TOSHIBA TMP47C660/860/060

CMOS 4-BIT MICROCONTROLLER

TMP47C660N, TMP47C860N
TMP47C660F, TMP47C860F

The 47C660/860 have extended I/0 ports and A/D converter based on the TLCS-470 series.

PART No. ROM RAM RACKAGE oTP PIGGYBACK

TMP4 DIP64 TMP47P, N
[TwparCeeoN | | ssean |- S0Fee | Tmeare B0 |

TMP47C660F QFP64 TMP47P860OF | TMPA47CO60E

TMP47C860N . . SDIP64 TMP47P860N {5D1C64)
---------------- 8192 x 8-bit S12x4-bit  p-mmo—-eesm—po oo~ -

TMP47C860F QFP64 TMP47P860F

FEATURES
SDIP64

#4-bitsingle chip microcomputer

< Instruction execution time: 1.3ps (at 6MHz), 244ps (at 32.8KHz)

€92 basicinstructions

#Table look-up instructions

+5-bit to 8-bit data conversion instruction

#Subroutine nesting: 15 levels max.

&6 interrupt sources (External: 2, Internal: 4)
All sources have independent latches each, and multiple
interrupt control is available.

#1/0 port (56 pins)

s input 2 ports 5 pins
e Output 4 ports 16 pins
¢ /O 9 ports 35 pins

¢interval Timer
®Two 12-bit Timer/Counters
Timer, event counter,and pulse width measurement mode
®Watchdog Timer
# Serial Interface with 8-bit buffer
e Simultaneoustransmission and reception capability
e 8/4-bittransfer, external/internal clock, and
leading/trailing edge shift mode
#8-bit successive approximate type A/D converter
e With sample and hoid
e 8analoginputs
e Conversion time : 32 ps (at 6 MHz)
#Remote control signal pre-processing capability
¢ High current outputs
LED direct drive capability (typ. 20mA 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) SDiP64 (2) QFP64
= RS
= zlg z|5|§
VAREF— [ 1 64 ) ~—VDD e =
vass—s [ 2 63 [} = RC3 222;8’§85388882$;§22
RA0 (AINO) <> [ 3 62 0 == RC2 e el XXle Y ¥ Y@ cxxaa
RAI(AINT) - [J 4 61 [] == RC1 tz:t:lf‘l‘lllz:t:ff
RA2(AIN2) =~> [ S sogﬂﬁco
RA3(AIN3) <> [ 6 59 ) > R92(3CK)
RSO (AING) > [ 7 58 {1 ~= R91(SO)
RS1(AINS) <> (] 8 57 [J <= RI0(St) — FRTESELLITIIONRLRLRET —
RS2 (AING) <> [ 9 56 [1 <> R83(T1) R91(50) == [Ths2 34—~ P31
RS3(AIN7) == 10 55 D) = Rr82(iNTT)  RI2(SCK) =1gs3
R60 = [} 11 54 [) <> RB1({T2) S —
RET - O 12 53 0 ~> R80(INT3) RC1w—s CTTTISS
R62 =» [] 13 52 [J «—HOUD{KED) RC2 = TTs6
RE3 - [ 14 51 3 — x0uT RC3~— IT157
R7G = [] 15 50 ) ~—XIN VDO —e CIX]58
HI1(WT0) = {116 49 [) ~—RESET VAREF — CIT59
RI2{XTIN) = [} 17 48 [] -—k03 VASS — CIT]60
e I B s wh o Ra0 (AINO) — C—TTo1
RAY = [} 20 45 [] «—K0go RAT(AINT) 62
RAZ <> [ 21 aa J > RB3 RA2 (AIN2) =163
RA3 = [ 22 43 [] <> RB2 R43 (AIN3 ) == ["TT]64
POO ~— [ 23 42 [} <> RB1Y
POl -— (] 24 41 [J -e» RBO i
P02 -—[] 25 40 0 —» P33 I
P03 <— (] 26 39 ] —» P32 3
P10 -=— [ 27 38 0 —> P31 1
P11 -—Q 28 37 )~ P30 z
P12 - [] 29 16 [] —= P23 e
P13 (] 30 35 3 —»r22 °
15— g 3 38 [ —= P21 <
VsS— [] 32 33 0 — P20
High current
BLOCK DIAGRAM 110 port output ports Output port
R63 RA3 RB3 PC3 P13 P23 PO3 P33
4 1l ! s ! ! i 4
R60 RAO R8O PCO P10 P20 PO P30
Power {VDD 1
Supply VSS o
(2] [+o]
(Acumuiator | DataMemory | [Program Counter ]
(RAM) Program Memory
Hoid input HOLD STACK [ sPwW (ROM)
(Senseinput)  {KED) Hold controller [ R EIF 17 0@ Tz ] oc Data table
Resetinput  RESET -1 System controller [ interrupt controller ]
Test pin TEST 1> i * } +
System cluck controlier ] ; SEn o o
nterval timer - -br -bi
., o L Timing Generator Izj(nlsr/Couhlev SenaiInterface l A/D converter
3 )Xl TZ| tiigh-freq Clock
connecing  (XOUT ¥
| Lowtreq Generator watchdog
7
%m [Ra] (ko]
—
RN B ~
R73{XTOUT) RB3(T1) R92 (STK) VAREF R43(AIN3; R53 (AIN7) KO3
R72 (XTIN) RB2 (INTT) RO1(SO)  VASS § s
R71 (WTO) R81(T2) R0 (S1) RGO (AINO RSO (AING) K00
R70 R8O (INT2) Analog
O port (Os: connecting pins (tow freq ) ( TiICinput ) 110 port reference 1O port (nput port
Watchdog tuner output O | interruplinput (Serial port)  voltage (Analog input)
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PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
K03 - KO0 Input 4-bit input port
P03 P00 Output 4-bit output port with latch
P13 P10 4-bit output port with latch.
P23 20 Qutput 8-bit data are output by the 5-bit to 8-bit data conversion instruction [OUTB @HL).
P33 P30 Output 4-bit output port with fatch
RS3 (AIN7 .
¢ ) 170 (Input) A/D converter analog input
- R40 (AINO) 4-bit I/0 port with fatch.
When used as input port, watchdog timer
R63 - R60 110 output or analog input, the latch must be
selto 1"

