TOSHIBA

TMP47C206

CMOS 4-Bit Microcontroller

TMP47C206M/P
The TMP47C206 has Low Voltage Detector, Pulse output, Zero-cross detector based on the TLCS-470 series.
Part No. ROM RAM Package OTP
TMP47C206P ) ) P-DIP20-300-2.54A TMP47P206VP
——————————————— 2048 x 8-bit 128X 4-bit === S=mmSTee oo fomoes oo
TMP47C206M P-SOP20-300-1.27 TMP47P206VM —

Features
@ 4-bitsingle chip microcomputer

P-DIP20-300-2.54A

@ Instruction execution time: 1.0 us (at 8 MHz)
@ 90 basic instructions
Instruction set is the same as TLCS-470 series
@ Table look-up instructions
@ Subroutine nesting: 15 levels max
@ 5interrupt sources (External: 2, Internal: 3) >
All sources have independent latches each,and selectable
priority exists for external interrupts
@ 1/0 port (15pins including 3 Tri-state 1/0 ports)
@ Two 12-bit Timer/Counters
Timer,event counter,and pulse width measurement mode
@ Interval Timer
@ Watchdog Timer
@ Pulse output
Buzzer drive/carrier for remote controller
@ RESET Output
@ Zero-cross detector interrupt (Wake-Up possible in HOLD mode)
@ Low Voltage Detector
@ High current outputs
LED direct drive capability or TRIAC control:
typ.20 mA x 5 bits (Port 4, R50)
@ Hold function

TMP47C206P

P-SOP20-300-1.27

Battery/Capacitor back-up
@ Real Time Emulator: BM47C206

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 your 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 for 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
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 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.
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Pin Assignment

Block Diagram

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

XOUT =—[]
XIN — [
RESET — [
R80 (INT) <>
R81(T2) == [
R82 (ZIN) == []
R83(T1) <= []
R40 = []

R41 =[]

vss — [

= O 0 N O v A W N =

\J

20
19
18
17
16
15
14
13
12
1

] <— VDD

] <— HOLD (KEO)
[] <> R71 (PULSE)
[] <> R70 (RESOUT)
] <> R53

[ ] <> R52

[ ] <> R51

] <> R50

[] <> R43

[] <> R42

Supply VDD
Voltage |VSS
|_Kﬂ Flags Accumulator HR | LR Dat?Rl\::,lmory Program
ALU
clz]s RAM address buffer stack | spw Counter
[— | | | RN
TC1 |TC2 DC lJ’
Program
Ao Memory
(KEO) HOLD CONTROLLER EIR EIF (ROM)
> Interrupt controller L
™| System Controller [ * P T T —
Timing Generator ”}:lem"‘;al 12-bit N
1 r
XIN ¥ Timer / Counter Control R
Clock Generator 2¢ch
XOUT wor ; of pulse Decoder
[—|
| Zero-cross detector |
]
RESET RESET Circuit <—| . . . .
[vs |
RC
Lvb Oscillator II Jj: II —S:@
R53 R43 R83(T1) R71 (PULSE)
R52 to R82 (ZIN) R70 (RESOUT)
R51 R40 R81 (E 1/0 Port
R50 R80 (INT)
T/Cinput
VO Port /O Port ( Interrupt input )
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Pin Function

Pin Name Input/ Output Functions
R43 to R40 4-bit I/0 port with latch (R7 port has only 2-bit). [ High Current Port
R53 to R51 }[Nhe1n used as input port,the latch must be set | 11i siate port
O 1", e e
R50 1/0 (Output) High Current port
R71 (PULSE) Every bit data is possible to be set,cleared and | pulse output
tested by the bit manipulation instruction of |-
R70 (RESOUT) the L-register indirect addressing. Reset signal output
R83(T1) . . Timer/ Counter 1 external input
4-bit /O portwithlatch. e
R82 (ZIN ) ) ero-cross interrupt input
(ZIN) /0 (Input) When used as input port, external interrupt Z .......................... p ..... p .........................
R81(T2) input pin, or timer / counter external input pin, | Timer/ Counter 2 external input
— the latch must besetto “17. e s e
R80 (INT) External interruptinput
XIN Input Resonator connecting pins.
XOUT Output For inputting external clock, XIN is used and XOUT is opened.
RESET Input Reset signal input
HOLD (KEO) Input (Input) | Hold request/ release signal input Sense input
VDD +5Vv
............................ POWerSupply B mT,mnTIm,mmnmmnmmmnm,rnm,mem,mm I mIImOIhrDImnmnmmmmIeIeIre I I I I rhrhrrIrmrmI I T My
VSS 0V (GND)
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Operational Description

1.
*

2.
2.1

System Configuration

Internal CPU Function

2.1
2.2
2.3
24

2.5
2.6
2.7
2.8
2.9

Program Counter (PC)
Program Memory (ROM)
H Register, L Register
Data Memory (RAM)

® Stack

® Stack Pointer Word (SPW)
® Data Counter (DC)
ALU and Accumulator
Flags

System Controller
Interrupt Function

Reset Circuit

® Reset Output

® Low Voltage Detector

Peripheral Hardware Function

3.1
3.2
3.3
34
3.5
3.6

1/0 Ports

Interval Timer
Timer/Counters (TC1, TC2)
Watchdog Timer

Pulse Output

Zero-cross detector

Internal CPU Function

Program Counter (PC)
The program counter is a 11-bit binary counter which indicates the address of the program memory
storing the next instruction to be executed. Normally, the PC is incremented by the number of bytes of
the instruction every time it is fetched. When a branch instruction or a subroutine instruction has been

MSB

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

LSB

PCy

PCwm

PC_

PCio PCqy PCg

PCy;

PCg

PCs

PCs

PC3

PC,

PCq

PCo

Page assignment

Address assignment in page

Figure 2-1. Configuration of Program Counter

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

points must be considered:

® Short branch instruction [BSS a]
In [BSS a] instruction execution, when the branch condition is satisfied, the value specified in the
instruction is set to the lower 6 bits of the PC. That is, [BSS a] becomes the in-page branch instruction.
When [BSS a] is stored at the last address of the page, the upper 5 bits of the PC point the next page, so
that branch is made to the next page.

6-06-4
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TOSHIBA TMP47C206
Table 2-1. Status Change of Program Counter
instruction Conditon | __ ProgamCounter PO |
Operation PCig 1 PCo 1 PCg 1 PC; 1 PCg 1 PCs | PC4 1 PC3 1 PC; 1 PCy 1 PGy
§ a ?BFr:]rlch condition is satisfied) Immediate data specified by the instruction
- SF=0 (Branch conditionis
‘: not satisfied) +2
. T
:: Lower(i;lil}fflﬂress Hold E Immediate data specified by the instruction
- SF=1 |
“- 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
c 1 H H 1
© |caLLs a 0 0 | Gataspeciied by she matraction S L1 10
: The return address restored from stack
W
o The return address restored from stack
x
™ | Others Incremented by the number of bytes in the instruction
i i
L”ctcigi‘gﬁce 0 0 0 0 0 0 0 | Interruptvector | 0
Reset 0 0 0 0 0 0 0 0 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 contents of the PC. 9 01 001
The fixed data can be read by using the table look-up % E """"""""""""""""" !
instructions. H1 i
3E | ... 03E
® Table look-up instructions > gg gi(F)
[LDL A, @DC], [LDH A, @DC +] 01 | 041
The table look-up instructions read the lower and o1, E """"""""""""""""" E
upper 4 bits of the fixed data stored at the address ' '
specified in the data counter (DC) to place them into [ 3E N, 14
the accumulator. [LDL A, @DC] instruction reads the - 35 g;g
lower 4 bits of fixed data, and [LDH A, @DC +] o1 [T 081
instruction reads the upper 4 bits. b At
The DC is a 12-bit register, allowing it to address the I g ~
entire program memory space. I :
Example: When [LDL A, @DC] instruction is 35 ;gz
executed with the DC value being 7A0y o1 | 7¢1
and the contents of program memory . A |
address 7A0H being 58y, “8" is stored in oo I
I Jescccccntcascscacannscnaarnsnas 1
the accumulator; when [LDH A, @DC +] 3E o, 7FE
instruction is executed, “5” is stored in 3F 7FF
the accumulator and the DC value is Figure 2-2. Configuration of

incremented to 7A14.

Program Memory
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2.2.1

Program Memory Capacity

The TMP47C206 has 2048 x 8 bits (addresses 000y through 7FFy) of program memory (mask ROM).

2.2.2

Program Memory Map

Figure 2-3 shows the program memory map. Address 0004 to 0864 of the program memory are also used
for special purposes.

