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TOSHIBA TMP47C660A/860A

CMOS 4-Bit Microcontroller

TMP47C660AN, TMP47C860AN
TMP47C660AF, TMP47C860AF

The TMP47C660A/860A are high speed and high performance 4-bit single chip micro computers, integrating
the 8-bit AD converter based on the TLCS-470 series.

Part No. ROM RAM Package OTP
TMP47C660AN_| o | agaapit  LP-SDIP64750-1.78_ | TMPA7PBEOVN _
TMP47C660AF P-QFP64-1420-1.00A | TMP47P860VF
TMPA7CBOOAN | oo o | cioiapit  LP-SDIP64750-1.78_ | TMPA7PBEOVN _
TIVIP47C860AF P-QFP64-1420-1.00A | TMP47P860VF

Features
@ 4-bit single chip microcomputer
@ Instruction execution time: 1.3 us (at 6 MHz),
244 us (at 32.8 kHz)

P-SDIP64-750-1.78

@ 92 basicinstructions

e Table look-up instructions

e 5-bit to 8-bit data conversion instruction
@ Subroutine nesting: 15 levels max
@ 6 interrupt sources (External: 2, Internal: 4)

TMP47C660AN

All sources have independent latches each, and multiple mgiggggm
interrupt control is available.
@ 1/0 port (56 pins)
e Input 2 ports 5pins P-QFP64-1420-1.00A
e Output 4ports 16 pins
e |/O 9ports 35 pins
& Interval Timer
# Two 12-bit Timer/ Counters PNy
Timer, event counter,and pulse width measurement mode @
& Watchdog Timer =
TMP47C660AF
TMP47C860AF
TMP47P860VF
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 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, 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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# Serial Interface with 8-bit buffer
e Simultaneous transmission and reception capability
e 8/4-bit transfer, external / internal clock, and leading / trailing edge shift mode
@ 8-bit successive approximate type AD converter
e With sample and hold
e 8analoginputs
e Conversion time: 32 us (at 6 MHz)
& Remote control signal pre-processing capability
& High current outputs
LED direct drive capability (typ. 20 mA x 8 bits)
@ Dual-clock operation
High-speed/Low-power-consumption operating mode
# Hold function
Battery/Capacitor back-up
& Real Time Emulator: BM47C860A
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Pin Assignments (Top View)
(1) P-SDIP64-750-1.78

(2) P-QFP64-1420-1.00A

cER
=z Klzlg
VAREF—> [] 1 64 1 <—VDD cecesq G
R40 (AINO) =[] 3 62 [1 <>RC2
T ] BRI tILLELELLL L LY
R50 (AIN4) - [] 7 58 [1 -.€>R91(SO)
R:ZgAINz;(—)E g gﬁ%(—)RggE?”l)) R91(£)<——:|:|:52 mm<r<r<r<r<r<r<r<r<r<rmmmmmmm323:‘:'_.';31
R53 (AIN7) <> [ 10 55 [1 <>Rg2 (IN77)  R92(SCK)=—Ths53 31——=P30
R60 <> [ 11 54 [1 <> R81(T12) RCOw— 54 30 T——=P23
R61 <> [] 12 53 [1 <> R80 (INT2) RC1 < CTT]55 29T 1—=P22
R62 <> [ 13 52 [1 <—HOLD (KE0) RC2 = CTT56 2gTT—I—=P21
R63 - [] 14 51 d —> XOuT RC3=—= T1T]57 27 I—1—= P20
R70 <> [] 15 50 [1 <«—XIN VDD —» 1158 PY: i PSRV
R71(WTO) -e> [] 16 49 [1 -.«—RESET VAREF —= —TT]59 25 TT—=—TEST
R72 (XTIN) <> [] 17 48 [1 <—K03 VASS —= TG0 T —-p13
R i i< R RA0 ( AINO ) =—=C—TT]61 23 T—-P12
RAT <> [] 20 45 1| <—K00 RA41(AINT) ~—[—TT62 2z 3=
RA2 <> [ 21 44 ] <> RB3 RAZ(AIN2) =—=[TT63 2 —=P10
RA3 <> [ 22 43 [1 <> RB2 R43 (AIN3 ) =—[_TT}64 2¢T—1—=P03
P00 -—[] 23 42 [1 <> RB1
P01 <-—1[] 24 41 [1 <> RBO
P02 -<—T[] 25 40 1 —P33
P03 =-—1[] 26 39 1—>P32
P10 -«—[ 27 38 0 —>P31
P11-<—T[] 28 37 @—>P30
P12 -—1] 29 36 [1—>P23
P13 -<—1[] 30 35 0 —>P22
TEST—> [] 31 34 0 —>P21
vss—> [] 32 33 0 —>P20
. High current
Block Diagram 10 port output ports Outpyt port
“R63 RA3 RB3 PC3 P13 P23 PO3 P33
to to to to to to to to
R60 RAO RBO PCO P10 P20 PQO P30
Power VDD ]
Supply \VSS o
[Po ]
[[Accumulator ] [omB] HR T LR | Data Memory Program Counter
RAM address buffer |
Hold input HOLD I STA(CRI?M)| W Progr?F;r(w)“Mn)emory
(Sense.lnput) = Hold controller | IR oF |~ [ciTTc2 [ oc Data table
i::te; ::Dut Ris; :: system controller | Interrupt controller |
System clock controller - b - * - [ R ]
Timing Generator Interval timer 1|2' "t counter 8-bit f|8'b't
Ose VIV o 22?5 Serial Interface AD converter
- o High-freq. A
connecting  IXOUT — d G CIOth Watchdog 1T
pins > Low-freq. enerator Timer
J
4L
Remot, P~ [ra] [R9 ] [Ra]
controﬁsi nal
pre-processor
N ~ - - - ~
R73 (XTOUT) R83(T1) R92 (SCK) VAREF R43 (AIN3) R53 (AIN7) K03
R72 (XTIN) R82 (INT1) R91 (SO) VASS to to to
g;g (WTO) R81(T2) R90 (SI) RA0 (AINO RS0 (AIN4) KOO
R80 (INT2) Analo
. . g
Osc.connecting pins (Low-freq.) T/Cinput 1/0 port reference 110 port Input port
/0 port (Watchdog timer output 1o ( Interrupt input (Serial port)  voltage (Analog input)
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Pin Function

Pin Name Input/ Output Functions
K03 to KOO Input 4-bit input port
P03 to P00 4-bit output port with latch
P13to P10 4-bit output port with latch.
Output 8-bit data are output by the 5-bit to 8-bit data conversion instruction [OUTB @HL].
P23 to P20
P33to P30 4-bit output port with latch
RS3 (AIN7) 1/0 (Input) AD converter analog input
npu
to R40 (AINO) P 4-bit I/0 port with latch.

When used as input port, watchdog timer
R63 to R60 I/O output or analog input, the latch must be

setto"1".
R73 (XTOUT) 1/0 (Output) ) Resonator connecting pin (Low-freq.).
......................................................... ?{e{c3 tRonDu.al-cIock |opekratlng mode, when For inputting external clock, XTIN is
R72 (XTIN) 1/0 (Input) ! pin use as clock generator. used and XTOUT is opened.
......................................................... Can be set, cleared, and tested for each bit |7
R71(WTO) I/0 (Output) as specified by L register indirect addressing | Watchdog timer output
......................................................... b|t manipulation instructions.
R70 110
R83(T1) . . Timer/Counter 1 external input
........................... 4-bit I/0 port with latch.
R82 (INTT) When u_sed as |.nput port, external |ntgrrupt External interrpt 1input
........................... /0 (Input) input pin, or timer/counter external iNPUt ...
R81(T2) pin, the latch must be set to *1". Timer/Counter 2 external input
"""""""""""""""" External interrpt 2 or REMO-COM
R80 (INT2) input
R92 (SCK) 1/0(1/0) Serial clock I/O
......................................................... 3-bit /0 port with latch.
R91 (SO) 1/0 (Output) When used as input port or serial port, the | Serial data output
......................................................... Iatch mUSt be Set tO n 1 ll- P T L L L L L N TS
R90 (SI) 1/0 (Input) Serial datainput
RA3 to RAO

4-bit 1/0 port with latch.
RB3 to RBO 1’0 When used as input port, the latch must be setto "1".
RC3 to RCO
XIN Input Resonator connecting pin (High-frequency) .
......................................................... For inputting external clock, XIN is used and XOUT is opened.
XOUT Output
RESET Input Reset signal input
HOLD (KEO) Input (Input) HOLD request/release signal input Sence input
TEST Input Test pin for out-going test. Be opened or fixed to low level.
VDD +5V
VSS 0V (GND)
Power supply

VAREF AD converter analog reference voltage (High)
VASS AD converter analog reference voltage (Low)
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Operational Description

1. System Configuration
€ Internal CPU Function
2.1 Program Counter (PC)
2.2 Program Memory (ROM)
2.3 HRegister, L Register, and Data Memory Bank Selector (DMB)
2.4 Data Memory (RAM)

® Stack

® Stack Pointer Word (SPW)
® Data Counter (DC)
2.5 Accumulator

2.6 Flags

2.7 Clock Generator, Timing Generator, System Clock Controller
2.8 Interrupt Controller
2.9 Reset Circuit
€ Peripheral Hardware Function
3.1 Input/Output Ports
3.2 Interval Timer
3.3 Timer/Counters (TC1, TC2)
3.4 Watchdog Timer
3.5 Remote Control Pulse Detector
3.6 AD Converter
3.7 Serial Interface
Concerning the above component parts, the hardware configuration and functions are described.

2. Internal CPU Function

2.1 Program Counter (PC)
The program counter is a 13-bit binary counter which indicates the address of the program memory
storing the next instruction to be executed. Normally, the PC is incremented by the number of bytes of
the instruction every time it is fetched. When a branch instruction or a subroutine instruction has been
executed or an interrupt has been accepted, the specified values listed in Table 2-1 are set to the PC. The
PCis initialized to "0" during reset.

MSB LSB
PCg PCy PCy PC,
PCy; PCq4 PC1o PCq PCg PC; PCs PCs PCy PC3 PC, PCq PCo
\_V_) ~" — ~"
Bank assignment Page assignment Address assignment in page

Figure 2-1. Configuration of program counter
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The PC can directly address an 8192-byte address space. However, with the short/middle branch and
subroutine call instructions, the following points must be considered:

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

(2) Middle branch instruction [BS a]
In [BS a] instruction execution, when the branch condition is satisfied, the value specified in the
instruction is set to the lower 12 bits of the PC. That is, [BS a] becomes the in-bank branch
instruction.
When first byte or second byte of this instruction is stored at the last address of the bank, the most
significant bit of the PC point the next bank, so that branch is made to the next bank.

(3) Subroutine call instruction [CALL a]
In [CALL a] instruction execution, the contents of the PC are saved to the stack then the value
specified by the instruction is set to the PC. The address which can be specified by the instruction
consists of 11 bits and the upper 2 bits of the PC is always “0”. Therefore, the entry address of the
subroutine should be within an address range of 00004 through 07FFH.