R73{XTOUT) /0 (Qutput) . Resonator connecting pin (Low-freq.}

....... . . . ;(_?7(3 t'?c;zDga|~(IO(k Iopirallng mode, when For inputting external clock, XTIN is
R72 {XTIN) 110 (Input) ‘ pin use as clock generator. used and XTOUT is opened.

R [TTRTRT Can be set, cieared, and tested for each bit |~ RSP R P
R71(WTO) /O (Output) as specified by L register indirect addressing | Watchdog timer output
- . bit manipulation instructions e .

R70 7o
R83(T1) . Timer/Counter 1 external input

. 4-bit 170 port with {atch e
R82 (INT1) When used as llnpul port, external |n(grrupt External interrpt 1 input
e 11O (Input) input pin, or timer/counter external input | ..
R81(T2) pin, the latch must be set to " 1", Timer/Counter 2 external input
""" S “External interrpt 2 or REMO-COM |
R80 (iNT2) input
R92 (SCK) 110(1/0) Serial clock /O
ot (PO ON O PO 3-bit VO portwith latch. e .
R91(50) 170 (Output) When used as input port or serial port, the | Serial data output
R e o latch must be setto "1™, e
R30 (S1) 170 (input) Serial data input
RA3 - RAO

4-bit 170 port with latch.
RB3 - RBO Vo When used as input port, the latch must be setto "1".
RC3 - RCO
XIN Input Resonator connecting pin (High-frequency) .
oo For inputting external clock, XIN is used and XOUT is opened.
XOuT Output
RESET Input Resetsignal input
HOLD (KED) Input (input) HOLD requesUrelease signal input Sence input
TEST Input Test pin for out-going test. Be opened or fixed to low level.
vDOD + 5V
VvSS OV (GND)
Power supply

VAREF A/D converter analog reference voltage (High)
VASS A/D converter analog reference voltage {Low)
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OPERATIONAL DESCRIPTION

1.

2.1

SYSTEM CONFIGURATION
(1) 1Program Counter (PC)

(2) Program Memory (ROM)
(3) HRegister, L Register, and Data Memory Bank Selector (DMB)
(4) Data Memory (RAM)
a. Stack, b. Stack Pointer Word (SPW), c. Data Counter (DQ)
(5) Accumulator
(6) Flags
(7) Clock Generator, Timing Generator
(8) System Clock Controller
(9) Input/Output Ports

(10) Interval Timer

(11) Timer/Counters (TC1, TC2)

(12) A/D Converter

(13) Remote Control signal Per-process Circuit
(14) Serialinterface

(15) Watchdog Timer

(16) Interrupt Controller

(17) Hold Controller

(18) Reset Circuit

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

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

MSB LsSB
PCq PCy, PCpm PC,
PCs, PCy, ’ PCig PCq ‘ PCg PCy l PCgq i PCs J PCy PC3 ‘ PC, l PC, l PCp
—
Bank assignment Page assignment Address assignment in page

Figure 2-1. Configuration of Program Counter

The PC can directly address an 8192-byte address space. However, with the short/middie 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.
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Instruction ) Program Counter (PC)
or Condition . DTN ORIV