Address 2048 x 8-bit
Y 000, Reset start address
002 INTT ... .
ggg ............... Interrupt service  .........
AOVF1 ine e
008 [ove2 T routine
00A |'immr™ entry address T
ooc bives— 0
Subroutine call E ]
entry address OO Subroutine call entry address
designated by : designated by [CALLS a]
[CALL a] 086 instruction
instruction :
3FF
400
Y 7F:F
TMP47C206

Note: Address 004y and 005y can be used to store ordinary user’s processing data.

2.3

Figure 2-3. Program Memory Map

H Register and L Register

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

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

During the execution of [SET @L], [CLR @L], or [TEST @L] instructions, the L register is also used to
specify the bits corresponding to 1/0 port pins R53-R40, R70, R71 (the indirect addressing of port bits by

the Lregister).
Example:

To write immediate values “5” and “Fy" to data memory addresses 104 and 114.
LD HL,#10H ; HLe10H

ST #5,@HL+ ;' RAM[10H] €5H, LR&LR +1

ST #0FH, GHL+ ; RAM[114] «FH, LR<LR +1
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H Register L Register
HR3 HR, HR, HRg LR3 LR, LRy LRg
A4 v
Page specification Address specification in page

Figure 2-4. Configuration of H and L Registers

2.4 Data Memory (RAM)
The TMP47C206 has 128 x 4 bits (addresses 00y through 7Fy) of the data memory (RAM).

There are three ways to address the data memory.

(1) Register-indirect addressing mode Hregister  Lregister
In this mode, a page is specified by the H register | | |
and an address in the page by the L register. {} {}

Example: LD A, @HL ; Acce—RAM [HL] .
RAM address | ! |

(2) Direct addressing mode Instruction field
In this mode, an address is directly specified by the 8 | | xxxx 1 oxxxx |
bits of the second byte (operand) in the instruction {} {}
field. :

Example: LD A, 2CH ; Acce—RAM [2CH] RAMaddress [ xxxx | xxxx |
Instruction field

(3) Zero-page addressing mode [ [ Loyyyy
In this mode, an address in zero-page (addresses {}
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 [054] «-3 Figure 2-5. Addressing mode

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

Address in page

7
6
5
Page ¢ ,
3
N O Incrementdirection  : .  Decrementdirection . i
1 of ad.dress(._ . oT addre‘ss
0 bbb b b zero-page
Note 1 denotes the stack area.

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

Figure 2-6. Data Memory Map (TMP47C206)

6-06-7 2000-10-19



TOSHIBA TMP47C206

(1) Stack
The stack provides the area in which the return address is saved before a jump is performed to the
processing routine at the execution of a subroutine call instruction or the acceptance of an interrupt.
When a subroutine call instruction is executed, the contents (the return address) of the program
counter are saved; when an interrupt is accepted, the contents of the program counter and flags are
saved.
When returning from the processing routine, executing the subroutine return instruction [RET]
restores the contents of the program counter from the stack; executing the interrupt return
instruction [RETI] restores the contents of the program counter and flags.
The stack consists of up to 15 levels (locations 0 through 14) which are provided in the data memory
(addresses 40 through 7B). Each location consists of 4-word data memory. Locations 13 and 14 are
shared with the count registers of the timer/ counters (TC1, TC2) to be described later.
The save / restore locations in the stack are determined by the stack pointer word (SPW). The SPW is
automatically decremented after save, and incremented before restore. That is, the value of the
SPW indicates the stack location number for the next save.

(2) Stack Pointer Word (SPW)
Address 7Fy in the data memory is called the stack pointer word, which identifies the location in the
stack to be accessed (save or restore).
Generally, location number 0 to 12 can be set to the SPW, providing up to 13 levels of stack nesting.
Locations 13 and 14 are shared with the timer / counters to be described later; therefore, when the
timer/counters are not used, the stack area of up to 15 levels is available. Address 7Fy is assigned to
the SPW, so that the contents of the SPW cannot be set “15" in any case.
The SPW is automatically updated when a subroutine call is executed or an interrupt is accepted.
However, if it is used in excess of the stack area permitted by the data memory allocating
configuration, the user-processed data may be lost. (For example, when the user-processed data
area is in an address range 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 the location 3 area is lost.)
The SPW is not initialized by hardware, requiring to write the initial value (the location with which
the use of the stack starts) by using the initialization routine. Normally, the initial value of “12" is

used.
Example: Toinitialize the SPW (when the stack is used from location 12)
LD A,#12 ;. SPWe12
ST A,OFFH

(3) Data Counter (DC)
The data counter is a 12-bit register to specify the
address of the data table to be referenced in the MSB LSB
program memory (ROM). Data table reference is

performed by the table look-up instructions [LDL A, Data Counter (BY)
@DC] and [LDH A, @DC+] . The data table may be DCx | DCm | DG,
located anywhere within the program memory address RAM address

space. TMP47C206  (7Ey) (7Dy) (7€)

The DC is assigned with a RAM address in unit of 4 bits.

Therefore, the RAM manipulation instruction is used to

set the initial value or read the contents of the DC.
Example: Tosetthe DCto 3804.

Figure 2-7. Data Counter

LD HL,#07CH ;  Sets RAM address of DC| to HL register pair.
ST #0H,GHL+ ; DC« 3804

ST #8H, @HL+

ST #3H, @HL+

6-06-8 2000-10-19
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MSB LSB MSB LSB
Timer/Counter 1 (TC1) Timer/Counter 2 (TC2)
TC1y | TClm | TC1L TC2 | TC2\m | TC2,
RAM address RAM address
TMP47C206 (764) (754) (74y) TMP47C206 (7AR) (794) (784)

Figure 2-8. Count Registers of the Timer/ Counters (TC1, TC2)

(4) Countregisters of the timer/counters (TC1, TC2)
The TMP47C206 has two channels of 12-bit timer / counters. The count register of the timer/counter
is assigned with a RAM addresses in unit of 4 bits, so that the initial value is set and the contents are
read by using the RAM manipulation instruction.
The count registers are shared with the stack area (locations 13 and 14) described before, so that the
stack is usable from location 13 when the timer/counter 1 is not used. When none of timer/ counter
1 and timer/ counter 2 are used, the stack is usable from location 14.
When both timer / counter 1 and timer/counter 2 are used, the data memory locations at addresses
774 and 7By can be used to store the user-processed data.

PC FLAG PC
T '
1 1
SAVE
STACK iL - STACK i L i LSAVE
T T T T -
B ' PCy | PCy | PC_ | o ~ [raGi Py 1 Peu 1 PC T
RAMaddress (6By) (BAy) (69y) (68) (674) RAM address  (6Bp) (6Ap)  (69y) (68n) (67H)
_’|‘_ Location 10 _>|‘_ Location 9 _’|‘_ Location 10 _’l‘_ Location 9
Before execution  After execution Before acceptance After acceptance
sPw | 10 |—>| 9 | sew | 10 _,| 9 |
RAM address  (7Fn) (7FR) RAM address  (7Fp) (7Fy)

(a) At execution of the subroutine call instruction

PC
T T

Lt ]

RESTORE
STACK -
- | PCy ! PCw | PC | L

RAMaddress (6Bn) (6AR) (69y) (68y) (674)
—>|<— Location 10 —>|<_ Location 9

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

(c) At execution of the subroutine return instruction

(b) At acceptance of an interrupt

FLAG PC
RESTORE
TT TT )
FLAG! PCy | PCy | PC_ L
RAM address (GBH) (6An) (694) (68y) (57H)

—>|<— Location 10 —>|<— Location 9

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

(d) Atexecution of the interrupt return instruction

Figure 2-9. Accessing Stack (Save / Restore) at the TMP47C206
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(5) Zero-page
The 16 words (at addresses 00y through OFR) of the zero page of the data memory can be used as the
user flags or pointers by using zero-page addressing mode instructions (comparison, addition,
transfer, and bit manipulation), providing enhanced efficiency in programming.
Example: To write immediate data “8" to address 09y if bit 2 at address 04 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:

242 Data Memory Capacity

Address
00y
: Zero-page
OF oo
10
Data area
3F
40
Special
function
shared area
7F

TMP47C206

Note: The technical data sheets for the TMP47P206V shall also be referred to.

Figure 2-10. Data Memory Capacity and Address Assignment

When power-on is performed, the contents of the RAM become unpredictable, so that they must be
initialized by the initialization routine.
Example:To clear RAM (use common to the TMP47C206)

LD HL, #00H ; HL<-00H
SCLRRAM: ST #0, @HL+ ; RAM [HL] <0, LR<LR + 1
B SCLRRAM
ADD H, #1 ; HR&HR +1
CMPR H, #7
B SCLRRAM

2.5 ALU and Accumulator

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

With a ratate inctruction the carry indicatac tha d
vvitin a rouaie insuwrudiion, ine darry inGidaiwes ine G

shifted out from the accumulator.

(2) Zerodetect information (Z) result
This information is “1" when the operation result or
the data to be transferred to the accumulator/data
memory is “0000g".