Table 2-1. Status change of program counter

Instruction . Program Counter (PC)
or Condition | TR e R SRR zeeeees TS CRRR R g PR
Operation PC12 : PCqq :PCqg : PCg : PCg : PC7 : PCg : PC5 : PCq 1 PC3 1 PC2 1 PCy @ PCp
SF=1 (Branch condition is satisfied) Immediata data specified by the instruction
BSL a
SF=0 (Branch condition is not satisfied) +3
Lower 12-bit address # FFE, FFF Hold : Immediata data specified by the instruction
SF=1 :
BS a Lower 12-bit address = FFE, FFFy : . . . ]
c (Last address in bank) +1 : Immediata data specified by the instruction
)
- SF=0 +2
-
. Immediata data specified by the
© Lower 6-bit address # 3F Hold instruction
> SF=1
-~ | Bss a Lower 6-bit address = 3Fy, 1 Immediata data specified by the
- (Last address in page) instruction
c SF=0 +1
I a 0 0 Immediata data specified by the instruction
The value generated by the immediate
CALLS a 0 0 0 0 0:jyataspecified by the instruction LY
RET The return address restored from stack
RETI The return address restored from stack
Others Incremented by the number of bytes in the instruction
Interrupt acceptance 0 0 o0 0 0 0 0 0 0 ! Interruptvector : 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0

4-60-6 2000-10-19




TOSHIBA TMP47C660A/860A
2.2 Program Memory (ROM) Add
Programs and fixed data are stored in the program memory. The in page Address
instruction to be executed next is read from the address Page 00y [ 0000y
o ) ) Of [ 0001
indicated by the contents of the PC. The fixed data can be read gynk| 00 ; ;
by using the table look-up instructions or 5-bit to 8-bit data R ——— 8825
conversion instruction. 01 01 [l 0941
. . ol & L g [ 067F
(1) Table look-up instructions [LDL A ,@DC], [LDH A,@DC +] : L L
The table lock-up instructions read the lower and upper 4 P S 0FCO
bits of the fixed data stored at the address specified in the 3F O oo OrCt
data counter (DC) to place them into the accumulator. [LDL I O OFFF
A,@DC] instruction reads the lower 4 bits of fixed data and [0 ] 1000
[LDH A,@DC +] instruction reads the upper 4 bits.The DC is 00 I
a 12-bit register, and it can specify an address within the D 1838
range of 1000y through 1FFFy of the program memory. 01 O o 1?41
1] L T 167€
S G s T PO—— 1FCO
3F L TFCT
L g -

Figure 2-2. Configuration of
program memory

(2) 5-bit to 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 P2 and the lower 4 bits to port P1.
The table is located in the last 32-byte space (addresses 17E0 through 17FFy for the TMP47C660A
and addresses 1FEOH through 1FFFy for the TMP47C860A) in the program memory with the lower
address consisting of the 5 bits obtained by linking the data memory contents specified by the HL
register pair and the content of the carry flag.

This instruction is suitable for such applications as converting BCD data into an output code to the
7-segment display elements.

Example: The following shows that the BCD data at address 2Fy in data memory is converted into

the 7-segment code (anode common LED) to be output to ports P2 and P1.
LD HL,#2Fy ; HL€2Fy (Data memory address is set)

TEST CF ; CF<0 (The table is specified at addresses 1FEQ - 1FEFy)
ouTB @HL

ORG 1FEQH ; Data conversion table

DATA 0COH,0F9H, 0A4H,0BOH,99H,92H,82H,0D8H, 80H,98H

2.2.1 Program memory map
Figure 2-3 shows the program memory map. Address 0000 through 00864 and 1FEQ through 1FFFy for
the TMP47C860A, 0000 through 0086y and 17EQ through 17FFy for the TMP47C660A, of the program
memory are also used for special purposes.
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2.2.

2 Program memory capacity
The TMP47C860A has 8192 x 8 bits (addresses 0000 through 1FFFy) and the TMP47C660A has 6144 x 8bits
(0000 through 17FFy), of the program memory (mask ROM).

Address Address
0000y Reset start address 0000y Reset start address
ooo2 |INTT ... L. 0002  pINTT . L
0004 ISIO . 0004 ISIO i
................ Interruptservlce PR 0006 tettsssaanranans Interruptservlce el
0006 | IOVFT routineentry ...\ L YT IOVF1 . routineentry ...,
0008 IOVF2 address Subroutine call entry 0008 IOVF2 address
oooAa |~~~ 77 address designated by 000A B
OOOC INTZ ............. [CALL a] instruction OOOC INTZ .............
000E
OOQE Subroutine call entry : Subroutine call entry
: address designated by : address designated by
0086 [CALLS a]instruction 0086 [CALLS a]instruction
07FF 07FF
P 0800 |
10(_)0 ..................................................... T T 10bO .....................................................
: Data table for .
[LDL A,@DC],
[LDH A,@DC +] ;
instruction 17E0 .
n n : Data conversion table for
T T f 17FF [OUTB @HL]instruction
: TFEO §eateeureetetanteeiateanntasatanannesaneeannesnraed
1 F"EO Data conversion table for : N
; [OUTB @HL] instruction ' (Note)
1FFF TRRE e
(a) TMP47C860A (b) TMP47C660A

2.3

Note: In case of the TMP47C660A, 5-bit to 8-bit data conversion table is at address 17E0 through
1FFFy. When the piggyback is used in order to evaluate the TMP47C660A, it is necessary to
also place a conversion table at address 1FEQ through 1FFFy and operation are exactly the
same.

Figure 2-3. Program memory map

H Register, L Register, and Data Memory Bank Selector (DMB)

The H register and the L register are 4-bit general registers. They are also used as a register pair (HL) for
the data memory (RAM) addressing pointer. The data memory consists of pages, each page being 16
words long (1 word =4 bits). The H register specifies a page and the L register specifies an address in the
page. The data memory consists of two banks (bank0 and bank1). The data memory bank selector (DMB)
is a 1-bit register to specify a data memory bank. During reset, the DMB is initialized to “0”. The DMB is
set or cleared by the [CLR DMB] or [SET DMB] instructions. The currently selected data memory bank can
be known by executing the [TEST DMB] or [TESTP DMB] instruction.

The L register has the automatic post-increment/decrement capability, 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 [SET @L], [CLR @L], or [TEST @L] instruction, the L
register is also used to specify the bits corresponding to 1/0 port pins R73 through R40 (the indirect
addressing of port bits by the L register).
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Example 1: To write immediate values “5” and “F4"” to data memory (bank 0) addresses 10y and 114.

CLR DMB ; DMB«0

LD HL,#10H ; HL<« 10y

ST #5,@HL + ; RAM[10y] « 5, LR+ 1

ST #0FH,@HL+ ; RAM[114] ¢« FH, LR« LR +1

"

Example 2: The output latch of R71 pin is set to
manipulation instruction.

LD L,#1101B ; Sets R71 pin address to L register

SET eL ; R11 « 1

H Register

L Register

DVB

HR; | HRy | HR; | HRy | LRs | LR, | LRy | LRy

\_V—N A

—a

Bank specification ~ Page specification Address specification in page

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

2.4 Data Memory (RAM)
The data memory stores user-processed data. One page of
this memory is 16 words long (1 word =4 bits). It has 2 banks.
The data memory is addressed in one of three ways:
(1) Register-indirect addressing mode
In this mode, a bank is specified by the DMB, a page by
the H register and an address in the page by the L
register.
Example: LD A,@HL ;  Acc « RAM[HL]
(2) Direct addressing mode
An address in the bank is directly specified by the 8 bits
of the second byte (operand) in the instruction field.
The bank is specified by the DMB.
Example: LD A,2CH ;  Acc ¢« RAM[2CH]
(3) Zero-page addressing mode
An address in zero-page of bank 0 (addresses 00y
through OFy) by the lower 4 bits of the second byte
(operand) in the instruction field.
Example: ST #3,05H ; RAM[054]«3

2.4.1 Data memory map

1" by the L register indirect addrressing bit

LR

]

RAM address | | |

Instruction field

| X XXX

DMB

RAM address | | | X X X X

X XXX |

Instruction field

yyyy |

< L

RAM address | 0 || 0000

yyyy |

Figure 2-5. Addressing mode

Figure 2-6 shows the data memory map. The data memory is also used for the following special
purposes: Note that this special function area is provided only on bank 0.
@ Stack @ Count registers of the timer/counters (TC1, TC2)

@ Stack pointer word (SPW) ® Zero-page
@ Data counter (DC)

4-60-9
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(1

(2)

Addreﬂn page Bank 0
F E D ¢ B A 9 8 7 6 5 4 3 2 1 0

~

F
E
D
C
B

A ..

9 ..
8

Page < 71

6.

5 ..

4 ..

3 ..

2 ..
1
0
~

Note 1: denotes the stack area.
Note 2: The TC1 and TC2 areas are shared by the locations 13 and 14.
Figure 2-6. Data memory map
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 bank 0 of
data memory (addresses COy through FBy). Each location consists of 4-word data memory.
Locations 13 and 14 are shared by the count registers of the timer/counters (TC1, TC2) to be
described later.

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

Stack Pointer Word (SPW)
Address FFy in the data memory (bank 0) is called the stack pointer word, which identifies the
location in the stack to be accessed (save or restore).
Generally, location number 0 to 12 can be set to the SPW, providing up to 13 levels of stack
nesting. Locations 13 and 14 are shared by the count registers of the timer/counters to be
described later; therefore, when the timer/counters are not used, the stack area of up to 15 levels
is available. Address FFy is assigned with the SPW, so that the contents of the SPW cannot be set
“15" in any case. The SPW is automatically updated when a subroutine call is executed or an
interrupt is accepted. However, if it is used in excess of the stack area permitted by the data
memory allocating configuration, the user-processed data may be lost. (For example, when the
user-processed data area is in an address range 004 through CFy, up to location 4 of the stack are
usable. If an interrupt is accepted with location 4 already used, the user-processed data stored in
addresses CCH through CFy corresponding to the location 3 area is lost.)
The SPW is not initialized by hardware, requiring to write the initial value (the location with which
the use of the stack starts) by using the initialization routine. Normally, the initial value of “12" is
set to the SPW.
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Example: Toinitialize the SPW (when the stack is used from location 12)

LD A, #12

CLR DMB ;  DMB<OH

ST A, OFFH ;  RAM[FFJ«Acc

(3) Data counter (DC) MSB LSB

The data counter is a 12-bit register to specify the Data Counter (DC)
address of the data table to be referenced in the ; .
program memory (ROM). Data table reference is b | Dbw | DG
performed by the table look-up instructions [LDL RAMaddress  (FEy) (FDy) (FCu)
A,@DC] and [LDH A,@DC +1. (banko)
The data tables are set in the program memory Figure 2-8. Data counter

area between addresses 10004 and

1FFFy. The DCis assigned with a RAM address in unit of 4 bits.

Therefore, the RAM manipulation instruction is used to set the initial value or read the contents of
the DC.

Example: To setthe DCto 780y

CLR DMB ; DMB«0
LD HL, #0FCH ;  Sets RAM address of DC| to HL register pair.
ST #0H, @HL+ ; DCe«780y
ST #8H, GHL+
ST #7H, @HL+
FLAG PC FLAG PC
L v v LT ]
SAVE SAVE
STACK PCa STACK PCs
[FLAG: 7 PCy 1 PCy 1 PC. | i [FLAG: ™ PCyy 1 PCy 1 PC_ | .
RAM (EBy) (EAL (E9y) (E8y) (E7h) RAM (EBy) (EAL (E9y) (E8L) (E7y)
address \ address )
—>|<— Location 10 —>|<— Location 9 —>|<— Location 10 —>|<— Location 9
Before execution  After execution Before acceptance  After acceptance
ssw [ 10 | — [ 9 | ssw [ 10 | — [ 9 |
RAM address (FFy) (FFy) RAM address (FFy) (FFp)
(a) Atexecution of asubroutine call instruction (b) Atacceptance of aninterrupt
FLAG PC FLAG PC
| || i i i | | i i i |
1 1 1 1 1 1
RESTORE RESTORE
STACK PCs STACK PCs
[FLAGI T PCy 1 PCy i PC [ 1  JrAeiTecyipeyiere [ T
R@(Ij\/l (EBy) (EAR) (E9n) (E8y) (E7W) Rﬁé\/l (EBy) (EAy) (E94) (E8H) (E7n)
address address
—>|<— Location 10 —>|<— Location 9 —>|<— Location 10 —>|<— Location 9
Before execution After execution Before execution After execution
swo | 9 | — [ 10 | swo [ 9 | — [ 10 |
RAM address (FFp) (FFy) RAM address (FFy) (FFy)
() Atexecution of a subroutine return instruction (d) Atexecution of aninterrupt return instruction

Figure 2-7. Accessing stack (Save/Restore)
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(4)

242
The TMP47C860A contains two 256 x 4 00y 00y
bit data memory banks (bank0 and : :
bank1). The TMP47C660A contains i i
256 x4 bit bank0 and 128 x 4 bit DMBO DMBO
bank1. When power-on is performed, : :
the contents of the data memory
become unpredictable, so that they

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

The TMP47C660A/860A has two 12-bit timer/counters. The count register of the timer/counter is
assigned with RAM addresses in unit of 4 bits, so that the initial value setting or contents reading is
performed by using RAM manipulation instruction.

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

When both timer/counter 1 and timer/counter 2 are used, the data memory (bank 0) locations at
addresses F7y and FBy can be used to store the user-processed data.

