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TOSHIBA TMP47C103/203

Document Change Notification

The purpose of this notification is to inform customers about the launch of the Pb-free version of the
device. The introduction of a Pb-free replacement affects the datasheet. Please~understand that this
notification is intended as a temporary substitute for a revision of the datasheet:

Changes to the datasheet may include the following, though net-all\of{thém may apply to this
particular device.

1. Part number
Example: TMPxxxxxxF - TMPxxxxxxFG

All references to the previous part number weré Jeft unchanged i body text. The new
part number is indicated on the prelims pages4cover page and’this notification).

2. Package code and package dimensiong
Example: LQFP100-P-1414-0.50C > _LQFP100-P-1414-0.50F

All references to the previous packagecodé and package dimensions were left unchanged
in body text. The new ones are-indicated on the prelims pages:

3. Addition of notes on lead'solderability
Now that the deviceis’Pb-free, notes on lead solderability have been added.

4. RESTRICTIONS ON PRODUCT USE

The previous (ebsolete) provision might beleft unchanged on page 1 of body text. A new
replacement is included on the next page.

5. Publication date of the/datasheet

The publication date at thelower right corner of the prelims pages applies to the new
device.
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1. Part number

2. Package code and dimensions

Prewpus Part Number Prewqus Package Code New Part Number | New Package Code oTP
(in Body Text) (in Body Text)
TMP47C103N P-SDIP28-400-1.78 TMP47C103NG SDIP28-P-400-1.78 TMP47P403VNG
TMP47C103M P-SOP28-450-1.27 TMP47C103MG SOP28-P-450:4.27B) Y| TMP47P403VMG
TMP47C203N P-SDIP28-400-1.78 TMP47C203NG SDIP28-P-400-1.78 TMP47P403VNG
TMP47C203M P-SOP28-450-1.27 TMP47C203MG SOP28-P#450:1\27B | TMP47P403VMG

*: For the dimensions of the new package, see the attached Package Dimensions diagram.

3. Addition of notes on lead solderability

The following solderability test is conducted on the new deviee:

Lead solderability of Pb-free devices (with the G suffix)

Test

Test Conditions

Remark

Solderability

(1) Use of Lead (Pb)

-solder bath temperature = 230°C
-dipping time = 5 seconds

‘the number of times = once

-use of R-type flux

(2) Use of Lead (Pb)-Free

-solder bath temperature = 245°C
-dipping time = 5 seconds

the number of times = once

-use of R-type flux

Leads with\over95% solder coverage
till lead-formifig are acceptable.

II
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TOSHIBA TMP47C103/203

4, RESTRICTIONS ON PRODUCT USE
The following replaces the “RESTRICTIONS ON PRODUCT USE” on page 1 of body text.

RESTRICTIONS ON PRODUCT USE 20070701-EN

¢ The information contained herein is subject to change without notice.

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevértheless; 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 comply-with-the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products 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 TOSHIBA products specifications. Also, pleasekeep_in-mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” of TTOSHIBA Semiconductor Reliability
Handbook” etc.

e The TOSHIBA products listed in this document are intended for usage in general-glectronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robeties, domestic appliangés, etc.).These
TOSHIBA products are neither intended nor warranted for usage in/equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may ‘cause loss of human life. ok bodily-injury
(“Unintended Usage”). Unintended Usage include atomic energy-controh instruments, airplane~or-spaceship
instruments, transportation instruments, traffic signal instruments,/combustion control /instruments,/ medical
instruments, all types of safety devices, etc.. Unintended Usage 'of TOSHIBA produgts, listed in_his decument shall
be made at the customer’s own risk.

e The products described in this document shall not be used,or. embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicablelaws and regulations:

e The information contained herein is presented only as a/guide for the applications of Our products. No responsibility
is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its
use. No license is granted by implication or otherwise under any patents or other rights-of TOSHIBA or the third
parties.

e Please contact your sales representative for product-by-product details in( this document regarding RoHS
compatibility. Please use these products in this document in'compliance-with all'applicable laws and regulations that
regulate the inclusion or use of controlled substances:Joshiba assumesna_liability-for-damage or losses occurring
as a result of noncompliance with applicable laws-and regulations/

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

5. Publication date of the datasheet

The publication date of this.datasheet is printed-at the lower right corner of this notification.

111 2008-03-06



TOSHIBA TMP47C103/203
(Annex)
Package Dimensions
SDIP28-P-400-1.78
Unit: mm

1.243TYP

28
MMM ririririiri

i3

)

8.8+£0.2

ITII_II_II_II_II_II_II_II_II_II_II_II_II_I
14

26.1MAX

25.6£0.2

10.16

38+0.3

3.0+0.3

v
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TOSHIBA TMP47C103/203

SOP28-P-450-1.27B

Unit: mm
28 15 )
JUHHHOHOOOO0H I
S 9 £
2 3 S
\O | |
ﬁHEEHHHHHHHHHE 14
0.995TYP [1.27] 0-43f8256
19.0MAX
| 185+0.2
Coprmrmree )8
Sloio] 2 i T
+;' :\rl E 0.8%£0.2

Note: Palladium plated
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TOSHIBA TMP47C103/203

CMOS 4-Bit Microcontroller

TMP47C103N, TMP47C203N
TMP47C103M, TMP47C203M

The TMP47C103/203 are high speed and high performance 4-bit single chip micro computers, integrating
ROM, RAM, input/output ports and timer/counters on a ship.

The TMP47C103/203 are srandard LSl in the TLCS-47E series.

In addition, they have 8 bit SIO, watchdog timer and the output port with-LED directdrive capabilty.

Part No. ROM RAM Package OTP Version
TMP47C103N . . P-SDIP28-400-1:78 TMP47P403VN
“wpazciom | 102AXBOIL | Baxabit | aso27 | TmpazpaosM
TMP47C203N ) ) P-SDIP28-400-1.78 TMP47P403VN
“Twpazcooan | 248X | 128x4bit [ nsot sy Tupazpaci

Features
@ 4-bit single chip microcomputer
®Instruction execution time: 1.3 us (at 6 MHz)

P-SDIP28-400-1.78

& Low voltage operation: 2.2V (at2 MHz RC) P
#90 basic instructions T P
e ROM table look-up instructions i
e 5-bit to 8-bit data conversion instruction i
#Subroutine nesting: 15 levels max TMP47C103N
&6 interrupt sources (External: 2, Internal:~4) TMP47C203N
) TMP47P403VN
All sources have independent latcheseach, and
multiple interrupt control is available P-SOP28-450-1.27

#1/0 port (23 pins)
®Two 12-bit Timer/Counters
Timer, event counter, and pulse width measurement mode
&Interval Timer
®Watchdog Timer %
#Serial Interface with 8-bit buffer
e Simultaneoustransmission and reception capabhility Imx;gggm
o 4/8-bit transfer, external/+intérnal clock;and TMP47P403VM
leading/trailing edgeshift mode

000707EBA1

@ 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 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 complfy with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could._cause loss of human/life, bodily_injury or damage to property.

In developing-youf designs; please (ensure ‘that TOSHIBA products are used within specified operating ranges as set
forth in the~most recent TOSHIBA \products specifications. Also, please keep in mind the precautions and conditions set
forth_in the “Handling Guide-far/Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed; in this document are intended for usage in general electronics applications (computer,
personal equipment, office ‘equipment, measuring equipment, industrial robotics, domestic appliances, etc). These
TOSHIBAproducts are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality ‘and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

@ The products described in this document are subject to the 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.

6-03-1 2000-10-19



TOSHIBA TMP47C103/203

& High current outputs
LED direct drive capability: typ. 20 mA x 8 bits (port R5, R6)
typ. 7 mA x 4 bits (port R4)
& Hold function
Battery / Capacitor back-up
®Real Time Emulator: BM47C203

6-03-2 2000-10-19



TOSHIBA TMP47C103/203

Pin Assignment (Top View)

P-SDIP28-400-1.78 / P-SOP28-450-1.27

XOUT =—[]1 ~ 28 H=— vDD
XIN —[]2 27 |1 <— HOLD (KE0)

RESET —[]3 26 [ 1 <> R92 (SCK)

R70 (WTO) =>[]4 25 [ - R91 (SO)
R71 ==[]5 24 [ <= R90(SH
R72 <=[]6 23 | ] <> R83 (TCH
R40 - [17 22 |1 - R82 (INT1)
R41 ->[]8 21 H ->-R81 (TC2)
R42 =>[]9 20 [] s>+ R8O(INT2)
R43 -=[]10 19 ] <>"R63
R50 <[] 11 18 H+< R62
R51 <>[]12 17\ <> R61
R52 <=[]13 16 |1 ==R60
vss —[114 15 [0 <> R53
Block Diagram
PowerSupply{stSD:

1L NRAl) II|IIIIII

>
>
[
KE FLAG
Accumulator Data Memory Program
clz]s]s 7T RAM address buffer (RAM) Counter
[ STACK |SPW L
- ~ TC1|TC2 | DC
Holdinput ~HOLD — Hold controller e | - | Program
(Sense input) (KEQ) Memory (Rom)
i —1> Interruptcontroller Data table
Resetinput  RESET System\cantroller R

Timing Genérator T T T b
_ Interval Timet 12-bit 8-bit 7
Osc. { XIN = Cldck Generator > Timer/ : Watchdog =
Connecting | XOUT Counter Serial Timer IR Decoder
pins (2¢ch) Interface
T~ IR Decoder
~ -

e e s | [re [

NS 1r° 1L =
RA3 R63’ R53 R83 (T1) R92 GTR) crs
Ra R8O RSO REZ(NID R91 (5O) R71
- R81(T2) R90 (5! R70 (WTO
170 port REO(INTZ) Ilo( ) t I(/O po:t
i por
|F/|<I>g hocrlirrent 1/0 port (serial port) ( Watchdog )
i ( T/C output ) Timer output
Interruptinput

6-03-3 2000-10-19
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TMP47C103/203

Pin Function

Pin Name Input / Output Functions

R43 to R40 4-bit I/0 port with latch (R7 port has only
3-bit).