Note: C;, indicates the carry input specified
by instruction

Figure 2-11. ALU

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

Operation Result C Z Operation Result C z
4 + 2 = 6 0 0 8 -1 = 7 1 0
7 +9 = 0 1 1 2 -2 = 0 1 1
9 +9 = 2 1 0 5 -8 = -3(11018) O 0

2.5.2 Accumulator (Acc)

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

Figure 2-12. Accumulator

2.6 Flags
There are a carry flag (CF), a zero flag (ZF) and a status flag
(SF), each consisting of 1 bit. These flags are set or cleared 3 5 1 0
according to the condition specified by an instruction. | e

When an interrupt is accepted, the flags are saved on the
stack along with the program counter. When the [RETI]
instruction is executed, the flags are restored from the stack
to the states set before interrupt acceptance.

Figure 2-13. Flags

(1) Carry flag (CF)
The carry flag holds the carry information received from the ALU at the execution of an addition /
subtraction with carry instruction, a compare instruction, or a rotate instruction. With a carry flag
test instruction, the CF holds the value specified by it.
@® Addition /subtraction with carry instructions [ADDC A, @HL], [SUBRC A, @HL]
The CF becomes the input (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).
@ Rotate instructions [ROLC A], [RORC A]
The CF is shifted into the accumulator to hold the carry information (the data shifted out
from the accumulator).
@ Carry flag test instructions [TESTP CF], [TEST CF]
With [TESTP CF] instruction, the content of the CF is transferred to the SF then the CF is set
to “1”.
With [TEST CF] instruction, the value obtained by inverting the content of the CF is
transferred to the SF then the CF is cleared to “0”.
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(2) Zero flag (ZF)

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

(3) Statusflag (SF)
The status flag provides the branch condition for a branch instruction. Branch is performed when
this flag isset to “1”. Normally the SFissetto “1”, so that any branch instruction can be regarded as
an unconditional branch instruction. When a branch instruction is executed upon set or clear of the
SF according to the condition specified by an instruction, this instruction becomes a conditional
branch instruction. During reset, the SF is initialized to “1”, other flags are not affected.

Example: When the following instructions 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 g(c;iii;c(e); Flag after execution Instruction Q(;cci:::] Flag after execution

CF ZF SF CF ZF SF

ADDC A, @HL 24 1 0 0 LD A, #0 Oy 1 1 1
SUBRCA@HL ......... 5 H ............ PN RO | s #4 ............ OH ............ R e G
"C'I'\'ll'ﬁliw;&',“@l'-'l'li ......... : H ............ P e e | i S a H ............ S R R
R @HL ......... ; H ............ S R e I | s R 9H ............ e R B G
e - @HL ......... 5H ............ S RGPS SEC I ¢ s e EH ............ P R

2.7 System Controller

XIN E;]_>

CP - —
Clock Timing — lock
Generator Generator |, ( SystemClocks
XouTt >

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

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

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

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

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

SFCCHK: SET %0P04,0 Output waveform
CLR %0P04,0
BSS SFCCHK — fc/40 —

2.7.2 Timing Generator

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

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

Prescaler Binary counter

%h|2|3|4|—>|5|6|7|8|9|10|11|12|13|14|15|16|17|18|19|20|21|22|
' EREE ! '

Figure 2-16. Configuration of Interval Timer

The timing generator provides the following functions:
@ Generation of an internal source clock for interval timer
® Generation of an internal source clock for timer/ counters

@ Generation of a warm-up time for releasing of the hold operating mode
@ Source clock for a Pulse output

® Source clock for a Watchdog timer

2.7.3  Instruction Cycle
The instruction execution and the on-chip peripheral hardware operations are performed in
synchronization with the basic clock pulse (CP: fc [Hz]). The smallest unit of instruction execution is called
an instruction cycle. The instruction set consists of 1-cycle instructions and 2-cycle instructions. The
former requires 1 cycle for their execution; the latter, 2 cycles. Each instruction cycle consists of 4 states
(S1through S4). Each state consists of 2 basic clock pulses. In the TMP47C206, [BSL a] instruction can not

be used.
1/fcs]
<
e oo
' instruction cycle —>
State [ s [ sz | s | sa | s [ s2 |

Figure 2-17. Instruction Cycle
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2.7.4

Hold Operating Mode

The hold feature stops the system and holds the system’s internal states active before to stop and enter a
low power mode. 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.

(1) Starts Hold Operating Mode

The hold operating mode consists of the level-sensitive release mode and the edge-sensitive release
mode. The hold operation is started when the command is set to the command register and holds
the following states during the hold operation:

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

@ The timing generator is cleared to “0".

@ The states of the data memory, registers, and latches value are kept during the HOLD mode.

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

Hold operating mode command register Hold operating mode status register
(Port address: OP10, |Initial value: *0**) (Port address: IPOE)
3 2 1 °o__ 3, 2 1o 0
1 1 N M H
HLDM HWUT : : : HOLD
| 5 | v | : (yndefined) (850)
HLDMS | Starts hold operation | HOLD [ HOLD pininput state
01: Starts hold operation in edge-release mode 0: HOLD pinishigh
11: Starts hold operation in level-release mode | 1: HOLD pinislow
*0: (Unused)
— Note 1: *; Don’t care
HWUT [ Warm-up time at release of the hold Note 2: Do not access the OP10 when HOLD
Example: At fc=8MHz mode isnf)tused. ) )
00: 218/fc[s] .......... 32.75 [ms] Note 3: A.n undefined VaIL.IE is re.ad from bit1 to
bit3 of the IPOE with an input
01: 2"/fc ............. 2.05 . .
instruction.
10: (Unused) Note 4: When R82 (ZIN) is used as HOLD release
11: 26Mfc ... .. 0.008 Don’t use KEO port as input,

Figure 2-18. Hold Operating Mode Command Register / Status Register

CAUTION: Minimum warm-up time depends upon oscillator characteristics. Please check carefully

the electrical specification of your oscillator.

a. Level-sensitive release (back-up) mode

In this mode, the hold operation is released by setting the HOLD pin to the high level. This mode is
used for the capacitor backup while power supply is 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, the low level on HOLD pin (the hold
operation request) must be detected in the program. This detection is performed in one of the
two ways below:

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

@  Applying the HOLD pin input also to INT pin to generate an external interrupt 1 request.
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Example: To test HOLD to start the hold operation in the level-sensitive release mode (the warm-
up time = 214/fc).
SHOLDH: TEST %IPOE, 0 ; Waitsuntil HOLD pin input goes low.
B SHOLDH
LD A, #1101B ; OP10<1101p
out A, %0P10

\ I

HOLD pin SI i Z
1 1
[}

)] 1
{4 1
H

XOUT pin

]
I
! i ;
Normal operation —>»O-<——— HOLD operation ——><—— Warm-up —><— Normal operation

Enter the HOLD operating mode . .
P 'ng The HOLD operating mode is released by

after detected by program the hardware
HOLD pin is low level.
(The HOLD operating mode is always
released when the HOLD pin is high

Figure 2-19. Level-sensitive release mode

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

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

(¢

HOLD pin —\_' / ) \

{4 /L

1)
XOUT pin m
"
Normal operati | < HOLD operati W ol Normal | HOLD operati
ormal operation —» O=— operation —»< Warm-up - A operation
f N 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 1: In the hold operation, the dissipation of the power associated with the oscillator and the
internal hardware is lowered; however, the power dissipation associated with the pin
interface (depending on the external circuitry and program) is not directly determined by
the hardware operation of the hold feature. This point should be considered in the
system design and the interface circuit design.
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Note 2: 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.

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

® The oscillator starts

@ Warm-up is performed in order to wait for oscillation to stabilize. During the warm-up , all
the internal operations are stopped. One of three warm-up delays can be selected by
program depending on the characteristics of the oscillator used.

@ When the warm-up time has elapsed, normal 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.

Note: To release the hold operation at a low voltage, the following points must be considered:

When the power voltage rises from the hold voltage to the operating voltage, the RESET pin
input is also at the high level and its voltage rises with the power voltage.
In this case, if a time-constant circuit or the like is externally attached, the voltage rise of the
RESET pin input occurs after the power voltage rise. If the voltage level of the RESET pin
input gets under the non-inverted high input voltage of the RESET pin input (the hysteresis
input), a reset operation may happen.

28 Interrupt Function

2.8.1 Interrupt Controller

There are 5 interrupt sources (2 external and 3 internal). The prioritized multiple interrupt capability is
supported. The interrupt latches (ILs through ILg) to hold interrupt requests are provided for the
interrupt sources. Each interrupt latch is set to “1” when an interrupt request is made, asking the CPU to
accept the interrupt. The acceptance of interrupt can be permitted or prohibited by program through
the interrupt enable master flip-flop (EIF) and interrupt enable register (EIR). When two or more
interrupts occur simultaneously, the one with the highest priority determined by hardware is serviced
first.