MSB LSB MSB LSB
Timer/Counter 1 (TC1) Timer/Counter 2 (TC2)

TCly | TCIm | TCI, TC24 | TC2w | TC2
RAM address ' : ' :

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

(5) Zero - page
The 16 words (at addresses 00y through OF) of the page zero of the data memory (bank 0) can be
used as the user flag or pointer by using zero-page addressing mode instructions (comparison,
addition, transfer, and bit manipulation),providing enhanced efficiency in programming.

Example: To write “8" to address 09y if bit 2 at address 04y in the data memory (bank 0) is “1”.
TEST 04H, 2 ;  Skipsif bit 2 at address 04y in theis “0".
B SKIP
ST #8, 09H ;  Writes "8"” to address 09y in the RAM.
SKIP:

Data memory capacity (Address)

must be initialized by the initialize FFH FFy
routine. O;OH 004
DMB1
Example: To clear RAM : '
LD HL, #00H DVB1 7P
SCLR1: CLR DMB :
SCLR2: ST #0, G@HL+ !
B SCLR2 FFy
SET  DMB () TMPA47C860A (b) TMPA47C660A
SCLR3: ST #0, @HL+ Note: When the TMP47P860V is used as evaluator of the TMP47C860A,
B SCLR3 the data should not be written after address 80y of bank1.
ADD H, #1

Figure 2-10. Data memory (RAM)
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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 indicatets a carry-out from the most significant bit in an addtion. A
subtraction is performed as addition of two’s complement, so that, with a subtraction, the carry
information indicates that there is no borrow to the most significant bit. With a rotate instruction,
the information indicates the data to be shifted out from the accumulator.

(2) Zero detect information (2) { Data bus
This information is “1” when the operation result or the J L J L*— Gin
data to be transferred to the accumulator/data memory \/
is “0000g".
\ ALU /
Example: The carry information (C) and zero detect .
. . . . Z
information (Z) for 4-bit addtions and c
subtractions. result
Operation  Result c z Note: Cinindicates the carry input
4+2-= 6 0 0 specified by instruction.
7+9= 0 1 1
8-1= 7 1 0 Figure 2-11. ALU
2-2-= 0 1 1
5-8=-3(1101p) 0 0
2.5.2 Accumulator (Acc) MSB LSB
The accumulator is a 4-bit register used to hold source 3 2 1 0

data or results of the operations and data manipulations.

2.6 Flags Figure 2-12. Acc
There are a carry flag (CF), a status flag (SF), and zero flag
(ZF),each consisting of 1 bit. These flags are set or cleared 3 2 o o
according to the condition specified by an instruction. CF i ZF i SF
When an interrupt is accepted, the flags are saved on the ' e
stack along with the program counter. When the [RETI] Figure 2-13. Flag

instruction is executed, the flags are restored from the
stack to the states set before interrupt acceptance.

(1) Carry flag (CF)
The carry flag holds the carry information received from the ALU at the execution of an
addition/subtraction with carry instruction, a compare instruction, or a rotate instruction. With a
carry flag test instruction, the CF holds the value specified by it.
@ Addition/subtraction with carry instructions [ADDC A,@HL], [SUBRC A,@HL]
The CF becomes the input (Cin) to the ALU to hold the carry information.
@ Compare instructions [CMPR A,@HL], [CMPR A,#k]
The CF holds the carry information (non-borrow).
@ Rotate instructions [ROLC A], [RORC A]
The CF is shifted into the accumulator to hold the carry information (the data shifted out
from the accumulator).
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@ 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 II1 ".
With [TEST CF] instruction, the value obtained by inverting the content of the CF is
transferred to the SF then the CFis cleared to “0”.

(2) Zero flag (ZF)

(3)

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

Status flag (SF)

The SF provides the branch condition for a branch instruction. Branch is performed when the SF is
set to “1”. Normally the SF is set to , 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 instruction, this instruction becomes a conditional
branch instruction. During reset, the SFis initialized to “1”, other flags are not affcted.

111 "

Example: When the following instructions are executed with the accumulator, H register, L
register, data memory address 07, and carry flag are “Cy”, "04", “71", “51", and “1”
respectively, the contents of the accumulator and flags become as follows:

Flag after execution
CF ZF SF

Flag after execution
CF ZF SF

Acc after
execution

Acc after
execution

Instruction Instruction

4-60-14
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2.7

_| S i | High-frequency : Timing System clock
| T D ! | clock oscillator Generator Controller
XOouT ; :

o XTIN
T D 7| Low-frequency
D H

Clock Generator, Timing Generator, and System Clock Controller

Clock
Generator :

BER

System clock

OP16 IPOE
1 0 3...2._RN/0

T . 3 ol It o 32
’_| T D ¢ | clock oscillator : 5 '
e xTout i b Clock Generator control Command register Status register
Figure 2-14. Clock generator, timing generator and system clock controller
2.7.1 Clock Generator (CG)

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

pommoossmssmees High-frequency ~---———--------- 1 i Low-frequency --------------- 1
1 1 1 1
1 1 1 1
i XIN XOUT XIN XOUT i i XTIN XTOUT XTIN XTOUT i
| . |
! (OPEN) ! i (OPEN) !
1 1 1 1
! [] L [] !
i i i i
i i i i
1 1 1 1
A T I e
L L i L L i
(a) Crystal or ceramic (b) External oscillator (c) Crystal (d) External oscillator

resonator

Figure 2-15. Examples of resonator connection

Note: Accurate adjustment of the oscillation frequency
Although no hardware to externally and directly monitor the clock pulse is not provided,
the 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 adjust the low-frequency oscillation frequency by outputting monitor pulse to R70 pin.

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

SFCCHK: SET %O0P07, 0 Output waveform
CLR %O0P07, 0 I | |
BSS SFCCHK f/20 ?
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2.7.2 Timing generator (TG)
(1) Configuration of timing generater
The timing generator produces the system clocks from clock pulse which are supplied to the CPU
and peripheral hardweare.
The timing generater consists of a 19-stage binary counter with a divide-by-8 prescaler. The source
clock to the timing generater and its input stage depend on the operating mode as shown below.
During reset, the binary counter is cleared to “0”. However, the prescaler is not cleared.
@ single-clock mode
The high-frequency clock (fc) is input to the first stage of the timing generator. In this
mode, it is necessary to clear SLCK (bit 2 of command register OP16) to “0”.
@ Dual-clock mode
In this mode, fcis input to the first stage and the 7th stage and the 8th stage are separated.
The SCLK (bit 2 of command register OP16) can select the input clock for the 8th stage.
Setting the SCLK inputs fs and clearing the SCLK inputs f¢/27. In SLOW mode, the high-
frequency clock oscillation is stopped. Thus fs is automatically input to the 8th stage and the
outputs from the first stage to the 7th stage are stopped.

Prescaler
fc [Hz] Instcrycigon —>status SMF
— = sl1 (2|3 occurrence
circult
4|5|6 7—0/)—»8 9 (10|11 |12[13|14|15[16|17|18[19|20 |21 22
fs [Hz] ?
Figure 2-16. Configuration of timing generater
(2) The timing generater provides the following functions:
@ Instruction cycle @ Internal serial clock for a serial interface
@ Internal pulse for interval timer ® Warm-up time at release of the hold operation

@ Internal pulse for timer/counters ~ ® Source clock for a watchdog timer
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2.7.3  System clock controller
The system clock controller starts or stops the high-frequency and low-frequency clock oscillator and
switches between the basic clocks. The operating mode is generally divided into the single-clock mode
and the dual-clock mode, which are controlled by command.

Single-clock mode Dual-clock mode

. _ Normal-1 Command Normal-2 iah- . Oscillati
High-freq.: Oscillating Operating Operating Elghffreq.-.(())sc:.:lllatpng
Low-freq.: Stopped modes Command modes ow-treq.: Uscillating

Reset
Reset

Reset
release

Rising edge
of HOLD pin
input

Reset
operation

Command

Reset
Reset

High-freq.: Oscillating
Low-freq.: Stopped

SLOwW
Operating
modes

HOLD
(CPU
Stopped)

High-freq.: Stopped
Low-freq.: Oscillating

High-freq.: Stopped
Low-freq.: Stopped

:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
i Command Command
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Figure 2-17. Operating mode transition diagram

Note: Normal-1 and Normal-2 operating modes are sometimes referred to as the Normal
operating mode collectively.
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(1) System clock control
System clock control is performed by the command register (OP16). During reset, this register is
initialized to "0"” and the single-clock mode is selected.
Each state at operating mode switching can be read from the status register (IPOE).

System clock control command register System clock control status register
(Port address: OP16) (Initial value: 0000) (Port address:  IPOE)
3 2 1 0 3 2 1 0
pcks | stk | ekt | pwut | [ son | e svF | HoLpssts |
DCLK3/DCLK1 | Selects operation mode | (Note 2) SMF | Low-frequency clock oscillating |
00: Single clock mode (Normal-1 operating mode) 0: Not oscillating or unstable oscillation
01: Reserved 1: Stable oscillation
10: Dual clock mode (Normal-2 operating mode) — —
11:  Dual clock mode (SLOW operating mode) HOLD/SLS | HOLD pin state/operation state monitor
— I - — P —Single-clock mode— —Dual-clock mode —
SLCK | Selects input clock for the eighth stage of TG | (Note3) | . 'marg pinat “H” level  In Normal operation
Example: fc=4.19 MHz 1: HOLDpinat“L" level  InSLOW operation
0: f/2” [Hz] - 32.8 [kHz] o
RE fs Note 1: fc; High-frequency clock [Hz]

fs,; Low-frequency clock [Hz]

DWUT | setsthe warm-up time | (Note 4) Note 2: Configuration of bits.

Example: At fc=4.19 MHz Note 3: Only Normal-2 operating mode
fs=32.8kHz Note 4: Only switching from SLOW to Normal-2
0:28/fs + 2%/fc  [s] oo 7.9 [ms] Note 5: The access to command register (OP16) may
1:2"/fs + 2%/fc 62.6 cause the outputs over the eighth stage of

timing generator to precede that to be
expected by maximum 27/fc or 1/fs [s].

Figure 2-18. System clock control command register / status register

(2) Instruction cycle
The instruction execution and on-chip peripheral hardware operations are performed in
synchronization with the basic clock. The smallest unit of instruction execution is called the
“instruction cycle”. The TLCS-470 series instruction set has 3 kinds of instructions, 1-cycle
instruction to 3-cycle instruction. Each instruction cycle consists of 4 states (S1 through S4). Each
state consists of 2 basic clock pulses.

1/fc or 1/fs [s]
H‘

AN I [ I I S I O O O

State | S1 | 52 | $3 | sa | s1 | 2 [
: Instruction cycle ;

Figure 2-19. Instruction cycle
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2.74 Operation mode
(1) Dual-clock mode

High-freq. clock
(XOUT)

In this mode, the Normal-2 operation is generally performed by generating the system clock from
the high-frequency clock (fc). As required, the SLOW operation can be performed by generating
the system clock from the low-frequency clock (fs).

The following describes the switching between the Normal-2 and SLOW operations in the dual
clock mode. During reset, the command register is initialized to the single-clock mode.

Since the low-frequency clock is not oscillated, Normal-2 operation in the dual clock mode must be
set first. The low-frequency clock starts oscillating by transferring to Normal-2 operation.

a. Switching from Normal-2 operation to SLOW operation
Setting DCLK1 (bit 1 of OP16) to “1” switches Normal-2 operation to SLOW operation. However
it takes a few seconds to get a stable oscillation, the low-frequency clock. Therefore if there is
possible to switch from Normal-2 operation to SLOW operation, wait until the low-frequency
clock is stable or check the oscillation state by a program.
SMF status (bit 1 of IPOE) is available to check it.
When the high-frequency clock (fc/27) is input to the 8th stage of TG, first sets SCLK (bit 2 OP16)
to “1” and input the low-frequency clock (fs).
SMF (bit 1 of the status register) is monitored by program. First, Sets SLCK (bit 2 of OP16) to “1".
Next, when it has been confirmed that the low-frequency clock oscillation is stable and SMF is
changed “1"—>"0">"1"or “0"—>"1"—>"0", bit 2 of the command register is set to “1”. At this
time, the high-frequency clock oscillator stops.

b.Returning from SLOW operation to Normal-2 operation
Bit 2 of the command register is cleared to “0” and, at the same time,the warm-up time for
return is set to DWUT. When the warm-up time has passed, the Normal-2 operation takes place.
By monitoring SLS (bit 0 of the status register), the current operating mode can be known.

