TOSHIBA TMP47C102/202

CMOS 4-Bit Microcontroller

TMP47C102P, TMP47C202P
TMP47C102M, TMP47C202M

The 47C102/202 are high speed and high performance 4-bit single chip microcomputers, integrating ROM,
RAM, input/output ports and timer/ counters on a chip. The 47C102/202 are the standard LSl in the TLCS-47E
series.

In addition, they have the output port with LED direct drive capability.

Part No. ROM RAM Package oTP
TMP47C102P ) ) P-DIP20-300-2.54A | TMP47P202VP
-------------- 1024 x 8-bit 64 x 4-bit === - === —— - ———————————
TMP47C102M P-SOP20-300-1.27 | TMP47P202VM
TMP47C202P P-DIP20-300-2.54A | TMP47P202VP
—————————————— 2048 x 8-bit 128x4-bit  fo=-=c==S-m—ooodoooooosomooo
TVIP47C202M P-SOP20-300-1.27 | TMP47P202VM
Features
@ 4-bit single chip microcomputer P-DIP20-300-2.54A

@ Instruction execution time: 1.3 us (at 6 MHz)

@ Low voltage operation: 2.2V (at 2 MHz RC)

€89 basic instructions
ROM table look-up instructions

@ Subroutine nesting: 15 levels max.

@5 interrupt sources (External: 2, Internal: 3)
All sources have independent latches each, and multiple
interrupt control is available.

#1/0 port (15 pins) TMP47C102P

@ Two 12-bit Timer / Counters TMP47C202P
Timer, event counter, and pulse width mea-surement TMP47P202VP
mode

@ Interval Timer P-SOP20-300-1.27

@ Watchdog timer
@ High current outputs
LED direct drive capability: typ. 20 mA x 4 bits (port R4)
typ. 7 mA x4 bits (port R5)
@ Hold function
Battery / Capacitor back-up
@ Real Time Emulator: BM47C203

TMP47C102M
TMP47C202M
TMP47C202VM

980901EBP1

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions.

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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Pin Assignment (Top View)

P-DIP20-300-2.54A / P-SOP20-300-1.27

XOUT <=—[J
XIN — [
RESET — [
R80 (INT2) <>
R81(T2) <> [
R82 (INTT) ~= [
R83 (T1) ==
R40 - [

R41 > []

vss — [

= W 00 N O U1 A W N =

A4

20 |1 <— vDD

19 [J <— HOLD (KEO)

18 [ <> R71
17 [d <> R70 (WTO)
16 |1 <> R53
15 [] <> R52
14 [] => R51
13 [ == R50
12 [ <> R43
11 [ <> R42

Block Diagram

Power Supply{ggsD B
[
KE FLAG Accumulator HR | LR Data Memory || Program
< | Z]s |G |A L|U RAM Address buffer (RAM) Counter
— I Stack [SPW ~L,L
I— 1 l TC2 | bC
Program
Hold input HOLD Hold controller EIR EIF Memory (ROM)
(KEO)
) Interrupt controller
Resetinput  RESET System controller * A *
Timing Generator ™ Interval 12-bit
Osc. connecting {))él(l)\IUT Clock Generator Timer Timer/Counter ~ J:
ins
p * (2ch) IR register
Watchdog /_j IR Decoder
( timer
v [ral [re
L
R71 R53  R43 R83 (T1)
R70 (WTO) to toto R82 (INT1)
10 port o w80 (T2
Watchdog timer
output 1/0 port 110 T/Cinput
(R4 is High current port) port\ Interruptinput
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Pin Function

Pin Name Input/ Output Functions
R43 to R40 4-bit I/0 port with latch (R7 port has only 2-bit).
R53 to R50 I/O Yxheﬂ used as input port, the latch must be set
R71 Every bit data is possible to be set, cleared and
........................................................ tested by the bit Manipulation INSErUCtion Of |77
R70 (WTO) I/O (Output) | the L-register indirect addressing. Watchdog timer output
R83(T1) . } Timer/ Counter 1 external input
............................. 4-bit I/0 port with latch.
R82 (INT1 . Ext lint t1i t
8( ....... ) ............. /0 (Input) When used as input port, external interrupt xernalnerrup ..... |npu ........................
R81(T2) input pin, or timer / counter external input pin, | Timer/ Counter 2 external input
............................. the latch must be set to “1”
R80 (INT2) External interrupt 2 input
XIN Input Resonator connecting pins.
XOUuT Output For inputting external clock, XIN is used and XOUT is opened.
RESET Input Reset signal input
HOLD (KEO) Input (Input) | Hold request/release signal input Sense input
VDD +5V
............................. Powersupply
VSS 0V (GND)
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Operational Description

Concerning the above component parts, the configuration and functions of hardware are described.
The basic instruction of configuration in the 47C102/202 is the same as those of TLCS-470 series.

1. System Configuration

€ Internal CPU Function

2.1 Program Counter (PC)
2.2 Program Memory (ROM)
2.3 HRegister, L Register
2.4 Data Memory (RAM)

® Stack

® Stack Pointer Word (SPW)

® Data Counter (DC)

2.5 ALU, Accumulator
2.6 Flags
2.7 System Controller

2.8 Interrupt Controller

2.9 Reset Circuit

@ Peripheral Hardware Function

3.1 1/0 Ports
3.2 Interval Timer

3.3 Timer/Counters (TC1, TC2)

3.4 Watchdog Timer

2. Internal CPU Function

2.1 Program Counter (PC)
The program counter is a 11-bit binary counter which indicates the address of the program memory
storing the next instruction to be executed. Normally, the PC is 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

PCisinitialized to “0” during reset.

MSB

LSB

PCy

PCw

PC,

PCio PCq

PCg

PC;

PCq

PCs

PC,

PC3

PC,

PC;

PCy

Page assignment

Address assignment in page

Figure 2-1. Configuration of Program Counter

The PC can directly address a 2048-byte address space. However, with the short branch, the following

points must be considered

® Short branch instruction [BSS a]

In [BSS a] instruction execution, when the branch condition is satisfied, 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 5 bits of the PC point the next page, so
that branch is made to the next page.

6-02-4
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TOSHIBA TMP47C102/202
instruction Condion |  PogamCounter ,(Q |
Operation PCio1 PCo 1 PCg | PC; 1 PCg 1 PCs 1| PC4 1 PC3 1 PC; 1 PCy 1 PGy
g a ?Bfr:rlch condition is satisfied) Immediate data specified by the instruction

- SF=0 (Branch conditionis
:’ not satisfied) +2
. T
: Lower 6q;b1|;c1a1d1d1ress Hold i Immediate data specified by the instruction
- SF=1 , {
- a Lower 6-bit address !
c =111 + 1 1 Immediate data specified by the instruction
— (last address in page) !
- SF=0 +1
¢}
CALL a Immediate data specified by the instruction
c 1 H H 1
© |caLLs a 0 0 0 !lraspecheqbysmenstrucion o C 11 10
; The return address restored from stack
v
o The return address restored from stack
x
™ | Others Incremented by the number of bytes in the instruction
| i
e © 0 0 0 0 0 0 ! Interruptvector | 0
Reset 0 0 0 0 0 0 0 0 0 0 0
Table 2-1. Status Change of Program Counter
2.2 Program Memory (ROM)
. . Address
Programs and fixed data are stored in the program in page Address
memory. The instruction to be executed next is read from
H H Page 7 O00H | 0004
the address indicated by the contents of the PC. 9 01 001
The fixed data can be read by using the table look-up 00 E """""""""""""""" !
instructions. N i
3E | .....]O3E
® Table look-up instructions > gg gzg
[LDL A, @DC], [LDH A, @DC+] 01 ................................ 041
The table look-up instructions read the lower and o1, E """""""""""""""" E
upper 4 bits of the fixed data stored at the address | |
specified in the data counter (DC) to place them into | 3E T o7E
the accumulator. [LDL A, @DC] instruction reads the - gg g;g
lower 4 bits of fixed data, and [LDH A, @DC+] o1 | 081
instruction reads the upper 4 bits. AT At
. . . . . I ~No ~ ]
The DC is a 12-bit register, allowing it to address the | |
entire program memory space. N i
In this case, the uppers bit of the DC (MSB) is ignored. gg ;(B:(F)
O | 7€
TFy i i
[} I
I Beseccscscseasasccascnascncuanasans 1
3E e 7FE
3F 7FF