Table 2-2. Interrupt Sources

L. Interrupt Enable Entry
Interrupt Source OPO7 Priority Latch conditions address
External Interrupt INT (INT1) Xx0xx )
External (highest) 1 ILs EIF=1 002y
External Interrupt ZIN (INT1) X 1xx
Internal | TC1 overflow Interrupt (IOVF1) - 2 IL3 EIF=1,EIRy =1 006y
TC2 overflow Interrupt (IOVF2) - 3 ILy EIF=1 EIR: = 1 0084
Interval Timer Interrupt (ITMR) - 4 ILq B 00AH
External | External Interrupt ZIN (INT2) x0xx
— (lowest) 5 ILo EIF=1, EIRg=1| 00Cy
External Interrupt INT (INT2) XXX
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VDD INT1 Interrupt latches

OP07 (INIT=0011) S Q
R
@N) P’ s Q
Al — >~
7;7 ’_D_ﬁ) R ILg Priority
A0 Encoder
IOVF1 =Y S L Q — 1 >
3
:_j > &
[ R Address
IOVF2 S s L Q — O
2
R
%D Z’:ry Inter{upt
address | acceptance
+ e = i [T e
o _)I — Interrupt
A1 _D_) reques
IL
R80 INT2 :D—»:,_j Ar ° 1
(INT) A ( :
T5raralaryio

(1

(2)

(3)

EICLR L ¢ |EIR3|EIR2|EIR1t|EIR0|t
' n errup
DICLR IL, r [XCH A, EIR] enable
CLR IL, r reg|ster S Qf

Accumulator REIF
[EICLR IL, r] Interrupt enable
[DICLR IL, r] master F/F

System reset

Figure 2-21. Interrupt Controller Block Diagram

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

Interrupt enable register (EIR)
The EIR is a 4-bit register specifies the enable or disable of each interrupt except INT1. An interruptis
enabled when the corresponding bit of the EIR is “1”, and an interrupt is disabled when the
corresponding bit of the EIR is “0”. Bit 1 of the EIR (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.

Interrupt latch (ILs through ILg)
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 IL is cleared to “0” upon acceptance
of the interrupt. Itisinitialized to “0” during reset.
The ILs can be cleared independently by interrupt latch operation instructions ([EICLR IL, r], [DICLR
IL, r], and [CLR IL, r]) to make them cancel interrupt requests or initialize by program. When the
value of instruction field (r) is “0”, the interrupt latch is cleared; when the value is “1”, the IL is held.
Note that the ILs cannot be set by instruction.

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

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

2.8.2 Interrupt Processing
An interrupt request is held until the interrupt is accepted or the IL is cleared by the reset or the
interrupt latch operation instruction. The interrupt acknowledge processing is performed in 2
instruction cycles after the end of the current instruction execution (or after the timer/counter
processing if any). The interrupt service program terminates upon execution of the interrupt return
instruction [RETI].
The interrupt acknowledge processing consists of the following sequence:
@® The contents of the program counter and the flags are saved on the stack.
@ The interrupt entry address corresponding to the interrupt source is set to the program
counter.
@ The status flag issetto “1".
@ The EIFis cleared to “0", temporarily disabling the acceptance of subsequent interrupts.
® The interrupt latch for the accepted interrupt source is cleared to “0”.
® The instruction stored at the interrupt entry address is executed. (Generally, in the program
memory space at the interrupt entry address, the branch instruction to each interrupt
processing program is stored.)

One-instruction cycle
|[«—>|

INT2 \

(R80 input)
ITMR

ILq (f
ILo /

EIF /
—+ e S e el .-
vl interrupt execution | H | execution interrupt execution |
yele acceptance | instr.(00Ay) i _E i [ElCLR IL, r] | acceptance instr.(OOCH)_E

Note 1: Itis assumed that there is no other interrupt request and EIR =0011p.
Note 2: Tpe_yalue rin the [EICLR IL, r] instruction isassumed as 111111g.
Note 3: © . ' denotes the execution of an instruction.

[

Figure 2-22. Interrupt Timing chart (Example)

To perform the multi-interrupt, the EIF is set to “1” in the interrupt service program, and the
acceptable interrupt source is selected by the EIR. However, for the INT1 interrupt, the interrupt
service is disabled under software control because it is not disabled by the EIR.
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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  O05H,0 ; Skips if RAM[054] ¢ is “1"
B SINT1
RETI

SINT1:

The interrupt return instruction [RETI] performs the following operations:

@ Restores the contents of the program counter and the flags from the stack.

@ Setsthe EIFto “1" to provide the interrupt enable state again.
In the interrupt processing, the program counter and flags are automatically saved or restored but
the accumulator and other registers are not. If it is necessary to save or restore them, it must be
performed by program as shown in the following example. To perform the multi-interrupt, the
saving RAM area never be overlapped.

Example:

2.8.3

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

External Interrupts

When an external input (INT1 or INT2) occurs,the interrupt latch is set at the rising edge and falling
edge of R82 pin input (INT1 or INT2). In the case of R80 pin input, the interrupt latch is set at the
falling edge. 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 internal interrupt INT1 cannot be disabled by the EIR, so it is always accepted in the interrupt
enable state (EIF = “1”). Therefore,when the external interrupt pin (INT or ZIN) correponding to INT1
is used for the I/O port, the interrupt return [RET I ] instruction must be stored at the interrupt entry
address to perform dummy interrupt processing.

The internal interrupt INT2 can be disabled by the EIR. When the external interrupt pin (INT or ZIN)
corresponding to INT2 is used for the 1/0 port, EIRg should be set to “0” then interrupt is not

requested.

29 Reset Function
When the RESET pin is held to the low level for 3 or more instruction cycles, or low voltage is
detected or WDT counter overflowed, reset is performed to initialize the internal states.
When the RESET input goes high and Vdd is higher than V| y (detection voltage by LVD) the reset
status is cleared and program execution starts from address 000H.
The reset pin is a hysteresis input with pull-up resistor (220 kQ typ.) and capacitance (10 pF typ.) and
diode. Externally attaching a capacitor implement simplified power-on reset.

Table 2-3. Initialization of Internal registers after Reset Operation

On-chip hardware

Initial value On-chip hardware Initial value

Interval timer

Program counter (PC)

Refer to “INPUT/
OUTPUT
Circuitry”.

Output latch (1/0 ports or Output ports)

Refer to the
description of
each relative
command register.

Command register
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OPQE OPQ7
VDD
IslfI}IoII3I2I1IoI
|

|
SWITCH V

£ RIN
RESET 0
For Power. EN LVDD ?R7ESOUT)
on Reset " LVD
! CIN
2 A
i Interval counter
output RESET
RC CLK
Oscillator INTERVAL — > I{‘é‘fg?a'
COUNTER
*1 WDT RESET
*1: Itgenerates LVD On/Off timing at
intervals of count-up in the HOLD

mode.
Inthe NORMAL mode, output of
the counteris’L’.

Figure 2-23. Block Diagram of Reset Circuit

SUPPLY VOLTAGE RISING UP AC ACinput active ACinputstop : . ACinputactive
:input, : i ! SUPPLY VOLTAGE
AWA 7 \RISING UP
VDD :
Operating
Voltage
Hysteresis to
Viv T T TTTTTT T T mAT e e e T e e e cancel noise
R B ]  RUEECEEE S bt
1 : : : : H
i ]
: : : : ¢ Tosave total power
| i consumption
[ HE PO : IDDHMAX=20xA
| | Enable ol 5 e
LVD Enable ] g g
i G e 2
LoonItage Do : int : : int 126:2 :
detect (LVDD) ] | e :
i i Charge up external capacitance égg‘?grgn%rgapacitance
INTERNAL L 1 : : : it
RESET 4 i .
 RESET |  NORMAL  |HOLD|warmingup | NORMAL |  HOLD | iRESET| NORMAL

Figure 2-24. Power-Up and Power Save (HOLD mode) Timing Chart
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2.9.1 Reset output
R70 port is initially reset output and monitored CPU reset status. When CPU is in reset R70 output is
Low level. This output can be also used to reset external peripherals.
By setting RESCTL register(OPOE 0 bit) to “1” , WDT reset signal output is disabled. In the case of LVD
reset and setting low level to RESET pin, the reset signal is output in spite of RESCTL status.But the
reset signal by WDT is controlled by RESCTL register.

‘trisg

VDD L
een 720 T LTI s
o A L
WDT : : : :
on 224 i L -

: : : : H : : : ftyg (l\/la);( 16 us)

RESCTL _|1071| ‘10r0.

Set by program

T I L] L]

Internal Reset output disable

Figure 2-25. RESOUT Timing Chart

2.9.2 Low Voltage Detector (LVD)
The TMP47C206 has on-chip Low Voltage Detector and it is controlled by register.
To save power consumption in the HOLD mode, LVD can be operated intermittently by setting
LVDDTY registerto “1”.
The detection voltage is selectable by setting LVSEL register (OPOE 1 bit) depend on operating
frequency. CPU will not be reset by setting LVCTL register (OPOE 3 bit) to “1”.