(4
tl

(XTOUT)

Basic clock (CP) |||||||| |||||||

SLS

Note:

(2)s

Normal operation SLOW operation _/ Warm-up Normal operation
Changed to the SLOW Changed to the Normal
operationg mode operating mode by program
by program

Figure 2-20. System clock switching timing

In the SLOW operating mode, the power consumed by the oscillator and the internal
hardware is reduced. However, the power for the pin interface (depending on the external
circuitry and program) is not directly associated with the low-power consumption
operation. This must be considered in system design as well as interface circuit design.

ingl-clock mode

In this mode, only the high-frequency clock oscillator is used. Pins R72 (XTIN) and R73 (XTOUT)
become the ordinary I/O port. The HOLD operating mode is available for reducing power
consumption. Itis controlled by the command register (OP10). In this mode, therefore, the system
clock control command register (OP16) need not be manipulated. For the details of the HOLD
operation, refer to Subsection “2.7.5 HOLD Operating Mode”.
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2.7.5 HOLD operating mode
The HOLD feature stops the system and holds the system’s internal states active before stop with a low
power. The HOLD operation is 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 by the KEO pin.

(1) Startsthe HOLD operating mode
The HOLD operating mode when the command is set and holds the following states during the
HOLD operation:
@ Oscillator stops and the systems internal operations are all held up.
@ Theinterval timer is cleared to “0".
@ The states of the data memory, registers, and latches valid immediately before the system is
put in the HOLD state are all held.
@ The program counter holds the address of the instruction to be executed after the
instruction [out A, %OP10] or [OUT @HL, %OP10] which starts the HOLD operating mode.

HOLD oprerating mode command register HOLD opeating mode status register
(Port address: OP10) (Initial value: xQxx) (Port address: IPOE)
3 2 1 0 3 2 1 0
| HLDMS | HWUT | (SIOF) (SEF) (SMF) HOLD
(KEO)

HLDMS | Sets mode and starts HOLD operation |

HOLD | HOLD pin input state

01: Starts HOLD operation in edge sensitive release mode
0: HOLD pinis high
+0: Reserved _1 : HOLD pinislow (HOLD operation request)

11: Starts HOLD operation in level sensitive release mode

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

Example:  fc=4MHz Note 1: * ; Don’tcare
00: 2'8fc[s] e 65.5 [ms] Note 2: fc,; High-frequency clock [Hz]
14 Note 3: Do not access the OP10
01: 2"%fc e 4.1 when HOLD mode is not used

10: Reserved
1M: 2%5c e 0.016

Figure 2-21. 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 operating is released by setting the HOLD pin to the high level. This mode is
used for the capacitor backup with the main power off or for the battery backup for long hours.
If the instruction to start the HOLD operation is executed with the HOLD pin input being high, the
HOLD operation does not start but the clear sequence (warm-up) sets in immediately. Therefore, to
start the HOLD operation in the level-sensitive mode, that the HOLD pin input is low (the HOLD
operation request) must be recognized in program. This recognition is one of the two ways below:
@ Testing HOLD (bit 0 of the status register)
@ Applying the HOLD pin input also to the INTT pin to generate the external interrupt 1
request.
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Example: To test HOLD to start the HOLD operation in the level-sensitive release mode (the
warm-up time = 214/fc).

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

\ I
HOLD pin \

7

N A
EYENERVEN

. 1
Normal operation HOLD operation Warm-up —>}<—— Normal operation
By using the program, enter The HOLD operating mode or released by
the HOLD operating mode hardware.
after detected the HOLD ( The HOLD operating mode always released)
pinislow level. when the HOLD pin'is high level.

Figure 2-22. Level-sensitive release mode
b. Edge-sensitive release mode
In this mode, the HOLD operation is released at the rising edge of the HOLD pin input. This mode is
used for applications in which a relatively short time program processing is repeated at a certain
cycle. This cyclicsignal (for example, the clock supplied from the low power dissipation oscillator).
In the edge-sensitive release mode, even if the HOLD pin input is high, the HOLD operation is

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

((
77

I
HOLD pin \

o

Nl
DAV

XOUT pin | | u
1

HOLD i sl Normal

Normal operation b operation ——1< Warm-up > operatlon/ HOLD operation
Enter the HOLD L \ /

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

Figure 2-23. Edge-sensitive release mode

Note: Inthe 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. In the
CMOS circuitry, little current flows when the input level is stable at the power voltage level
(Vpp/Vss); however, when the input level gets higher than the power voltage level (by
approximately 0.3 to 0.5 V), a current begins to flow. Therefore, if cutting off the output
transistor at an I/O port (the open drain output pin with an input transistor connected) puts
the pin signal into the high-impedance state, a current flow across the ports input
transistor, requiring to fix the level by pull-up or other means.
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(2) Releasesthe HOLD operating mode

The HOLD operating mode is released in the following sequence:

® The high-freg. oscillator starts.

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

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

from the reset state “0".

The warm-up time is obtained by dividing the basic clock by the interval timer, so that, if
the frequency at clearing the HOLD operation is unstable, the warm-up time shown in
Figure 2-21 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 hold voltage, the following points must be

considerred:

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

2.8 Interrupt Function
(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 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 occurs simultaneously, the one with the highest priority determined by hardware is
serviced first.
Table 2-2. Interruptsources
Sources Priority Interrupt conPdei:ic:)nr:z by Entry
latch program address
External | External interrupt 1 (INT1) (Highrank) 1 ILs EIF=1 0002y
Serial interface interrupt (IS10) 2 ILg EIF=1,EIR3=1 00044
Internal Timer/Counter 1 overflow interrupt (IOVF1) 3 IL3 EIF=1,EIRy=1 0006y
Timer/Counter 2 overflow interrupt (IOVF2) 4 1L, EIF=1, EIR; =1 0008y
Interval timer interrupt (ITMR) 5 ILq 000AH
External | Externalinterrupt2 (INT2) (Lowrank) 6 ILy EIF=1,EIRp=1 000CH
4-60-22 2000-10-19



TOSHIBA TMP47C660A/860A

Interrupt latch
INT1 D S ,.Q >
T —
ISIO S Q [ O
| ILg
D:F[> R Priority
S Encoder
OV O 2 [T —
R & Address
IOVF2 ] 5.0 — ) 7 >
2
= s
address
[——
ITMR D > ||_1Q >—D"Generator
:|—)> R Interrupt
—_— request
INT2 >S
b Y o [T
l’ :I'[> R
BRHRA —
> EIR3 | EIR; | EIR; [EIRg |
EICLR IL,r [XCH A, EIR] Interrupt See Q
DICLR IL,r [> enable R
CLIR  ILr register
B | Accumulator | [enr;[aeg:pt
[EICLR IL,r] master F/F
[DICLR IL, 1]
System reset

Figure 2-24. Interrupt controller block diagram

a. 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
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 isinitialized to 0" during reset.

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

¢. Interrupt latches (IL)
An interrupt latch is provided for each interrupt source. It is setto “1” when an interrupt request is
made to ask the CPU for accepting the interrupt. Each latch is cleared to “0”upon acceptance of the
interrupt. Itisinitialized to “0” during the reset.
The interrupt latches can be cleared independently by interrupt latch operation instructions ([EICLR
IL,r], [DICLR 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
ILis held. Note that the interrupt latches cannot be set by instruction.

n1 "

by the execution of the
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Example 1: To enable IOVF1, INT1, and INT2
LD A, #0101B ; EIR«<0101p
XCH A, EIR
EICLR IL, 111111B ; EIFe1
Example 2: To set the EIF to “1" and to clear the interrupt latches except ISIO to “0”.
EICLR IL, 010000B ; EIFe<1, ILs <0, IL3-ILg«<0

(2) Interrupt processing
An interrupt request is held until the interrupt is accepted or the IL is cleared by reset or the interrupt
latch operation instruction. The interrupt acknowledge processing is performed in 2 instruction
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 statusflagissetto "1".
@ TheEIFis cleared to “0”, temporarily disabling the acceptance of subsequent interrupts.
® The IL for the accepted interrupt source is cleared to “0”.
® The instruction stored at the interrupt entry address is executed. (Generally, in the program
memory space at the interrupt entry address, the branch instruction to each interrupt
processing program is stored. Note that the interrupt entry address is assigned every 2-byte,
so that the long branch instruction can not be stored in the program normally. The
interrupt service program is assigned to the memory locations 0000y through OFFFy.)

To perform the multi-interrupt, 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 became 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 disabled switch of interrupt service).

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

SINT1:

4-60-24 2000-10-19



TOSHIBA TMP47C660A/860A

one instruction cycle

INT2 \\
\

ITMR

w Y 7 E\—
IF /b <

Interrupt Ilnstruction l IExecute Interrupt Instruction I
acceptance exec. (000A) _I_[ELCR IL, r] | acceptance | exec. (000C,)

Note 1:  Itis assumed that there is no other interrupt request and EIR =00115.
Note2: Thevaluerinthe [EICLR IL, r] instruction is assumedas 11111p.

Note 3: : - :denotes the execution of an instruction.

Figure 2-25. Interrupt timing chart (Example)

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

Note: When the time required for the interrupt service is longer 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 other registers (H or L register, DMB, DC, etc.) are not. If it is necessary to save or
restore them, it must be performed by program as follows for example. To perform the multi-
interrupt, the saving RAM area never be overlapped.

Example 1: To save/restore accumlator and HL register pair.
XCH HL, GSAV1 ; RAMI[GSAV1] « HL
XCH A, GSAV1+2; RAM[GSAV1 +2] & Acc

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

Example 2: To save DMB to bit 0 of address GSAV3 in the RAM.
CLR GSAV3, 0 ; RAM[GSAV3] g« 0
TEST DMB ; If DMB =0 then skip
B SKIPS
SET GSAV3, 0 ; RAM[GSAV3] g« 1
SKIPS:

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

CLR DMB ; DMB«0

TEST  GSAV3, 0 ; If RAM [GSAV3] ¢ = 0 then skip
B SKIPR

SET DMB ; DMB «1

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

2.9 Reset Function

When the RESET pin is held to the low level for at 3 or 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 000.

The RESET pin is a hysteresis input with a pull-up resistor (220
kQ typ.). Externally attaching a capacitor and a diode

implement a simplified power-on-reset. Figure 2-26. ?érsneglgirtcegigower-on-

Table 2-3. Initialization of internal states by reset action

On-chip hardware Initial value On-chip hardware Initial value
Program counter Interval timer “0"
Status flag Output latch Refe to “I/0
Data memory bank selector (I/0 port or output ports) circuitry”
Interrupt enable master flip-floj Refer to the
/nterrupt enab’e master 1 ptop LER L description of
Interrupt enable register Command register eachrelative
........................................................................ Command
Interrupt latch “0" register.
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291 Warm-start
The warm-start capacibility to hold the data memory contents in the reset operation is not supported by

hardware. However, it can be implemented by the following measures:
® Back up the voltage to be supplied to VDD pin.

@ Apply to the HOLD pin the waveform synchronized with the power voltage variation.

@ Setthe HOLD operating mode during the power is off.

@ Perform reset by using the output port of sink open drain (initial “Hi-Z") after relesing

HOLD operation.