{pCyo PCg IPCy 1PCy | PCg (PCs :PCq i PC3 1PCY 1PCy | PCQ

Operation
SF=1 (Branch condition s satisfied) Immediata data specified by the instruction
BSL a
SF=0 (Branch condition is not satisfied) +3
Lower 12-bit address # FFE, FFFy, Hold : immediata data specified by thenstruction
SF=1 +
BS a Lower 12-bit address = FFE, FFFy, T : \ ¢ f " ¢
- (Last address in bank) - : mmediata data specified by the instruction
°
- SF=0 +2
f h
- Lower 6.bit address 7 3F,, Wold immediata data specilied by the
instruction
SF=1
- | 8ss a Lower 6-bit address = 3F, o immediata data specified by the
- (Last address in page) o instruction
SF=0 + 1
<
CALL a 0 0 : Immediata data specfied by the instruction
The value generated by the immediate
CaLLs 2 ° N o ° 0 - gata specified by the instruction L
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 0 0 0 [ 0 | Interruptvector H
Reset 0 0 [ [ 0 Qo 0 0 0 [} 0 [ 0

Table 2-1. Status Change of Program Counter

When first byte or second byte of this instruction is stored Address Address
at the last address of the bank, the most significant bit of o in page
the PC point the next bank, so that branch is made to the ege 8‘1’“ ____________ 888?“
next bank. Bank| 00| | 1
(3) Subroutine call instruction [CALL a] bt 88 - §§§5
In [CALL a) instruction execution, the contents of the PC are 01 o1 : ;‘“
saved to the stack then the value specified by the ol ¢ 3F 1 007¢
instruction is set to the PC. The address which can be -~ =~
specified by the instruction consists of 11 bits and the upper : 8? . 8§Et1)
2 bits of the PCis always “0“. Therefore, the entry address 3F 1
of the subroutine should be within an address range of 85 C‘)FBB
00004 through 07FFy. 00 01 | 1801
2.2 Program Memory (ROM) §
The 47C860 has 8192 x 8bits (addresses 0000 through 1FFFy)and 01
the 47C660 has 6144 x 8bits (0000 through 17FFu), of the 1 -
program memory (mask ROM). :
Programs and fixed data are stored in the program memory. :
The instruction to be executed next is read from the address 3F [
indicated by the contents of the PC. The fixed data can be read
by using the table look-up instructions or 5-bit to 8-bit data Figure 2-2. Configuration of
conversion instruction. Program Memory
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(1) Table look-up instructions [LDL A ,@DC], [LDH A,@DC +]
The table look-up instructions read the lower and upper 4 bits of the fixed data stored at the
address specified in the data counter (DC) to place them into the accumulator. [LDL A,@DC]
instruction reads the lower 4 bits of fixed data and [LDH A,@DC +] instruction reads the upper 4
bits. The DC is a 12-bit register, and it can specify an address within the range of 1000y through
1FFFH of the 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 1FEON through 1FFFy) in the program
memory with the lower address consisting of the 5 bits obtained by linking the data memory
contents specified by the HL register pair and the content of the carry flag.
This instruction is suitable for such applications as converting BCD data into an output code to the
7-segment display elements.

Examplie ©  The following shows that the BCD data at address 2F in data memory is converted
into the 7-segment code (anode common LED) to be output to ports P2 and P1.
LD HL,#2F, : HL«2F, (Data memory address is set)
TEST CF : CF<0 (The table is specified at addresses 1FEQy - 1FEFR) .
A
OUTB GHL s’ . ’1
: -
ORG 1FEOH ; Data conversion table 4' '2
DATA O0COH,0F9H, 0A4H,0B0H,99H,92H,82H, 0D8H, 80H, 98H “wmm— 1 ¢ 7

2.2.1 Program Memory Map

Figure 2-3 shows the program memory map. Address 0000 through 00864 and 1FEO through 1FFFy for
the 47C860, 0000 through 00861 and 17E0 through 17FFy for the 47C660, of the program memory are

also used for special purposes.

Address R 3
0000y eset start address
0002
0004 - IO.\/‘F;‘1“‘ Interrupt service
0006 . . routine entry
0008 IOVF2
... address
000A ITMR
000C NT2
OO?E Subroutine call entr
! address designated gy
0086 {CALLS a]instruction
O7FF :J: 4:
0800 |
E 1 4
OFFF
Note . In case of the 47C660, 5-bit 1000
to 8-bit data conversion h
table is at address 17F0 !
through 1FFFy. When the ' 1 1
piggyback is used in order ! ~
to evaluate the 47C660, it is !
necessary to also place a !
convers/gn table at%ddress (17E0) 1FEO Data conversion table for
1FEQ through 1FFFy and ' (OUTB  @HLjinstruction
operation are exactly the (17FF) 1FFF
same. #%

Figure 2-3. Program Memory Map

Subroutine call entry
address designated by
[CALL a]instruction

Data table for
(LDL A,@DC],
[LDH A,@DC +}
instruction

)i Incase of the 47C660
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2.3 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 (1word = 4bits). 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 Lregister 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 I/O port pins R73 through R40 (the indirect
addressing of port bits by the L register).

Example 1: To write immediate values “5” and "Fy" to data memory (bank 0) addresses 104 and 114.

