cx7IN, CxTOUT; 1010 33 pF

Note: Inorderto get the accurate oscillation frequency, the adjustment of capacitors must be
required.
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TYPICAL CHARACTERISTICS
] R-Ta KO port R R-Ta RESET pin
k) Jvpp=5.5Vv ) fypp =55V
100 / . 400
<] 300 —
//
50 [ 200 —t—=t=}
-4
100
0 Ta 0 Ta
- 40 0 40 80 (°C) -40 0 40 80 (°C)
loH=-VoH CMOSRport hiL=-Vin CMOS R port
loH v Ac\y e / 55V
Vpp=4.5V { uA) Voo =3.5V
WA N | |ra=asc A Ta=25°C
- 400 -800 |y
\ ~
~300 - 600 =\ \
-200 \ -400 <
\
- 100 \ -200 \
0 A Vou ] Vin
2 4 6 (V) 2 4 6 (V)
loL-VoL R port loL-VoL PO, P3 port oL~ VoL P1,P2port
o o——7=v, loL loL
{mAjj Yoo =52V (mA) Vop=4.5V (mA) VDD=4;5V
Taz25°¢ |/ Ta=25°C Ta=25°C
8 4 16 40
6 '/ 12 e 30 b
/ / r //
4 /,/ 8 4 20 —
r v
V4 ‘=4 o4
0 Vou 0 Voo 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(Vv) 0.4 0.8 1.2(v)
Ipp -~ Voo Ipp ~ f¢ Operating area
Ipp lop fc -
o) (may[ Voo =55V Hl (MHz)| Ta= - 40t070°C
Ta=25°C II (Normai mode)
4 NIRRT
3 3 6
2 fc = 4MHz ) . ul 4
I 4
1 1 / 2
0 — Voo 0 < Yoo

0 ic 0
3 5 7 [\%] 0.1 04 1 4 10(MHz)} 2 4 6 V)
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CMOS 4-BIT MICROCONTROLLER
TMP47C060E

The 47C060, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C660/860 application systems (programs) .

- fe et e matlt Lltal, sl o r~ e ~ warlelale mra naals s oo st
The 47C060 is pin compatibie with the 47C660/860 which are mask-programed ROM devices.

PIN ASSIGNMENT (TOP VIEW)

./
VAREF= [ 1 ~ 64 0 «VDD
64-5DIC vass— [ 2 63 ©RrRC3
RA0(AINO)> [ 3 l r—————} ] 62 ] ©RC2
RAT(AINYe O 4 61 1 «RC1
R42(AIN2)e> O 5 600 eRCO
R43(AIN3)e> O 6 59 J ©R92 (5CK)
RSO (AING) [} 7 58 ) ©R91(50)
R52 (NG § 9 36D wRE3 (1)
> «>|
RS53 (AIN7)e E 10 55 g «R82 (INTT)
R60«+ 0O 11 54 § ©R81(T2)
R61e 012 53 [ «R80(INT2)_
e IR vee vee @ 2 SHODKE)
> -,
70 15D A2 VCC @) 50 exin
R71 (Wi0)e {16 A7 vee 49 | «RESET
R72 (XTIN)e [ 17% 26 A8 48 [ «KO03
R73 (XTOUT)o O 18 %Y 2 47 ] K02
A B no 2 ar b oot
RAUe Y 19(3) Ao RAJ (L4 40 P €RUI
RATe Ezoé AL AT é 4s % «K00
RA2e 021 . 44 [1 oRB3
RA3e 022(7) A3 OF @ 43[1 ore2
ool EAORC IR pel i)
poze 25 A1 TE Q40 —p33
Poc G @0 7 G 2H
—
pr1e 28 10 16 37 0 —p30
e I3@n s @6
Pi3e~ 030 = 35 g —P22
TEST— [ 31 12 14 34 1 —p21
vss— [ 32 GND 13 330 -pP20
PIN FUNCTION (Top of the package)
PiN NAME input / Output FUNCTIONS
A12-A0 Output Program memory address output
i7-10 input Program memory data input
CE Chip enable signal output
Output
ot ;
vee
--------------- Power supply e n o ————_———————_——————— = v e e e o]
GND
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
Address Delay Time tas Vegs=0V, Vpp=4.5t06.0V - - 150 ns
Data Setup Time ts CL=100pF 150 - ns
Data Hold Time Ty Topr= -40t070°C 50 - ns
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NOTES FOR USE
(1) Program memory
The program area are as shown in Figure 1.
When this chip is used as evaluator of the 47C660, data conversion table for [OUTB @HL]
instruction must be allocated at two areas and they must be the same contents as shown in Figure 1.