® Apply to an input port the power-on detect signal, and skip the initialize routines such as
clearing RAM.
Figure 2-27 shows Warm-start Circuit Example

Reset signal

Power on
detection
signal

)

>—

r

INPUT
PORT

VSS

XIN

XOouTt

Figure 2-27. Warm-start circuit example
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3. Peripheral Hardware Function

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

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

@ 1/0 port ; Data transfer with external circuit

@ Command register ; Control of internal circuit

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

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

| Istinstruction cycle ;_ 2stinstructioncycle |
I T 1

S1__S2 S3 s4 S1 s2 S3 s4 -
1 T 1 1 T 1 T 1
| | | IN/TEST/TESTPipstruction , | |

Instruction
execution cycle -

Input strobe I I
I >

Figure 3-1. Inputtiming

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

the output instruction (2-cycle instruction) execution.

| Istinstruction cycle | 2stinstruction cycle
I I 1

S1_S2 S3 s4 S1 S2 S3 sS4 -
1 1 1 1 I 1 1 1
| | ouT/ouUTB/SET/CLRinstryction, | |

Instruction
execution cycle -

Output latch pulse I I
Port ) G

Figure 3-2. Outputtiming
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3.1.2 /O Ports
TMP47C660A/860A have 15 1/0 ports (56 pins) each as follows:

® Ko ; 4-bitinput

@ PO,P1,P2,P3 ; 4-bitoutput

@ R4, R5 ;  4-bitinput/output (shared with AD converter analog inputs)

@ R6 ;  4-bitinput/output

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

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

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

® RA, RB, RC ; 4-bitinput/output

® KE ;  1-bit sense input (shared with hold request/release signal input)

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

(1) Port K0 (KO3 to KOO)
Port KO is a 4-bit input-only port. A pull-up or pull-down resistor can be contained by the mask

option.
Port KO (Port address:  1P0O0) IN/TEST/TESTP
3 2 1 0 ),‘
k3 | ko2 | ko1 | koo ] Data input <} [Jen

Figure 3-3. PortKO

(2) Ports PO (P03 to P00) and P3 (P33 to P30)
Ports PO and P3 are 4-bit output ports with latch. The latch is initialized to “0” during reset. When
an input instruction is executed, the latch data are read as the port P3 but the port PO.

Port PO (Port address: OPOQO0) Port P3 (Port address: OP03/1P03)
3 2 1 0 3 2 1 0
P03 P02 PO1 Poo | | 33 P32 P31 P30
IN/TEST/TESTP/SET/CLR
Input data
Output data @ D D PIN Outputdata —| LATCH I - D D PIN
(a) PortPO (b) PortP3

Figure 3-4. Ports PO, P3
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(3) PortsP1(P13to P10) and P2 (P23 to P20)
Ports P1 and P2 are 4-bit high current output ports which can directly drive LEDs, with 4-bit latches.
When an input instruction is executed, the latch data is read in these ports. The latch is initialized to
"1" during reset. They can be accessed separately at port addresses OP01/IP01 and OP02/IP02.
Additionally,8-bit data can be set to these ports (the upper 4 bits to port P2, the lower 4 bits to port
P1) by using the 5-bit to 8-bit data conversion instruction [OUTB @HL].

Example 1: To output immediate value “5" to port P1.
out #5, %0P01 ; Port Pl¢h

Example 2: To read the latch data from port P2 to store it in the accumulator
IN %IP02, A ; Acc¢Port P2

Example 3: To read, from ROM, the 8-bit data corresponding to the 5 bits obtained by linking the
content (1 bit) of the carry flag with the contents (4 bits) of at address 904 in RAM to
output the 8-bit data to ports P2 and P1.

LD HL, #90H ; HL<90y (Setsthe RAM address)
ouTB @HL ; Port P2, P1<ROM data
Port P2 (Port address: OP02/1P02) Port P1 (Port address: OP01/1P01)
3 2 1 0 3 2 1 0
[ p23 [ P2 | P21 | P2 [ p3 [ P12 P11 | P10
IN/TEST/TESTP/SET/CLR
Datainput

Data output II LATCH | . {>—D PIN

Figure 3-5. PortsP1, P2

(4) Ports R4 (R43 to R40), R5 (R53 to R50), R6 (R63 to R60), R7 (R73 to R70)
These ports are 4-bit I/O ports with a latch. When used as an input port, the latch must be setto “1".
The latch is initialized to “1” during reset.
These 4 ports (16 pins) can be set,cleared, and tested for each bit as specified by L register indirect
addressing bit manipulation instructions [SET @L], [CLR @L], and [TEST @L]. Table 3-2 lists the pins
(/0 ports) that correspond to the L register contents.

Example: To clear R43 pin as specified by the L register indirect addressing bit manipulation

instruction.
LD L, #0011B ; Set R43 pin address to L register
CLR eL ; R43«0

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

- Ig.r:g:;éis:eré - Pin - Ié_rzegéis’:eri - Pin - Ié_rzc-zggisi;eré - Pin - Ig_rzegéisf:eré - Pin
0 0 0 O R40 0 1 0 O R50 1 0 0 O R60 1 1 0 0 R70
0 0 0 1 R41 0o 1 0 1 R51 1 0 0 1 R61 1 1.0 1 R71
0 0 1 O R42 o 1 1 0 R52 1 0o 1 0 R62 1 11 0 R72
0o 0 1 1 R43 o 1 1 1 R53 1 o 1 1 R63 1 1T 1 1 R73
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a. Ports R4 (R43 to R40) and R5 (R53 to R50)
Ports R4 and R5 are 4-bit I/0 ports with latch shared by the analog inputs for AD converter. When
used as an input ports or analog inputs, the latch should be setto “1”.
If other port is used as an output, be careful not to execute the output instruction for any port
during AD conversion in order to keep accuracy of conversion.
The latch is initialized to “1” and analog input is selected R40 (AINO) pin during reset.

Port R5 (Port address: QP05 /IP05) )
Analog input selector

3 2 1 0
R53 R52 R51 R50 Analog input
(AIN7) (AING) (AIN5) (AIN4) IN/TEST/TESTP
PortR4  (Portaddress: OP04/1P04) Input data
SET/CLR
3 2 1 0
R43 R42 R41 R40
; ™~ PIN
(AIN3) | (AIN2) | (AIN1) | (AINO) Output data LATCH -

Figure 3-6. Ports R4, R5

b. Port R6 is 4-bit I/0 port with a latch. When used as an input, the latch must be setto “1”. The latch
isinitialized to “1" during reset.

IN/TEST/TESTP
Data input SET/CLR
Port R6 (Port address: OP06/1P06)
3 2 ! 0 Data output LATCH - PIN

[ re3 | re2 | Rret | Rre0 |

Figure 3-7. PortR6
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¢. Port R7 is shared by the low-frequency resonator connection pins (XTIN, XTOUT) and the watchdog
timer output pin (WTO). For the dual-clock mode operation, the low-frequency resonator
(32.768kHz) is connected to R72 (XTIN) and R73 (XTOUT) pins. For the single-clock mode operation,
R72 and R73 pins are used for the ordinary I/0 ports. When the watchdog timer is used, R71 (WTO)
becomes the watchdog timer output pin. The watchdog timer output is the logical AND output
with the port R71 output latch. To use the R71 pin for an ordinary I/O port, the watchdog timer
must be disabled (with the watchdog timer output setto “1").

IN/TEST/TESTP
SET/CLR L
|
N
Data input :]—I
Data output —>@ ‘ D D R70
“1
N
Data input :IA—L
Data output "-C)—[>—|:| R71 (WTO)
Watchdog
timer output :II
Data input <—l—<:]-|
Data output @ . ™> [ Jr72 (xTin
Port R7 (Port address: OPO07/1P07) \/‘ A
4
~
3 2 ! 0 Data input Ris
R73 R72 R71 R70
(XTOUT) | (XTIN) | (WTO) Data output —»@ . L [Jr73 (xToum
Clock mode [>0-

("1 in the single-clock mode)

Figure 3-8. PortR7

(5) PortR8 (R83to 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 by the external interrupt request input pin
and the timer/counter input pin. To use this port for one of these functional pins, the latch should be
setto “1”. To use it for an ordinary I/O port, the acceptance of external interrupt must be disabled or
the event counter/pulse width measurement modes of the timer/counter must be disabled.

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

With R80 (INT2) pin, external interrupt 2 occurs like R82 but bit 0 of the interrupt
enable register is only kept at “0”, not accepting the interrupt request.
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Control input <|I

IN/TEST/TESTP
Port R8 (Port address: OP08/1P08)
Datainput
3 2 1 0 SET{CLR
R83 R82 R81 R80
(T1) INTT) (T2) INT2 .
( (INT2) Data output LATCH y {>__D PIN

Figure 3-9. PortR8
(6) PortR9 (R92 to R90)

Port R9 is a 3-bit I/0 port with latch . When used as an input, the latch must be setto “1”. The latch is
initialized 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 port must be disabled. Although R93 pin does not exist actually, execution of the

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

Control input <}

IN/TEST/TESTP

Port R9 (Port address: OP09/IP09)

3 2 1 0
R92 R91 R90

: (5CK) (50) (sl)

................... Data output

Control output

Figure 3-10. PortR9

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

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

SWAIT: TEST %IPOE, 0 ; Waitsif KEO pin = "L".
B SWAIT
Port KE (Port address:  IPOE) Control input <II
3 2 1 0
e s et e IN/TEST/TESTP
(SIOF) (SEF) (SMF) KEO
: : (HOLD) Data input D PIN

Figure 3-11. Port KE
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(8) PortsRA (RA3 to RAD), RB (RB3 to RB0O), RC (RC3 to RCO)
These ports are 4-bit /0 ports with latch. The latch is initialized to “1” during reset.
When used as input port, the latch should be setto “1”.

IN/TEST/TESTP
R*port (Port address: OPO* /IP0*)
Input data
3 2 1 0 SET/CLR
R#3 R*2 R*1 R*0 J\/]—l
* 1 A By G Outputdata —>|LATCH | |'> ! D PIN

Figure 3-12. Ports RA, RB, RC

3.2 Interval Timer

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

Interval timer interrupt control command register
(Port address: OP19)

3 2 1 0
| TMRE | TMRF | onitial value: 0000)
TMRE |Interrupt Enable/ Disable | TMRF |Interruptfrequency
00: Stopped 00: fc2'' or fs2* [Hz]
01: Enable 01: fe2'3 or fs28
1%: Reserved 10: fc2' or fs28

[11: fc2"7 or f52'0

Note 1: *; Don’t care

Note 2: fc; High-frequency clock [Hz],
fs,; Low-frequency clock [Hz]
(a) Command register
Normal - 2 fc=4.194304 MHz
TMRF N -1 LOW !
orma SLCK =0 (f27) | SLCK = 1 (fs) 5L0 fs = 32.768 kHz
00 fe2'' [Hz] fs/2*  [Hz] _ Reserved 2048 [Hz]

(b) Example of interrupt frequency

Figure 3-13. Interval timer interrupt command register
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3.3 Timer/Counters (TC1, TC2)
The TMP47C660A/860A contains two 12-bit timer/counters. RAM addresses are assigned to the count
register in unit of 4 bits, permitting the initial value setting and counter reading through the RAM
mauipulation instruction.
When the timer/counter is not used, the mode selection may be set to “stopped” to use the RAM at the
address corresponding to the timer/counter for storing the ordinary use-processed data.

MSB LSB MSB LSB
Timer/Counter1 (TC1) Timer/Counter2 (TC2)
TCly | TCIw | TC1 TC2y | T2y | TC2
RAM address (Fép) (F5p) (F4y) RAM address (FAR) (F9y) (F8y)
(Bank 0) (Bank 0)

Figure3-14. The count registers of the timer/counters (TC1, TC2)

3.3.1  Functions of timer/counters
The timer/counters provide the following functions:
@ Event counter
@ Programmable timer
@ Pulse width measurement
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3.3.2 Control of timer/counters
The timer/counters are controlled by the command registers. The command register is accessed as port
address OP1C for timer/counter 1, and port address OP1D for timer/counter 2. These registers are
initialized to 0" during reset.

Timer/counter 1 control command register Timer/counter 2 control command register
(Port address: OP1C) (Initial value: 0000) (Port address: OP1D) (Initial value:  0000)
3 2 1 0 3 2 1 0
| TC1IMS | IPRI1 | TCZI{/IS | IPlIQZ
TC1MS |Modeselect | TC2MS |Modese|ect |
00: Stopped 00: Stopped
01: Eventcounter mode 01: Event counter mode
10: Timer mode 10: Timer mode
11:  Pulse width measurement 11: Pulse width measurement mode
IPR1 [ Internal pulse rate (interval timer output) select IPR2 | Internal pulse rate (interval timer output) select
00: fc/2®  or /2% [Hz] 00: fc/2'0 or /23 [Hz]
01: f2® or fs2 01: fa2' or fs27
10: fc2' or 523 10: fc/2'® or fs2"'
1: f2" or fs27 1: f222 or f52'°
- - Note: fc; High-frequency clock [Hz]
(a) Command Register fs; Low-frequency clock [Hz]
Normal - 2
Normal - 1 SLCK = 0 (fa2)) SLCK = 1(fs) SLOW (fc = 4.194304 MHz, fs =32.768 kHz)
................... fo2 | [Hzl | fd2® [Hzl | Reserved | 21%c . (0.0625)
................... f2% L2 L 22 or 2 (025)
................... f20 o L0022 or 2 ()
................... fi2 o L0222 or 2% 18)
................... fr21® o 2Rl |2 or 2% (256)
fc/2%2 f5/215 f5/213 23%fc  or  2%7/fs  (4096)

(b) Internal Pulse Rate Selection

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

instruction cycle

Count pulse | |
Count request D | ]

Detection of overflow 1
Occurence of IOVF \\| ]
interrupt s et R e——>h——-——-- »} € mmmm e
= Count Execution of Interrupt acceptance i Execution of
Execution of instruction cycle instruction  processing instruction

Figure 3-16. Timer/Counter overflow interrupt timing

(1) Eventcounter mode

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

Example: To operate TC2 in the event counter mode.