Figure 2-2. Configuration of Program Memory
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TOSHIBA TMP47C102/202

2.2.1 Program Memory Capacity
The 47C102 has 1024 x 8 bits (addresses 000y through 3FFy) of program memory (mask ROM), the
47C202 has 2048 x 8 bits (addresses 000y through 7FFy).
Figure 2-3 shows the program memory map. Address 0004 to 086 of the program memory are also used
for special purposes.

2.2.2 Program Memory Map
On the 47C102, no physical program memory exists in the address range 4004 through 7FF4. However, if
this space is accessed by program, the most significant bit of each address is always regarded as “0” and
the contents of the program memory corresponding to the address 0004 through 3FF are read.

Address 1024 x 8-bit Address 2048 x 8-bit
000, Reset start address Y 000, Reset start address
002 QNT 002 fINTT ..
004 | . Interruptservice o4 | Interrupt service .........
006 | IOVF1 _ routine .. 006 |IOVF1  routine e
008 [1OVF2 " ooy 008 [iovez T T
00A | Tmig - &Mty address 00A |iTmRr " entry address
00C |INT2 ooc [|iNT2T O
00E . Subroutinecall Q0E ]
: Subroutine call entry address entry address : Subroutine call entry address
: designated by [CALLS a] designatedby designated by [CALLS a]
: ; ; CALL a] ; instruction
086 instruction [ : 086 ins
: instruction :
3FF 3FF
400 (=000) : : 400
:8 8 ~ <
TRE(=3FF) Lo X 7FF
(a) 47C102 (b) 47C202

Note: Address 004y and 0054 can be used to store ordinary user’s processing data.

Figure 2-3. Program Memory Map
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2.3

H Register and L Register
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 RAM 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 L register has the auto-post-increment/decrement capability, implementing the execution of
composite instructions. For example, [ST A, @HL + ] instruction automatically increments the contents of
the L register after data transfer.

During the execution of [SET @L], [CLR @L], or [TEST @L] instructions, the L register is also used to
specify the bits corresponding to I/0 port pins R53 through R40 (the indirect addressing of port bits by the

L register).
Example 1: To write immediate values “5” and “F4" to data memory addresses 10y and 11y.
LD HL,#10H ; HL&<10H
ST #5,BHL+ ;' RAM [10y] <54, LReLR + 1
ST #0FH,GHL+ ; RAM[114] «Fy, LR&<LR +1
Example 2: The output latch of R51 pin set “1” by the L register indirect addressing bit
manipulation instruction.
LD L,#0101B ;  SetsR51 pin address to L register
SET 6L ; R51¢&1
H Register L Register
HR3 HR, HR; HRy LR3 LR, LR, LRg
vV \'4
Page specification Address specification in page
Figure 2-4. Configuration of H and L Registers
2.4 Data Memory (RAM)

The data memory stores user-processed data. One-page of this memory is 16 words long (1 word = 4

bits). It has 8 page.

The RAM is addressed in one of the three ways (addressing modes):

(1) Register-indirect addressing mode
In this mode, a page is specified by the H register
and an address in the page by the L register.
Example: LD A, @HL ; Acce—RAM [HL]

(2) Direct addressing mode
In this mode, an address is directly specified by the 8
bits of the second byte (operand) in the instruction
field.
Example: LD A, 2CH ; Acce—RAM [2CH]
(3) Zero-page addressing mode
In this mode, an address in zero-page (addresses
00y through OFy) is specified by the lower 4 bits of
the second byte (operand) in the instruction field.
Example: ST #3, O5H ; RAM [054] «-3

H register

L register

RAM address

I| {}:{} ||

® Register-indirect

Instruction field

| XXX X i XXX X
RAM address | XX X X i XX XX
® Direct
Instruction field
T
| | Loyyyy
T
RAMaddress | 0000 ! yyyy
© Zero-page

Figure 2-5. Addressing mode

6-02-7
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241 Data Memory Map
Figure 2-6 shows the data memory map. The data memory is also used for the following special purpose.
® Stack and Stack Pointer Word (SPW) ® Count registers of the timer/counters (TC1, TC2)
©® Data Counter (DQC) @ Zero-page
Address in page

F E D C B A 9 8 7 6 5 4 3 2 1 0

7
6
5
Page 4
3
2 Increfnentdirectioﬁ ........ ...... Décreméntdire;:tion .................................
1 : of address : ofaddress : :
0 : : : H - Zero --page -
Notel. denotes the stack area.

Note2. The TC1and TC2 areas are shared by the locations 13 and 14.
Figure 2-6. Data Memory Map (47C202)
(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 [RETI] 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 data memory
(addresses 40y through 7By). Each location consists of 4-word data memory. Locations 13 and 14 are
shared with 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
SPW indicates the stack location number for the next save.

(2) Stack Pointer Word (SPW)
Address 7Fy (3Fy for the 47C102) in the data memory 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 with the timer / counters to be described later; therefore, when the
timer / counters are not used, the stack area of up to 15 levels is available. Address 7F is assigned to
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 lost. (For example, when the user-processed data
area is in an address range 00y through 4Fy, up to location 4 of the stacks are usable. If an interrupt
is accepted with location 4 already used, the user-processed data stored in addresses 4Cy through
4Fy 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
used.
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TOSHIBA TMP47C102/202
Example: Toinitialize the SPW (when the stack is used from location 12)
LD A,#12 i SPWe12
ST A,OFFH
(3) Data Counter (DC)

The data counter is a 12-bit register to specify the
address of the data table to be referenced in the MSB LSB
program memory (ROM). Data table reference is Data Counter (DO)
performed by the table look-up instructions [LDL A,
@DC] and [LDH A, @DC+] . The data table may be DCx | DCwm | DG,
located anywhere within the program memory address RAM address
space. 47C202 (7ER) (7DR) (7CH)
The DC is assigned with a RAM address in unit of 4 bits. 47C102 (3ER) (3DR) (3¢
Therefore, the RAM manipulation instruction is used to Figure 2-7. Data Counter

set the initial value or read the contents of the DC.