CLR DMVB ;, DMBe«0

LD HL,#10H ; HLe10p

ST #5,@HL + ;. RAM[104] « 5, « LR +1

ST #0FH,@HL + ;. RAM[113]l «—Fp, LR LR + 1

Example 2: The output latch of R71 pin is set to “1” by the L register indirect addrressing bit
manipulation instruction.

LD L,#1101B ; SetsR71 pin address to L register
SET GL ; R71 « 1
H Register L Register
omB
HR3 } HR; l HR, ‘ HRg LR3 I LR; ] LR, ] LRy
Bank specification  Page specification Address specification in page

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

2.4 Data Memory (RAM)
The 47C860 has 512 x 4 bits and the 47C660 has 384 x 4bits, DMB HR LR
of data memory (RAM).

The data memory is addressed in one of three ways :
(1) Register-indirect addressing mode
In this mode, a bank is specified by the DMB, a page by
the H register and an address in the page by the L

RAM address '

Instruction field

reQiSter' L Ixxxxixxxx—’
Example: LD A, GHL i Acc « RAM[HL]

(2) Direct addressing mode DM8
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 DIVIB.
Example: LD A, 2CH . Acc « RAM[2Ch] RAM address EEERETITN

(3) Zero-page addressing mode Instruction field
An address in zero-page of bank 0 (addresses 00k y
through 0Fp) by the lower 4 bits of the second byte L l PYYYy YW
(operand) in the instruction field.
Example: ST#3,05H  ; RAM{054]«3 RAM address E 0000 1 yyyy

Figure 2-5. Addressing mode
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When power-on is performed, the contents of the RAM become unpredictable, so that they must be
initialized by the initialization routine.
Example: To clear RAM

LD HL, #00H ; HL«0O0y

SCLR1: CLR DMB ; DMB«0O

SCLR2: ST #0, @HL+ ; RAM[HLJ«0, LR€LR+1
B SCLR2
SET DMB ; DMBe1l

SCLR3: ST #0, GHL+ ; RAM[HLJ}€0, LRe€LR+1
B SCLR3
ADD H, #1 ;. HReHR+1
8 SCLR1

2.4.1 Data Memory Map

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.

(1) Stack @) Countregisters of the timer/counters (TC1, TC2)

2) Stack pointer word (SPW) ®) Zero-page

@ Data counter (DC)

Address in page

()Bank0 ~"fF ¢ D Cc B A 9 8 7 6 5 4 3 2 1 0

F[sPwW] DC { T1C2 I TCI -~ Locationl2
€ Location 11 Location 10 Location 8 Location 8
s} Location 7 Location 6 Location 5 Location 4
C Location 3 Location 2 Location 1 Location 0
B N H H : . H : H : H : : : : B
A
9

Page < 273
6
S
4
3
2
B s et L SRR ETE SR RS MU R
LO . Zero-page

Address in page
(b)Bank1 "% ¢ o ¢ B A 9 8 7 6 5 4 3 2 1 0

3 - - - - i
el
D
cl
B
A
9

page < ;3 ......
6
S
4
3
2
1
6]
.

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

Figure 2-6. Data Memory Map
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(1) Stack
The stack provides the area in which the return address is saved before a jump is performed to the
processing routine at the execution of a subroutine call instruction or the acceptance of an
interrupt. When a subroutine call instruction is executed, the contents (the return address) of the
program counter are saved; when an interrupt is accepted, the contents of the program counter
and flags are saved.
When returning from the processing routine, executing the subroutine return instruction [RET]
restores the contents of the program counter from the stack; executing the interrupt return
instruction [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 FBH). Each location consists of 4-word data memory.
Locations 13 and 14 are shared by the count registers of the timer/counters (TC1, TC2) to be
described later.
The save/restore locations in the stack are determined by the stack pointer word (SPW). The SPW is
automatically decremented after save and incremented before restore. That is, the value of the
stack pointer word indicates the stack location number for the next save.

(2) Stack Pointer Word (SPW)
Address FF 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. Llocations 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 CC 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.

(3) Data counter (DC) MSB Ls8
The data counter is a 12-bit register to specify Data Counter (DC)
the address of the data table to be referenced DCh ' DCwm i bC,
in the program memory (ROM). Data table + '
RAM address {FE,) (FDyy) (FCy)
reference is performed by the table look-up (bank0)
instructions [LDL A,@DC] and [LDK A,@DC + . Figure 2-8. Data Counter

The data tables are set in the program

memory area between addresses 1000y 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: Tosetthe DCto 780y
CLR DMB . DMB«O
LD HL, #O0FCH ;  Sets RAM address of DC to HL register pair.
ST #0H, @HL+ ;. DCe780y
ST #8H, GHL+
ST H#TH, @HL+
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FLAG PC

STACK STACK
o [FLAG T PCy t PCw 1 PCL | ‘ T o [FLAGI Y PCyy 1 PCw 1 PC | i
RAM (EBy) (EAy  (E9y) (E8y) (E7y) RAM (EBn)  (EAL  (E9y) (E8W) (E7w)
address ) address \
—*i*— Location 10 —»{«— Location9 —»{«—— Location 10 —>*<— Location 9