LD A,#0100B ; OP1D <« 01x*p

ouTt A,%0P1D
External input (T1, T2 pin) I I I I I |
Count register n X n+1 X n+2 X n+3

Figure 3-17. Event counter mode timing chart

(2) Timer mode
In the timer mode, the timer/counter increments at the rising edge of the internal pulse generated
from the interval timer. One of 4 internal pulse rates can be selected by the command register.
The selected rate can be initially set to the timer/counter to generate an overflow interrupt in
order to crerate a desired time interval.
When an internal pulse rate of f¢/210 is used, a count operation is inserted once every 128
instruction cycles, so that the apparent instruction execution speed drops by (1/127) x 100 =
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0.8%. For example, the instruction execution speed of 2 us drops to 2.016 xs. In the timer mode,
R83 (T1) and R81 (T2) pins provide the ordinary I/O ports.

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

LD HL,#0F4H ;  TC1« E794 (Setting of count register)
ST #9,QHL+
ST #7 ,GHL+
ST #0EH, GHL+
LD A,#1010B ;. OP1C « 10105 (Timer mode rate fc/210)
out A,%0P1C
LD A,#0100B ;  EIR<«0100g (Enablesinterrupt)
XCH A,EIR
EICLR IL,110111B 7 EIFe1,I1l3<0
Internal pulse _I_I_I_I_I_l_
Count register n X n+1 X n+2 X n+3

Figure 3-18. Timer mode timing chart

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

1+ { (basical clock freq.) /8 —11)(100[%]
" | (internai puise rate) J o

* Calculating the initial value of the count register
212 - (interrupt setting time) x (internal pulse rate)
For example, to generate an overflow interrupt after 100 ms at fc =4 MHz with the internal
pulse rate of f¢/210, set the following value to the count register as the initial value:
212-(100x10-3) x (4x106/210) =3705(E79n)

(3) Pulse width measurement mode
In the pulse width measurement mode, the timer/counter increments with the pulse obtained by
sampling the external pins (T1,T2) by the internal pulse. As shown in Figure 3-19, the
timer/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 by
program. Normally, a frequency sufficifient slower than the internal pulse ratesetting is applied to
the external pin.

External input I I
Internal pulse ] | | | | | [ | [ | [ |

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

Figure 3-19. 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 like, and restore the CPU to the normal state.
The watchdog timer output appears on R71 (WTO) pin as the malfunction detect signal. To use the WDT,
the output latch of R71 must be setto “1” (during reset, it issetto “1”). Note that, the WDT is disabled
during reset. Connecting the WTO pin and the RESET pin resets malfunction.

3.4.1 Configuration of watchdog timer
The WDT consists of 10 binary counters, a flip-flop, and a controller. Source input clock of binary
counters is f¢/27[Hz] or fs[Hz]. Figure 3-21 (b) shows watchdog timing detection time and operating
mode (detection time of watchdog timer).
The flip-flop is set to “1” during reset, and cleared to “0” on the rising edge of the binary counter output.

Binary counter CPU reset

:
1
1
i External circuit (example)
112|3|4|5|6|7([8|9]10 1
F/F !
s Q i
i
1
1
1

R
Controller J
Clear

request
OP15 OP07 % ;
<1 1

Malfunction
detection signal

R71(WTO)

! Command register ! ! R7 output latch !
1 1 1 1 1 1
/27 [Hz] 3 2 1 0 3 2 1 0 1 Simplified
or RESET ! power-on-reset
fs [Hz] !

Figure 3-20. Configuration of watchdog timer

3.42 Control of watchdog timer
The WDT is controlled by the command register (OP15). The command register is initialized to “1000g"
during reset.

To detect the CPU malfunction by the WDT:

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

@ Enable the WDT.

@ Clear the binary counters within WDT detection time that was set in @. If a CPU
malfunction occurs, preventing the binary counters from being cleared, the flip-flop is
clearred to “0” on the rising edge of the binary counter output, making the malfunction
detection signal active. If the output latch of R71 is “1” at this time, the WTO output goes
low.
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Example: To enable the with detection time of 63 x 215/fc [s]

LD A, #0010B ; OP15«0010g (Set WDT detection time, clear
ouT A, %OP15 binary counters)
LD A, #0110B ; OP15«0110g (Enable WDT)
ouT A, %O0P15
Within WDT detection timer
LD A, #0110B ; OP15«0110g (Clear binary counters)

ouTt A, %OP15

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

Watchdog timer control command register (Port address: OP15)

3 2 1 0
| vt | et | ™WT (Initial value: 1000)
Clears Binary counter | Set Watchdog timer detection time
0: Binary counter cleared Example: At fc=4.19 MHz
(after clear, it is automatically set to “1")
00: 3x215/c[s] e 23 [ms]
: 15/fc  eeeenes
Watchdog timer enable/disable | ot: 15% 215/c "7
- 10: 63 x215/fc e 493
0: Disable
11: 511x215/fc = eeeeees 3996
1: Enable -

Note: fc,; High-frequency clock [Hz]
fs ; Low-frequency clock [Hz]

(a) Commmand Register

Normal 2 —

TWT | Normal G 0 (Ga2?) | SLeK=1(fs) SLtow :; ek
00 3x2%c 18] 3x2%Ms I8 | 234Ims]
...... or  |oasx2We o Msx2¥As o7
...... 10 N8x8 28 ez

1 511 x 2"%/f¢ 511 x 28 /fs 3992

(b) Watchdog Timing detection time

Figure3-21. Watchdog timer control command register
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3.5 Remote Control Pulse Detector
The remote control pulse detector counts the edge-to-edge time of the input pulse and generates an
interrupt request each time that the switching edge of an input pulse is detected. Remote control signal
waveform which has been rectified by the receiver is inputed to the R80 (INT2) pin.

3.5.1 Circuit configuration

3 2 0 3 2 1 0 3. 2 1 0
| Command Register | | Count Value | | Offset Value |
OPOE

{} IPOD | | OPOD

| | Overfiow
iL l’ Detector

T T T T T T T Count
INT2 n ircuit Pr te Cyc 28/fc
CO trOI Clr 1 8'b|t eset cOUn r Selsécltor /
——

7 6 5 4 3 2 1 0 27/fc
l«——

REMO-CON Interrupt

Interrupt
INT2 Interrupt Source Interrupt Request
Selector

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

REMO-CON pulse detector command register
(Port address: OPOE)

3 2 1 0
[ em | epce k32 | ED | (nitial value: 0000)
ERM | Select of interrupt request | CK32 [ Counter clock cycle
0: INT2 Interrupt (Trailing edge) . Example: At fc=4.19 MHz
. ) . [Hz] «eeee
1:  REMO-CON Interrupt (Swithching edge) 0: 2%fcltiz 64 Ll
= 10 27 e 32

EDGE | Select of edge for interrupt | —

ELD |Load of offset value

0: Attrailing edge
1: Enable (Cleares after loading)

1: Atleading edge

Note: EDGE, CK32, ELD is
available when ERM =1

Figure 3-23. Command register

(1) 8-bit preset counter
This a binary counter which counts the time from edge to next edgd. A value of offset value
register (OPOD) are loaded to the lower 4 bits and the value of the upper 4 bits are stored to the
count value register (IPOD).

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

Count value is stored in the following cases:
@® When the upper 4 bitsare all “1111g".
@ When interrupt request occurs.
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(2) Reference time and detection time
The reference time must be created before measuring the pulse width of the remote control signal
waveform. Reference time is set the value shown in Table 3-5. by the count cycle of the preset
counter selected with the OPOE and the offset value set to the OPOD. Therefore, the product of
the reference time and the count value read from the IPOD becomes the detecion time.
However, a worst error of the detection time is equivalent to reference time.

Table 3-3. Setvalue of reference time

Count clock cycle Offset value (HEX) Refﬁfgfﬁg;“
27/fc [s] OtoF (211 = nx 27)/fc [s]
28/fc OtoF (212 - nx 28)/fc

(3) Remote control pulse detector operation
First, set the offset value for creating the reference time to the OPOD. The offset value is loaded to
the lower 4 bits of preset counter by setting ELD to “1”. ERM can also be set to “1” at the same
time. Setting ERM starts counting. ELD is cleared after loading but it is automatically loaded
during the count by an overflow of the lower 4 bits.
After storing the count value in the IPOD by detecting the switching edge (leading/trailing) of the
input pulse, the preset counter again loads the offset value to the lower 4 bits, clears to “0” the
upper 4 bits and restarts counting.
An interrupt request is generated at this time. Therefore, read the count value in the interrupt
service routine. The nextinterrupt is disabled until the stored count value is read. Switching edges
can select in one by one using EDGE.
If the upper 4 bits of counter becomes “1111g" before the next edge is accepted, it is judgeg to be
an overflow and the interrupt is generated.
In this case, IPOD is set to “Fy" and it can be identified to be the overflow interruption. The input
pulse width of both “H" and “L" levels must be more than 192/fc [s]. If any shorter pulse than
192/fc [s] may be expected, put the dummy instruction [IN %IPOD, A] reading out from count
value register in the main routine.
Even if ERM is “0”, when an INT2 interrupt source is enabled (determined by EIF, EIR), an interrupt
request is generated by a falling edge of input pulse.
Figure3-24. shows the operation timing the remoto control pulse detector.

ERM
EDGE |

REMO-CON

Waveform j —|—T —l—

{ﬁf* load of offset value ) load of offset
] J value

\
j/ X //
Program
read of count value —}/ read of count value —/

Count
Operation

ST

(

Count Value

Figure 3-24. Timing chart
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To store a count value to
RAM [10y4] that pulse
width of input pulse is
measured.

Example:

Main Routine

OuT  #5, %OPOD
OUT  #0FH, %OPOE
CLR 0, 0

LD A, #0001B
XCH A, EIR

EICLR IL, #111110B

INT2 service routine

TEST 0, O
B STO
LD HL, #10H
IN %IPOD, @HL
CLR 0, 0
OUT  #0EH, %OPOE
B SEND
STO: SET 0, 0
OUT  #0AH, %OPOE
IN %IPOD, A
SEND:

12

12

12

I

12

Pulse
width

Offset value register set to “5”.

Interrupt enable with setting count cycle to 32 us,
leading edge detection mode.

Clear to RAM [004] ¢ as interrupt status flag.
Interrupt enable

Skip, if interrupt status flag is “0”.

HL « 10H

RAM [104] « Count value

Clearing interrupt status flag.

Set to leading edge detection mode.

Setting interrupt status flag.
Set to trailing edge detection mode.
Dummy

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

[10H] is “9".

When the clock frequency is 32 s (fc =4.19 MHz) and the offset value is “5", the reference

time will be as follows:

(211 = 5% 27)/fc =336 [us]
Thus, the detection time (pulse width) will be 336 x9 =3.02 [ms]
(including an error of 336 s max.)
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3.6 AD Converter
TMP47C660A/860A have a 8-bit successive approximate type AD converter and is capable of processing 8
analog inputs.

3.6.1 Circuit configuration

VAREF D Ladder Resistor
VASS D Tap Decoder

Reference voltage
amo [ —

i Comparator

]

i A;zglftg Sample

' & Hold : . N
: Multiplexer Successive Approximate Circuit
1

1

AIN7 I__I_I—
P13

Control Circuit
OP12 OP13

P12
gl | L [aos]lrocr] .0 [ ADConvertedvalue Regiter
3 2 1 0 3 2 1 €@ 3 2 1 0 7 6 5 4 3 2 1 0

Figure 3-25. Block diagram of AD converter

3.6.2 Control of AD converter
The operation of AD converter is controlled by a command. The command register is accessed as port
addresses OP12 and OP13.