Example: Tosetthe DCto 3804.
LD HL,#07CH ;  Sets RAM address of DC| to HL register pair.
ST #0H, GHL+ ; DCe« 3804
ST #8H, GHL+
ST #3H,GHL+
PC FLAG PC
SAVE
STACK u . STACK i L i LSAVE B
T I PCy | PCy | PC_ | P [FLAG | PCy ! PCy ! PCL L
RAMaddress (6By) (6Ap) (69y) (68y) (674) RAMaddress (6By) (6An) (69y) (68y) (67H)
_)|‘_ Location 10 _)I‘_ Location 9 _>|‘_ Location 10 _>|‘_ Location 9

(a) At execution of the subroutine call instruction

Before execution After execution
SPW | 10 | —>| 9 |
(7FR) (7Fn)

RAM address

RAM address

Before acceptance After acceptance
spw | 10
(7Fn)

- |

(7Fn)

(b) At acceptance of an interrupt

PC FLAG
T T
L
RESTORE RESTORE
STACK L STACK L
] I PCy | PCy ! PC | o FLAG! PCy ! PCy ! PC_ | L
RAMaddress (6Bn) (6Ay) (69y) (68n) (674) RAM address (GBH) (6An) (694) (68h) (674)
—>|4— Location 10 —>|4— Location 9 —>|<— Location 10 —>|<— Location 9
Before execution After execution Before execution  After execution
SPW| |—>| 10 | 5PW| |—>| 10 |
RAM address  (7Fp) (7Fy) RAM address  (7Fn) (7Fy)

(c) At execution of the subroutine return instruction

(d) Atexecution of the interrupt return instruction

Figure 2-8. Accessing Stack (Save / Restore at the 47C202)
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(4) Countregisters of the timer/counters (TC1, TC2)
The 47C102/202 has two channels of 12-bit timer/ counters. The count register of the timer / counter
is assigned with a RAM addresses in unit of 4 bits, so that the initial value is set and the contents are
read by using the RAM manipulation instruction.
The count registers are shared with 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 locations at addresses
774 and 7By (374 and 3By for the 47C102) can be used to store the user-processed data.

MSB LSB MSB LSB
Timer/ Counter 1 (TC1) Timer/ Counter 2 (TC2)
TCly | TClm | TC1L TC2y | TC2 | TC2,
RAM address RAM address
47C202 (761) (75n) (74y) 47C202 (7An) (79n) (78y)
47C102 (36y) (351) (34y) 47C102 (BAY) (39y) (384)

Figure 2-9. Count Registers of the Timer/Counters (TC1, TC2)

(5) Zero-page
The 16 words (at addresses 00 through OF) of the zero page of the data memory can be used as the
user flags or pointers by using zero-page addressing mode instructions (comparison, addition,
transfer, and bit manipulation), providing enhanced efficiency in programming.

Example: To write immediate data “8” to address 09y if bit 2 at address 04y in the RAM is “1".

TEST 04H,2 ;  Skipsif bit 2 at address 04y in the RAM is “0”.
B SKIP
ST #8,09H ; Writes “8” to address 09y in the RAM

SKIP:
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24.2 Data Memory Capacity
The 47C102 has 64 x 4 bits (addresses 00 to 3Fy) of the data memory (RAM), and the 47C202 has 128 x 4
bit (addresses 00 to 7Fy).
When power-on is performed, the contents of the RAM become unpredictable, so that they must be
initialized by the initialization routine.

Address Address
00y 00y
: Zero-page : Zero-page
OF OF oo,
10 10
Special ;
function : Data area
shared area
3F 3F
40 40
Special
function
shared area
(a) 47C102 (b) 47C202

Note: In the 47C102, the zero-page and special function shared area (stack location 3 to 0) are
overlapped.
At programming, note that addresses 10 to 3Fy are assigned to addresses 50 to 1Fy in the
47C102. The technical data sheets for the 47P202V shall also be referred to.

Figure 2-10. Data Memory Capacity and Address Assignment

Example: To clear RAM (use common to the 47C102 and 47C202)

LD HL, #0OH ; HL<00H
SCLRRAM: ST #0, GHL+ ; RAM [HL] <0, LR<LR +1
B SCLRRAM
ADD H, #1 ; HR<HR +1
B SCLRRAM

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 result of the operation, the carry information (C), and the zero detect information (2).
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(1) Carryinformation (C)

The carry information indicates a carry-out from the
most significant bit in an addition. 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) result
This information is “1” when the operation result or
the data to be transferred to the accumulator/data
memory is “0000g”.

Note. C(j, indicates the carry input specified
by instruction

Figure 2-11. ALU

Example: The carry information and zero detect information for 4-bit additions and subtractions.

Operation Result C Z Operation Result C Z
4 + 2 = 6 0 0 8 -1 = 7 1 0
7 +9 = 0 1 1 2 -2 = 0 1 1

5 -8 = -3(11018) O 0

2.5.2 Accumulator (Acc)

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

26 Flags
There are a carry flag (CF), a zero flag (ZF), a status flag (SF),
and a general flag (GF), each consisting of 1 bit. These flags
are set or cleared according to the condition specified by an

Figure 2-12. Accumulator

instruction. When an interrupt is accepted, the flags are 3 : 2 : ! : 0
saved on the stack along with the program counter. When | cF ¢ ZF : SF ¢ GF
the [RETI] instruction is executed, the flags are restored Figure 2-13. Flags

from the stack to the states set before interrupt acceptance.

(1) Carry flag (CF)
The carry flag holds the carry information received from the ALU at the execution of an addition /
subtraction with carry instruction, a compare instruction, or a rotate instruction. With a 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 (Cj,) 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 A]
The CF is shifted into the accumulator to hold the carry information (the data shifted out
from the accumulator).
@ Carry flag test instructions [TESTP CF], [TEST CF]
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”.
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(2) Zero flag (ZF)
The zero flag holds the zero detect information (Z) received from the ALU at the execution of an
operational instruction, a rotate instruction, an input instrcution, or a transfer-to-accumulator
instruction.

(3) Statusflag (SF)
The status flag provides the branch condition for a branch instruction. Branch is performed when
this flag is set to “1”. Normally the SF is set to “1”, so that 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 an instruction, this instruction becomes a conditional
branch instruction. During reset, the SF is initialized to “1", other flags are not affected.

(4) General flag (GF)
This is a 1-bit general-purpose flag which can be set, cleared, or tested by program.

Example: When the following instructions are executed with the accumulator, H register, L
register, data memory (address 07y), and carry flag being set to “Cy”, 0", “7", “5",
and “1” respectively, the contents of the accumulator and flags become as follows:

Instruction Acc af‘lcer Flag after execution Instruction Acc af’.cer Flag after execution
execution CF ZF SF execution CF ZF SF
ADDC A, @HL 2y 1 0 0 LD A, #0 Oy 1 1 1
SUBRCA@HL ......... 5 H ............ PR RO B 1| s #4 ............ OH ............ o e 5
CMPRA@HL ......... g H ............ PR O R I | e Gt - H ............ e o
PR @HL ......... ; H ............ S i mi I | et 9H ............ el 5ot G
o N @HL ......... 5H ............ S R | e Nt R EH ............ o B P

2.7 System Controller

XIN | |—> cp >
! Clock Timing > 4 suctem Clock
! Generator Generator —> ystem Llocks
XOuT >
I
1
1

L HOLD Control
Figure 2-14. Clock Generator and Timing Generator

2.7.1  Clock Generator
The clock generator provides the basic clock pulse (CP) by which the system clock to be supplied to the
CPU and the peripheral hardware is produced. The CP can be easily obtained by connecting the
resonator to the XIN and XOUT pins. (RC oscillation is also possible, depending on the mask option) The
clock from the external oscillator is also available. In the hold operating mode, the clock generator stops

oscillating.
XIN XOUuT XIN XOUT XIN XOUT
|:| (Open) Rx
CXIN CXOUT CXIN
(a) Crystal or ceramic resonator (b) External oscillator (c) RCoscillation (mask option)

Figure 2-15. Examples of Oscillator Connection
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Note: Accurate adjustment of the oscillation frequency
Although the hardware to externally and directly monitor the CP is not provided, the
oscillation frequency can be adjusted by making the program to output the pulse with a
fixed frequency to the port with the all interrupts disabled and timer/counters stopped and
monitoring this pulse. With a system requiring the oscillation frequency adjustment, the
adjusting program must be created beforehand.