Before execution After execution
Lo ] — L[]

(FFy) (FFy)

SPW

RAM address
{a) Atexecution of asubroutine call instruction

FLAG PC

L]

PCs RESTORE

Before acceptance  After acceptance
SPw 10 1 — 9

(FFy) (FF)

RAM address

(b) Atacceptance of aninterrupt

FLAG PC

RESTORE

STACK STACK

G Fac ¥ 7o e Tpe ||
RAM (EBL)  (EAW) (E9n) (EBu) (E7w) RAM (EBn)  (EAW) (E9n) (E8y) (E74)
address address

—>|<~' Location 10

——>§<— Location 9

Before execution After execution
sew  [9 | — [ 0]

(FF)

RAM address (FFr)

() Atexecutionof asubroutine returninstruction

"

Before execution
SPW l 9 ] —->[

(FFy)

Location 10

—>|»<— Location 9

After execution
10 ]

RAM address (FFy)

(d) Atexecution of aninterruptreturninstruction

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

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

The 47C660/860 has two 12-bit timer/counters. The count register of the timer/counter is assigned
with RAM addresses in unit of 4 bits, so that the initial 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 1is 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 F7 and FB can be used to store the user-processed data.

MSB LS8 MSsB LS8
Timer/Counter 1 (TC1) Timer/Counter 2 (TC2)
TCiy TCim , TCH, TC2y i TQ2m , T2,
RAM address T ron (F5) (Fay) (FAv) (F9n) (78

(bank0)

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

(5) Zero - page

The 16 words (at addresses 00y through 0F) of the page zero of the data memory (bank 0) can be
used as the user flag or pointer by using zero-page addressing mode instructions (comparison,

addition, transfer, and bit manipulation),providing enhanced efficiency in programming.
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Example: To write “8" to address 09y if bit 2 at address 04y in the data memory (bank 0) is “1".

TEST 04H, 2 i Skipsif bit2 at address 04y in theis “0".
B SKIP
ST #8, 09H . Writes "8" to address 094 in the RAM.
SKIP:
2.4.2 Data Memory Capacity (Address)
The 47C860 contains two 256 x4 004 00y,
bit data memory banks (bank0 : :
and bank1). The 47C660 contains :
256 x 4 bit bank0 and 128 x 4 bit : bank0 : bank0
bank1. :
FFy FFu
00y 0044
. bank1
bank 1 7Fu
FFy
(a) 47C860 (b) 47C660

Figure 2-10. Data Memory (RAM)
2.5 ALU and Accumulator

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

The carry information indicatets a carry-out from the most significant bit in an addtion. A
subtraction is performed as addition of two's compiement, 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) O Data bus IS
Thisinformationis 1" when the operation result or the i r— Cin
data to be transferred to the accumulator/data memory
is “0000g" .

Example: The carry information (C) and zero detect

information (Z) for 4-bit addtions and é
subtractions. result
Operation  Result ¢ ‘ Note. Cinindicates the carry input
4+ 2= 6 0 0 specified by instruction
74+9 = 0 1 1
8 -1= 7 1 o] Figure 2-11. ALU
2 -2 = 0 1 1
5-8= -3(1101g) [} 0
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2.5.2

Accumulator (Acc) MSB Ls8

The accumulator is a 4-bit register used to hold source 3 2 1 0

data

2.6

or results of the operations and data manipulations.

Flags (a) 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. I iz sF ] :

Whe
stack

naninterruptis accepted, the flags are saved on the
along with the program counter. When the [RETI] (b) Flag

instruction is executed, the flags are restored from the

stack

(m

(2)

to the states set before interrupt acceptance. Figure 2-12. Acc, Flag

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.
(12 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.
2. Compare instructions [CMPR A,@HL], [CMPR A,#k]
The CF holds the carry information (non-borrow).
(3 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).
4 Carry flag testinstructions [TESTP CF], [TEST CF]
With [TESTP CF]instruction, the content of the CF is transferred to the SF then the CF is set
to"1”
With [TEST CF} instruction, the value obtained by inverting the content of the CF is
transferred to the SF then the CFis cleared to "0".
Zero flag (ZF)
The zero flag holds the zero detect information (Z) received from the ALU at the execution of an
operational instruction, a rotate instruction, an input instruction, or a transfer-to-accumulator
instruction.

(3) 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 “1”, so that any branch instruction can be regarded as an
unconditional branch instruction. When a branch instruction is executed upon set or clear of the
SF according to the condition specified by instruction, this instruction becomes a conditional
branch instruction. During reset, the SFis initialized to “1”, other flags are not affcted.