(1) Analoginputselector (OP12)
Analog inputs (AINO through AIN7) are selected by this register.

Analog input select command register
(Port address: OP12)

3 2 1 0
| SAIN | onitial value: ~ 0000)

SAIN | Analog input selection |

0000: R40 (AINO)
0001: R41(AIN1)
0010: R42(AIN2)
0011: R43 (AIN3)
0100: R50 (AIN4)
0101: R51 (AIN5)
0110: R52 (AING)
0111: R53(AIN7)

1xx%:  Analoginputis not selected.

Note: * ; Don’tcare

Figure 3-26. Analog input selector
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(2) Start of AD conversion (OP13)
AD conversion is started when ADS is set to “1”. After the conversion is started, ADS is cleared by
hardware. If the restart is requested during the conversion, the conversion is started again at the
time.
A also, analog input voltage is hold by the sample hole circuit.

AD conversion start command register
(Port address: OP13)

ADS (Initial value: 0000)

ADS [ AD conversion enable |

1: AD conversion is started (clears after starting)

Figure 3-27. AD conversion start register

(3) AD converter status register AD converter end frag (IPB)
End of conversion flag (EOCF) is a single bit flag showing the end of conversion and is set to “1”
when conversion ended. When both upper 4 bits and lower 4 bits of a converted value are read or
AD conversion is started, EOCF is cleared to “0”.

AD converter status register
(Port address: IP13)

EOCF | End of conversion flag

0: Under AD conversion or before AD conversion

1: End of AD conversion

Figure 3-28. AD converter status register

(4) AD converted value register (IP12)
An AD converted value is read by accessing port address IP12. An AD converted value is read by
splitting into upper 4 bits and lower 4 bits by a value of LR (LSB of the L registers).

AD converted value register
(Port address: IP12)

3 2 1 0
| D3 | D2 | D1 | DO |
[ o7 | o6 | o5 | o4 |

D7 to D0| Reding of an AD conversion |

When LRg = 0, lower 4 bits of the converted value is read.

When LRg = 1, upper 4 bits of the converted value is read.

Figure 3-29. AD converted value register
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3.6.3 Howto use AD converter

Apply positive of analog reference voltage to the VAREF pin and negative to the VASS pin. The AD

conversion is carried out by splitting reference voltage between VAREF and VASS to bit corresponding

voltage by a ladder resistor and making a judgement by comparing it with analog input voltage.

(1) Start of AD conversion

Prior to conversion, select one of the analog input AINO througn AIN7 by the analog input selector.
Place output of the analog input, which is to be AD converted, in the high impedance state by
setting “1”. If other port is used as an output port, be careful not to execute the output instruction
for any port during conversion in order to keep accuracy of conversion.
AD conversion is started by setting ADS (bit1 of the AD conversion start register). When conversion
ends after 24 instruction cycles, EOCF showing the end of conversion issetto “1”.
Also, analog input voltage is sampled during the following 2 instruction cycles after setting ADS.

Note: Thesample and hold circuit has capacitor (CA = 12 pF typ.) with resistor (RA =5 kQ typ.).
See /O circuitry table. This capacitor should be charged or discharged within 2 instruction
cycles.

(2) Reading of an AD converted value
After the end of conversion, read an AD converted value is read by splitting into lower 4 bits and
upper 4 bits by the AD converted value register (IP12). Lower 4 bits of the AD converted value can be
read when LRg = 0 and upper 4 bits when LRy = 1. Usually an AD converted value is stored in RAM
by an instruction [IN %p, @HL]. Further, if an AD converted value is read during conversion, it
becomes an indefinite value.

(3) AD conversion with HOLD operation
When the HOLD operation is started during the conversion, the conversion is terminated and an AD
converted value becomes indefinite. Therefore, EOCF is kept clear to "0" after release from the
HOLD operation. However, if the HOLD operation is started after the end of conversion (after EOCF
has been set), AD converted value and status of EOCF are held.

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

LD A, #4H ; Selecting analog input (AIN4)
ouT A, %0P12
LD A, #1H ; Start of AD conversion
ouT A, %0P13
SLOOP: IN %IP13, A ; To wait until EOCF goesto “1"
TEST A, 3
B SLOOP
LD HL, #10H ; HL< 104
IN %IP12, GHL : RAM [104] « Lower 4 bits
INC L ; Increment of L registers
IN %IP12, GHL ; RAM [114] « Upper 4 bits
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3.7 Serial Interface (SI0)
The TMP47C660A/860A have a serial interface with an 8-bit buffer. 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 set to “1”. In the transmit mode, R90
pin provides the I/O port; in the receive mode, R91 pin provides the I/O port.

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

2nd access 1st accesss Transmit mode: OPOF

3 2 1 0 3 2 1 0 @ Receive mode: IPOF

T T T T T T
Command register 1 ||C0mmandreg|ster2 | 7

0
OP1E OP1F T
3 2 1__0_ | 'Serial buffer |
Status T 1 :
I 1 | S 1 I
IPOE :
1
1
1 2 1 |
: Serial data

’->| Shift reglster ’_> Shift reglster |_)D O output
1 |

in 8-bit mode in 4-bit mode .
E S| Serial data
| input

1
l Serial clock [:I sc  Serial data
Interrupt request /0

(Buffer full or Buffer empty)

Controller (Shift counter)

Figure 3-30. Configuration of serial interface

3.7.2 Control of serial interface
The serial interface is controlled by command registers1, 2 (OP1E, OP1F). The operating states of the
serial interface can be monitored by the status register (IPOE).
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Serial interface control command register 1

(Port address: OP1E) (Initial value: 0001)

3 2 1

0

| INH | SBIT CII(R

INH | Forcible stop of serial transfer |

0: Transfer continue

1: Automatically clearing after stopped

SBIT |Transferbitnumber |

0: 4-bitserial transfer

1: 8-bitserial transfer

CKR | Select serial clock frequency |

00: fc/28 [Hz]
01: fa2’

10: fo2° or fs/22

11: fg2'2  or fs25

Note 1: fc,; High-frequency clock [Hz]
fs ; Low-frequency clock [Hz]
Note 2: When setting the transfer mode,
ESIO must be "0”

Note 3: Transmit/Receive mode: Don’t care.

Transmit mode: LM =1.

Serial interface control command register 2

(Port address: OP1F) (Initial value: 0000)
3 2 1 0
| ESIO | RM LM | ECKM |

ESIO |Instructsserialtransferstart/end |

0: Instructs serial transfer end

1: Instructs serial transfer start

RM |Selecttransfermode |(Note2)

1: Receive mode

|—4 bit transfer
0:'T

—| I— 8 bit transfer —|
ransmit mode Transmit mode

LM | Select shift edge | (Note 3)

0: Shift at the trailing edge of serial clock
1: Shift at the leading edge of serial clock

ECKM |Se|ectshiftc|ock |

0: Internal clock (output to SCK pin)
1: External clock (input from SCK pin)

Normal-2 =
CKR Normal-1 I ck =0 (fr2)) | SLCK =1 (fs) SLow :=:21_3::?j|zﬂHz'
200 ) F28 2] f/2° [Hz] | Reserved | 65536 [Hz]
SRS UL SRSz SN T L2 ] 32768
....... o oo fe?® 2 812
11 fc/212 fs/23 fs/25 1024

Figure 3-31. Serial interface control command register

Serial interface status register
(Port address:  IPOE)

3 2 1

0

| SIOF | SEF | (SMF) | (HOLD) |

Monitor serial transfer operation state |

1:

0: Transferis terminated

Transfer is in progress

Monitors shift operation status |

1:

0: Shift operation is terminated

Shift operation isin progress

Figure 3-32. Serial interface status register

Transmit/Receive mode
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3.7.3

Serial clock

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

(1

(2)

3.7.4

Clock source selection
a.Internal clock
The serial clock frequency is selected by command register 1.
The serial clock is output on the SCK pin. Note that the start of transfer, the SCK pin output goes
high. This device provides the wait function in which the shift is not occurred until these
processings are completed.
The highest transfer rate based on the internal clock is 93750 bits/second (at fc =6 MHz).
b.External clock
The signal obtained by the clock supplied to the SCK pin from the outside is used for the serial
clock. In this case, the output latch of R92 (SCK) must be set to “1” beforehand. For the shift
operation to be performed correctly, each of the serial clock high and low levels needs 2
instruction cycles or more to be completed.
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.

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. I1SIO 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. I1SIO interrupt is generated every 8-
bit transfer. Transmit /receive data is written / read by accessing the buffer register (OPPOF / IPOF)
twice.

At the first access after setting transfer mode or generating the interrupt request, the write/read
operation of lower 4-bit is performed to from the buffer register. At the second access, that of
upper 4-bit is performed.
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3.7.5 Transfer modes

Selection between the transmit mode, the receive mode (at transferring 4 bit) and the transmit and

receive mode (at transferring 8 bit) is performed by RM (bit 2 of the command register 2).

(1) Transmit mode

The transmit mode is set to the command register than 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 ESIO 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 the nexttransmit data tis written o the buffer
register, the interrupt request is reset.

In the operation based on the internal clock, if no more data is set after the transmission of the 4-
bit or 8-bit data, the serial clock is stopped and the wait state sets in. In the operation based on the
external clock, the data must be set in the buffer register by the time the next data shift operation
starts. Therefore, the transfer rate is determined by the maximum delay time between the
occurrence of the interrupt request and the writing of data to the buffer register by the interrupt
serviced program.

To end transmission, ESIO is cleared to “0” instead of writing the next transmit data by the buffer
empty interrupt service program. When ESIO is cleared,transmission stops upon termination of the
currently shifted-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).

Example: To transmit (8-bit serial transfer) data stored in data memory (its address is specified by the

HL register pair and the DMB) in synchronization with the internal clock (fc/27).

LD A, #0101B ; OP1E « 0101 (Setsthe 8-bitserial transfer)
ouT A, %OP1E
LD A, #0010B ; OP1F « 0010y (Setsthe transmit mode)

out A, %OP1F
ouT @HL, %OPOF ; OPOF <« RAM [HL] (Writesthe lower 4-bit data)

INC L
ouTt @HL, %OPOF ; OPOF <« RAM [HL] (Writesthe upper 4-bit data)
LD A, #1010B ; ESIO « 1 (Instructstransmission start)

out A, %OPLF
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(b) External-clock-based operation

Figure 3-33. Transmit mode

(2) 4-bit receive mode

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

"1 "
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To end the receive operation, ESIO must be cleared to “0”. When ESIO is cleared, the
completion of the transfer of the current 4-bit data to the buffer register terminates the
receive operation. To confirm the end of the receive operation by program, SIOF (bit 3 of the
status register) must be sensed. SIOF goes "0” upon the end of receive operation.

Note: If the transfer modes are changed, the contents of the buffer register are lost.
Therefore, the modes should not be changed until the 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 operation, ESIO is cleared to “0" by the
interrupt service program, then the last received data is read.

Example: To instruct reception end when transfer rate is low (leading-edge shift).

LD A, #0110B ; ESIP « 0 (Instruct reception end)
ouT A, %O0P1F
IN %IPOF, A ; Acc « IPOF (Reads received data)

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

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

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

edge shift).
SSEF0: TEST %IPOE, 2 ; Waits until SEF="1"
B SSEFOQ
LD A, #0110B ; ESIO «0
ouT A, %OP1F
IN %IPOF, A ; Acc < IPOF (Reads received data)
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Figure3-34. 4-bit receive mode
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(3) 8-bittransmit/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 interrupt
service program, and then write the transmit data to the buffer register.
Lower order 4 bits of both transmit and receive data are read/written from/into the buffer register
by first access after setting of transmition/reception mode or generation of 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 rate using an external clock is determined
by the maximum delay time between the generation of the interrupt request and the writing of
the data to be transmitted after the reading of the received data.
Also, the buffer register is used for both transmission and reception, therefore, the data must be
written after reading 8 bits of receive data.
This operation is ended by clearing ESIO to “0”. When ESIO is cleared, this operation is ended after
transfer of the current 8 bits od data to the buffer register is completed. Programs can confirm
that the operation has been completed by sensing SIOF (bit 3 of the status register) because SIOF is
cleared to “0” when the operation is completed.