Example: To outputthe oscillation frequency adjusting monitor pulse to port R40.

SFCCHK: SET %0P04,0 Output waveform
R woeoso 1L [ 1L__
BSS SFCCHK -~ fc/40 —

2.7.2 Timing Generator

The timing generator produces the system clocks from basic clock pulse (CP) which are supplied to the
CPU and the peripheral hardware.

The timing generator consists of a 18-stage binary counter with a divided-by-16 prescaler. The basic clock
(frequency: fc) provides the timing generator. Therefore, the output frequency at the last stage is
fc/222[Hz]. During reset, the binary counter is cleared to “0”, however, the prescaler is not cleared.

Prescaler Binary counter
fc [Hz]
——>|1(2]3|4 5167|189 |10|11]12 |13 |14|15[16[17[18|19( 20 21|22

Figure 2-16. Configuration of Interval Timer

The timing generator provides the following functions:
@ Generation of an internal source clock for interval timer
@ Generation of an internal source clock for timer / counters
@ Generation of a warm-up time for releasing of the hold operating mode

2.7.3 Instruction Cycle
The instruction execution and the on-chip peripheral hardware operations are performed in
synchronization with the basic clock pulse (CP: fc [Hz]). The smallest unit of instruction execution is called
an instruction cycle. The instruction set of the TLCS-47 series consists of 1-cycle instructions and 2-cycle
instructions. The former requires 1 cycle for their execution; the latter, 2 cycles. Each instruction cycle
consists of 4 states (51 through S4). Each state consists of 2 basic clock pulses.

1/fc|s]

—
cP JUUUUUHHHULH—H—H—

instruction cycle —_—

State [ s | 2 | s | s« | st | sz |

Figure 2-17. Instruction Cycle
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2.74

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 controlled by the command register (OP10) and the HOLD pin input. The
HOLD pin input state can be known by the status register (IPOE). The HOLD pin is wired with the R82
output latch. To use this port for hold operating mode, the R82 output latch should be setto “1".

(1) Starts Hold Operating Mode
The hold operation is started when the command is set to the command register and holds the
following states during the hold operation:

® The oscillator stops and the system’s internal operations are all held up.

@ The timing generator 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 held.

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

Hold operating mode command register
(Port address: OP10) (Initial value: *0**)
3 2 1 0
| HLDMS | HWUT |

HLDMS | Starts hold operation |

01 : Starts hold operation in edge-release mode
11 : Starts hold operation in level-release mode

*0 : (Unused)

HWUT | Warm-up time at release of the hold

Example : At fc=4 MHz

00 : 2'8/fc [s] -+ 65.5 [ms]
01 : 214/fc 40

10 : (Unused)

11 @ 26/fc =+ 0.016

Hold operating mode status register
(Port address: IPOE)

....... B2 0
: . : HOLD
(éundeflned? (INTT)

HOLD | HOLD pininput state

0 : HOLD pinishigh

1 : HOLD pinislow

Note 1. * , don’t care

Note 2. Do not access the OP10 when HOLD
mode is not used.

Note 3. Anundefined value is read from bit1 to
bit3 of the IPOE with an input
instruction.

Figure 2-18. 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. Level-sensitive release (back-up) mode

In this mode, the hold operation is released by setting the HOLD pin to the high level. This mode is
used for the capacitor backup with 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 release sequence (warm-up) starts immediately. Therefore,
to start the hold operation in the level-sensitive release mode, that the HOLD pin input being low
(the hold operation request) must be recognized in program. This recognition is performed in one

of the two ways below:

@®  Testing HOLD (bit 0 of the status register)

@ Applying the HOLD pin input also to INT1 pin to generating the external interrupt 1

request.

6-02-15
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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, 0 ; Waitsuntil HOLD pin input goes low.
B SHOLDH
LD A, #1101B ; OP10<1101p
ouT A, %0P10

HOLD pin .
)y
L

)]

J

XOUT pin

X ;
' . 1 .
Normal operation —>o-<——— HOLD operation ———><——  Warm-up  —><— Normal operation

Enter the HOLD operating mode The HOLD operating mode is released by
after detected by program the hardware

HOLD pinis low level.
(The HOLD operating mode is always )

released when the HOLD pinis high
Figure 2-19. Level-sensitive release mode

b. Edge-sensitive release (clock) 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 mode, even if the HOLD pin input is high, the hold operation is performed.

Example: To start the hold operation in the edge-sensitive release mode (the warm-up
time = 214/fc).
LD A, #0101B ; OP10<0101p
ouT A, %0P10

(4

N
HOLD pin \ /.: \
1
{C :
"

/L

)

17

i Normal |
Normal operation —> b<—HOLD operation —>\<— Warm-up _’J'(_operation_7‘— HOLD operation

XOUT pin

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 2-20. Edge-sensitive release mode

6-02-16 1999-09-01



TOSHIBA TMP47C102/202

Note : In the hold operation, the dissipation of the power associated with the oscillator 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 pointshould be considered in the system
design and the interface circuit design.
In the CMOS circuitry, a current does not flow 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 /O port (the open drain output pin with an input
transistor connected) puts the pin signal into the high-impedance state, a current flows
across the ports input transistor, requiring to fix the level by pull-up or other means.

(2) Releases Hold Operating Mode
The hold operating mode is released in the following sequence:

@ The 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 the instruction which starts the hold operation.

* The warm-up time is obtained by dividing the basic clock by the interval timer, so that, if the
frequency at releasing the hold operation is unstable, the warm-up time shown in Figure 2-18.
includes an error. Therefore, the warm-up time must be handled 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.

238 Interrupt Function

2.8.1 Interrupt Controller

There are 5 interrupt sources (2 external and 3 internal). The prioritized multiple interrupt capability is
supported. The interrupt latches (ILs through ILg) to hold interrupt requests are provided for the
interrupt sources. Each interrupt latch is set to “1" when an interrupt request is made, asking the CPU to
accept the 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 occur simultaneously, the one with the highest priority determined by hardware is serviced
first.

Interrupt Source Priority Intz;l;l:]pt Enable conditions azz:gss
External | Extenal Interrupt 1 (INT1) (highest) 1 ILs EIF=1 002y
TC1 overflow Interrupt (IOVF1) 2 IL3 EIF=1, EIR, =1 006y
Internal | TC2 overflow Interrupt (IOVF2) 3 1L, 008y
Interval Timer Interrupt (ITMR) 4 1L FIF=1, EIR, =1 00AY
External | External Interrupt 2 (INT2) (lowest) 5 Lo EIF=1, EIRg=1 00Cy

Table 2-2. Interrupt Sources
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fin S|L4QiD—>

IOVF1

IOVF2

ITMR

(1

(2)

3)

N

Interrupt latches

> S Q
o s

i

R Priority

Encoder

L T/

ILy
R

& Address

S Q

ILy —D_’

Entry

Interrupt
S 3 _D—) address acceptapnce
ILq ! Generator

Interrupt

FLEE
RIRIEIE,

S Q reques

—
(EICLR 1L, r | EIRs [ EIR; | EIRy [ EIRo |
DICLR IL, r [XCH A EIR] Interrupt
(CLR L r ' enable register S Q
| Accumulator | EIF
] 1 ] R
Interrupt enable
[EICLR IL, r] —— master F/F
[DICLR IL, r]

System reset

Figure 2-21. Interrupt Controller Block Diagram

Interrupt enable master flip-flop (EIF)
The EIF controls the enable / disable of all interrupts. When this flip-flop is cleared to “0”, all
interrupts are disabled; when itissetto “1”, the interrupts are enabled.
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 IL, r],
respectively. The EIFisinitialized to “0” during reset.