R53 to R50 170 When used as input port, the latch must | 8-bit data are*output by the 5-bit to 8-bit
be setto “1". (o i

R63 to R60 . data conversion\instruction [OUTB @HL] .
Every bit data is possible to be set, cleared

R72 to R71 /10 and tested by the bit manipulation

............................................................. instruction of the L-register INAITeCt |/ /s e

R70 (WTO) I/0(Output) addressing. Watchdog-timer output

R83(T1) 4-bit I/0 port with latch. Timer/ C ounter 1 exterpalinput

R82 (INT1) When used as input port, external|External interrupt 1 input

R81T2 ................. I/0(Input) interrupt input pin, or timer/counter T ......... c ........... 2 ............. I ...... t ..................

........ ( ) external input pin, the latch must’ be set mer/ounterexternampu

R80 (INT2) to “1". External interrupt 2-input

R92 (SCK) 170(1/0) 3-bit /0 port with latch Serial clock 170

R91(SO) I/0(Output) When used as input port.or serial port, the | serjal data oufput

............................................................. latch must be setto “1™:

R90 (SI) 1/0(Input) Setial data/input

XIN Input Resonator conmecting.pins.

XOUuT Output For inputting external clock, XIN/s Used and XQUT is opened.

RESET Input Reset signal input

HOLD (KEO) Input(Input) Hold request /rélease signal input Sense input

VDD +5V

............................. Powersupply T N S o ) N

VSS 0V.(GND)

6-03-4
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TOSHIBA TMP47C103/203

Operational Description

Concerning the TMP47C103/203 the configuration and functions of hardwares are described. The basic
instruction of configuration in the TMP47C103/203 is the same those of TLCS-47 setise.

1. System Configuration
@ Internal CPU Function

2.1 Program Counter (PC)

2.2  Program Memory (ROM)

2.3 H Register, L Register

2.4  Data Memory (RAM)
a. Stack
b. Stack Pointer Word (SPW)
¢. Data Counter (DC)

2.5 ALU, Accumulator

2.6 Flags

2.7 Clock Generator and Timing Generator

2.8 INTERRUPT FUNCTION

2.9 RESET FUNCTION

@ Peripheral Hardware Function

3.1 1/0 Ports

3.2 Interval Timer

3.3 Timer/Counters (TC1, TC2)

3.4 Watchdog Timer

3.5 Serial Interface

2. Internal CPU Function

2.1 Program Counter (PC)
The program counter is a 11-bit\binaty) counter which indicates the address of the program memory
storing the next instruction to be-executed. Normally,the P€ is incremented by the number of bytes of
the instruction every time jt/is fetched. When a branch-instruction or a subroutine instruction has been
executed or an intefrupt has'béen/ accepted, the specified values listed in Table 2-1 are set to the PC. The
PCisinitialized to /0" during reset.

MSB LSB
T
PC i PCy ! PC,
""""""""""" T'""T"'"T'""T""'+""'T""'T'"""'"""
1
PCio ! PCq ! PCg ! PC; ! PCsg ! PCs ! PCy ! PC3 ! PC, ! PC; ' PCy
Page assignmént Address assignment in page

Figure 2-1.~Configuration of Program Counter

The PCecan.directly address.a\2048-byte address space. However, with the short branch and subroutine

call instructions, the following points must be considered.

(1»_Short branch instruction [BSS a]
In/[BSS a] instruction execttion, 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 6 bits of the PC point
the next page, so that branch is made to the next page.

6-03-5 2000-10-19



TOSHIBA TMP47C103/203
Table 2-1. Status Change of Program Counter
Instruction
or Condition | ___ eopoo . ProgramCounter PO *- |
Operation PC10: PCqy ! PCg : PC; ! PCg ! PCs [ PCy ! PC3 [ PC, ! PCq ! PCy
§ BS a ?BFr;rlch condition is satisfied) Immediate data specified by the instruction
- SF=0 (Branchconditionis
‘: not satisfied) +2
. T
:: Lower(i;lil}fflﬂress Hold E Immediate data'specified by the instruction
- SF=1 }
- |BSS a Lower 6-bit address !
c =111111 +1 1 Immediate data specified by the instruction
_ (last address in page) !
“— SF=0 + 1
[o]
CALL a Immediate data specified by the instruction
[ 1 : A 1
© |cals a o o0 | durashetiid oy the mstraction e (A 1
; RET Thereturn address restored from stack
W
o | RETI The return address restored from-stack
x
™ | Others Incremented by thie number of bytes inthe'instriction
i i
L”ctcigi‘gﬁce 0 0 0 0 0 0 0 Interrupt vector |
Reset 0 0 0 0 0 0 Q 0 0 0
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 - OOH ................................ OOOH
the address indicated by the contentsof the PC. 9 01 001
The fixed data can be néed by using the tableZlook-up 00 E !
instructions on 5-bitto.8-bit'data/conversion instruction:. H ' i
gp [ 03c
(1) Table look-up instructions )gg gzg
[LDL A, @DC], [LDH A, @DC+] 01 ................................ 041
The table look-up instructions_read the lower and 014 E """"""""""""""""" E
upper 4 bits of the fixed data stored.at the address ! !
specified/in the data counter (DC) to place them into | 3E ST o7
the accGmutator. [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: E AT ~_ E
The DCis a 12-bit-register, allowing it to address the A [~
entire program memory'space. 1 :
I thisCase, the upperbit of the'DC (MSB) is ignared. gg ;gg
01 ] TG
TFy i i
Ve g
] PO 7FE
3F 7FF
Figure 2-2. Configuration of

Program Memory

6-03-6 2000-10-19
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(2) 5-bitto 8-bit data conversion instruction [OUTB @HL]

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 P6 andthe lower 4 bits to port P5.
The table is located in the last 32-byte space (addresses,7EQOH through 7FF forthe TMP47C203, 3E0y
through 3FFy for the TMP47C103) in the program memory with the lower address consisting of the 5
bits obtained by concatenating the contents of the data memory specified by the HL register pair
and the content of the carry flag. This instruction is usable for such applications’as converting BCD
data into an output code to the 7-segment display elements.

Example:

2.2.1

The following shows that the BCD data at address 2Fj-in‘the-data memory is converted

into the 7-segment code (e.g., anode common LED)t6 be output to ports P6 and P5.

LD
TEST
ouTB

ORG
DATA

HL, #2FH ; HL<2F,(Data memory address isset)

CF ;  CF<0 (The table is specified at-addresses 7EQy - 7EF)
@HL ;  Ports P6, P5«fixed data

07EOQH ;  Data conversion/table

0COH, OF9H, OA4H, O0BOH, 99H,” 92H, 82H, 0D8H, \80H) )98H

Program Memory Map

The TMP47C103 has 1024 x 8 bits (addresses 000y through 3FFy) of program memory (mask ROM), the
TMP47C203 has 2048 x 8 bits (addresses 000y through 7FFy).

Figure 2-3 shows the program memory map. Address 0004 to 086y and 7E0H €0 7FFy (3EOH to 3FFy for
the TMP47C103) of the program memory are also used.for special purpases:

2.2.2

Program Memory Capacity

On the TMP47C103, no physical program_memory exists.in. the address range 4004 through 7FFn.
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 000y through 3FFy are

read.
Address 1024 x 8-bijt Address 2048 x 8-bit
000y, Reset startaddress y 000, Reset start address
002 IINTT .. [/ )/ 002 fiNTT . L
004 11S10. Interrupt'service 004 |isiQ . Interrupt service  ........
006 | IOVF1 ~routine. ~—"/ ... 006 | IOVFL  routine oo
008 [IOVF2 " Mihaddress v 008 [iove2 T T
00A |iTVR. Ay AN 00A |iTviR ' entryaddress T
0ocC INT2 00C INT2
00E > Subroutine call  00E .
: Subroutinecall entry address entryaddress : Subroutine call entry address
designatedby [CALLS a] designated by designated by [CALLS a]
: instruction [CALL a] : instruction
086 instruction 086
E T T
3§ 0 Data conversion table for :
3FF [OUTB @HL] instruction 3FF
400-(=1000) ; 4(:)0
: oA % = =
: 7I;Eo Data conversion table for
TREC=3FF) Y 7FF [OUTS @rL] instruction

(a) TMP47C103

(b) TMP47C203

Note: It is necessary to set two data conversion tables to check operation of TMP47C103/203 using TMP47P403V.
For details, see the technical documents of TMIP47P403V.

Figure 2-3. Program Memory Map

6-03-7
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TOSHIBA TMP47C103/203

23 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, thé L register is also used to
specify the bits corresponding to I/0 port pins R72 through R40 (the indirectaddressing of port bits by the
L register).

Example 1: To write immediate values “5" and “Fy" to data-memory addresses 104 and 114.

LD HL,#10H ; HL<«{104
ST #5,@HL+ ; RAM [M0H] €54, LR<LR 1
ST #0FH, GHL+ ; / RAM [My] «FH, LR<LR'+1

Example 2: The output latch of R51 pin set “1"\by _the 2 register indirect addressing bit
manipulation instruction.

LD L,#0101B ; SetR51 pin addréss'to Lregister
SET 6L S R51¢1
H Register L Register

HRs | HR, | HRy 4\HRo LRy 1 LRS T LRI LRy

V vV
Page specification Address specification inpage

Figure 2-4. Configuration of H and L Registers

24 Data Memory (RAM)
The data memory stores usen-processed data. One-page of-this memory is 16 words long (1 word =4
bits). It has 8 pages. The data’memory is addressed in one ofithree ways (addressing modes).
The RAM is addressed in one.of the'three ways (addressing modes):

(1) Register4ndirect addressing modé Hregister L register
In this mode,-a pdge is specified by the-H-register

| | |
and an address in'the-page by the Lregister: {} {}
I ! |

Example: LD A, @HL ; Acce-RAM [HL] RAM address

(a) Lregister
(2) Dire¢taddressing mode
In this mode, an address is directly specified by the 8 |

Instruction field

H . . . | XXXX i XXXX |
bits of the second byte (operand).in the instruction {}
field: :
Example: LD A 2CH ) JAcceRAM [2C4] RAMaddress | xxxx | xxxx |
(b) Direct
(3)~_Zero-page addressing mode Instruction field
In_this mode, an address in zero-page (addresses | | | YYyy |
004 through OFy) is specified by the lower 4 bits of {}
the second byte (operand) in the instruction field. RAMaddress [ 0000 | yyyy |
Example: ST #3, O5H ; RAM [05K] <3 (¢) Zero-page

Figure 2-5. Addressing mode

6-03-8 2000-10-19
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241 Data Memory Map
Figure 2-7 shows the data memory map. The data memory is also used for the following special purpose.
Stack and Stack Pointer Word (SPW)
Data Counter (DC)
Count registers of the timer/counters (TC1, TC2)
Zero-page

® 00

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 ! Increment direction : ./ ) Decrementdirection :
1 Cofaddress e of address 4 oA R
0 Zero- page
Notel denotes the stack area.