(Port address: OPOE Initial value: 0000)
3 2 1 0
[ Lvert [Lvopty | LvseL [ RescTL |

LVCTL |LVD Reset Control | LVSEL |Detection Voltage Selection |
0: Resetusing LVD 0: min. 2.7V (For min. Vpp at fc > 4.2 MHz)
| 1: Resetwithoutusing LVD [ 1: min. 2.2V (For min. Vpp at fc > 4.2 MHz)
LVDDTY |LVD duty set | RESCTL |WDT Reset Signal Output Control |
0: Always enable in the HOLD mode 0: Output enable
L 1: Intermittent operation in the HOLD mode | 1: Output disable

Figure 2-26. RESET/LVD Control Register
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3. Peripheral Hardware Function

3.1 Ports
The data transfer with the external circuit and the command / status / data transfer with the internal
circuit are performed by using the I/0O instructions (13 kinds). There are 4 types of ports:

® 1/0 port ;  Data transfer with external circuit

@ Command register ; Control of internal circuit

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

These ports are assigned with port addresses (00 through 1Fy). Each port is selected by specifying its
port address in an I/0 instruction. Table 3-2 lists the port address assignments and the 1/O instructions
that can access the ports.

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

| Istinstructioncycle | 2ndinstructioncycle |
I I 1

S1 52 S3 S4 S1 52 S3 S4

Instruction | ' IN / TEST/ TESTP instruction- ' | '
execution cycle === EE—

Input strobe - -

Portinput ~ @ = =——m—m—mm e —————— D ———————

Figure 3-1. InputTiming

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

| lstinstructioncycle |  2ndinstruction cycle
I I 1

S1 52 S3 S4 S1 52 S3 5S4

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

—

Output latch pulse -— ! -

Port output —-—— X

Figure 3-2. Output Timing

3.1.2 I/0 Ports
The TMP47C206 have 5 I/0 ports (15 pins) each as follows:
@ R4, R5 ; 4-bitinput/output

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

Each output port contains a latch, which holds the output data. The input ports have no latch; therefore,
itis necessary to hold the data externally until it is read or to read it twice or more before processing it.
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(1) Port R4 (R43 to R40), R5 (R53 to R50), R7 (R71 to R70)

Ports R4 and R5 are 4-bit I/O port with a latch. When used as an input port, the corresponding latch
must be set to “1”. The latches are initialized to “1” during reset. R4 and R50 ports can directly
drive LEDs.

R51 to 53 port output buffers are Tri-state, and each bit can be controlled independently by the
program. Controlling the Tri-state is performed by the command register accessed as port address
OP00.

When some bits of the OP00 is 0, the corresponding bit of the output buffers becomes high
impedance state.

Port R7 is 2-bits I/O port with latch. R70 pin is shared by the Reset signal output. To use R70 pin for
the Reset signal output, the latch should be set to “1”. The latch is initialized to “1” during reset.
During Reset, R70 port output Reset signal (Low level). Reset by Low Voltage Detection and low level
input from RESET pin cannot be controlled by register but WDT reset output can be controlled by
setting RSTCTL register (OPOE Obit). R71 pin is normal I/O pin.

These 3 ports (10 pins) can be set, cleared, and tested for each bit as specified by L register indirect
addressing bit manipulation instructions ([SET @L], [CLR @L], and [TEST @L]). Table 3-1 lists the
pins (I/O ports) that correspond to the contents of L register.

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

LD L, #0011B ;

CLR @L ;

Sets R43 pin address to L register
R43<-0

Table 3-1. Relationship between L register contents and I/O port bits

L register L register L register

—— PIN —— PIN —— PIN
3i2i1i0 3i2i1i0 3i2i1i0
0 0 0O R40 01 00 R50 1100 R70
0 0 0 1 R41 01 0 1 R51 1 1 0 1 R71
00 10 R42 01 10 R52
00 11 R43 o1 11 R53
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Port R4 (Port address: OP04/1P04) IN/TEST/TESTP
3 2 1 0
| raz | ra2 | Rat | Rao SET{CLR
Input data <——4
Port R5 (Port address: OP05/1P05) Output data LATCH ¢ PIN

3 2 1 0
R53 R52 R51 R50 (a) R40toR43, R50 port

IN/TEST/TESTP

Tri-state control (Port address: OP00)
3 2 1 SET/CLR
TRI53 TRI52 TRI51 Input data ~<——
Output data LATCH ¢ PIN

Port R7 (Port address: OP07/IP07)
3 2 1 0 OP00

R71 R70 (b) R51toR53

(PDCTL) (ZCSEL)

IN/TEST/TESTP IN/TEST/TESTP

Input data <— Input data ~<——

Output data —>{LATCH Output data —{LATCH

PIN PIN

RESOUT output PULSE output

(c) R70(RESOUT) (d) R71(PULSE)

Figure 3-3. Ports R4, R5 and R7

(2) Port R8 (R83 to R80)
Port R8 is a 4-bit 1/0 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 external interrupt input pin and Zero-cross input pin and the timer/counter
input pin. To use this port for one of these functional pins, the latch should be set to “1”. To use it
for an ordinary /0O port, the acceptance of external interrupt should be disabled or the event
counter/pulse width measurement modes of the timer/counter should be disabled.

Note: If the interrupt enable master flip-flop is enabled, the interrupt request is always accepted. A
dummy interrupt processing must be performed (only the interrupt return instruction [RETI] is
executed) when the external pin corresponding to INT1 (R80 or R82) is used as input port.

As for external interrupt 2, interrupt request is not accepted by setting the bit 0 of the interrupt
enable register (EIRg) “0”.

When R82 (ZIN) pin is assigned INT1, INT1 occurs upon detection of the rising and falling edge of
pin input.

In the case of R80 (INT), it occurs upon detection of the falling edge.
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Port R8 (Port address: OP08/1P08)
3 2 1 0
R83 RS2 R81 R80
(T1) (ZIN) (T2) (INT)
Zero-cross input <]
Control input <
IN/TEST/TESTP IN/TEST/TESTP
y
SET/CLR SET/CLR
Inputdata ~<«—— Input data ~<«——
Output data LATCH >4 e Output data LATCH >4 e

(a) R83,R81,R80

(3) Port KE (KEO)
Port KE is a 1-bit sense input port shared with the hold request / release signal input in (HOLD). This
input port is assigned to the least significant bit of Port address IPOE and is processed as the data with
inverted polarity. For example, if an input instruction is executed with the pin on the high level, “0”
is read. The bit1 through bit3 of port KE, have an undefined value when an input instruction is
executed.

Example:

Port KE (Port address: IPOE)

Note:

Figure 3-4. PortR8

To wait until KEO pin goes low.
SWAIT

(b) R82

TEST %IPOE, O ; Waits if KEO pin = “H".
B SWAIT
Control input Q
1 0 IN/TEST/ TESTP
KEO
(HOLD) Input data °<}

Figure 3-5. PortKE

Please fix KEO level to high when R82 (ZIN) is used as HOLD release.

[ Jpin
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3.2 Interval Timer Interrupt (ITMR)
The interval timer can be used to generate an interrupt with a fixed frequency. For an interval timer
interrupt, one of 4 frequencies can be selected by command. The command register (OP19) is initialized
to "0” during reset. 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 first
interrupt may occur earlier than the preset interrupt period.

Example: To setthe interval timerinterrupt frequency to fc¢/215 [Hz].
LD A, #0110B ; OP19<0110g
ouT A, %0P19

Interval Timer interrupt command register (Port address: OP19)

3 2 1 0
i i i (Initial value: 0000)

_ Example: Atfc=8MHz
00**: Interrupt disabled

0100: Interrupt frequency fc/211[Hz] ..... 3906 [Hz]
0101: Interrupt frequency fad213 Lo 1953
0110: Interrupt frequency fa215 .ol 976.5
0111: Interrupt frequency fa217 (oo 488.3

Note 1: *; Don’t care
1%xx%: Reserved

Note 2: fc; Basic clock frequency [Hz]

Figure 3-6. Interval Timer Interrupt Command Register

3.3 Timer/Counters (TC1, TC2)
The TMP47C206 contain two 12-bit timer/counters (TC1, TC2). RAM addresses are assigned to the count
register in unit of 4 bits, permitting the initial value setting and counter reading through the RAM
manipulation instruction. When a timer/counter is not used, the mode selection may be set to “stopped”
to use the corresponding RAM addresses for storing the ordinary user-processed data.