Interrupt enable register (EIR)
The EIR is a 4-bit register specifies the enable or disable of each interrupt except INT1. Aninterruptis
enabled when the corresponding bit of the EIR is “1”, and an interrupt is disabled when the
corresponding bit of the EIR is “0”. Bit 1 of the EIR (EIRy) 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 latch (IL)
An interrupt latch is provided for each interrupt source. The IL is set to “1"” when an interrupt
request is made to ask the CPU for accepting the interrupt. Each ILis cleared to “0” upon acceptance
of the interrupt. Itisinitialized to “0” during reset.
The ILs can be cleared independently by interrupt latch operation instructions ([EICLR IL, r], [DICLR
IL, r], and [CLR IL, r]) to make them cancel 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 IL is held.
Note that the ILs cannot be set by instruction.
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Example 1: To enable IOVF1, INT1, and INT2 interrupts.
LD A,#0101B ; EIR<0101p
XCH A,EIR
EICLR IL,111111B ; EIF&-1

Example 2: Tosetthe EIFto “1”, and to clear the interrupt latches except ITMR to “0”.
EICLR IL,000010B ; EIF<1, ILg<-0, IL2 —ILs<-0

2.8.2 Interrupt Processing
An interrupt request is held until the interrupt is accepted or the IL is cleared by the reset or the
interrupt latch operation instruction. The interrupt acknowledge processing is performed in 2
instruction cycles 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 [RETI].
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 EIFis cleared to “0", temporarily disabling the acceptance of subsequent interrupts.
® The interrupt latch 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.)

One-instruction cycle
[—>

—
N

EIF /
e e oriidoo -
vl interrupt execution | H | execution interrupt execution |
ycle acceptance instr.(OOAH)_E _i L[EICLR IL, r] | acceptance instr.(OOCH)_E
Notes.

1. Itisassumed that there is no other interrupt request and EIR =0011p.
2. Thevaluerinthe [EICLR IL, r] instruction is assumed as 1111113g.
3.

-

:_____] denotes the execution of an instruction.
Figure 2-22. Interrupt Timing chart (Example)

To perform the multi-interrupt, the EIF is set to “1” in the interrupt service program, and the
acceptable interrupt source is selected by the EIR. However, for the INT1 interrupt, the interrupt
service is disabled under software control because it is not disabled by the EIR.
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28.3

Example: The INT1 interrupt service is disabled under software control (Bit 0 of RAM [054] are
assigned to the disabling switch of interrupt service).

PINT1: TEST 05H,0 ; Skips if RAM [054] ¢ is “1"
B SINT1
RETI

SINT1:

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

Note. When the time required for interrupt series is longer than that for service program is
executed without executing the main program.

In the interrupt processing, the program counter and flags are automatically saved or restored but
the accumulator and other registers are not. If it is necessary to save or restore them, it must be
performed by program as shown in the following example. To perform the multi-interrupt, the
saving RAM area never be overlapped.

Example: To save and restore the accumulator and HL register pair.
XCH HL, GSAV1 ; RAM[GSAV1] & HL
XCH A, GSAV1+2 ; RAMI[GSAV1 +2] < Acc
Note. The lower 2 bits of GSAV1 should be “0’s”.

External Interrupt
When an external interrupt (INT1 or INT2) occurs, the interrupt latch is set at the falling edge of the
corresponding pin input (INTT or INT2). The external interrupt input is the hysteresis type, each of
high and low level time requires 2 or more instruction cycles for a correct interrupt operation.
The INT1 interrupt cannot be disabled by the EIR, so that it is always accepted in the interrupt enable
state (EIF="1"). Therefore, INT1 is used for an interrupt with high priority such as an emergency
interrupt. When HOLD (INT1) pin is used for the I/O port, the INT1 interrupt occurs at the falling
edge of the pin input, so that the interrupt return [RETI] instruction must be stored at the interrupt
entry address to perform dummy interrupt processing.
The INT2 interrupt can be enabled / disable by the EIR.
When R80 (INT2) pin is used as the I/O port, the INT2 interrupt occurs at the falling edge of the pin
input.
However the interrupt request is not accepted by clearing bit 0 of the EIR to “0”.
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2.9 Reset Function
When the RESET pin is held to the low level for three or VDD o VDD
more instruction cycles when the power voltage is within i
the operating voltage range and the oscillation is stable, ; L i
reset is performed to initialize the internal states. RESETI™] &
When the RESET pin input goes high, the reset is cleared J_

RESET pin is a hysteresis input with a pull-up resistor (220

[}

I

and program execution starts from address 0004. The l i
I

kQ typ.). Externally attaching a capacitor and a diode

implement a simplified power-on-reset operation. Figure 2-23. Simplified Power-On-Reset
On-chip hardware Initial value On-chip hardware Initial value
Program counter (PC) 000y
................................................................................................ Refer tO "INPUT/
Statustlag 88 e Outputlatch (O ports or Outputports) | ouTPUT
Interrupt enable master flip-flop (EIF) 0 Circuitry®.
Interrupt enable register (EIR) Oy Refer to the

Interrupt latch (IL) i Command register

Interval timer "0

description of
each relative
command register.

Table 2-3. Initialization of Internal States by Reset Operation
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3.

3.1

3.1

3.1

PERIPHERAL HARDWARE FUNCTION

Ports
The data transfer with the external circuit and the command / status / data transfer with the internal
circuit are performed by using the I/O instructions (13 kinds). There are 4 types of ports:

@ 1/0 port ; Data transfer with external circuit

@ Command register ; Control of internal circuit

@ Statusregister ;  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 I/O instructions
that can access the ports.

.1 /O Timing

(1) Inputtiming
External data is read from an input port or an I/O port in the S3 state of the second instruction cycle
during the input instruction (2-cycle instruction) execution. This timing cannot be recognized from
the outside, so that the transient input such as chattering must be processed by program.

| Istinstructioncycle |  2ndinstructioncycle
I 1 1

S1 S2 S3 54 S1 S2 S3 S4

Instruction | ' IN/ TEST/ TESTP instruction ' | '
execution cycle

Input strobe - -

Portinput =~ 0 —m———_—_—_——— e —————— D ———————

Figure 3-1. InputTiming

(2) Outputtiming
Data is output to an output port or an I/O port in the 5S4 state of the second instruction cycle during
the output instruction (2-cycle instruction) execution.

| Istinstruction cycle | 2ndinstructioncycle |
I 1 1

S1 S2 S3 54 S1 S2 53 S4

Instruction T T L— T T T
execution cycle o | OUT/SET/CLR instruction [

—

Output latch pulse -— : .

Port output —_—— X _———

Figure 3-2. Output Timing

.2 I1/0 Ports

The 47C102/202 have 5 I/O ports (15 pins) each as follows:
® R4, R5 ; 4-bitinput/output

@ R7 ; 2bitinput/output (shared with watchdog timer output)
@ RS ; 4-bitinput/output (shared with external interrupt input and timer/ counter input)
@ KE ; 1-bitsense input (shared with hold request/ release signal input)

Each output port contains a latch, which holds the output data. The input ports have no latch; therefore,
itis desired to hold data externally until it is read or read twice or more before processing it.
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(1) PortR4 (R43 to R40), R5 (R53 to R50), R7 (R71 to R70)
Ports R4 and R5 are 4-bit I/0 port with a latch. When used as an input port, the latch must be set to
“1". The latch isinitialized to “1” during reset.

These 3 ports (10 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 (/0 ports) that correspond to the contents of L register.