Note2: The TC1 and TC2 areas are shared by the’locations 13 ahd 14.

Figure 2-6. Data Memeory Map (TMP47C203)

(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 asubroutine call instructionor 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] restoresthe ¢ontents 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 40p-through 7BR). Each location consists of 4-word data memory. Locations 13 and 14 are
shared with the countregisters 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 locatiomnumber for the next save.

6-03-9 2000-10-19
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SAVE

| EPCHEPCMEPCL| i

RAMaddress (6Bn) (6Ap) (694) (68n) (674)

STACK

_>|‘_ Location 10 _’|‘_ Location 9
Before execution After execution
SPW | 10 | — | 9 |

RAM address  (7Fn) (7FR)

(a) At execution of the subroutine call instruction

PC

FLAG PC

e [T

| FLAG | PCy | PGy PC) |

(6AL)_(69y) —(684) (67H)

RAM address  (6Bp)

—’|‘— Lokatigh 10 _)I‘_ Location 9
Before acceptance After acceptance
SPW | — | 9 |
RAN! 4ddress . (7Fp) (7FR)

(b) At acceptance of an interrupt

FLAG

STACK

L i P ]
RESTORE RESTORE
STACK
T

' PCy | PCy | PC_ | P FLAG! PCy 1-PCy 1 /PC, o

RAMaddress (6Bn) (6An) (694) (684) (674) RAM 3ddress (GBH) (6A) / (69n)  (681) (57H)

_>|‘_ _’|(_ Location® —’|<— —>|<— Location 9

Before execution After execution After execution
SPW | — | 10 |
RAM address  (7Fp) (7Fw)

Location 10 Locationh 10

Before execution

SPW |
RAM address/  (7Fn) (7FR)

—>| 10

(c) At execution of the subroutine returndnstruction (d) Atexecution of the interrupt return instruction

Figure 2<7._Accessing Stack (Save./ Restore-at the TMP47C203)

(2) Stack PointerWord (SPW)
Address 7F4 (3Fy for the-TMP47C103)in thedata/memory is called the stack pointer word, which
identifies thelocation in the stack to be accessed-(save or restore).
Generally, location number 0 to{12 can beset 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
timer4.counters are not used, the stack area of up to 15 levels is available. Address 7Fy is assigned to
the SPW,so that the contents ofthe 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
areais in an addressrange 004 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'thelocation 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.
Example: Toinitialize the SPW (when the stack is used from location 12)
LD A,#12 ;. SPWe12
ST A,OFFH
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(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 BataCounter (DO)
performed by the table look-up instructions [LDL A, ) r
@DC] and [LDH A, @DC+] . The data table may be DC i DPEm i DG
located anywhere within the program memory address RAM address

space. TMP47C203 \ \A7Ep) (7Dp) (7Ch)

The DC is assigned with a RAM address in unit of 4 bits.  TMP47C103- “(3Ep) (3Dy) (3¢H)
Therefore, the RAM manipulation instruction is used to

Figure 2-8. Data Counter
set the initial value or read the contents of the DC.

Example: To setthe DCto 3804.

LD HL,#07CH ; Sets RAM address of DC| to HL regjster pair.
ST #0H, GHL+ ; DC« 3808

ST #8H, @HL+

ST #3H,@HL+

(4) Countregisters of the timer/counters (TC1,TC2)

The TMP47C103/203 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 mapipulatienjnstruction.

The count registers are shared with the stackarea (locations 13 and-14)-described earlier, so that the
stack is usable from location 13 when thetimer7/ countetr 1 is notused. 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 1 counter 2 are used;.the data memory locations at addresses
774 and 7By (374 and 3By for the TMP47C103) can be used to stereé the user-processed data.

MSB LSB MSB LSB
Timer /,Counter T(TC1) Timer/ Counter 2 (TC2)
FEy : Twm l TC1L TC2y : TC2\ : TC2,
RAM address RAM address
TMP47C203 (76¢) (75() (74y) JMP47C203 (7AR) (794) (78y)
TMP47C103 (361 (35n) (34y) TMP47C103 (3AW) (394) (38n)

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

(5) Zero-page

The 16 words (at.addresses 00y/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 writeimmediate 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 09 in the RAM

SKIP:
Note: Inthe TMP47C103, Zero-page and Stack area (locations 0 through 3) are overlapped.
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24.2 Data Memory (RAM)
The TMP47C103 has 64 x 4 bits (addresses 00y through 3Fy) of the data memory (RAM), and the
TMP47C203 has 128 x 4 bits (addresses 00y through 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
004 00y
: : Zero-page
OF (1] S S
10 10
Special
function Data area
shared area
3F 3F
40 40
Special
function
shared area
7F s : 7F

(a) TMP47C103 (b) TMP47C203

Note: In the TMP47C103, the zero-page and thespecial function shared area (stack location 3 to 0)
are overlapped. At programming, note that addresses 10 to 3FH are assigned to address 50
to 1FH in the TMP47C103. \The technical data sheets for the TMP47P403V shall also be
referred to.

Figure 2-10. Data Memory Capacity and/Address Assignment

Example: Toclear RAM (use common-tothe TMP47C103 and TMP47C203)

LD HL, #00H ; HL<-00H
SCLRRAM:_, ST #0,—@HL+ ; RAM [HL] <0, LR<LR + 1
B SCLRRAM
ADD H, #1 ; HR&HR +1
B SCLRRAM
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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 (Z).

(1) Carry information (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 result
most significant bit. With a rotate instruction, the
information indicates the data to be shifted out from/the
accumulator.

(2) Zero detect information (2) Figure 2-17. ALU
This information is “1” when the operation result orthe data
to be transferred to the accumulator / data~memory is
“0000g".

Note: Cj, indicates the carry input
specified by)instruction

Example:The carry information (C)/and-zero“detect information (Z)) for 4-bit additions and
subtractions.

Operation Result C Z
4 + 2 = 6 0 0
7 +9 = 0 1 1
8 - 1= 7 1 0
2 -2 = 0 1 1
5 -8 = -3(1101g) 0 0

2.5.2 Accumulator{Acc)
The accumulator i§ a 45bjt register used to hold source data  MsB LsB

or results of the operations-and data manipulations. | 3 : 2 : ! : 0
2.6 Flags Figure 2-12. Accumulator

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

instruction~When an interrupt(is accepted, the flags are 3 2 1 0
saved on.the stack along with the program counter. When | ¢ | zF | SF i GF
the [RETH-instfuction is exe€cuted, the flags are restored Figure 2-13. Flags

from-the stack to the states set'before interrupt acceptance.

(M-_€arry 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 (Cjn) to the ALU to hold the carry information.
@ Compare instructions [CMPR A, @HL], [CMPR A, #k]
The CF holds the carry information (non-borrow).
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@ 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 tothe 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 CF is cleared to “0”.

(2) Zero flag (ZF)

The zero flag holds the zero detect information (Z) received ffomthe .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. Brangh is.performed when
this flag isset to “1”. Normally the SFis setto “1”, so\that any/branch instruction dan beregarded as
an unconditional branch instruction. When a branch instruction is executeéd.upon-set ot clear of the
SF according to the condition specified by an lidstruction, this instruction becomes’a conditional
branch instruction. During reset, the SF is initialized.to “1”, other flags are not affected.

(4) Generalflag (GF)

This is a 1-bit general-purpose flag which 'can be'set, cleared, or tested by program.

Example 1: When the following instruction$ are executed with the accumulator, H register, L
register, data memory (address 074), 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’_cer Flag after execution uction Acc af’_cer Flag after execution
execution [ g 7F SF execution [ ¢ ZF SF
ADDC A, @HL 24 1 0 0 Oy 1 1 1
s OH ............ R o G
....... BH e [ B
U, 9H ............ e R B G
....... EH St S B

Example 2: When the accumulater(Acc) is0= Acc= 9, the general flag (GF) issetto “1".

SKIPC:

CLR
CMPR
TEST

B
SET

GF ; GF<0

A, #9 ; Skip if Acc 2 9.
CF

SKIPC

GF ; GFe1
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2.7 Clock Generator and Timing Generator
1
XIN E:I—>

! Clock P Timing
] Generator Generator

xout [ J«——
1
; T TV iy
! HOLD Control Y
! System Clocks

Figure 2-14. Clock Generator and Timing Generatar,

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 maskoption) The
clock from the external oscillator is also available. In the hold/operating mode, the clock generator stops

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

Figure 2-15. “Examples of Oscillator Connection

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 requiying\the oscillation frequency adjustment, the
adjusting progfram-must be created beforehand.

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

SFCCHK: SET %0P04, 0 Output waveform
ar oweno [ 1. 1
BSS SFCCHK P fe/a0 —

2.7.2 - _Timing Generator

The timing-generator produces the system clocks from basic clock pulse which are supplied to the CPU
andtheperipheral hardwate.

The_interval timer consists ef a T8-stage binary counter with a divided-by-4 prescaler. The basic clock
(frequency: fc) provides the interval timer. Therefore, the output frequency at the last stage is f¢/222[Hz].
Duringreset, the binary counter is cleared to “0”, however, the prescaler is not cleared.

Prescaler Binary counter
feHzl 1 | 2 | 3 | 4 |—>| 5 | 6 | 7 | 8 | 9 |10|11 |12|13|14|15|16|17|18|19|20| 21|22|

Figure 2-16. Configuration of Interval Timer
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The Timing generator produces the following function:
@ Internal pulse for internal timer
@ Internal pulse for timer/counters
@ Internal serial clock for a serial interface
@ warm-up time at release of the hold operation

2.7.3 Instruction Cycle

The instruction execution and the on-chip peripheral hardware opefations are performed in
synchronization with the basic clock pulse (CP: fc [Hz]). The smallest unitofinstriction execution is called
an instruction cycle. The instruction set of the TLCS-47 series consistsof-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 (S1 through S4). Each state consists of 2 basic clock pulses:

1/fc[s]
D
<2 I I I I 7 19 O N I N 1
' : instruction cycle —>
State | s1 [ 52 | s3 | 54 | st | 52 |
Figure 2-17 Instruction Cycle
2.7.4 Hold Operating Mode

(1

The hold feature stops the system and holds.the 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 shared with the KEO
pin.