MSB LSB MSB LSB
Timer/Counter 1(TC1) Timer/Counter 2 (TC2)
TCly | TCly ! TC, TC2H | TC2M | TC2,
RAM address (764) I (75R) I (74n) RAM address (7AR) I (794) I (78n)

Figure 3-7. The Countregisters 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

6-06-27 2000-10-19



TOSHIBA

TMP47C206

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 (Port address: OP1C)

3 2 1 0
| TCIMS | IPR1

TC1IMS | Mode selection |

00: Stop
01: Event counter mode
10: Timer mode

11: Pulse width measurement mode

Timer/Counter 2 control command register (Port address: OP1D)

3 2 1 0

(Initial value: 0000) |

TC2MS | IPR2 (Initial value: 0000)

TC2MS |Mode selection |

00: Stop
01: Event counter mode
10: Timer mode

11: Pulse width measurement mode

Note: fc; Basic clock frequency [Hz]

IPR1 Internal pulse rate (interval timer output) selection | IPR2 | Internal pulse rate (interval timer output) selection
Example: At fc=8 MHz Example: At fc=8MHz
00: f¢/26[Hz] ....... 125000 [Hz] 00: f¢/210[Hz] ....... 7812.5 [Hz]
01: fc/28 ... ........ 31250 01: fo214 ... ... ... 488.3
10: fg/270 ..l 7812.5 10: fg218 .ol 30.5
1: fg214 oL 488.3 M fa222 oL 1.9

Figure 3-8. Timer/Counter Control Command Registers

The timer/counter increments at the rising edge of each count pulse. Counting starts with the first rising
edge of the count pulse generated after the command has been set. Count operation is performed in
one instruction cycle after the current instruction execution, during which the execution of a next
instruction and the acceptance of an interrupt are delayed. If counting is requested by both TC1 and TC2
simultaneously, the request by TC1 is preferred. The request by TC2 is accepted in the next instruction
cycle. Therefore, during count operation, the apparent instruction execution speed drops as counting

occurs more frequently.

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

Instruction cycle
[fe——
] ! ]

Count pulse

Count request

Detection of overflow

4\|—|

Occurence of IOVF

—— |- - > }
Execution of
instruction

I ; I I X
Count  Executionof Interrupt acceptance Execution of
cycle

instruction processing instruction

Figure 3-9. 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. The maximum applied frequency of the external pin input is f¢/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 most to (9/11) x 100 =82% when TC1 and TC2 are
operated at the maximum applied frequency because the count operation is inserted once every 4
instruction cycles for TC1 and every 5 cycles for TC2. For example, the instruction execution speed of
1 usdropsto 1.82 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

I 1 1
I 1 1

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

Figure 3-10. Event Counter Mode Timing chart

(2) Timer mode
In the timer mode, the timer/counter increments at the rising edge of the internal pulse generated
from the timing generator. One of 4 internal pulse rates can be selected by the command register.
The time interval of an overflow interrupt is defined by the following formulation.

fc/8
1+{ -1} x 100 [%]
(Internal pulse rate)

When an internal pulse rate of fc/2'0 is used, a count operation is inserted once every 128 instruction
cycles, so that the apparent instruction execution speed drops by (1/127) x 100 =0.8%. For example,
the instruction execution speed of 1 us drops to 1.008 vs.

In the timer mode, R83 (T1) and R81 (T2) pins provide the ordinary 1/0O ports.

Internal pulse —I—|—|—|—|—|—

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

Figure 3-11. Timer Mode Timing chart

Example: To generate an overflow interrupt (at fc =8 MHz) by the TC1 after 50 ms.

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

ST #7, G@HL+

ST #0EH, G@HL+

LD A, #1000B ; OP1C<«1000p

ouTt A, 7%0P1C

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

XCH A, EIR

EICLR IL, 110111B ; EIF&1, IL3 <0
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How to calculate 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 50 ms at fc =8 MHz with the internal pulse
rate of f¢/2'9, set the following value to the count register as the preset value:
22— (50x 103) x (8x 10%/2'%) = 3705 = E79y

Table 3-3. Internal Pulse Rate Selection

Example: At fc=8 MHz
Internal pulse rate Max. setting time
Internal pulse rate Max. setting time
fc /126 [Hz] 218/fc  [s] 125000  [Hz] 0.0328 [s]
fc/za ZZO/fC ...................................... 3 1250 ........................................ 013 .......................
.............. fc/zm 222/fc 98125 o
.............. fc/214 e e -
.............. fc,213 230/fc o o
.............. fc/zzz 234/fc 192147

(3) Pulse width measurement mode
In the pulse width measurement mode, the timer/counter increments with the pulse obtained by
sampling the external pins (T1, T2) by the internal pulse. Asshown in Figure 3-12, the timer/counter
increments only while the external pin input is high. The maximum applied frequency to the
external pin input must be one that is enough for analyzing the count value. Normally, a frequency
sufficiently slower than the internal pulse rate setting is applied to the external pin.

External input I
(T1, T2 pin) —I
1 1
1 1
1 1
e D s D N D e
1 1

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

Internal pulse I I

Figure 3-12. Pulse Width Measurement Mode Timing chart
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3.4 Watchdog Timer (WDT)

The watchdog timer capability is provided to quickly detect the CPU malfunction such as endless looping
caused by noises or the other incident, and restore the CPU to the normal state. The WDT is enabled after
reset.

The WDT consists of 10 binary counters, a flip-flop, and a controller. Source input clock of binary
counters is f¢/2'5[Hz]. The flip-flop is set to “1” during reset, and cleared to “0” on the rising edge of the
binary counter output. The WDT is controlled by the command register (OP15). The command register is
initialized to “1000g" during reset.

Binary counter CPU reset
112(3|4|5|6[7]|8]9/10 F/F
S
— | WDT
R Q
Controller
Clear
request
Internal LVD Reset
Reset
OP15
Corlnmanclzl regislter Reset by setting RESET pin Low
f¢/215 [Hz] 3 2 1 0

Figure 3-13. Configuration of Watchdog Timer
To detect the CPU malfunction by the WDT:

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

@ Clear the binary counters within WDT detection time that was set in @. If a CPU
malfunction occurs, preventing the binary counters from being cleared, the flip-flop is
cleared to “0” on the rising edge of the binary counter output, making the malfunction
detection signal active.

Example: To enable the with detection time of 63 x 2'5/fc [s]

LD A, #0001B ; OP15« 00015 (Set WDT detection time, clear binary
counters and Enable the WDT)
ouT A, %OP15
Within WDT detection timer
LD A, #0001B ; OP15« 00015 (Clear binary counters)

ouT A, %OP15

Note: Itis necessary to clear the binary counter prior to enabling watchdog timer.
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Watchdog timer control command register (Port address: OP15)
3 2 1 0
| ot | Ewr TWT (Initial value: 1000)
Clears Binary counter |
0: Binary counter cleared
(after clear, it is automatically set to “1")
Watchdog timer enable/disable |
0: Enable
| 1: Disable
Set Watchdog timer detection time |
Example: At fc=8MHz
00: 511x2'5/fc[s] ..... 2093 [ms]
01: 63x215/fc .......... 258
Note: fc; High-frequency clock [Hz] 10: 15x215/fc ........... 61
[ 11: 3x215/fc ...l 12
Figure 3-14. Watchdog Timer Control Command Register
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3.5 Pulse output
Pulse output is used for buzzer drive and remote control carrier. Pulse output is shared with the R71 pin.
Pulse output is asynchronous.
3.5.1 Circuit Configuration
Pulse generator

Buzzer pulse __
Timing Nl . Pulse output R71 (PULSE)
generator

Carrier pulse

oP17 OP07
| EPLS |SREM| FPLS | |PDCTL|ZCSEL| R71 | R70 |

3 2 1 0 3 2 1 0

Figure 3-15. Pulse Generator

3.5.2 Control of pulse
The pulse output is controlled by the command
register (OP17) and R71 output latch data (bit 1 of

OP07). At reset, the OP17 is initialized to “0000g”  (Portaddress: OP17 Initial value: 0000)

and pulse output is disabled. To use the pulse 3 > 1 0
output, instruct start/stop of pulse after pulse EPLS | SREM | FPLS
output is enabled by the OP17.
Also, pulse outputis “L” level (the OP17 is cleared EPLS |F’“'Se enable/disable |
to “0000g") during the HOLD operating mode. 0: Disable
External LED and so on may be destroyed if HOLD 1: Enable
operation is executed during output of pulse. —
Therefore, HOLD operating mode should be SREM |’-:'e'ec"5°“tpu""‘°°'e |
execute after pulse is stopped (after R71 output 0: Buzzer pulse (1/2 duty)
latch setto “1"). 1: Remote control carrier (1/3 duty)
Example: Buzzer pulse of 2 kHz is output —
(fc =8 MHz2) PFLS |Se|ects output frequency |
LD A, #10008B 00: fc/212, fe/ (22 % 3) [Hz]
ouT A, %OP17 ; OP17<1000g 01: fa/211, fo/(24x3)
: 10: fc/210, fc/ (25 3)
CLR %OP07,1 ; Pulsestart 11: /29, (Unused)
: ] | |
SET %OP07,1 ; Pulsestop Buzzer  Carrier

Figure 3-16. Pulse Output Control

Table 3-4. Pulse Output Frequency

EPLS Buzzer pulse Carrier pulse
Pulse rate at fc=8 MHz Pulse rate frequency
00 /212 [Hz] 1953 [kHz] fc/(22x3) [Hz] 83.3 [kHz] (fc=1MHz)
01 fc/z” .......................... 3905 ............................. fc/(24x3) ................. 375 ........... (fc=18|v|Hz)
T T I V7 A 7812 | fo/@5x3) | 375 (fc=3.6 MHz)
........ 1 1 fc/29 15625 Don’tuse RS
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(1) Buzzer pulse
The buzzer pulse can be selected one of the four pulse rates by the program. The buzzer pulse is
output only when the R71 output latch is “0”. “H" level is output when the output latch is “1”.