64K 64 K
00004 0000y
Program
1000, - 1000n — pProgram -
1760, |Data
conversion
17FFy | table
Don't use
1FEOy |Data 1FEOy |Data
1FFFy ::m;ers:on 1FFFH iggl\;eI'SIOn
{a) 47C660 {b) 47C860

Figure 1. Program area

(2) Data memory
47C060 contains two 256 x 4 bit data memory banks (DMB0, DMB1)
When using the 47C060 as the 47C660 evaluator, DMB1 has address space at addresses 00-FFy, but
do not write data to 80y or following addresses. DMBO includes a special function common area

so this need not be taken into consideration.

(3) /O ports »
Input/Qutput circuitries of I/O ports in the 47C060 are similar to the code IA of the 47C660/860.
When this chip is used as evaluator with other I/O code, it is necessary to provide the external

! %70k9 771 KOport

0kQ

1
1
w
~

1
_—

(a) Code:IB (b) Code:IC

Figure 2. I/O code and external circuitry
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CMOS 4-BIT MICROCONTROLLER

TMP47P860N

TMP47P860DF

The 47P860 is the OTP microcontroller with 64Kbits PROM. For program operation, the programming is
11

achieved by using with EPROM programmer (TMiViZ764D type) and adapter socket (Bivi1102, BVi

The function of this device is exactly same as the 47C860.

09).

PART No. ROM RAM PACKAGE ADAPTER SOCKET
TMP47P860N oTP . SDIP64 BM1102
-------------- . 512 x4-bit ==
TAADATDOCNANE 20107 w O _hie MNEDEA QAA11NAA
TMP47P8E0DE 18132 x 8-bit Qresa BM1100A
PIN ASSIGNMENT (TOP VIEW)
SDIP64-P-750 w1 eah <—voorvec SDIP64-P-750
VASS—>- [} 2 63 [] «e»-RC3
RAD(AIND) =~ 3 62 ) ~e»RC2
RAT(AINT) =[] 4 61 1 ~em-RCY
R&2(AIN2) >~ § €0 [1 <e>-RCO
R&I(AINI )~ [] 6 59 P ~e»-R92 (SR /FTH
RSO(AINA) =[] 7 58 0 «ee-n91(50)/TF
RS1(AINS) =[] 8 37 P —ea~n30(51)/5F
RS2{AING) ~a>=[] 9 56 ] ~e>R8I(T1§/A0 o
RS3 (AIN7 ) == ] 10 85 [ ~a»-n82 (TNTT )/ A2
R60 <> [ 11 54 ) ~e>-R81(T2)/A2
RET e~ T) 12 82 D) e R0 (T3 )22 ¥
Rz [} 13 52 [1 <105 (REG) v
RE3 =t ] 14 51 ] ~-pmXOUT
R70-e>( 15 $0 f1 —-—XIN (=]
WIG )~ [ 16 29 ]
N 7 48 B cmeico? ¥ (4
47 fi k02 Qﬁﬂwn'
46 [] ~=—K01
45 ) k00
“p TMP47PBEON
a2 o 15
At [J —»-R80 /14
40 [ P33 /A4
39 0 ~=p32
PigiAtT==—0 27 38 §—=231
P11/A3Y ~—(] 28 37 § ~—»P30
P12/A10 wew [] 29 36 0 —»-P23/AS
P13/A9 =—[] 30 3$ [}~ P22/A6
TEST/VPP=—>= (] 31 34 —epP21/A7
VS5~ [ 32 33 [i—=P20/A8 QFPGA-P-1420A
QFP64-P-1420A
s eiad
8222 £
= :lE RER
egEll
s$s3:2R
1
I
H H o
R91(50)/TE == sz v A< 3 P31 "W‘v
292 (STK)/ FOM e 53 ) == P30
RCO o 54 3 P237AS
RC1 e s5 2 —P22/A6
RC2 wem = P21 /A7
e z o raora TMP47P860DF
VDD /VCC ~em s8 2 VS$
VAREF = 59 2 a—TESTI VPP
VASS — 50 2 —=P13/a8
RAO(AING) =—em 61 2 - P12/A10 Note : Refer to “10 package.”
RA1(AINT) aem 52 2 P11 /AN
RAZ{AIN2) == 63 lo) 29 ~-=P10/A12
2