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’sinternal opérations are all held up.
@ The/interval timeris<leared to “0".
@ The states ofthe 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 which starts the hold.operating mode.
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Hold operating mode command register Hold operating mode status register
(Port address: OP10) (Initial value: *0*x) (Port address: IPOE)
2 1 0 3 2 1 0
| HLDMS HWUT I (SIOF) (SEF) HOLD
(KEO)

HLDMS | Sets mode/starts hold operation |

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

*0: Unused

HOLD HOLD pin.input state

0: HOLD pinishigh

1: HOLD pinislow (HOLD operation request)

HWUT

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

Example: At fc=4 MHz
Note 1:/*;7 Don’t care

00: 218/fc [s] .......... 65.5 [ms]
Note 2:\/Do not access the OP10
01: 21/fc ..ot 4.1 when'HOLD mode is nétused.
10: Unused Note 3: "1” isread as the bit 1 of the IOPE by the input
1 26/fc ... 0.016 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 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 Wwayshelow:

@ Testing HOLD(bit 0 of thelstatus register)

@ Applying the HOLD pin input.also to-the INTT pin to generate the external interrupt 1

request.

Example: To test HOLD to start the hold operation in the level-sensitive release mode (the warm-
uptime = 214/fc).
SHOLDH: TEST %IPOE, 0 ; Waitsuntil HOLD pin input goes low.
B SHOLDH
LD A, #1101B ; OP10<1101p
0uUT A, %0P10
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\ )
HOLD pin SI i Z
i

]
I
N

XOUT pin

1 '
Normal operation —»O-<——— HOLD operation —<—— Warm-up —):K— Normal operation
Enter the HOLD operating mode
after detected by program the
HOLD pin is low level.

\ The HOLD operating mode is released by
hardware
(The HOLD operating mode is always
released-when the HOLD pin is high

Figure 2-19. Level-sensitive release'mode

b. Edge-sensitive release mode
In this mode, the hold operation is released at the rising-edgé of the HOLD pin-input. This mode is
used for applications in which a relatively short-time program processingis repeated/at a certain
cycle. This cyclic signal (for example, the clock supplied from the low povwver dissipation oscillator). In
the edge-sensitive mode, even if the HOLD pintinputis high, the hold operation)is performed.

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

(¢

HOLD pin —\_’ / ’ \

(¢

5 /L
XOUT pin m

1r

i Normal |
Normal operation —> <L HOLD operation —>\<— Warm-up. _)!(_operation_’ b« HOLD operation

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

Note: In-the hold/operation, the dissipation of the power associated with the oscillator and the

internpal hardware is lowered; however, the power dissipation associated with the pin
interface (dependingon-theexternal 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, 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 I/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.
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(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:~ At this time, the interval timer starts
from the reset state “0".

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.

2.8 Interrupt Function

(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 tLg) to>hold interrupt requests-are provided for the
interrupt sources. Each interrupt latch is setto\” 1" when an interrupt request is made, asking the CPU to
accept the interrupt. The acceptance of interrupt.can be permitted.orprohibited 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 prierity determined by hardware is serviced
first.

Table2-2. Interrupt Sources

S Interrupt L Entry
P Enable conditions
Interrupt Source riority Latch address
External | Extenal Interrupt.1 (INT1) (highest)_ 1 ILg EIF=1 002y
Serial Interface Interrupt (IS10) 2 ILg EIF=1, EIR3=1 0044
TC1 overflownterrupt (IOVF1) 3 IL3 EIF=1, EIR, =1 006y
Internal
TC2 overflow Interrupt (I1OVF2) 4 IL; 008y
EIF=1, EIRy=1
Interval Timer Interrupt (ITMR). 5 IL4 00AY
External | External Interrupt 2 (INT2) (lowest) 6 ILg EIF=1, EIRg=1 00Cy
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ISIO

IOVF1

IOVF2

ITMR

a.

b.

Interrupt latches

R Priority
Encoder,
s
IL.
RO &
Address
S, —{ O
R ILy
E
ntry Interrupt

3 Q ._D—) address acceptance
ILy Generator

Interrupt

EEEREL
|

AR

S Q reques
R ko _D_) _)—_D—>

—
CEICR L ¢ $——>{ EIRs [\EIR» DEIR, | EIRy |
DICLR IL, r [XCH A, \EIR] Interrup_t
(CLR L, r enable register S Q
| IAccumlulatorI | REIF

Interrupt enable
[EICLR ™ML, r] L master F/F
[DICLR IL, ]

System reset

Figure'2-21-~ Interrupt ControllerBlock Diagram

Interrupt enable mastér flip-flop (EIF)
The EIF controls the) enable7 disable of all(intertupts. When this flip-flop is cleared to “0", all
interrupts are disabled;-when it is setto “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.interruptservice program has been executed, the EIF is set to “1”
by the.execution of the interrupt returniinstruction [RETI], being put in the enabled state again.
Set or¢lear of the EIF in program is performed by instructions [EICLR IL, r] and [DICLR IL, r],
respectively. The/EIF is initializedto “0” during reset.

Interrupt.enable register (EIR)
The EIR is 4 4-bit register specifiesthe enable or disable of each interrupt except INT1. An interruptis
enabled when the-correésponding 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 (EIRq) 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.
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C.

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; whenthe valueis “1”, the IL is held.
Note that the ILs cannot be set by instruction.

Example 1: To enable IOVF1, INT1, and INT2 interrupts.
LD A,#0101B ; EIR<0101p
XCH A,EIR
EICLR IL,111111B; EIF&1

Example 2: To setthe EIFto “1”, and to clear the intérrupt Jatches except ISIO 160"
EICLR IL,010000B ; EIFe-1/ ILoe-0, IL2 - IL5<0

(2) Interrupt Processing
An interrupt request is held until the interrupt is accepted. or the IL is cleared by thereset or the interrupt
latch operation instruction. The interrupt acknowledge processing is perfermed/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 ef 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 is set to “ 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-atthe interrupt entry address is executed. (Generally, in the program
memory space(at the\interrupt entry address; the branch instruction to each interrupt
processing program-isstored.)

To perform the multi-interrupt, the ElFis 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.

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
SINTL:
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One-instruction cycle

EIF /
i — e e | i 5 Sl I___Z_ __________ ‘____l'_
| interrupt execution | H | execution intefrupt éxecution |
Cycle acceptance | instr.(00AL) i i i [EICLR It 7] aceeptance’ l-instr.(00Cy) i
- —— — i ——————————————— - | . . [y iy N | N A F A gy B R ——— i P

Note 1: Itis assumed that there is no other interrupt request and EIR =0011p.
Note 2: Tb_e-_\falue rin the [EICLR IL, r] instructionisassumedas 111111,
Note3: © idenotes the execution of an inStruction.

[

Figure 2-22. InterruptTiming chart (Example)

The interrupt return instruction [RETI] (performs the following eperations;
@ Restores the contents of the programcounter and the flags from the stack.
@ Setsthe EIF to “ 1" to provide the'interrupt enable state again.

Note: When the timer reguired/for the instrupt service js Jonger than that for the interrupt
request, only the.interrupt 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 6ther/registers are not. 4fiit-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 aréa never be-overlapped.

Example: “Tosave and restore the accumulaterand HL register pair.
XCH HL, GSAV1 ; RAM[GSAV1] & HL
XCH A GSAV1+2 ; RAMI[GSAV1+2] e Acc
Note: The lower2 bitsof GSAV1 should be “0’s”.

(3) External Interrupt
When an/external interrupt (INT1.0r INT2) occurs, the interrupt latch is set at the falling edge of the
éorrespondingpin input (INT1.6r INT2).
The INT1 interrupt cannot be disabled by the EIR, so that it is always accepted in the interrupt enable
state (EIF =91"). Therefofe, INT1 is/used for an interrupt with high priority such as an emergency
interrupt. When R82 (INT1)-pin is used for the 1/0 port, the INT1 interrupt occurs at the falling edge of
the pintinput, so that the interrupt return [RETI] instruction must be stored at the interrupt entry address
to perform dummy interrupt processing.
Because 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 INT2 interrupt can be enabled/disable by the EIR. When R80 (INT2) pin is used as the 1/0 port, the
INT2 interrupt ouurs at the falling edge of the pin input.
However the interrupt request is not auepted 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 i oD

more instruction cycles when the power voltage is within
the operating voltage range and the oscillation is stable,

reset is performed to initialize the internal states.

When the RESET pin input goes high, the reset is cleared
and program execution starts from address 000y.

REeET ctmrmeie |

RESET pin is a hysteresis input with
Externally attaching a capacitor and a diode
implement a simplified power-on-reset operation.

kQ typ.).

d

el ot

PR | = Inan
pUli-up resisitor (£4v

[}
RESETT™M

The

Yoo

Figure 2-23.

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

Simplified Power-On-Reset Circuit

On-chip hardware Initial value On-chiphardware Initial value
Program counter (PC) 0004 Referto “INPUT/
Status flag (SF) 1 Output latch (I70'ports or Output/ports)— [OUTPUT
Interrupt enable master flip-flop (EIF) 0 Circbitry”.
................................ A B B A S
Interrupt enable register (EIR) |l Ou ...l description of
Interrupt latch (IL) “0" Command register each relative
............................................................................................... command
Interval timer “0" register.

3. Peripheral Hardware Function

3.1 Ports

3.1.1

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

@ 1/0 port : _Data transfer with.@xternal circuit

@ Command register/ /; Control of intérnal-circuit

@ Statusregister ;/ Reading thestatus signal from internal circuit
@ Data register ;. Datatransferwith internal circuit

These ports are~assigned with_port addresses- (004 through 1Fy). Each port is selected by specifying its
port address in an /Q‘instruction. Table 3-2 lists-the port address assignments and the 1/O instructions
that can access the ports:

I/0 Timing
Inputtiming
Extermaldata is read from anlinput 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 thatthe transientiinput such as chattering must be processed by program.