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

Acc after |Flag after execution . Acc after |Flag after execution

Instruction execution - 7 & Instruction execution cF 7F SF
ADDC A, @HL 2y 1 0 0 LD A, #0 On 1 1 1
SUBRC A, @HL 9y 0 0 0 ADD A, #4 On 1 1 0
CMPR A, @HL Cy 0 0 1 DEC A B 1 0 1
AND A, @HL ay 1 0 1 ROLC A 9 1 0 0
LD A, @HL Shi 1 0 1 RORC A En 0 0 1
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2.7 Clock Generator, Timing Generator, and System Clock Controller

. Clock
Generator

¢ fc
__‘ l I D High-frequency : Timing System clock
’_( I E] clock oscillator Generator Controller
XOouT :

i LHOLDrequest ¢ i i L

XTIN — e System clock
'_{ I E] Low-frequency : OP16 IPOE
— I D clock oscillator e

A E . . ciiiiiiiii Clock Generator control Command register Statusregister
|

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

2.71 Clock Generator
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.

[TTTTTTeIomes High-frequency ------=-------=-- 1 FoTTEEmTe s Ltow-frequency -----=--=------ 1|
; i ' i
i i 1 1
1 XIN XOUT XIN XOuT ' V' XTIN XTOUT XTIN XTQUT )
! I I )
: O o :
‘ (OPEN) | : (OPEN) )
. I I I
! ] P UJ :
: i i ;
\ \ ) :
' \ i )
; I 1 \
L A " LA 2 |
. \ ) )
Gl U K b el J
(a) Crystal or ceramic {b) External oscillator {c) Crystal (d) External oscillator

resonator

Figure 2-14. Examples of Resonator Connection

Note. Accurate adjustment of the oscillation frequency
Although no hardware to externally and directly monitor the clock pulse is not provided,
the oscillation frequency can be adjusted by making the program to output the pulse with
a fixed frequency to the port with the all interrupts disabled and timer/counters stopped
and monitoring this pulse. With a system requiring the oscillation frequency adjustment,
the adjusting program must be created beforehand.

Example: To outputthe high-frequency oscillation frequency adjusting monitor pulse to R70 pin.
SFCCHK: SET %0P07, 0 Output wavefrom

CLR %0P07, 0
BSS SFCCHK

e fc/40 —>
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2.7.2

Timing Generator

The timing generator produces the system clocks from clock pulse which are supplied to the CPU and
peripheral hardweare.

2.7.3

System Clock Controller

The system clock controller starts or stops the high-frequency and low-frequency dock 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. Figure 2-15 shows the operating mode
transition diagram. Figure 2-16 shows the command and status registers.

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

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

Single-clock mode Dual-clock mode

Command

Normal-2
operating
mode

Normal-1
operating
mode

High-freq.: Oscillating
Low-freq. : Osciliating

I

Command

Reset

Rising edge release R

HOLD pi eset Command
of HOLD pin Command operation
input

Reset

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

SLOW
operating
mode

HOLD
operating
mode

'
¢
]
]
¢
'
]
t
]
'
'
]
'
'
t
'
'
'

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

Figure 2-15. Operating Mode Transition Diagram

a. Single-clock mode
d: Normal-1 operating mode
The CPU and the peripheral hardware are operated on the high-frequency clock. At reset
release, this mode is set. In this mode, it is necessary to clear SLCK (bit 2 of command register
OP16) to "0".
@ HOLD operating mode
In this mode, the system operations are all stopped, holding the internal states valid
immediately before the stop at the low power consumption.
b. Dual-clock mode
‘1, Normal-2 operating mode
In this mode, the CPU is operated on the high-frequency clock but many peripheral
hardware operate on the low-frequency clock.
25 SLOW operating mode
In this mode, the high-frequency clock oscillation is stopped to operate the CPU and the
peripheral hardware on the low-frequency clock, thereby reducing power consumption.

Notes.

1.

In the HOLD and SLOW operating modes, the power consumed by the oscillator and the
internal hardware is reduced. However, the power for the pin interface (depending on the
external circuitry and program) is not directly associated with the low-power consumption
operation. This must be considered in system design as well as interface circuit design.
Normal-1 and Normal-2 operating modes are sometimes referred to as the Normal operating
mode collectively.
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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 (Port address OP16)

3 2 1 0
DCLK3 SLCK DCLK 1 DWUT (initial value  0000)
Selects operation mode
0 0: Singledock mode (Normal-1 operating mode)
0 1: Reserved
1 0: Dual cdlock mode (Normal-2 operating mode)
L1 1: Dual clock mode (SLOW operating mode)
Selects input ciock for the interval timer (Note 2)
0 @ fc/27 (H2)
1t fs
Sets the warm-up time
Example: At fc=4.19MHz
fs =32.8KHz
0 : 28/fs+29/fc [sec] - 7.9 [ms]
Note 1 .fc, High-frequency clock [Hz] Lo DA+ 23 e e 62,6

fs, Low-frequency clock [Hz]

Note 2. Only Normal-2 operating mode

Note 3. The access to command register (OP16) may cause the outputs over the
eighth stage of timing generator lo precede that to be expected by
maximum 27/fc or 1/fs {sec].