RAI(AIN3) =

j—= P03 /A8
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PIN FUNCTION
The 47P860 has MCU mode and PROM mode.
(1) MCU mode
The 47C660/860 and the 47P860 are pin compatible (TEST pin for out-going test. Be fixed to low
level. ).

(2) PROM mode

PIN NAME INPUT/QUTPUT FUNCTIONS PIN NAME(MCU mode)
A12 - A9 P10 - P13
A8 - AS P20 - P23

............................. INPUT in
A4 P33
A - A0 R80 - R83
17 - 4 RB3 - RBO
----------------------------- o Data outputs (Inputs)
i3 - 10 RA3 - RAD
PG Program contro} input R92
CE Input Chip Enable input R91
OF Output Enable input R90
VPP +21V/5V (Program supply voitage) TEST
vee Power supply +5V VDD
VSS ov VSS
PO3 - POO
output
P32 - P30 Open
RC3 - RCO io
R43 - RAO
R53 - RSO
o]
R63 - R60 Be fixed to Low Level
R73 - R70
K03, K02
............................. input
K01, KOO
RESET Input PROM mode setting pin. Be fixed to low level.
HOLD Input
XIN Input ) o
............................................................. Resonator connecting pin
XouT output
VAREF
............................. Power supply Be fixed to low level
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OPERATIONAL DESCRIPTION

47P860 is the same as the 47C660/860 except that an OTP is used instead of a built-in mask ROM.

1. OPERATION mode
The 47P860 has an MCU mode and a PROM mode.

1.1  MCU mode
The MCU mode is set by fixing the TEST/VPP pin at the “L” level. Operation in the MCU mode is the same
as for the 47C660/860, except that the TEST/VPP pin does not have built in pull-down resistor and cannot
be used open.

1.1.1 Program Memory
The program storage area is the same as for the 47C860. Data conversion tables must be set in two
locations when using the 47P860 to check 47C660 operation.

0000y 0000

Program Program

T
-

10004 10004

17€01 | Data conversion

17FFy table

Don‘tuse
iFEdn | Data conversion 1FE0H | Data conversion
1FFFy  [teble 1FFE, [ table

(a) 47C660 (b) 47C860

Figure 1-1. Program area

1.1.2 Data Memory
The 47P860 has two built-in 256 x 4-bit data memory banks (DMBO, DMB1).
When using the 47P860 as a 47C660 evaluator, do not write data to address 80y and following, even
though the DMRB1 addresses are 00~FFy. There is no necessity to take into consideration a special
common function area because one is built in DMBO.
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1.1.3 Input/Output Circuitry

(1) Control pins
This is the same as for the 47C660/860 except that there is no built-in pull-down resistance for the
TEST pin.

(2) /O Ports

The input/output circuit of the 47P860 is the same as I/0 code IA of the 47C660/860.

External resistance, for example, is required when using as evaluator of other /O codes (B, IC),
(Refer to Figure 1.2)

Figure 1-2. 1/O code and external circuitry

1.2 PROM mode
The PROM mode is set by setting the RESET, HOLD, K00 and K01 pins to the “L” level. The PROM mode
can be used as a general-purpose PROM writer for program writing and verification. (A high-speed
program mode is used set the ROM type the same as for the TMM 2764D. )

47P860
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Figure 1-3. Setting for PROM mode

An adapter socket is available for connecting a PROM wrriter.
® BM1102 : TMP47P860N
e BM1109A : TMP47P860DF
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1.2.1 High Speed Programming Mode