(M

| Istinstructioncycle |  2ndinstructioncycle |
I I 1

N S1__S2 S3 S4 S1 __S2 S3 _ s4 L
Instfuction | IN / TEST/ TESTP instruction- ' |
execution cycle === _-==
Input strobe I I
Portinput o oo SGEED T

Figure 3-1. Input Timing
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(2) Outputtiming
Data is output to an output port or an I/0 port in the S4 state of the second instruction cycle during
the output instruction (2-cycle instruction) execution.

__Istinstruction cycle | 2nd instruction cycle( |
I I 1

S1 52 S3 S4 S1 52 S3 54

Instruction T T T =T T T
execution cycle —_— I OUT/OUTB/SET/CLR instruction I -

Output latch pulse I I

Port output X

Figure 3-2. Output Timing

3.1.2 I/0 Ports
The TMP47C103/203 have 7 I/0 ports (23 pins) each as follows;

® R4, R5, R6 ;  4-bitoutput

@ R7 ; 3-bitinput/output(shared'with watchdog timeroutput; R70)

@ R8 ;  4-bitinput/output (shared with externabinterruptinput and timer
/ counter inpuf)

@ R9 ; 3-bitinput/output (shared with serial port)

® KE ; 1-bitsense-input(shared with holdrequest/release signal input)

Each output port contains a latch, which holds the output data. The inputports have no latch; therefore,
itis desired to hold data externally until itisread-orread twicé ormore before’processing it.

(1) PortR4,R5,R6,R7
Port R4 is a 4-bit (Port R7 is 3 bits)\/O port with a latch. When“used as an input port, the latch must
besetto “1”.
The latch isinitialized to “ 1" during reset.
These 4 ports (15 pins) can beset,/cleared, and tested-for each bit as specified by L register indirect
addressing bit manipulation instfuctions ([SET ~@L], [CLRV/@L], and [TEST @L]). Table 3-1 lists the
pins (I/0 ports) that corréspond to the contents of L-register.

Exampley /To clearR43 output asspecifiedby thelL register indirect addrressing bit manipulation

instruction.
LD L, #0011B ;  SetsR43 pin address to L register
CLR @°L ; R43«0
Table 3-3. Relationship between L register contents and I/0 port bits
L register L register L register L register
. 9 / PIN . 9 : PIN . 9 . PIN . 9 . PIN
3:2:1(0 3i2:1%0 3:2:1:0 3i2:1:0
o 000 R40 01 0 @ R50 1.0 0O R60 11 00 R70
0-0_0 1 R41 0 1.0 R51 10 0 1 R61 11 0 1 R71
0. 0.1 0 R42 0 1 0 R52 1010 R62 1110 R72
0 01/ 1 R43 0 11 1 R53 10 1 1 R63
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(a) PortR4 (Port address: OP04/1P04)
IN/TEST/TESTP

SET{CLR

Input data <=—¢
R43 R42 R41 R40

Output data LATCH o PIN

Figure 3-4. PortsR4

(b) PortsR5 (R53 to R50) and R6 (R63 to R60)
Ports R5 and R6 are 4-bit high current output ports with-a tatch,-which can directly drive LEDs.
When an input instruction is executed, the latch data is read in-these ports. They can-be accessed
separately at port addresses OP05/IP05 and OP06/IP06. Additionally, 8-bit data.can‘\be setto these
ports (the upper 4 bits to port R6, the lower 4 bits'to,port R5) by using the“5-bit-to, 8-bit data
conversion instruction [OUTB @HL].

Example 1: To outputimmediate value “5" to portR5
ouT #5,%0P05 ;. PortR5¢«5

Example 2: To read the latch data from port R6-and store it in the'accumulator
IN %IP06.,A ;  Acce—PortR6

Example 3: To read from ROM, the 8-bit data corresponding te 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 R6 and R5.

LD HL#90H ;  HL<90p.(Sets the data memory address)
OUTB GHL {\ Ports R6, R5<—~ROM data
Port R5 (Port address: OP05/1P05) IN/TEST/ TESTP
3 2 1 0
R53 R52 Rs1 \[V/Rs0) | SET/CLR

InpUtdata ~<«—4

Port R6 (Port address: OP06 //P06)

Output data LATCH . PIN

3 2 1 0
R63 R62 R61 R60

Figure3-5. PortsR5, R6
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() PortR7(R72to R70)

Port R7 is 3-bits I/0 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. R73 pin does not exist actually but “1” is read when an input.nstruction is executed.

Port R7 (Portaddress: OP07/I1P07)
............ 3. 2 ! 0
R72 R71 R70
(WTO)
IN/TEST/TESTP IN/TEST/TESTP
I a
nput data SET/CIR Input data 1 CIR
il
Output data —>{LATCH
P W PIN  Outputdata LATCH {>J—|:| PIN

WTO output

(a) R70(WTO) (b)~ R71,R72

Figure 3<6. \PortR7

(2) PortR8(R83to R80)

Port R8 is a 4-bit I/0 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 with the externalinterrupt.input pintand the timer / counter input pin. To use this

port for one of these functional pins, thelatch should be setto

o 1 "

. To use it for an ordinary I/0 port,

the acceptance of external interrupt/should be disabled er’the event counter / pulse width
measurement modes of the timet / counter should be disabled.

Note: When R82 (INT1) pin_is used-for an I/O port, externalinterrupt 1 occurs upon detection of the
falling edge of pin input,and if the interrGpt-enable master flip-flop is enabled, the interrupt
request is always accepted! So that a dummy. interrupt processing must be performed (only the

interrupft return instruction [RETI] is execlted):

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”, notaccepting the interrupt request.

Control input <]
IN/TEST/TESTP
Port R8 (Port address: OP08/1P08)
3 2 1 0 SET/CLR
R83 R82 R81 R80 Inputdata ~—4
1) (INTT) (12) (INT2)
Output data LATCH : {>——|:|P|N

Figure 3-7. PortR8
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(3) PortR9 (R92 to R90)
Port R9 is a 3-bit I/0 port with a latch. When used as an input, the latch must be set to “1”. The latch
isinitialized to “1” during reset.
Port R9 is shared with the serial port. To use port R9 for the serial port, the latch should be setto “1”.
To use port R9 for an ordinary I/0 port, the serial interface must be disabled.
Note that R93 pin does not exist actually but “1” is read when an input instruction is executed.

. 1
Controlinput ~ IN/TEST /TESTP

Port R9 (Port address: OP09/IP09) SET / CLR J\’]—<

Input data —<=—

......... 3. 2 i 0 <
R92 R91 R90
(5CK) (s0) (sl) Output data —>{LATCH Ugith

Control output

Figure 3-8. PortR9

(4) 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 bitof port address IPOE and is procéssed as the data with
inverted polarity. For example, if an input/instruction is executed with the pin on the high level, “0”
isread. The bit 1 of port KE, an undefined.value is'read when-an input instruction is executed.

Example: To wait until KEO pin goeslow.

SWAIT : TEST %IPOE, 0 ; Waitsif KEQ'pin = “H".
B SWAIT
Control input <}
Port KE (Port address: IPOE)
3 2 SO 0 IN/TEST/ TESTP
(510F) (SEF) HAD) Ihput data o] e

Figure-3-9._Port KE

6-03-27 2000-10-19



TMP47C103/203

TOSHIBA

'Y pue Gy s340d 03 ssaxe dijeworne ‘[1H@ g1 0] UOIIINIISU) UOISISAUOD BIeP 1IG-8 O3 11G-§ 8y 7 310N

‘swesboud 13sn 9y} 104 ajqejieArU ) '@)e)s PAAISSSI dY) sueSW , Il ION
g = = = = @) = ZTONueS Ol | P3UTISPUN ED
- — - — — O - | {043U03 OIS pauyapun al
L — _ = - O — |043UOD Z J8IUNODLIBWI | pauyspun al
— — - — L O — |0J43UOD | JBIUNODUBWI | pauyapun ol
— - — — — — — — pauiapun dal
- —~ — - — - - e pauyapun Vi
— z \— — — e — ]043U03 1dNAIBIUL 1B WL |BAIDIU| pauapun 6l
— — +~ - - # — — pauyapun 8l
— — — — — - = — paulepun L1
- ~ # - - # - — psuyspun 9l
_ /L 4 e - @] - 1043103 43w Bopydiepn paulapun -1}
_ _ < - _ 4 — —_ pauyapun vl
- — — > - - - — paulispun €l
- — — - — = - — pauyspun 4%
- — - = # — — pauyaspun Ll
— — —_ - A O — |043ue> apow Buneiado pjoH paulyspun HoL
— — — — o O O 144N YusURLY [B1ISS 1344NQ dAIID [B1IDS 10
- O — _ — - O — sn3els pjoH 30
— — — — < ‘e — 7 ao
- — - — — ya — am — 20
- - - —_ — — - ~1— — 40
— — - - - = ~ - _ Vo
— O O _ ') ) 0} yod Indyho’gy uod indul gy 60
— O O —_ O O @) yod yndyno gy uod indul gy 80
@) O O - O @] O yodindino /7y T0d ndut 2y L0
O O O " Eozv\ O ) O 1od ndino gy wod 1ndui gy 90
@) Q) O @) O O O pod 1ndino gy yiod 1ndul gy 50
O O @) — O O O Tiod 1ndino py 1od 1ndul py 0
— — — —_ — — — —_— — €0
— — — — — - — — e <0
— — — - — — — - 7~ L0
— — — — — — — —~ — H00
..__®@u. Fwww ﬂmn\p d1s3L a‘.aﬁ ¥ | L& 1n0 k% i Lno | 4% THE Lno|THD 9% NI {exd0) 1ndin0 (++d1)andu (+)
“® 135 |99% 1S3l g dy% 13s dy'vino| Vv ‘d% NI $S3IPPY

HOo4 HOod

uonanaisul indinQ/ndu|

SUOIIINJISU| O/ 3|qe|leAY pue syudwubissy ssaippy MOd "Z-€ d|gel

2000-10-19

6-03-28



TOSHIBA TMP47C103/203

3.2 Interval Timer Interrupt (ITMR)

The interval timer can be used to generate an interrupt with a fixed frequency. Internal time interrupt is
control by the command register (OP19). An interval timer interrupt is generated at the first rising edge
of the binary counters output after the command has been set. The interval:timer is not cleared by
command, so that the firstinterrupt may occur earlier than the preset interrupt'period.