System clock control status register (Port address IPCE)
3 2 1 0
(SIOF} [ {SEF) ’ SMF [HOLD/SLS l

Low-frequency clock oscillating state |

0: Notoscillating or unstable oscillation

1: Stable osciliation
| -

HOLD pin state/operation stale monitor I

— Single-clock mode————— Duai-clock mode ——
0: HOLD pin at "H" level In Normal operation
L_1: HOLD pinat "L" level In SLOW operation

Figure 2-16. System Clock Control Command Register/Status Register

(1) Single-clock mode
In this mode, only the high-frequency clock oscillator is used. Pins R72 (XTIN) and R73 (XTOUT)
become the ordinary IO 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 “5.1 HOLD Operating Mode".
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(2) Dual-clock mode
In this mode, the Normal-2 operation is generally performed by generating the system clock from
the high-frequency clock (fc). As required, the SLOW operation can be performed by generating
the system clock from the low-frequency clock (fs). In the SLOW operation, the high-frequency
clock oscillation automatically stops, enabling the low-power voltage operation or the low-power
consumption operation. Instruction execution does not stop when the operation speed switching
is performed. However, some peripheral hardware capabilities may be affected. For details, refer
to the description of the relevant operation.

(3) System clock switching control
The following describes the switching between the Normal-2 and SLOW operations in the dual
clock mode. During reset, the command register is initialized to the single-clock mode. It must be
set to the Normal-2 operation of the dual-clock mode.

a

.Switching from Normal-2 operation to SLOW operation

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

.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
returnisset 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.

«
High-freq. clock o
{XOUT}
{XTOUT)
oceesr I LU UL LT L

SLS

Normal operation ——-|<—— S{OW operation Normal operation
<  Warm-up —>
Changed to the SLOW Changed to the Normal
operationg mode operating mode by program

by program [ l

Figure 2-17. System Clock Switching Timing

2.7.4  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 (51 through S4). Each state consists of 2 basic clock puises.

P

State

1/fc or 1/fs [sec]
-

| 51 | 52 [ 53 [ 54 | st | 52 |

{*——————————— Instruction cycle —

Figure 2-18. Instruction Cycle
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3.PERIPHERAL HARDWARE FUNCTION

3.1 Ports
47C660/860 have 15 /0O ports (56pins) each as follows:

@ KO ;. 4-bitinput

@ PO, P3 ; 4-bitoutput

@ P1, P2 . 4-bitoutput

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

& R6 ; 4-bitinput/output

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

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

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

‘9 RA, RB, RC ;  4-bitinput/output

30- KE . 1-bitsense input (shared with hold request/release signal input)

3.1.1 /0 Timing

(1) Inputtiming
External data is read from an input port or an /O port in the 53 state of the second instruction cycle
during the input instruction (2-cycle instruction) execution. Thistiming cannot be recognized from
the outside, so that the transient input such as chattering must be processed by program.

(__Istinstruction cycle | 2stinstruction cycle |

i 1 1
metruct o S1__S2 S3 s4a St S2 s3 s4 __
nstruction T T T T T T
execution cycle ] X T IN/TEST/TESTPipstruction | ] L

Input strobe l
Pt oo < >-----

Figure 3-1. InputTiming

(2) Outputtiming
Datais output to an output portor an /G portin the S4 state of the second instruction cycle during
the outputinstruction (2-cycie instruction) execution.

| lstinstructioncycle ,  2stinstruction cycie
T T 1

S S2 S3 S4 S1 S2 53 S4

Instruction T T T T T T T
execution cycle 1 | OUT/OUTB/SET/CLRinstryction | L

Qutputiatch pulse I

Port o X

Figure 3-2. Output Timing
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3.1.2 1/0 Ports
(1) Port KO (KO3 -K00)
Port KO is a 4-bit input-only port. A pull-up or pull-down resistor can be contained by the mask
option.

Port K0 (Port address  1P00) IN/TEST/TESTP
3 2 i Q
ko3 [ ko2 [ Kot K00 Datainput 4,1 e

Figure 3-3. Port KO

(2) Ports PO(PO3-P0O0) and P3 (P33-P30)
Ports PO and P3 are 4-bit output ports with latch. The latch is initialized to “0” during reset. When
aninputinstruction is executed, the latch data are read as the port P3 but the port PO.

Port PO {Port address OP00) Port P3 (Port address OPO03/1P03)
3 2 1 0 3 2 1 0
PO3 PQO2 PO1 POO } I P33 P32 P31 P30

.
IN/TEST/TESTP/SET/CLR

Input data

Output data ™ . PIN Outputdata — PIN

{a) Port PO {b) PortP3

Figure 3-4. Ports PO, P3

(3) PortsP1(P13-P10)and P2 (P23 -P20)
Ports P1 and P2 are 4-bit high current output ports which can directly drive LEDs, with 4-bit latches.
When an input instruction is executed, the latch data is read in these ports. The latch is initialized to
“1" during reset. They can be accessed separately at port addresses OP01/IPO1 and QP02/IPQ2.
Additionally,8-bit data can be set to these ports (the upper 4 bits to port P2, the lower 4 bits to port
P1) by using the 5-bit to 8-bit data conversion instruction [OUTB @HL].