Note:  When a piezoelectric buzzer is connected to the pin, voltage may be generated by the
buzzer due to thermal or mechanical shock. In such cases, there is danger of the pin
being destroyed so a zener diode should be always connected for the protection.

vDD

R71 output data I I

[ Piezo buzzer

PULSE pin
1 1
H i R71 (PULSE) pin
je—————  output ——————>

Figure 3-17. Circuit Example of Buzzer Pulse and Timing

(2) Carrier pulse for remote control signal transmitter
The remote control transmitting carrier has a frequency in Table 3-4, which is the basic clock (fc)
divided by 12, 48 or 96. Also, the remote control transmitting carrier is output only when the R71
outputlatchis “0"”. “H" level is output when the output latch is “1”.

R71 output data I I l l

VvDD

PULSE pin " ” || ” ” ” || || ” -
1 R71 (PULSE) pin

: output : i~<output>

Figure 3-18. Circuit Example of Carrier Pulse and Timing
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3.6 Zero-cross detector (ZCD)
R82 pin is used for zero-cross detection input (ZIN) and usually connected to an external resistor in order
to reduce the injection current. (Refer to electrical specification) To use the zero-cross detector, the R82
output latch must be setto “1” (itissetto “1" after reset).
This function can be used for commercial power supply frequency input, and time base or triac control.
ZIN pin is shared by the external interrupt 1 or 2 selected by ZCSEL register (OP07 2bit). The INT1 and
INT2 occurs at the rising and falling edge of the pin input by setting interrupt enable master flip-flop (EIF)
to “1”.
The device can wake up from HOLD mode by zero-cross input. To avoid erroneous detection of ACdue to
external cable, it is necessary to fix R82 input level by setting PDCTL OP07 3 bit) to “1”.

HOLD release

HOLD [ 1 &o OPO7 (INIT=0011)
(Keo) L= 3[2]1]o
vDD
ZDET
(det_ecti?n) > 7 INTT
R82 -1 signa
Ny L % ZCD A1l

R8O [
(NT) L

&0 >o Al

A0

i
3
% T
3

Figure 3-19. Zero-cross Detector

/\ /\ OPO7 INIT=0011
. 2 1
ACinput 3 0
I
! : PDCTL | ZCSEL R71 R70
' '
1 1
1

i PDCTL: Pull-down resistor control

ZDET _'—' |—| '— 0: disable

1: enable
ZCSEL: Interrupt selection

INT1 or INT2 _ﬂ n n I-I ”_ 0: R82=INT2 R80=INT1

1: R82=INT1 R80=INT2

_—————

Figure 3-20. Detection Signal Figure 3-21. ZCD control

Note: Please fix KEO level to high
when R82 (ZIN) is used as
HOLD release.
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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 [~ VIH2
RESET (input) : ; : VIL2 i

(¢

Internal

: 7
oscillatin Starts X Stable oscillation
conditiong éosallatmn ; . (;(;
' i : 5
Internal " A Determihes depending on the v e e
hardware Unsettled antlallzatlon “““result Q‘E(progrgm exeguuon A Initialization ***

H
Operation of

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

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

and I/0 port result of program execution result of program execution
) W
) | -— Q) —>
<«— Condition of port by Power on reset Condition of port at resetting during —— >
power supply is stable

Figure 3-22. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

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

Note 3: The term from power on reset to the time program is executed (above @) and also the term
starting from reset operation during power supply is stable to the program is executed (above
@), the port is on the initial condition. The initial condition of Port differs from I/O circuit by
each port, refer to the section of “INPUT/OUTPUT CIRCUITRY”. Thus, when using Port as an
output pin, in the term of the above @ and @, the voltage level on the signal that connects
with the output pin of Port to the input pin of external application circuit should be
determined by the external circuitry such as pull-up resistor and / or pull-down resistor.
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Input / Output Circuitry
The input/output circuity of TMP47C206 I/O port is as follows.
(1) Control pins
Control Pin /0 Circuitry and Code Remarks
FB FE
enable-»tD)_ enabl
. Resonator connecting pins
XIN Input AN MWy R =1kQ(typ.)
XOouT Output R Rt Ro R R Ro| Rt =15Ma(typ)
Ceramic or é é Ro =2k (typ.)
Crystal RC
XIN XOouT XIN XOouT
VDD Hysteresis input
RESET Input Rin R Pull-up resistor
Rin =220 kQ ( typ.)
R=1kQ (typ.)
HOLD Input R Hysteresis input
(KEO) (Input) ’@, w—{] R = 1kQ (typ.)
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(2) /0 ports
Port /10 Input/ Output Circuitry Remarks
Sink open drain
output
R4 Initial “Hi-Z
R70 I/0 R=1kQ (typ.)
R71 [: I R
1
~
VDD Pu.s.h-pull.output
Initial “High”
R=1kQ (typ.)
R50 I/0
R
!
~
VDD Tri-state
Initial “Hi-Z"
R51 R=1kQ (typ.)
R52 I/0 disabl
R53 isable R
e
~
Sink open drain
output
Initial “Hi-Z"
R8 110 Hysteresis input
[: I R=1kQ (typ.
R (typ.)
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5 Y
Input Voltage Vin -0.3toVpp+0.3 \'
Output Voltage VouTt -0.3toVpp+0.3 \Y
| Port R4, R50 30
Output Current  (Per 1 pin) ouTt Y
lout2 Port R51 to R53, R8, R70, R71 3.2
P IOUT1 Port R4, R50 100
Output Current  (Total) mA
S lout2 | PortR51to 53, R8, R70, R71 28.8
e SOP 150
Power Dissipation [Topr=85°C] PD mw
DIP 250
Soldering Temperature (time) Tsld 260(10s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -401t0 85 °C

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

Recommended Operating Conditions| (Vss=0V, Topr= -40 to 85°C)
Parameter Symbol Pins Conditions Min Max Unit
Crystar | fc=8MHz 4.0(2.7) (Note 2)
Normal or
Supply Voltage Voo mode ceramic |fc=4.2MHz | 4.0(2.2) (Note 2) 57 v
RC f¢=2.5MHz 4.0(2.2) (Note 2)
HOLD mode - - 4.0(2.0) (Note 2)
ViH1 Except Hysteresis Input In the normal Vppx0.7
Input High Voltage ViH2 Hysteresis Input operating area Vpp % 0.75 Vbp Vv
ViH3 In the HOLD mode Vpp x 0.9
Vi Except Hysteresis Input In the normal Vpp x 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=2.7105.7V 8
Clock Frequency fc XIN, XOUT Vpp=2.2t05.7V 1 4.2 MHz
Vpp =2.2105.7 V (RC) 25

Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.