Example: To settheinterval timerinterrupt frequency to fc/212[Hz].
LD A, #0110B ; OP19«0110p
ouT A, %0P19

Interval Timer interrupt command register
(Port address: OP19)

3 2 1 0
| TMRE | TMRE (Initial value: 0000)

TMRE |Interruptdisable/enable |

00: Stop
01: Enable

1*: (Reserved) Note: =; Don’t care

TMRF | Interrupt frequency |

Example: fc=4.19 MHz

00: fc/2'0[Hz] ........... 4096 [Hz]
01: fer2"' L. 2048
10: fe2'2 L. 1024
1M: fe2"3 512

Figure 3-10.-Interval Timer Interrupt Command Register

3.3 Timer/Counters (TC1,TC2)
The TMP47C103/203 contdin two/12-bit timer/counters(TC1, TC2). RAM addresses are assigned to the
count register in unit of4 bits/permitting the initial value setting and counter reading through the RAM
manipulation instruction. When the timer/countér 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 MSB LSB
Timer/ Counter 1 (TC1) Timer/ Counter 2 (TC2)
JC1y | TClm A TCI, TC24 | TC2M | TC2,
RAM address ' I RAM address ' !
TMP47C203 (764) (754) (744) TMP47C203 (7A4) (794) (784)
TMP47C103 (36) (354) (34p) TMP47C103 (3A4) (394) (38)

Figure 3-17. \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

6-03-29 2000-10-19



TOSHIBA TMP47C103/203

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 TC1 and port address OP1D for TC2. These registers are initialized to "0” during reset.

Timer/ Counter 1 control command register Timer/ Counter 2 control command-register
(Port address: OP1C) (Initial value: 0000) (Port address: OP1D) (Initial value: Q000)
3 2 1 0 3 2 1 0
| TCIMS | IPR1 | TC2MS | iPR2
TC1IMS | Mode selection | TC2MS | Mode selection |
00: Stop 00: Stop
01: Event counter mode 01: Event counter mode
10: Timer mode 10: Timer mode
| 11: Pulse width measurement mode | 11: Pulse width.measurement mode
IPR1 Internal pulse rate (interval timer output) selection | IPR2 | Internal pulse rate/interval timer output) selection
Example: At fc=4.19 MHz Example: At fc=4.19MHz
00: f¢/210[Hz] ......... 4096 [Hz] 00: f¢/210Hz] ......... 4096/[Hz]
01: f/214 ... 256 01: fe/214 ... ... ... ... 256
10: fe/218 oL 16 10 Ffa/218 s 16
1M: f¢/222 ... L. 1 ™ fe/222 o LA 1

Note: fc; Basic clock frequency [Hz]

Figure 3-12. Timer/Counter Control Command Registers

The timer/counter increments at/therising 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’ gf@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/countoperation, the appafent 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 000y). If thetimer / counterisin-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-
13. Note that counting continues if there is a tount request after overflow occurrence.

Instruction.cycle

Count pulse 4\I_I l
Countrequest

Detection of overflow L
Occurence of IOVF 1 l
Bk b Sl >l I [<-—----> e
Execution of Count  Executionof Interrupt acceptance Execution of
instruction cycle  instruction processing instruction

Figure 3-13. Timer/Counter Overflow Interrupt Timing
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(1) Eventcounter mode
In the event counter mode, the timer / counter increments at each rising edge of the external pin (T1,
T2) input. T1and 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 R83 and R81to “1”.
At reset, the 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 fc/32 for TC1
and fc/40 for TC2. The apparent instruction execution speed drops mest 10,(97/11)x 100 =82% when
TC1 and TC2 are operated at the maximum applied frequency becausé the count operation is
inserted once every 4 instruction cycles for TC1 and every 5 cyclessfor-TC2. For example, the
instruction execution speed of 2 us drops to 3.64 us.

Example: To operate TC2 in the event counter mode
LD A, #0100B ; OP1D<«01**p
ouT A, %0P1D

External input (T1, T2 pin) | I I |

I 1
I X

Count register n X n+1 X ov2 X n+3

Figure 3-14. Event Counter Mode Timing chart

(2) Timer mode
In the timer mode, the timer/counter.increments at the rising edge-of thé internal pulse generated
from the interval timer. One of 4 internal pulsé rates can be selected by the command register. The
selected rate can be initially set 1o thetimer/counter to-generate an overflow interrupt in order to
create a desired time interval.
When an internal pulse rate of f¢/2!%isUsed, a count operationisinserted 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 us drops to 2.016-.s.
In the timer mode, R83 (T1)-and-R81 (T2) pins provide'the-ardinary 1/0O ports.

Internal pulsg —I—‘—‘—‘—'—l—

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

Figure 3-15. Timer Mode Timing chart

Example: To generaté.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( GHL+

ST #1.,~ GHLA+

ST #0EH,  @HL+

LD A, ~#1000B ; OP1C<«1000p

ouT A, %O0P1C

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

XCH A, EIR

EICLR IL, 110111B ; EIFe1, IL3<«0
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* Calculating the preset value of the counter register

The preset value of the count register is obtained from the following relation:

2'2 — (interrupt setting time) x (internal pulse rate)
For example, to generate an overflow interrupt after 100 ms at fc =4 MHzwith the internal pulse
rate of fc/210, set the following value to the count register as the preset value:

22— (100 x 1073) x (4% 106/2'9) = 3705 = E79y4

*  The apparent execution rate is caleulated as following.

1 (Fundamental clock frequency) /8
* - 0,
3 (Internal pulse rate) 13 x 100 [%]

Table 3-3. Internal Pulse Rate Selection

Example: At fc=4.194304MHz
Internal pulse rate Max. setting time
Internal/pulse rate Max. settingtime
fc/210 [Hz] 222/fc  [s] 4096 [Hz] Y [s]
fc/214 226/fc 256 16
fc/218 230/fc 16 256
fc/222 234/fc 1 4096

(3) Pulse width measurement mode

In the pulse width measurement'mode, the timer / counter increments with the pulse obtained by
sampling the external pin (T1,T2) by the internal pulse. Asshown in Figure 3-16, 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 agalyzing the count value. Normally, a frequency
sufficient slower than thie internal pulse rate setting-is.applied to the external pin.

External input I
(T2 pin) —J
i
]
I
1
1

1
1
1
Internal pulse I I : I I I I I I I
1

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

Figure 3-16. /Pulse Width Measurement Mode Timing chart
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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 setto “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/Fis set
to “1” during reset, and cleared to “0” at the rising edge of the binaty'countéf output.

Binary Counter CPU reset

214/ 1fc¢ |
—— !
11213 | ExternahCircuit
FIF .
216/ fc Y/ Q i
[}
218/ fc Selector Clear Request R !
— | ' 7
c re L R70 (WTO)
21 /e ontrol Circuit
—_— ]

Interval Timer OP15 {} OPo7

| Command Registef | \_R7 Output Latch

3 2 1 0 3 2 1 0

RESET Simplified

; power-on-reset

Figure 3-17. Watchdog Timer

3.4.2 Control of watchdog timer
The watchdog timeriscontrolled by the commandregister{(QP15). This command register is initialized to
“10008" during reset. The following are.procedure to{detect the malfunction (runaway) of CPU by the
watchdog timet.

@ 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 takervplace for some reason and binary counter is not cleared, the F/F is
cleared to “0"at thefising edge of the binary counter and signal of runaway detection is
become active (WTO outputis “L").
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Watchdog Timer control command register
(Port address: OP15)
3 2 1 0
[ rovr | ewr | TWT (Initial value: 1000)

RWT |Clears binary counter |

0: Clears binary counter (After clear, automatically “1” is set)

EWT | Enable/Disable |

0: Disable
1: Enable

TWT | Setting of watchdog timer detection time

Example: At fc=4.19 MHz

00:217/fc[s] .......... 31.25[ms]
01:219fc .............. 125 i
Note: fc; “Basic clock frequency [Hz]
10:22Vfc .ol 500
| 11:228f¢ ... 4000

Figure 3{18-~.Command Register

Example: To setthe watchdog détection time (221/fc[s]):And to enable the watchdog timer.

LD A, #0010B ; OP15 « 0010p
(Sets WDT detection time. Clears binary counter)
out A,\ %0P15
LD A, #0110B ; OP15. < 01105 (Enables WDT)
I—OUT A/ %0P15
Within WDT
detection time
LD A, #0110B ; ~OP15 « 0110y (Clears binary counter)

ouT A, %0P15

Note: “Itis not necessary(to set RWT to “1”. Note that both EWT (Enable Watchdog Timer)
and RWT should-not be set to “1” at the same time.
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3.5 Serial Interface (SI0)

The TMP47C103/203 have a serial interface with an 8-bit buffer.

4-bit / 8-bit tramsfer mode can be

selected. 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 R90 (SI).
The serial port is shared by port R9. For the serial port, the output latch of port R9 must be setto “1”. In
the transmit mode, R90 pin provides the I/0 port; in the receive mode, R91 pin providesithe 1/0 port.