Example: To clear R43 output as specified by the L register indirect addrressing bit manipulation

instruction.
LD L, #0011B ;  SetsR43 pin address to L register
CLR @L ; R43«0
L register L register L register
: 9_’ _ PIN . 9 : PIN . 9 : PIN
3i2:i1:0 3i2i1:i0 3i2i1i0
0000 R40 0100 R50 1100 R70
0 0 01 R41 01 0 1 R51 11 0 1 R71
0010 R42 0110 R52
00 11 R43 01 1 1 R53

Table 3-2. Relationship between L register contents and I/O port bits

(a) R4 (R43 to R40), R5 (R53 to R50)

IN/TEST/TESTP
Port R4 (Port address OP04/1P04)
2 SET/CLR
3 ! 0 Input data —€—
R43 R42 R41 R40
Port R4 is high current output. Port R5 is middle current output. Output data LATCH o PIN

These ports can directly drive LEDs.
Figure 3-3. Ports R4, R5

Port R5 (Port address OP05/1PQ5)

3 2 1 0
| rs3 | rs2 | RSt [ RSO |

(b) Port R7 (R71 to R70)

Port R7 is 2-bits I/O port with latch. R70 pin is shared by the watchdog timer output. To use R70 pin
for the watchdog timer output, the latch should be set to “1”. The latch is initialized to “1” during
reset. R71 pinisnormal I/O pin. R72 and R73 pins do not exist actually but “1” is read when an input
instruction is executed.
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Port R7 (Port address

OPOQ7/1P07)
1 0
R71 R70
(WTO)

(2) Port R8 (R83 to R80)
Port R8 is a 4-bit I/O port with a latch. When used as an input port, the latch must be setto “1”. The
latch isinitialized to “1” during reset.
Port R8 is shared with the external interrupt 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 I/O port,
the acceptance of external interrupt should be disabled or the event counter/pulse width
measurement modes of the timer/counter should be disabled.

Input data «—

Output data —>{LATCH

WTO output

Figure 3-4. Ports R7

IN/TEST/TESTP

PIN

Note: When R82 (INT1) pin is used for an I/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 [RETI] is executed).
With R80 (INT2) pin, external interrupt 2 occurs like R82 in but bit 0 of the interrupt enable
register (EIRg) is only kept at “0”, not accepting the interrupt request.

Port R8 (Port address OP08/1P08)

3 2 1 0
R83 R82 R81 R80
(T1) (INT1) (T2) (INT2)

(3) Port KE (KEO)
Port KE is a 1-bit sense input port shared with the hold request / release signal input in (HOLD). This
input port is assigned to the least significant bit of port address IPOE and 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. The bit1 through bit3 of port KE, an undefined value is read when an input instruction is

executed.

Example:

SWAIT

Port KE (Port address IPOE)

TEST
B

KEO
(HOLD)

1

Control input

Inputdata «—

~ IN/TEST/TESTP

SET/CLR

Output data

Figure 3-5. PortR8

To wait until KEO pin goes low.
%IPOE,O
SWAIT

LATCH ‘ [>—

; Waits if KEQ pin = “H".

Control input

Input data

Figure 3-6. PortKE

<]
~

IN/TEST/TESTP

o]

PN

[ Jpin
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3.2 Interval Timer Interrupt (ITMR)

The interval timer can be used to generate an
interrupt with a fixed frequency. Internal timer
interrrupt is control by the command register (OP19).

Interval Timer interrupt command register
(Port address OP19) (Initial value : 0000)

3 2 1 0

An interval timer interrupt is generated at the first

T T
TMRE TMRF |

rising edge of the binary counters output after the

TMRE | Interrupt Enable / Disable |

command has been set. The interval timer is not

cleared by command, so that the first interrupt may |00 : Stopped
occur earlier than the preset interrupt period. 01 : Enable
x .
Example: To setthe interval timer interrupt [ ¢ (Unused) Note. » ;don’t care
frequency to fc/212[Hz]. TMRE | Interrupt frequency
LD A, #0110B Example: At fc=4.19 MHz
out A, %0P19 00 : fc/210[Hz] 4096 [Hz]
01 : fg21 2048
10 : fo/212 1024
1 @ fcg213 512

3.3 Timer / Counters (TC1, TC2)

Figure 3-7. Command Register

The 47C102/202 contain two 12-bit timer/ counters (TC1, TC2). RAM addresses are assigned to the count
register in unit of 4 bits, permitting the initial value setting and counter reading through the RAM
manipulation 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

user-processed data.

MSB LSB

Timer/ Counter 1 (TC1)
TC14 | TCly | TC1,

RAM address
47C202
47C102

(76y)
(364)

(75y)
(35n)

(744)
(34y)

MSB LSB

Timer/ Counter 2 (TC2)
TC2)4 | TC2M | TC2,

RAM address
47C202 (7A4H) (794) (784)
47€102 (BAy (39 (38y)

Figure 3-8. 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
@ Programmable timer
@ Pulse width measurement
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Timer/ Counter 1 control command register Timer/ Counter 2 control command register
(Port address: OP1C) (Initial value: 0000) (Port address: OP1D) (Initial value: 0000)
3 2 1 0 3 2 1 0
I TC1IMS | IP;“ I TCZIMS | IP;?Z
TC1MS | Mode selection | TC2MS | Mode selection |
00 : Stopped 00 : Stopped
01 : Eventcounter mode 01 : Eventcounter mode
10 : Timer mode 10 : Timer mode
_11 : Pulse width measurement mode _11 : Pulse width measurement mode
IPR1 [ Internal pulse rate selection IPR2 [ Internal pulse rate selection
Example: At fc=4.19 MHz Example: At fc=4.19 MHz
00 : fc/2'0[Hz] -~ 4096 [Hz] 00 : fc/2'0[Hz] - 4096 [Hz]
01 : f¢/214 - 256 01 : fu214 = 256
10 : fc/218 16 10 : fc/218 16
1 @ fe222 1 1 fc222 1

3.3.

(Note) fc; Basic clock frequency [Hz]
Figure 3-9. Timer/Counter Control Command Registers

2  Control of Timer/Counters

The timer / counters are controlled by the command registers. The command register is accessed as port
address OP1C for TC1 and port address OP1D for TC2. These registers are initialized to “0” during reset.
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
one 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 by TC2 is accepted in the next instruction
cycle. Therefore, during count operation, the apparent instruction execution speed drops as counting
occurs more frequently.

The timer / counter causes an interrupt upon occurrence of an overflow (a transition of the count value
from FFFy to 0004). If the timer/ counter is in the interrupt enabled state and the overflow interrupt is
accepted immediately after its occurrence, the interrupt is processed in the sequence shown in Figure 3-9.
Note that counting continues if there is a count request after overflow occurrence.

Instruction cycle

fe——]

f f f f f f f f
Count pulse 4\I_I l
Count request
Detection of overflow L
Occurence of IOVF | |

——>|e——---- >|€--—--- >le—>|w-—-—-->]| [
Execution of Count Executionof Interruptacceptance Execution of
instruction cycle instruction processing instruction

Figure 3-10. Timer/Counter Overflow Interrupt Timing
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(1) Event counter mode

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

Example: To operate TC2in the event counter mode

LD A, #0100B ; OP1ID&«01%%g
ouTt A, %0P1D

External input (T1, T2 pin) | |

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

Figure 3-11. Event Counter Mode Timing chart

(2) 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
create a desired time interval.
When an internal pulse rate of fc/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 =0.8 %. For example,
the instruction execution speed of 2 s drops to 2.016 ys.
In the timer mode, R83 (T1) and R81 (T2) pins provide the ordinary I/0 ports.

termal pulse _I_l—'_|—,_|_

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

Figure 3-12. Timer Mode Timing chart

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

LD HL, #0F4H ; TC1<E79y (setting of the count register)
ST #9, G@HL+

ST #7, G@HL+

ST #0EH, GHL+

LD A, #1000B ; OP1C«1000g

ouTt A, %0P1C

LD A, #0100B ;  EIR<0100g (enables interrupt)

XCH A, EIR

EICLR IL, 110111B ; EIF&<1, IL3<«0
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* Calculating the preset value of the count register
The preset value of the count register is obtained from the following relation:
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 fc/210, set the following value to the count register as the preset value:
212 - (100 x 10-3) x (4% 106/210) = 3705 = E79y

* The apparent execution rate is calculated as following.