Example 1: To outputimmediate value “5" to port P1.
ouT #5, %0P01 : Port Pleb

Example 2: Toread the latch data from port P2 to store it in the accumulator
IN %1P02, A :; Acc«Port P2

Example 3:  Toread, 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 90 in
RAM to output the 8-bit data to ports P2 and P1.

LD HL, #90H i HLe90y (Setsthe RAM address)
ouTB GHL ; Port P2, P1<ROM data
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Port P2 (Port address OP02/1P02) Port P1 (Port address OPQ1/1P01)
3 2 1 0 3 2 1 0
D P22 P21 | P20 ] [ p3 [ P2 [ pn_ | Pi0 |
IN/TEST/TESTP/SET/CLR
Datainput ‘
Data output —| LATCH I >—1"]~mn

Figure 3-5. PortsP1, P2

(4) Ports R4 (R43 - R40), RS (R53 - R50), R6 (R63 - R60), R7 (R73 - 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 isinitialized 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
(I/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
L register Pin L registerv Pin .Lreg‘xster‘ Pin L reg.isterv Pin

3:2:1:0 3:2:1:0 3:2:1:0 3:2:1:0
0O 0 0 o R40 0 1 0 0 R50 1 6 0 0 R60 1 1 0 0 R70
o 0 0 1 R41 0 1T 0 1 RS1 1 0 0 1 R61 1 10 1 R71
0 0 1 o0 R42 o 1 1 0 RS2 t 0 1 0 R62 11 10 R72
0 0 1 1 R43 0 L 1 R53 1 o 1 1 R63 1 101 1 R73

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

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

Port RS (Port address OPOQS/IPOS)
Analog input selector

3 2 1 0
R53 R52 RS RS0 Analog input
(AIN7) (AING) (AINS) (AINA) INJTEST/TESTP

PortR4  (Portaddress OP04/IP04) Input data
SET/CLR

3 2 1 0
R43 R42 R4t RA0 <
(AIN3) (AIN2) (AINT) (AINO) Output data ﬁ > ] rin

Figure 3-6. Ports R4, R5
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b. PortR6 is 4-bit I/O port with a latch. When used as an input, the latch must be set to “1”. The latch
isinitialized to “1” during reset.

IN/TEST/TESTP
Data input ' SET/CLR
Port R6 (Port address OPQ6/iP06)
2 2 ! 0 Data output LATCH PIN
R63 R62 R61 | R0 |

Figure 3-7. PortR6

c. PortR7isshared 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/O ports. When the watchdog timer is used, R71 (WTO)
becomes the watchdog timer output pin. The watchdog timer output is the logical AND output
with the port R71 output latch. To use the R71 pin for an ordinary /O port, the watchdog timer
must be disabled (with the watchdog timer outputsetto “1").

IN/TEST/TESTP
SET/CLR

Datainput -J

Data output —><| LATCH }
Datainput 4——l*<ﬂ

Data output ——=»f LATCH

Watchdog
timer output

Datainput jl
Data output —-{E > a7z xminy
Port R7 (Port address OP07/1P07) ‘/l
1
~
3 2 ! ° Data input 4—1{}—1 J Ris

R73 R72 R71 R70
{Jr73 (xToUT)

e

———i IR?I (WTO)

v ]9

(XTOUT) (XTIN) (WTO) Data outpul ——»| LATCH
Clock mode

("1"in the single-clock mode)

Figure 3-8. PortR7

(5) PortR8(R83-R80)
Port R8is a 4-bit I/0 port with a latch. When used as an input port, the latch must be setto “1". The
latch is initialized to “1" during reset. Port R8 is shared by the external interrupt request input pin
and the timer/counter input pin. To use this port for one of these functionai 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/puise width measurement modes of the timer/counter must be disabled.
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Note.  When R82 (INT1) pin is used for an I/O port, external interrupt 1 occurs upon detection
of the falling edge of pin input, and if the interrupt enable master flip-flop is enabled,
the interrupt request is always accepted, so that a dummy interrupt processing must be
performed (only the interrupt return instruction [RETI] is executed).

With R80 (INT2) pin, external interrupt 2 occurs like R82 but bit 0 of the interrupt
enable registeris only keptat “0”, not accepting the interrupt request.

Control input 4{}— INJTESTTTESTP

Port R8 (Port address OPQ8/1P08)

Data input

CLR
3 5 1 0 SET/{CL
R83 R82 R81 R80
(T1) (INTT) (T2) (INT2)

Data output

Figure 3-9. PortR8

(€) PortR9(R92-R90)

Port R9is 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 isshared with the serial port.

To use port R9 for the serial port, the latch should be set to “1”. To use port R9 for an ordinary /0
port, the serial port must be disabled. Although R93 pin does not exist actually, execution of the

set or clear instruction 