The device is set up in the high speed programming mode when the programming voltage (21.0 V) is
sa

applied to the Vpp pin with Vcc=6 V and PGM = V|n4. The programming i

chieved by applying a single

TTL low level 1 ms, pulse the PGM input after addresses and data are stable. Then the programmed data
is verified by using Program Verify mode. If the programmed data is not correct, another program puise
of 1 ms is applied and then programmed data is verified. This should be repeated until the program
operates correctly (max. 15 times) After correclly programming the selected address, one additional
program pulse with pulse width 4 times that needed for programming is applied. When programming
has been completed, the data in all addresses should be verified with Vcc=Vpp=5V.

i

Vee=6V

Vpp=21V

<I
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|

DATA=FF? YES
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N

— FAIL




TOSHIBA TMP47P860
ELECTRICAL CHARACTERISTICS
‘ZBSOLUTE MAXIMUM RATINGS | (Vss=0V)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Vpo -0.3t07 \
Program Voltage Vpp TEST/ VPP pin -0.3tw22.0 v
Input Voitage Vin ~0.3toVpp+0.3 \
R4 - -
Output Voltage Vouti Ports R4, RS, R7, push-puil 0.3toVpp+0.3 v
Vour2 Ports P1, P2, R6, R8, R9 ~-0.3t010
loutt PortR 3.2
Output (Per 1 pin) lour2 Ports P1, P2 30 mA
lour2 Ports PO, P3 15
b} P PO, P1 1
Output Current {Total) oumt orts 2 — mA
Zlout2 Ports P2, P3 120
Power Dissipation PD 600 mw
Soldering Temperature (time) Taig 260 (10s) ‘c
Storage Temperature Tstg -55t0125 c
Operating Temperature Topr -40t070 <
RECOMMENDED OPERATING CONDITIONS | (Vss=0V, Topr=-40t070 C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
in the Normal mode
- 4.5 6.0 \"
Supply Voltage Voo in the SLOW mode
in the HOLD mode 2.0
Vik1 Except Hysteresis Input Vpp x 0.7
. VppZ 4.5V
input High Voltage Viwz | Hysteresis Input Vopx0.75 Vop v
Vika Vpp<4.5V Vpp x0.9
Vit Hysteresis Input Vppx 0.3
VppZ 4.5V
Input Low Voitage Vi Hysteresis input DD 0 Vopx0.25 v
Vi Vpp<4.5V Vpp x 0.1
Clock Frequency fc High-freg.ciock 0.4 6.0 MHz
fs Low-freq.clock 30 34 kHz
Note. InputVoltage Viy3,Vi3: intheSLOW mode or HOLD mode




TRADATTDOZLN
- - FIVIF%/rouv
D.C. CHARACTERISTICS | (VSS=0V, Topr = =40t0 70 C)
PARAMETER SYMBOL PINS CONDITIONS Typ. | Max. | UNIT
Hysteresis Voltage Vis Hysteresis input 0.7 - v
| port KO, TEST,
N RESET, FOLD Vop=5.5V
Input Current - +2 uA
N2 ports R (open-drain) Vin=5.5V/0V
Input Resistance Rinz RESET 220 | 450 kQ
Low Level Input Current [ ports R (push-pull) Vpp=5.5V, Vy=04V - -2 mA
Output Leakage Current o ports R (open drain) Vpp=5.5V, Voyr =55V - 2 pA
Output Level High Voltage Vou push-pull ports Vpp=45V, lon=~200A | 24 | ~ - v
Output Level Low Voltage VoL Except XOUT, P ports Vpp=4.5V, lo = 1.6 mA - - 0.4
loL2 ports Pt, P2 - 20 -
Low Level Output Current Vpp=4.5V, Vo =10V mA
lows ports PO, P3 - 7 b
Supply.Current 0o Vpp=5.5V _ 5 10| ma
{in the Nomal mode) fc=4 MHz
Supply Current | Vpp=5.0V 5 8
. DDS - mA
(in the SLOW mode) fs=32.768 kHz
Supply Current
SRR R 1 Vpp=5.5V - |05 10] A
(inthe HOLD mode) | °°" oo

Note 1. Typ. valuesshow those at Topr =25 °C, VDD =5 V.

Note2. InputCurrentlIN1 ; The currentthrough resistor is not included, when the input
resistor (pull-up/pull-down) is contained.