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

LD A, #0100B ; Setsthe 8-bit transfer and serial clock frequency.

ouT A, 7%0P1E

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

ouT A, %O0P1F

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

ouT @GHL, %OPOF

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

ouT @HL, %OPOF

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

ouT A, %OP1F

: ; Data transfer

Example 2: To read data 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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3.7.6  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 the 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.

{( {( {(

Esl0  —I :: :: o §{§ __________________ ﬁﬁ
sioF —1 ” ” ? / /l'i
SeF — 1 % |_59_| ) l /

sc _I_H_H_ﬁwré‘_lﬂ'gﬁ_l‘l_ﬂ_l 7

so ___ YooXeor¥oody YeomKeodkeor ooer)
Xl XeeXeeXor Yoo X e XeeXor

I(d I(d
ISIO 5 4

B :XDO ' DO’ \\ X or

(a) Internal clock based operation with Iwait

w

Clear ESIO I
( ! {(
ESI0  —d Y 7 l |
( ( (
sioF  —J Y ”
( (
SEF | )} | | ) |\

A
e inininaipgigipigigixaliniglins =y
50 (GooXEor¥eoR, XeosKEoaXEorpookGorXeord) YoosKpomkEor

s rr/
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SB :XDO ()() DO’ ()() X DI’

DI

)

(b) External clock based operation

Figure3-35. 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 r (¢

"
Supply voltage /

: t(RESET) :
Ay («

. [~ ViH2 " [~ VIH2
RESET (input) : : : VIL2 :

(C
Internal

: : "
oscillatin Starts X Stable oscillation
conditiong éoscﬂlatmn ; ; (,('
. (t : 5
Internal / o Determihes dependingonthe .\ ... .. .
hz;cl%w?are Unsettled antlallzatlon “**result Qtrprcgrapm exeguncn o A Initialization *--

" :
Operation of :

microcomputer : fReset : ) ) fResot : :
: (operation Program execution “ Acperation Program execution
: ] :

8ondition of { = — 2} - : 4 = — e —
utput port TRT etermines dependingonthe ¥ .. . . etermines depending on the
and 1/0 port Initialization « J\ resultof program execution antlahza‘tl(‘):I;X result of program execution
) " 1
) | @
-<— Condition of port by Power on reset Condition of port at resetting during ———
power supply is stable

Figure 3-36. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

Note 2: VIL2: Standsforlow level inputvoltage 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 l/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

(1) Control pins

The input/output circuitries of the TMP47C660A/860A control pins are shown below.

Control Pin 110 Circuitry Remarks
0SC. enable _)tDD_
Wy Resonator connecting pins
XIN Input Rf R =1kQ (typ)
XOUT Output R Ro Rt =1.5MQ (typ.)
Ro =2kQ (typ.)
XIN XOUT
OsC. enable»tDD_
N Resonator connecting pins
XTIN Input m’ (R =1kQ typ.)
XTOUT Output R Ro (Rt =6 MQ typ.)
(Ro=220kQ typ.)
XTIN XTOUT
VDD Hysteresis input
RESET Input Rin R Pull-up resistor
@ A\/V\I_D Rin=220kQ  (typ.)
R=1kQ (typ.)
R Hysterisis input
HOLD Input R (Sense input)
(KEO) (input) < w—_01 Re1ka (o)
= yp-
R .
Pull-down resistor
Rin=70k .
TEST Input Ry =70k {typ)
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(2) /0 ports
The input/output circuitries of the TMP47C660A/860A 1/0 ports are shown below, any one of the
circuitries can be chosen by a code (1A-IC) as a mask option.

Port /0 Input / Output Circuitry and Code Remarks
1A 1B IC
VDD R Pull-up / pull-down resistor
KO Input <] MRA D Rin
Rin Riv =70 kQ (typ.)
R R =1kQ (typ.)
vDD
Push-pull output
PO Initial “Low”
P3 Output High current

loL=7 mA (typ.)

VDD
Sink open drain output
P1 Initial “Hi-z"
b2 Output I High current

loL =20 mA (typ.)

- VDD o—f— R6. R7 VDD Sink open drain output

R4 . (] Initial “Hi-z"

RS _|I>° I R =1kQ (typ.)

6 Vo AIN selector . >o I Analog inputs (R4, R5)

= . T RA¢ R Ra =5kQ (typ.)
;/; <l| <I| Ca =12pF (typ.)

VDD Sink open drain output

Initial “Hi-2"

R8
110 [: C I .
R9 R Hysteresis input
@I R=1kQ (typ.)
VDD

RA Push-pull output
RB e ol Initial “High”
RC R

R=1kQ (typ.)
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit

Supply Voltage Vbp -0.3t06.5 \

Input Voltage Vin -0.3toVpp+0.3 \

Output Voltage Vour -0.3toVpp+0.3 Y
louT1 Ports R 3.2

Output Current (per 1 pin) IoUT?2 Ports P1, P2 30 mA
louts | Ports PO, P3 15

Output Current (total) 2 loun Ports PO, P1 120 mA

S lout2 Ports P2, P3

Power Dissipation [Topr = 70°C] PD 600 mw

Soldering Temperature (time) Tsld 260 (105) °C

Storage Temperature Tstg -55to0 125 °C

Operating Temperature Topr -40to0 70 °C

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

Recommended Opeating Conditions | (Vss=0V, Topr= - 40 to 70°C)
Parameter Symbol Pins Conditions Min Max Unit
In the Normal mode 4.5
Supply Voltage Vpp In the SLOW mode 2.7 55 \
Inthe HOLD mode 2.0
\Y Except Hysteresis Input Vppx0.7
. IH1 [ y P VppZ 4.5V DD
Input High Voltage ViH2 Hysteresis Input Vppx0.75 Vpp Y
Vi3 Vpp<4.5V Vppx0.9
\' Except Hysteresis Input Vppx0.3
IL1 [ y P Vo= 45V DD
Input Low Voltage Vi Hysteresis Input 0 Vpp x0.25 \
Vi3 Vpp<4.5V Vpp x 0.1
fc XIN, XOUT 0.4 6.0 MHz
Clock Frequency
fs XTIN, XTOUT 30 34 kHz

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: Input voltage Viy3, Vi 3: In the SLOW or HOLD mode.
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DC Characteristics (Vss=0V, Topr= -40to 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis Voltage Vs Hysteresis Input — 0.7 - vV
| Port KO, TEST,
IN1 RESET, HOLD Voo =33V,
Input Current - — 2| LA
lin2 Ports R (open drain) ViN=55V/0V
Low Input Current I Ports R (push-pull ) Vpp=5.5V,VnN=0.4V — — -2| mA
) Rin1 Port KO with pull-up/pull-down 30 70 150
Input Resistance kQ
Rin2 RESET 100 220| 450
Output Leakage . Vi =55V Vo =5.5V
Current ILo Ports (open drain) pp=5.5V, Vour=5. — — 2| A
. Vpp=4.5V,
Output High Voltage |Von Ports (push-pull ) |ODHD= - 200 LA 24| — - v
Output Low Voltage | VoL Except XOUT, ports P Vpp=4.5V,lpL.=1.6 mA - - 0.4
loL2 PortsP1, P2 _ 30| -
Output Low Current Vpp=45V,VoL=1.0V mA
loLs Ports PO, P3 _ 13| =
Supply Current Vpp=5.5V
) Ipp - 3 6| mA
(in the Normal mode) fc=4 MHz
Supply Current =
pply Ibbs Vpp=3.0V _ 30 60| LA
(in the SLOW mode) fs = 32.768 kHz
Supply Current
| - — 0.5 10
(in the HOLD mode) DOH Vop =53V HA
Note 1: Typ. values show those at Top, =25°C, Vpp =5 V.
Note 2: InputCurrently; ; The current through resistor is not included, when the input resistor (pull-up/pull-
down) is contained.
Note 3: Supply Current Ipp, Ippy ;Vin=5.3V/0.2V
The KO port is open when the input resistor is contained. The voltage applied to the R port is within the
valid range.
Supply CurrentIpps ; Viy=2.8V10.2V
Low frequency clock is only osillated (connecting XTIN, XTOUT).
AD Conversion Characteristics (Topr= -40to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
VAREF Vpp-1.5 - Vbp
Analog Reference Voltage Y]
Vass Vss - 1.5
Analog Reference Voltage Range | AVarer Varer—Vass 2.5 — — Y]
Analog Input Voltage VAIN VASS - VAREF \Yj
Analog Supply Current IRer - 0.5 1.0 mA
Nonlinearity Error — _ +1
Vpp=4.5t05.5V, Vss=0.0V
Zero Point Error — — 1
Varer= Vpp £0.001V LSB
Full Scale Error — - 1
Vass = 0.000V
Total Error _ _ +2
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AC Characteristics (Vss=0V, Vpp=4.5t05.5V, Topr= -40to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
. . In the Normal mode 1.3 - 20
Instruction Cycle Time tey ns
In the SLOW mode 235 - 267
High level Clock pulse Width twcH
External clock mode 80 — - ns
Low level Clock pulse Width twel
AD Sampling Time taIN fc=4MHz — 4 — s
Shift Data Hold Time tspH 0.5tcy-0.3 — — 7
Note: Shift Data Hold Time
External circuit for SCK pin and SO pin Serial port (completion of transmission)
vDD
SCK 1.5V
10kQ
tspn

/j; 50 pF

o) X

X X

Recommended Oscillating Conditions

(1) 6 MHz
Ceramic Resonator
CSA6.00MGU (MURATA)
KBR-6.00MS (KYOCERA)
(2) 4 MHz
Ceramic Resonator
CSA4.00MG (MURATA)
KBR-4.00MS (KYOCERA)

Crystal Oscillator

204B-6F 4.0000 (TOYOCOM)

(3) 400 kHz
Ceramic Resonator
CSB400B (MURATA)
KBR-400B (KYOCERA)

(4) 32.768kHz (Vss=0V, Vpp=2.7 to 6.0V, Topr = — 30 to 70°C)
CxTiN, CxTOUT ; 10 t0 33 pF

Crystal Oscillator

Cxin =CxouT =30 pF
CxiN = Cxout =30 pF

Cxin =CxouT =30 pF
Cxin =CxouT =30 pF

Cxin =CxouT =20 pF

Cxin = CxouT =220 pF, RxouT = 6.8 kO
CxiN = CxouT = 100 pF, Rxout = 10 kQ

(Vss=0V, Vpp=4.5t05.5V, Topr= -40to 70°C)

XIN XOUT
4 MHz

or
6 MHz

400 kHz

%

XTIN

32.768 kHz
Tl
U
Cxin

XTOUT

—]

CxTout

"

Note: In order to get the accurate oscillation frequency, the adjustment of capacitors must be

required.
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Typical Characteristics

R-Ta KO port R-Ta RESET pin
k) |vpp=55Vv k) ypp=5.5v
100 /,‘ 400
Y d 300 —
///
50 200
-1
100
0 Ta 0 Ta
—40 0 40 80 (°C) - 40 0 40 80 (°C)
loH—-VoH CMOSRport hiL=VIN CMOS R port
IOH IIL
(uA) =~ Vop=4.5V («A) Vop=55V
/ NG Ta=25C Ta=25C
- 400 N - 800 k=
\\
-300 - 600 \
- 200 \ - 400
-100 \\ -200 \
0 VoH 0 Vin
2 4 6 (V) 2 4 6 (V)
loL- VoL R port loL-VoL PO, P3 port loL-VoL P1, P2 port
loL loL loL
(ma)| Yoo =4.5V (ma)| Voo =4.5V (ma)| Vop=4.5V
fa=25"C / fla=25"C fla=25"C
8 4 16 / 40
/ A P
6 / 12 // 30 rd
4 // 8 /’ 20 Ve /|
/ AL /
2 Y 10 P’
0 VoL 0 VoL 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
Ipb - Vbp Ipp - fc Operating area
oo S [y re [Taz —a0t070C
_ 90 DD =9. a= -40to 70°
(mA) Ta=25°C (mA) Ta=25°C (MHz) (Normal mode)
4 4 8
3 3 6 /
) fc = 4MHz / 2 / 4
/|
1 1 e 2
fc=400kHz L1
ol _t——T" Voo 0 f 0 Voo
3 5 7 v) 0.1 04 1 4 10 (MHz) 2 4 6 (V)
4-60-64 2000-10-19