3.5.1 Configuration of Serial Interface
2nd access 1st accesss
@ Transmit mode: OPOF
3 2 1 0 3 2 1 0 g Receive mode: IPOF
Comlmandlregistelm | l Comlmandlregiste!-rz | 7 6 5 4 3 2 1 0
3 2 1 0. OP1E oPtF [ T T Ghibutter Y 1]
Status T 1 H
reqister | _______ 1 i
IPOE i
V
1
3 T 2 T ! T 9 E T 2 T 1 T 8 : Serial data
| Shiftrbgister. [  Shiftregister I—)D 0 Lutput
Controller (Shift counter) ’-:] 8-bit fode in 4-bit mode i
EI S| Serial data
l ; input
Serial clock

Interrupt request
(Buffer full or Buffer empty)

1
<rw Serial data

Figure 3-19, Configuration of SerialInterface

3.5.2 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),

Serial interface status register |((Portaddress: IPOE).
3 YL ). [ 0
| SIOF | SEF (HOLD)

SIOF | Monitor serial transfer.operation state |

0: Transferis terminated

1: Transfer igin progress

SEF | Monitors shift operation status |

0-Shift operation/is terminated

s Shift.operation is in progress

Figure 3-20. Serial Interface Status Register
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Serial interface control command register1 Serial interface control command register 2
(Port address: OP1E) (Initial value: 0001) (Port address: OP1F) (Initial.value: 0000)
3 2 1 0 3 2 1 0
1
I INH | SBIT CKR | | ESIO | RM LV | ECKM |
INH | Forcible stop of serial transfer | ESIO | Instructs serial transfer start/end |
0: Transfer continue 0: Instructs serial.transfer end
1: Automatically clearing after stopped 1: Instructs serial transfer-start
SBIT |Transfer bit number | RM |Select transfer mode |
0: 4-bit serial transfer 4 bit transfer —| 8 bit transfer. —|
1: 8-bit serial transfer 0: Transmitmode Transmit'mode
— 1: Receive mode Transmit /Receive mode

CKR |Select serial clock frequency |

3.5.3

00:
01:
10:
11:

(Y |Select shift edge |

fc/26 [Hz]

/27 0: Shift.at the trailing edge-of seriakclock
$c/29 1:-Shift at the leading edge of serial clock
fe/212

Note 1: When setting the transfer mode, ESIO mustbe 0"

Note 2: Transmit/Receive mode: Don’t care

ECKM |Select shift'clock |

DA < 0: Internaiciock (output to SCK pin)

Transmit mode: 2M =1 1: Exterhal clock (inputfrom SCK pin)

Figure 3-21. Serial Interface Control Command Register

Serial clock
For the serial clock, one of the\following can be selected according to the contents of the command
registers:

(1) Clock source selection

a.Internal clock
The serialclock' frequency is selected by command register.
The serial clo¢k/is output on the SCK pin. ‘Note that the start of transfer, the SCK pin output goes
high. Whenwriting (transmiting)-orreading (receiving) data in a program does not catch up the
serial clock rate, this device stopsthe serial-¢lock automatically. Additionally it provides the wait
function in which the shift is not occurred until this processing is completed.
The highestitransfer rate based on the'internal clock is 93750 bits / second (at fc =6 MHz).

b. Externalclock
The signal obtained by the ¢lock 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 oy more to be completed.

(2)~_Shift edge selection

a.Leading edge
Date is shifted at the leading edge (the falling edge of SCK pin input) of the serial clock.
b.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.
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3.5.4 Transfer bit number
SBIT (bit 2 of the command register 1) can select 4-bit / 8-bit serial transfer.
(1) 4-bitserial 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.

(2) 8-bitserial 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 (OPOF / 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.

3.5.5 Transfer modes
Selection between the transmit mode and the receive mode-is performed by RM.(bit2-0f the command
register2).
Example: Transfers the data stored in the data/ memory (specified by DMB,HL, register pair) in the
internal clock operation (fc/27). (8 bitserial transferring).
LD A, #0101B
OUT A,  %OP1E
LD A, #0010B
OuUT A,  %OP1F
OUT @HL, %OPOF
INC L
OUT @HL, %OPOF
LD A, #10108B
OUT A,  %OPIF

(1) Transmit mode
The transmit mode is set to.the' command registepthan writes the first transmit data (4 bits or 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
(OPOF) 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-ES1O to " 1" starts transmission: The transmit data is output to the SO pin in synchronization
with the.serial clock from the LSB side sequentially. 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 thenexttransmit data tis written o the buffer register, the interrupt request
isreset:
Inthe operation basedon.the internal clock, if no more data is set after the transmission of the 4-bit
or 8-bit data, the serjalclock’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.
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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-out 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).

ESIO

SIOF v v /

SEF | v | " | v | |

s LU ARTEF U il

s X oo )Xo X oo o D SR

ISI0 ” " i 7
I ¢ D N

B 5 3Y 35 - 3y
(OPOF) ) 5% X 35
(a) Internal-clock:based operation with wait
clear ESIO |
iy 5 '
ESIO 54 L _____ T ———— fl 1
SIOF " by / A
) 3 L

see | i -
50 G X oo X X oo Y o)z
4 I 35

(!

ISIO rl | / N
VAT 5

SB D X D’

(OPOF) 5 85

(b)_External‘clockrbased operation

Figure 3-22. “Transmit Mode
(2) 4-bit receive mode

Data can be received when ESIO is setto 1" after setting the receive mode to the command register.
The data is put from the Sl pin to the shiftregister in synchronization with the serial clock. Then the
4/8-bit data-istransferred 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
requestisréset andthe next dataiis put in the shift register to be transferred to the buffer register.
Inthe eperation 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 operation may be performed at either the leading edge or the trasiling edge. In the
leading edge shift operation,data is captured at the leading edge of the serial clock, so that the first
shift data must be put in the Sl 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

leadingedge shift (with the interrupt enable register already set).

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

LD A, #0110B ;. OP1F «0110g (Sets the receive mode)

ouT A, %OP1F

EI ;  EIF <1 (Enablesinterrupt)

LD A, #1110B ;. ESIO «#1 (Instructs reception start)

ouT A, %OPLF

To end the receive operation, ESIO must be cleared to "0”. When ESIQis’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 bufferregister arel lost. Therefore,

the modes should not be changed untilthe last received data is read even after the end of
reception is instructed (by clearing ESIO(to “0™).

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

a.

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 eperation, ESIO-is cleared to “0” by the interrupt service
program, then the last received data is read.

Example: To instructrecéption end when transfer rate LOW (leading edge shift).

LD A, #0110B ; ESIO <0 (The end of receive operation)
OUT—A, %OIF
IN %IPOF, A ; —Acc<«|POF (Reads received data)

When the'transfer rate is high (the.internal /external clock-based operation):

If the transfef rate is-high and,therefore;.itis 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 dataisread. 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 génerally employed for the internal-clock-based operations. For an external-clock-
based operation, ESIO must be cleared and the received data must be read before the last data is
transferred to the bufferregister.

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

edgeshift).
SSEFOQ: TEST %IPOE, 2 ; Waits until SEF="1"
B SSEFO0
LD A, #0110B ; ESIO«0
ouT A, %OP1F
IN %IPOF, A ; Acc < IPOF (Reads received data)
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c. One-word reception
When receiving only 1 word, ESIO is set to
has gone “1”
read by the interrupt service program.

"1 "

then it is cleared to "0” after confirming that SEF
. In this case, buffer full interrupt is caused only once,%0 that the received data is

Example: To instructthe start/end of 1-word reception (the internalclock, the trailing edge

shift).

LD A, #0100B

out A, %OP1F

EI

LD A, #1110B

out A, 7%OP1F
SSEFO0 : TEST %IPOE, 2

B SSEFO

LD A, #0110B

out A, 7%OP1F

; OP1F «0100g (Setsin'the receive mode)

; EIF « 1 (Enablesinterrupt)
; ESIO « 1\(Instructs’reception start)5

; Confirms that SEF="1"

; /ESIO/¢~ O-{Instructs reception end)
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7 L ________ I
ESIO :Il . /’
SIOF ) / (
SeF — | L] Y LV

s LML LAy

000000 > e
«
ISI0 9 &
l\ « N\ \
sB % « X0 Ao
READ (IPOF) 1 2 A \_)o

(a) Internal-clock-based operation; trailing-edge-shift (with.wait)

Clear ESIO
ESIO _| |
SIOF _|
SEF — L L i )
SCK

s ED DN EN EN D ED ENED £ 2

ISIO |\

8 % AN X\ >
READ (IPOF) ﬁ \.,o \—>o

(b)Y External-clock-based operation, leading-edge shift (when transfer rate is low)

1
|

I Clear ESIO |
ESIO I /‘\I

« o P

T
SCK | S S P Y I

s 0% 0, 0 X0 )Xo X0 X o (o

[SIO l\ | I
SB % D XD‘ X\ D"
READ (IPOF) i ﬁ \—>i

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

Figure3-23. 4-bit Receive Mode
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(3) 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 output 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 ISIO (buffer full) interrupt is generated to request
data read. The received data is read from the buffer register by the interruptservice program, and
then write the transmit data to the buffer register.
Lower order 4 bits of both transmit and receive data are read/written from7into the buffer register
by first access after setting of transmition / reception mode or generation of ISIO and higher 4 bits by
next access.
In the operation based on the internal clock, SIO becomes the wait-state until 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/tate jusing anvexternal clock-is-determined
by the maximum delay time between the generation.ofthe 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 clearing ESIO 16 "0”. "When ESIO is cleared, this-eperation is ended after
transfer of the current 8 bits od data to the buffer register is completed.\Programs can confirm that
the operation has been completed by sensing SIOF (bjt "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, #0110B ; Setsthe 8-bittransfer and serial clock frequency.

ouT A\ %OP1E

LD A) )#0110B ;/-Setsthe transmit / receive mode of internal clock
operation

ouT A, %0P1F

LD HL, #20H 7 OPOF<—RAM[204] (Writes lower 4-bit data to be
transmitted)

ouT @HL ,~%0POF

INC = ; OPOF<RAMI[214] (Writes upper 4-bit data to be
transmitted)

ouTt @HL ,~%OPOF

LD A, #1110B ; ESIO « 1 (Instructs serial transfer start)

ouT A, %OP1F

: ; Data transfer

Example'2: To read datd received and to write next data to be transmitted.

LD HL, #30H ; Stores lower 4-bit data received in RAM[304].
IN %IPOF, @HL

INC L ; Stores upper 4-bit received in RAM[31y].

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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3.5.6 Stopping serial transfer
A serial transfer operation can be stopped forcibly.
It is stopped by setting INH (bit 3 of command register 1) to “1”, clearing thie shift counter. When the
serial transfer is over, INH is automatically 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.

{( {( £(

ESI0O Y Y o {lé __________________ ) NI
(( (( {( / )
SIOF | )] )] 1) /
SEF ] | /
SCK
SO
Sl
ISIO
SB
(a) Internal clock based operation with wait
Clear ESIO |
(( ! (( |
ESI0  —d 7 » l
( ( (
SIOF ” ”
(¢ (« \
ser — | Y L] ) l

sck —l_rl_r|_r59—|_|-|_|-|_r|_r|_|‘|_r59‘|_r|_r|_|/ L_:\\L_; T
50 (5ouXoGiXpoR) YposKooeXorXBonXborieoz) YposXposXpor,

rr/

SB :XDO \\ DO I\S X DI

DI

(b) External clock based operation

Figure3-24. 8-bit Transmit/Receive Mode
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Port Condition by RESET Operation
The transition of Port condition by RESET operation is shown as below.