(Fundamental clock frequency) /8
13 { 1 } x 100 [%]

(Internal pulse rate)

Example : At fc=4.194304 MHz
Internal pulse rate Max. setting time
Internal pulse rate Max. setting time
f¢/210  [Hz] 222/f¢ [s] 4096 [Hz] 1 [s]
fc/214 226/f¢ 256 16
fc/218 230/f¢ 16 256
fc/222 234/f¢ 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 pin (T2) by the internal pulse. As shown in Figure 3-13, the timer/counter
increments only while the external pin input is high. The maximum applied frequency to the
external pin input must be one that is enough for analyzing the count value. Normally, a frequency
sufficient slower than the internal pulse rate setting is applied to the external pin.

External input

(T2 pin) —I

Internal pulse _I I | I I I I |
1 1 1 1

Count register n X n+1 X n+2 X n+3 X n+4

Figure 3-13. Pulse Width Measurement Mode Timing chart

3.4 Watchdog Timer (WDT)
The purpose of the watchdog timer is to detect the malfunction (ranaway) of program due to external
noise or other causes and return the operation to the normal condition.
The watchdog timer output is output to R70 must be set to “1”. Further, during reset, the output latch of
R70issetto “1", and the watchdog timer becomes disable state.
The initialization at time of runaway will become possible when the WTO pin and RESET pin are
connected each other.

3.4.1 Configuration of Watchdog Timer
The watchdog timer consists of 3-stage binary counter, flip-flop (F/F), and its control circuit. The F/F is set
to “1" during reset, and cleared to “0" at the rising edge of the binary counter output.
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Binary Counter CPU reset
(" 214/ 4c |
—_— 1
T12]3 F/F | External Circuit
1
216/ fc 3 Q i
TG Selector Clear Request R i
218/ fc |
e ———— ! R
- ._R70 (WTO)
221/ f¢ Control Circuit *
\—)

P

Interval Timer OP15 ﬁ ﬁ opo7 ]
| Command Register | { R7Output Latch
1 1 1 . | [

3 2 1 0 3 2 1 0

Simplified

I power-on-reset

Figure 3-14. Watchdog Timer

3.42 Control of watchdog timer
The watchdog timer is controlled by the command register (OP15). This command register is initialized to
“1000g"” during reset. The following are procedure to detect the malfunction (runaway) of CPU by the
watchdog timer.

@ At first, detection time of the watchdog timer should be set and binary counter should be
cleared.

@ The watchdog timer should be become enable.

@ Binary counter must be cleared before the detection time of the watchdog timer. When the
runaway of CPU is taken place for some reason and binary counter is not cleared, the F/F is
cleared to “0"”at the rising edge of the binary counter and signal of runaway detection is
become active (WTO outputis “L").

Example: To setthe watchdog detectiontime  Watchdog Timer control command register
(221/1c[s]). And to enable the watchdog timer. (Portaddress: OP15) (Initial value : 1000)

LD A, #0010B 3 2 ! 0
| RWT | EWT | TWT

ouT A, %0P15 RWT |Clears binary counter |

LD A, #0110B .

ouT A, %OP15 0 : Clearsbinary counter

. (After clear, automatically “1" is set)

WithinWDT | EWT |Enable/ Disable |
detection time R

LD A, #0110B 0 : Disable

ouT A, %O0P15 1 : Enable

TWT | Setting of watchdog timer detection time

. Example : At fc=4.19 MHz
Note. It is not necessary to set RWT P

D 2WHc [s] o 31.25
to “1” by program. Note that g? ) 219;; o 125 [ms]
both EWT (Enable Watchdog 10 : e e 500
Timer) and RWT should not be ) ¢
11 @ 228/f¢ oo 4000

setto “1” at the same time. L

Figure 3-15. Command Register
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Port Condition by RESET Operation
The transition of Port condition by RESET operation is shown as below.

VDD 4

3 H
Supply voltage /

: t (RESET)
—_ ! (¢

. f~VIH2 Y [~ VIH2
RESET (input) : ; g VIL2 2 :

(¢

Internal : ; )
oscillating starts X Stable oscillation
condition éosallatlon ; : (
: : : (51 : E
Internal Y S Determihes de endln onthe _ \ e e
hardware Unsettled antlallzatlon “*‘result o¥ progrgm execgut|on . A Initialization ***

))
Operation of

microcomputer : ; : ) ) /R : -
——————{R&%L on \ Program execution (I ——
H (¢ A

Y

Condition of ; g gr : {
Output port Initialization Determines depending on the Xnmallzau Determines depending on the

and I/0 port result of program @(ecutlon ONA result of program execution
1
) @
<— Condition of port by Power on reset «— Condition of port at resetting during ——
power supply is stable

Figure 3-16. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

Note 2: VIL2 : Stands forlow level input voltage of RESET pin.
VIH2 : Stands for high level input voltage of RESET pin.

Note 3: The term from power on reset to the time program is executed (above @) and also the term
starting from reset operation during power supply is stable to the program is executed (above
@), the port is on the initial condition. The initial condition of Port differs from I/O circuit by
each port, refer to the section of “INPUT/QUTPUT CIRCUITRY”. Thus, when using Port as an
output pin, in the term of the above @ and @, the voltage level on the signal that connects
with the output pin of Port to the input pin of external application circuit should be
determined by the external circuitry such as pull-up resistor and / or pull-down resistor.
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Input/ Output Circuitry

The input / output circuitries of the 47€102/202 are shown as below, any one of the circuitries can be
chosen by a code (FA, FB, FD or FE) as a mask option.

(1) Control pins

Control Pin /0 Circuitry and Code Remarks
FA, FB FD, FE
enable—»tDo_ enabl
. Resonator connecting pins
XIN Input AN Wy R =1kQ(typ.)
XOUT Output R Rt Ro R R¢ Ro| Rt =1.5MQ(typ)
Ceramicor Ro =2kQ (typ.)
Crystal RC
XIN XOoUuT XIN XOUT
VDD Hysteresis input
RESET Input Rin % R Pull-up resistor
HOLD Input Hysteresis input
it R ysteresis inpu
(KEQ) (Input) @ 'W\/_D R = 1kQ (typ.)
(2) 1/0 ports
Port /0 Input/ Output Circuitry and Code Remarks
VDD
Sink open drain
R4 D - I output
rR7 | O R Initial “Hi-z"
A R = 1kQ (typ.)
~J
FA, FD FB, FE
Initial “Hi-Z2" VDD Initial “High” VDD Sink open drain
or
R5 I/0 —>o0—] push-pull output
R
|
e R
R = 1kQ (typ.)
pd
~
vDD
Sink open drain
output
RS 1’0 >o I Initial “Hi-z"
R Hysteresis input
/g} R = 1kQ (typ.)
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Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5 Vv
Input Voltage Vin -03toVpp+0.3 Vv
Output Voltage Vout -03toVpp+0.3 \Y
louT1 Port R4 30
Output Current (Per 1 pin) louT2 Port R5 15 mA
louts |PortsR7, R8 3.2
Output Current (Total) 2 louT Port R4, R5 60 mA
L DIP 300
Power Dissipation [Topr=70°C] PD mw
SOP 180
Soldering Temperature (time) Tsld 260 (105) °C
Storage Temperature Tstg -55t0125 °C
Operating Temperature Topr -30to 70 °C

Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.

Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Opeating Conditions | (Vss=0V, Topr= -30to 70°C)
Parameter Symbol Pins Conditions Min Max Unit
Crystar [ fc=6.0 MHz 4.5
Normal or
ceramic |fc=4.2MHz 2.7
Supply Voltage Vpp mode v =25 MHz 22 5.5 Vv
HOLD mode - - 2.0
ViH1 Except Hysteresis Input In the normal Vppx 0.7
Input High Voltage ViH2 Hysteresis Input operating area Vpp x0.75 Vpp \
ViH3 In the HOLD mode Vppx0.9
Vi Except Hysteresis Input In the normal Vppx0.3
Input Low Voltage VL2 Hysteresis Input operating area 0 Vpp x0.25 \
Vi3 In the HOLD mode Vpp x 0.1
Vpp=4.5t05.5V 6.0
Clock Frequency fc XIN, XOUT Vpp=2.7t0 5.5V 0.4 4.2 MHz
Vpp=2.2t05.5V (RC) 2.5

Note: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that

the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.
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D.C. Characteristics

(Vss =0V, Topr= -30to 70°C)

operating mode)

Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis Voltage Vys | Hysteresis Input - 0.7 - Vv
It | RESET, HOLD
Input Current Vpp=5.5V,Vy=55V/0V - - 2 LA
Iin2 | Opendrain output ports
Input Resistance Rin | RESET 100 220 450 kQ
Input Low Current i | Push-pull output ports Vpp=5.5V, V|y=0.4V - - -2 | mA
Output Leakage }
Current ILo |Opendrainoutputports |[Vpp=5.5V, Voyr=55V - - 2 PA
Output High Vpp =45V, lon = - 200 A 24 | - | -
Voltage VOH | Push-pull output ports \Y
VDD=2.2V, IOH= —S/AA 20 - -
OUtpUt Low VDD=4.5 V, |O|_= 1.6 mA - - 0.4
Voltage VoL | PortR7,R8 %
VDD=2-2 V, IOL=20 IuA - - 01
IOL'I Port R4 - 20 -
Output Low Current Vpp=4.5V, Vo =1.0V mA
loL2 | PortR5 - 7 -
Vpp=5.5V, fc=4 MHz - 2 4
Supply Current
(in the Normal Iob Vpp=5.5V, fc=4MHz - 1 2 | mA
operating mode)
Vpp=3.0V, fc=400kHz - 0.5 1
Supply Current
(inthe HOLD IDDH VDD=5.5V - 05 10 /1A

Note 1:
Note 2:

Typ. values show those at Topr =25°C, Vpp =5 V.

Input Current I;y;: The current through resistor is not included.
Note 3:  Supply Current: Viy=5.3V/0.2V (Vpp=5.5V)0or2.8V/0.2V(Vpp=3.0V)
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A.C. Characteristics (Vss =0V, Topr= —301to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
Vpp=4.5t05.5V 1.3
Instruction Cycle Time tcy Vpp=2.7t0o5.5V 1.9 - 20 s
Vpp=2.2t05.5V 3.2
VppZ2.7V 80
High level Clock pulse Width twen
For external Vpp<2.7V 160
clock - - ns
. operation Vbp=2.7V 80
Low level Clock pulse Width twel
Vpp<2.7V 160

Recommended Oscillating Conditions

(Vss=0V, Vpp=2.710 5.5V, Topr= -30to 70°C)

(1) 6 MHz XIN XOUT
Ceramic Resonator 6 MHz
CSA6.00MGU (MURATA) Cxin =CxouT =30 pF or
KBR-6.00MS (KYOCERA) Cxin = CxouT = 30 pF 4 MHz
EFOEC6004A4 (NATIONAL) Cxin =CxouT=30pF c c
XIN ;; /J; XOUT
(2) 4MHz
Ceramic Resonator XIN XOUT
CSA4.00MG (MURATA) Cxin =Cxout =30 pF
KBR-4.00MS (KYOCERA) Cxin =CxouT =30 pF
EFOEC4004A4 (NATIONAL) Cxin=CxouT =30 pF 200 kHz RxouT
Crystal Oscillator CxiN Cxout
204B-6F 4.0000 (TOYOCOM) Cxin = CxouT =20 pF ;;I; ;-Wl_
(3) 400kHz . XIN XOUT
Ceramic Resonator
CSB400B (MURATA) CxiNn = CxouTt =220 pF, Rxout=6.8kQ
KBR-400B (KYOCERA) Cxin = CxouT = 100 pF, Rxout=10kQ RC
EFOA400K04B (NATIONAL) Cxin =CxouT =470 pF, Rxoutr=0 0O xm Ry
(4) RC Oscillation (Vss =0V, Vpp=5.0V, Topr=25°C)
2 MHz (Typ.) Cxin= 33 pF,Rx=10kQ
400 kHz (Typ.) Cxin = 100 pF, Rx =30 kO
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Typical Characteristics

R-Ta RESET pin L -VIN CMOS R port loH-VoH CMOSRport
IL loH
k) lvpp=55Vv (uA) ‘T’ggzgg v (A ~~_ Ta=25°C
400 - 800 ~ -400
N\ Vpp=4.5V
300 — -600 -300
200 — -400 -200 Vo 7v \
—— pp = 4-
100 -200 \ -100 \\ \\
0 Ta 0 Vin 0 Vou
- 40 0 40 80 (°C) 2 4 6 (V) 2 4 6 (V)
R5, R8 port
| loL-VoL HOLD pin | loL-VoL RS port | loL-VoL R4 port
oL oL oL
(mA)] Ta=25°C (mA)| Ta=25°C (mA)| Ta=25°C
8 4 Vpp=4.5V 16 V 4.5 V 40 V 45V
DD =5 DD = &- pD=4-
6 / 12 e 30 v atl
4 / /'VDD=2.7V 8 d Voo =27 Y4 20 / Voo=2.7V
L1 |
%4 P~ oA
0 VoL 0 / VoL 0 / VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
| Ipp - Vbp | Ipp - fc fe Operating range
DD DD
(mA)| Ta=25°C (mA)| Ta=25°C (MH2) | 15 - 300 70°C
2.0 2.0 8 |
Ceramic or Crystal
1.5 1.5 6 /
/ Ve ,/
1.0 Ac:AMHz 1.0 '/, 4 /
/I/ T Voo =5V ¢
0.5 7 0.5 2 R
= a00kHz RC : 3
= Vop=3V
0 L | VDD 0 L8P | fC 0 t VDD
2 4 6 V) 0.1 0.4 1 4 10 (MHz) 2 4 6 V)
fc - Ry (RCOSC.) fc fc-Vpp (RCOSC.)
X
kQ) Vpp=5V (MHz) [ Cxin=33pF
Ta=25°C Ta=25°C
80 4
60 \ /E= 10 k0
1
40 \ \ =
N \Cx n=33pF 0.4 o
20 Y \\ Rx =50 kQ
Cyn =100 pF| | N
0 1 1111 fc 0.1 Vbp
0.1 04 1 4 10 (MHz) 2 4 6 V)
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