Note 2: LVD id initially enable and initial Min. Vpp is4.0 V. After LVD is disabled above 4.0 V. Min. Vpp will be 2.7 or 2.2 to 2.0
V.
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DC Characteristics (Vss =0V, Topr= -40to 85°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vs Hysteresis Input - 0.7 - \Y
Iin1 (Note 1)| RESET, HOLD
Input Current Vpp=5.7V,V|y=5.7V/0V - - 22 [ A
lin2 Open drain output ports
Input Resistance Rin RESET 100 | 220 | 450
kQ
Pull down Resistance Rep R82 22 70 160
Input Low Current I Push-pull output ports Vpp=5.7V, V|y=0.4V - - -2 | mA
Output Leakage ]
Current Lo Opendrain output ports |Vpp=5.7V, Vouyr=5.7V - - 2 LA
Vpp=4.5V, loy=-100.A | 48 | - -
Output High Von Push-pull output ports | Vpp=4.5V, loy=—-200zA | 24 | - | = | v
Voltage
Vpp=2.2V, loy= -5 uA 20 | - -
VDD=4.5V, |0|_=3.3 mA - - 1.0
VoL1 Port R8, R7, R51 to R53 Vpp=4.5V, loL=1.6 mA - - | oa
Output Low Vpp=2.2V, loL=20 A - - 0.1 v
Voltage Vpp=4.5V, lo = 15mA - - |10
Vouo Port R4, R50 Vbop=4.5V, lo.=7mA - Y
Vpp=2.2V, loL=50 A - - | 01
loL1 Port R8, R7, R51 to R53 Vpp=4.5V, Vo =0.4V 16 | - -
Output Low Current Vpp=4.5V, VoL=1.0V 15 - - mA
loL2 Port R4, R50
Vpp=4.5V, Vo =0.4V 7 17 | -
Vpp=5.7V, fc=8MHz - 3 6
Supply Current Vpp=5.7V, fc=4MHz - 2 4
(in the Normal Iop mA
operating mode) (Note 2) Vpp=3.0V, fc=4MHz - 1 2
Vpp=3.0V, fc=1MHz - | o6 | 1.2
Supply Current LVD always Enable Vpp=5.7V - | 50 | 200
(in the HOLD IobH rA
operating mode) (Note 2) LVD On and Off Vpp=5.7V - 25 | 20
Injection Current Iz¢ R82 - - 1 mA
< General Conditions>

Typ. values show those at Topr =25°C, Vpp =5 V.
Note 1: Input Current I;nyt1: The current through resistor is not included.
Note 2: Supply Current: Viy=5.5V/0.2V (Vpp=5.7V)or2.8V/0.2V(Vpp=3.0V)
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AC Characteristics (Vss=0V, Topr= -40to 85°C)
Parameter Symbol Conditions Min Typ. Max Unit
Vpp=2.7105.7V 1.0
Instruction Cycle Time tey Vpp=2.2t05.7V 1.9 - 8 “s
RC Oscillation 3.2
Vpp=2.7V 60
High level Clock pulse Width twcH
For external Vpp<2.7V 120
clock - - ns
operation VppZ2.7V 60
Low level Clock pulse Width twel
Vpp<2.7V 120
Delay Reset Output Signal trg fc=1MHz - - 16 us
Low Voltage Detector Characteristics (Vss =0V, Topr= -40to 85°C)
Parameter Symbol Conditions Min Typ. Max Unit
LVD internal time (Note 1) tint 8.5 - 128 ms
LVD Enable time (Note 1) ten 100 - - us
LVD pulse width (Note 1, 2) tLvp 50 - - Hs
LVDDTY =0 LVDD =0 2.7 33 3.8
Detection Voltage (Note 3) Vv \Y
LVDDTY =1 LvDD =0 2.2 2.7 33
LVD Operating Voltage (Note 1) Vivb 2.0 - - \Y

Note 1: These parameters are characterized but not tested.
Note 2: Less than Min. t;yp, CPU will not be reset.

VLy--
~tLvp>

Note 3: Detection voltage has typ. 0.2 V hysteresis (Refer to Figure 2-24)
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TOSHIBA TMP47C206
Zero-Cross Detection Characteristics (Vss =0V, Topr= -40to 85°C)
Parameter Symbol Conditions Min Typ. Max Unit
Zero-cross Accuracy Tazc fzc=451t065 Hz - - 90 S
Injection Current lz¢ - - 1 mA
Pull-down resistance Rpp 22 70 160 kQ
(*) Measurement conditions
vDD
VDD 374V |---
Vzc
R82 (ZIN) /
] 1
AC o—'W\,—| | b |
374kQ i P !
] 1 1 1
I 1 1 1
| [ I
1 1 I I
1 1 1 :
| Pl o154ms
i i 1 (65Hz) |
] 1 1 1
I 1 I 1
] 1 1 ]
1 [ 1
I 1
| | i i
ZDET =—
Tazc Tazc
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TMP47C206

Recommended Oscillating Conditions

(Vss=0V,Vpp=2.2t0 5.7V, Topr = — 40 to 85°C)

(1) 8 MHz XIN XouT
Ceramic Resonator Ceramic
CSA8.00MGU (MURATA) CxiN =CxouT=30pF Cr;);tal
KBR-8.0MS (KYOCERA) CxiN =CxouT =30 pF
EFOEC8004A4  (NATIONAL) CxiN = CxouT = 30 pF Cxin ; ; Cxout
(2) 6 MHz
Ceramic Resonator
CSA6.00MGU (MURATA) CxiN =CxouT=30pF
KBR-6.0MS (KYOCERA) CxiN =CxouT =30 pF
EFOEC6004A4  (NATIONAL) CxiN = CxouT = 30 pF
(3) 4 MHz
Ceramic Resonator
CSA4.00MGU (MURATA) CxiN =CxouT =30 pF
KBR-4.0MS (KYOCERA) CxiNn =CxouT =30 pF
EFOEC4004A4  (NATIONAL) Cxin = CxouT = 30 pF
Crystal Oscillator
204B-6F 4.0000 (TOYOCOM) Cxin =CxouyT =20 pF
(4) 1 MHz
Ceramic Resonator
CSA1.00MGU (MURATA) CxiN =CxouT =30 pF
KBR-1.0MS (KYOCERA) CxIN =CxouTt =30 pF
EFOEC1004A4 (NATIONAL) CxiNn =CxouTt=30pF
(5) RCOscillation (Vss=0V, Vpp=5.0V, Topr=25°C) XIN XOUT
2 MHz (Typ.) Cxin =33 pF, Rx=10kQ
CR
Cxin ;; Rx
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TOSHIBA TMP47C206

Typical Characteristics
These graphs are for design guidance and not tested or guaranteed.
The data presented in this section is a statistical summary of data collected on units from different lots
over a period of time. “Typical” represents the mean of distribution while “max” or “min” represents
(mean + 3¢) and (mean - 3¢) respectively were ¢ is standard deviation.

R-Ta RESET pin | hit=VIN R50 port
IL
k) yyp=55v («A) Vpp=5.5V
Ta=25°C
400 - 800 f—
™~
300 — ~ 600 N
= \
|~
200 ] - 400 N
e \
100 -200
0 Ta 0 Vin
- 40 0 40 80 (°C) 2 4 6 (V)
| loL-VoL R51to 53, R7, R8 | loL-VoL R4, R50 port
oL — oL 5
(mA)|Vpp=4a5V | Ta=-40CA (mA)| Ta=25°C AT
1 Va . i
6 A 40 e Ta=25°C
12 A /4 Ta=85°C
30 7'
8 /// Ta=85°C 20 ,/‘,é
Y v
2 % 10 /
0 VoL 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
| loL- VoL R51to 53, R7, R8 | loL- VoL R4, R50 port
oL oL
(mA)] Ta =25°C (mA)| Ta=25C
16 Voo =45 v// 40
Vpp=4.5V
12 / DD| /
/' 30 ‘
8 // Vpp =27 V] 20 /’ Vpp =27 V"]
/———' et
4 / L] Vop=2.2V A e 2y
= o=
0 VoL 0 é VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
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loH - VoH R5 port loH - VoH R5 port
IOH IOH
(A) Vpp=4.5V (A Ta=25°C
- 800 - 800
- 600 - 600
[r——
Ta=25°C|" \§ Ta= —40°C -\\\\VDD=5V
Ta=85°C N Vpp=45V \ \
- 200 - 200 | N
Vpp=2.2V \
0 VoH 0 | VoH
2 4 6(V) 2 4 6(V)
Typ.Ipp - Vpp MAXIpp - Vpp
Ibp Ipp
(mA) Ta =25°C (MA)ra - — 2010 85°C
40 4.0
3.0 3.0 //
_ fc =4 MHz _
2.0 fc=8 MHz 1/ fec1MHz 2.0 fc SMHZ// / lfc=4MHz
/ // % ffc=1MH
C= ¥4
1.0 // ] 1.0 /
0 = Vbb 0 — Vbp
2 4 6(V) 2 4 6 (V)
Typ. Ipp - fc MAX Ipp -fc
IDD IDD
(mA)] 12 = 25°C (MA)ra - _s0t085°C Ve 5V
25 2.5 7 o=
2.0 Vpp=5V 20 /
A /
1.5 // 15
1.0 / 1.0 Voo =27V
) 4 _A{oo=27V ; LA
1 e
0.5 g 0.5 -
Vop=22v{] Voy=22v1T]
0 DD = 4~ fc 0 DD = 4- fe
0.9 1 4 8 (MHz2) 0.9 1 4 8 (MHz)
fc-Rx (RO fe fc-Vpp (RO) ] Operating area
X C
(k) | Yoo =5V (MHz) | Cxin = 33 pF (MHz)| Ta= -40to85°C
Ta=25C Ta=25C (Normal mode)
80 4 8
60 T rx= 10k 6
\ =
o[- == :
N NG 0.4 |— T
20 N Rx =50 kQ 2
Cyn =100 pF| [N |
ob—111) fc 0.1 Vbp 0 VDD
0.1 0.4 1 4  10(MHz) 2 4 6 ) 2 4 6 V)

6-06-45 2000-10-19