VDD--- . (¢

"
Supply voltage / :

: t(RESET) :
—_— i («

. g 7_VIH2 Y f-VIH2
RESET (input) : ; : VIL2 ;

(¢

Internal

: 7
oscillatin Starts X Stable oscillation
conditiong éosallatmn ; . (;(;
' i : :
Internal / ... ..__.. .  Determihesdependingonthe W .. . .
hardware Unsettled antlallzatlon resu|tof(progr§m exeguuon A Initialization

H
Operation of

: ( :
microcomputer H fReset v . Y /Reset v -
_g_(operation Program execution Aoperation A Program execution
: N )

Condition of 4 - :é : £ : :
Output port Initialization Determines depending on the Xnitializatio’r-'nX Determines depending on the
(¢

and 1/0 port result of program.@xecution result.of program execution
)] L
) | -— 3 —>»
<— Condition of port by Power on reset Condition of portatresettingduring —— >
power supply is stapl¢e

Figure 3-25. 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 levelinputvoltage 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 thejinitial condition. The-initial condition of Port differs from I/O circuit by
each port, refer to’the section of “INPUTIOUTPUT 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 circuitrysuch as pull-up resistor and / or pull-down resistor.
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Input / Output Circuitry

The input/output circuitries of the TMP47C103/203 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 110 Circuitry and Code Remarks
FA, FB FD, FE
enable-»tDD_ enabl
- Resonator connecting pins

XIN Input Wy MWV R =1kQ (typ)
XouT Output R R¢ Ro R Rt Ro| Rt =1.5MQ(typ)

Ceramic or Ro =2kQAtyp)

Crystal RC
XIN XOouT XIN XOUT
VDD Hysteresisinput
[ Rin % Pull-up resistor
RESET Input @ R Riv= 220'keY (typ.)
R=)1kQ (typ.)

HOLD Input @ ‘\X/\/ D Hysteresis input
(KEOQ) (Input) R = 1kQ (typ.)

(2) /O ports

Port 110 Input?7 Output Circuitry andCode Remarks
FA, FD FB, FE
Initial “Hi-2" Iitial #High”
nitial H VDD nitia’ Mg VDD Sink open drain
or
R4 I/0 ——o—= push-pull output
R
<,‘ R R = 1kQ (typ.)
1
~J
VDD
Sink open drain
R5 output
4' >(>—I -
RO 0 R Initial “Hi-Z"
R7
_ R = 1kQ (typ.)
~
vDD Sink open drain
output
Eg Vo — o= Initial “Hi-Z"
R Hysteresis input
@‘ R = 1kQ (typ.)
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Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -03t06.5 Y
Input Voltage Vin -0.3toVpp+0.3 \'
Output Voltage VouTt -/0.3toVpp +0.3 Vv
lout1 Port R5, R6 30
Output Current  (Per 1 pin) loyt2 | PortR4 15 mA
loyts | Ports R7,R8, R9 3.2
Output Current  (Total) S louT Port R4, R5, R6 120 mA
e DIP 300
Power Dissipation [Topr=70°C] PD mw
SOP 180
Soldering Temperature (time) Tsld 260 (105) °C
Storage Temperature Tstg —5510 125 °C
Operating Temperature Topr =30te.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 ne/absolute maximum\rating value will ever be exceeded.

Recommended Operating Conditions |/ AVss=0 V, Topr = —30:{0-70°C)
Parameter Symbol Pins Conditions Min Max Unit
Crystar\ N fc = 6.0 MHz 4.5
Normal or—
ceramic_f¢=4.2 MHz 2.7
Supply Voltage Vbp mode > =25 MHz 22 5.5 \
HOLD mode - - 2.0
ViH1 Except Hysteresis Input In the normal Vppx0.7
Input High Voltage Vim2 Hysteresis Input operating area Vpp x0.75 Vpp \
ViH3 Inthe HOLD mode Vppx0.9
VL3 Except Hysteresis-input In the normal Vpp % 0.3
Input Low Voltage Vi Hysteresis Input operating area 0 Vpp % 0.25 Y
Vi3 In the HOLD mode Vpp x 0.1
Vpp=4.5t05.5V 6.0
Clock Freguency. fc XIN/XOUT Vpp=2.7t05.5V 0.4 4.2 MHz
Vpp=2.2t0 5.5V (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
aperating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing preducts which include this device, ensure that the recommended operating conditions
for the device are always adhered to.
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DC Characteristics (Vss =0V, Topr= -30to 70°C)
Parameter Symbol Pins Conditions Min_[~Typ. | Max [ Unit
Hysteresis Voltage Vys | Hysteresis Input = 0.7 - \Y

Iin1 | RESET, HOLD
Input Current Vpp=5.5V,VN=55V/OWV - - +2 pA
Iin2 | Open drain output ports

Input Resistance Rin | RESET 100 220 450 kQ

Input Low Current liL | Push-pull output ports Vpp=5.5V, V|y=04V - < -2 mA

Output Leakage ]

Current lLo |Opendrainoutputports |[Vpp=5.5V, Voyr=5.5V - - 2 pA

Output High Vpp=4.5V, (Igh = ~ 200 LA 244 - -

Voltage Von | Push-pull output ports \
Vpp=2.2V, logy==5%A 2.0 - -

Output Low Vpp=4.5V, lor=1.6 mA - = 0.4

Voltage VoL |PortR7,R8,R9 Vv
VDD=2-2 V, |o|_=20 mA T - 0.1

loL1 | PortR5, R6 - 20 -
Output Low Current Vpp=45V, VoL=1.0V mA
loL2 | PortR4 _ 7 _

Vpp=5.5V, fc£4MHz - 2 4

Supply Current

(in the Normal Iob Vpp=3.0V, fc=2MHz - 1 2 | ma

operating mode)
Vpp=3.0V, fc=400kHz - 0.5 1

Supply Current

(inthe HOLD IoDH Vpp=5.5V - 0.5 10 | A

operating mode)

Note 1:  Typ. values show those/at Top,\=25°C, Vpp =5 V.
Note 2: Input Currentlyyy: The current through resistorisnot included.
Note 3: Supply Current; Viy=5.3V/0.2V (Vgp=5.5V),2.8V/0.2V (Vpp=3.0V)
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AC Characteristics

(Vss =0V, Topr= -30to 70°C)

Parameter Symbol Conditions Min Fyp-| Max | Unit
Vpp=4.5t05.5V 1.3
Instruction Cycle Time tey Vpp=2.7t05.5V 1.9 - 20 s
Vpp=2.2t05.5V 3.2
VppZ2.7V 80
High level Clock pulse Width tweH
For external Vpp<2.7V 160
clock - - ns
operation VppZ 2.7V 80
Low level Clock pulse Width twel
Vpp<2.7V 160
Shift data Hold Time tspH 0.5t -0.3 - - ©s
Note: Shiftdata Hold Time:
External circuit for pins SCK and SO Serialport(completed of transmission)
VvDD
SCK 1.5V
10kQ
tspH
50 pF
T W X XT X

Recommended Oscillating Conditions

(1) 6 MHz
Ceramic Resonator

CSA600MGU (MURATA) Cxiy =Cxout = 30 pF
KBR-6.00MS{(KYOCERA) Cxn =CxouT=30pF

(2) 4 MHz
Ceramic Resonator

CSA4.00MG (MURATA)

CxiNn =Cxour=30 pF

KBR-4.00MS (KYOCERA) Cxn =CxouTt =30 pF

Crystal-Oscillator

204B36F 4.0000 (TOYOCOM) Cxn = CxouTt =20 pF

(3) 400kHz
Ceramic Resonator

€SB400B (MURATA)
KBR-400B (KYOCERA)

€xIN = CxouT =220 pF, RxouT=6.8kQ
CxiN = Cxout = 100 pF, RxouTt=10kQ

(4) RCOscillation (VSS=0V, VDD =5.0V, Topr=25°C)

2 MHz (Typ.)
400 kHz (Typ.)

CxiN=33 pF, Rx=10kQ
Cxn = 100 pF, Rx =28 k)

(Vss=0\W, Vpp=4.51t05.5V, Topr= -30to 70°C)

XIN XOUuT
6 MHz
or
4 '\lﬁHZ
Cxin - - CXOUT
XIN XOouT
400 kHz Rxout
CXIN ;; ;; CXOUT
XIN XOUuT
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Typical Characteristics

R-Ta RESET pin hiL=VIN CMOS R port loy=VoH CMOSR port
I lon
k) lvyp=55v (A ¥§Z;553 v (uA) K Ta=25°C
400 -800 \\ - 400 N
N Vpp=45V
300 [ -600 -300
P = \
200 -400 — 200
_ L voo-27v
™~ A\
100 -200 ~100 \ \
0 Ta 0 Vin 0 Vou
-40 0 40 80 (°Q) 2 4 6 (V) 2 4 6 (V)
| loL-VoL R7,R8,R9port | loL- VoL R4 port | loL - VoL R5,"R6 port
oL oL oL
(mA)] Ta=25°C (mA)]| Ta=25C (mA) | Ta'=25°C
8 V Vop=45V 16 Vpp 245 V 40 Vpp=45V
pp =4 = =5
. / DD, // bR //
12 4 30
/ » / //
a / 7 8 Z 50 p.
/ / Vpp=2.7V L Voos 27V / Vfﬁ’_\’
, LA LA A
/ i / <5 . / T
0 VoL 0 VoL 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(W 0.4 0.8 1.2(V)
| Ipp - Vpbp | 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 /
// vd ,/
1.0 / 1.0 7 4
fc=4MHz i L1
P u Y
0.5 = 0.5 2
AT =000 k2 RC
> Vop=3V
0 { L Vop 0 N fc 0 Vbb
2 4 6 (V) 0.1 0.4 1 4 10 (MHz) 2 4 6 V)
fc - Rx (RCOSC.) . fc - Vpp (RCOSC.)
X
(kQ) Vpp=5V (MHz2) | Cxin =33 pF
Ta=25°C Ta=25°C
80. 4
60 \ ] Rx=10kQ
1
o N —
N \Cx n=33pF 0.4 ,’
20 N Rx =50 kQ
\ N
Cxin =100 pF \
0 L1111 fc 0.1 Vbp
0.1 0.4 1 4 10 (MHz) 2 4 6 V)
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