Note 3. IDD, IDDH; VIN=53Vv/02V

The KO port is opened when the input resistor is contained.
The voitage applied to the R port is within the valid range.
IDDS; VIN =2.8V /0.2 V, low frequency clock is only oscillated (connecting XTIN, XTOUT).

A /D CONVERSION CHARACTERRISTICS | (Topr = =40t0 70 C)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT

Analog Reference Varer Vop-1.5 - Voo v
Vass Vss - 1.5

Analog Reference Voltage Range | AVager | Varer ~ Vass 25 - - Y

Analog input Voltage Vain Vass - VARer "

Analog Supply Current iRgr : - 0.5 1.0 mA

Nonlinearity E - - 1

onlinearity Error Vpp=4.5106.0V, Vgs=0.0V
Zero pornt Error - - 1 LS8
Vager=Vpp £ 0.001V
Full scale Error - - 1
Totar Error Vass =0.000V - - 2
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A.C. CHARACTERISTICS | (Vss=0V, Vpp=4.5106.0V, Topr = =40t070 C)

PARAMETER SYMBOL CONDITION Min. Typ. Max. UNIT
. . in the Normal mode 1.33 - 20
Instruction Cycle Time tey us
in the SLOW mode 235 - 267
High level Clock Pulse Width tweH i
For external clock operation 80 - - ns
Low level Clock Pulse Width twet
A /D Conversion Sampling Time tan | fe=4MHz - 2 - us
Shift Data Hold Time tson 0.5, - 300 - - ns

Note. Shift data Hold Time:

Externai circuit for SCK pin and SO pin . X .
Serial port (completion of transmission)

x ][1 SV

[;ECOMMENDED OSCILLATING CONDITIONS I (Vss=0V, Vpp=4.5106.0V, Topr = =401t070 C)

ecommended oscillating conditions of the 47P860 are equal to the 47C860's.

‘ DC/AC CHARACTERISTICS;] (Vss=0V)

(1) Read Operation

PARAMETER [SYMBOL CONDITION Min. Typ. Max. UNIT
Output Level High Voltage Vina Veex 0.7 - Vee \
Output Level Low Voltage Via 0 - Veex 0.1 v
Supply Voltage Vee 475 _ 60 v
Programming Voltage Vep
Address Access Time tacc [Vec=5.0£0.25V 0 - 350 ns
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¥ Difference compared with the 47C860

The 47P860 is different from the 47C860 with respect to the foliowing spec points.
“ONDITIC TMP47C860 TMP47P860 UNIT
PARAMETER | SYMBOL |  CONDITION ' S _ UNIT
Min Typ. Max. Min. Typ. Max
in the Normal .
operation 4.5 -
Supply Voltage vDD TN the SLOW 6.0 4.5 - 6.0 v
operation 27 -
in the Normal
DD operation - 3 6 - 5 10 mA
Supply Carrent in the SLOW 30 LA 60 pA 5mA 8mA
1DDS operation = - -
(Vop=3V) (Vop=5V)
Note. Be fixed low level at MCU mode because of TEST pin does not have pull-down resistor.

TYPICAL CHARACTERISTICS
Ipp - VoD
Iop
(mA) | Ta=25°C
8
6
4
2
0 Voo
3 5 7 W)
B Operating area
i Tas - 40 t0 70°C
{MH2) (h?ormal mgde)
8
6
4
2
0 M4 Voo
2 4 6 v)

Ipp - fc
oo
(mA) Vpp=5.5V
Ta=25°C
8
6 -
1
A - "’
2
0 l lﬂ fc
0.1 04 1 4 10 (MHz)
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(2) High Speed Programming Operation

PARAMETER SYBOL CONDITION Min. Typ. Max. UNIT
Input High Voltage Vina Veex 0.7 - Vee \
input Low Voltage Vi Q - Veex 0.1 \
Supply Voltage Vee 4.75 - 6.0 \
Vpp Power Supply Voltage Vpp 205 21.0 21.5 \
Programming Pulse Width tew |Vcc=6.0%0.25V 095 1.0 1.05 ms
{

oz X X
T ey 2
= [ 3/
-7 oncwown Y= srkae P ity P DostasE  y——t—
Vo Y e AT

PROGRAM
PROGRAM VERIFY PROGRAM

INITIAL PROGRAM ADDITIONAL PROGRAM




