TOSHIBA TMP47C660/860/060

CMOS 4-BIT MICROCONTROLLER

TMP47C660N, TMP47C860N
TMP47C660F, TMP47C860F

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

PART No. ROM RAM RACKAGE QTP PIGGYBACK
TMP47Co60N . . SDIP64 TMP47P860N
i b 6144 x 8-bit 384 x4-bit oot emm e
TMP47CH60F QFP64 TMPA7PB6OF TMPA7CO60E
TMP47C860N . ) SDIP64 TMP47PBGON {SDIC64)
---------------- 8192 x 8-bit 912x4:-hit  F-----------p-----------
TMP47CB60F QFP6&4 TMP47PB6OF
FEATURES
# 4-bitsingle chip microcomputer SDIP64

¢ Instruction execution time:1.3ps (at 6MHz), 244ps (at 32.8KHz)
¢ 92 basic instructions
#+Table look-up instructions
+5-bit to 8-bitdata conversion instruction o
#Subroutine nesting: 15 levels max. / \ %ﬁ‘
®6interrupt sources (External: 2, Internal: 4) “ ‘ \
All sources have independent latches each, and multiple \Lf /’ |¥‘1
interrupt control is available. ﬂﬂ TMP47C660N
/0 port (56 pins) mgz;ggggs
s input 2 ports 5 pins
e Output 4ports 16 pins QFP64
s /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
¢ Simultaneous transmission and reception capability
e 8/4-bit transfer, external/internal clock, and
leading/trailing edge shift mode TMP47CB60F
+8-bit successive approximate type A/D converter ;mig;ggggi
* With sample and hold
¢ 8analoginputs SDICh4
e Conversion time : 32 ps(at 6 MHz)
+Remote controlsignal pre-processing capability
+ High current outputs
LED direct drive capability (typ. 20mA x 8 bits)
#Dual-clock operation
High-speed/Low-power-consumpticn operating mode
#+ Hold function N
Battery/Capacitor back-up fl‘;mr '
#Real Time Emulator : BM47C86CA TMP47C060E

2 A

@\@\\‘*\\
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PIN ASSIGNMENTS (TOP VIEW)

(1) SDiPe4 (2) QFPG4
l.’.‘ R]IS
—
= Fi2 N|z 3
VAREF— [ 1 64 [ -—vDD LA SRS SSSIT
s 3 b <> h0 ss35832B5558885858
RﬂO(A\NO)ﬁEB 62:]<—>RC2 X Koo X Xlr ¥ ¥ ¥ ¥ ¥ o @ oo &
RAT(AINT) -» [ 4 61 [] - RCI tt’ttliil‘ll‘:;ti'f
Raz(mNZ)-—»E 5 60%051(0
pestamd) ‘ i PSS HHHHHHBHBHHHHHHHQHH
RSO{AING) ~= [ 7 58 {] == R91(50)
RST(AINS)‘F"CB 5730R90(Sf) — O 0N O NI MmN~ DT M
RSE(AINS)*’C 9 SﬁjﬁRag(‘H) Rg](ﬁ) :ﬂ:sz wm-:rclcrq':rquqqmmmmmmm321:__,,:3]
RS3(aINT) « O 10 ss h <—>R82(—1NT!) R92 (SCK )= (T IT53 3 ITLJ—=P30
RE0 = [] 11 54[) - RBI{(T RCO = [TT754 3o _J—=P23
ReT > [ 12 530 = R8O{T N ) RC1w— [TTTs5 s —~p22
R62 =+ (] 13 52 [) «—HOLD{KED) RC2w— CITls6 I —=P21
REY - [] 14 51 [0 —» xOouT RC3 = TT]57 A3 —=P20
R70 == (] 15 50 0 =——XIN VDD — CIT58 py; @ u mum RS
:;wz(w;r;; - E 1§ 23 3 <—-—RE§H VAREF —w (TT59 29T J=—TEST
(XTIN) == [ 1 -—kK VASS —» (T HI—J—=F13
R73(XTOUT) > [] 18 27 [ «—x02 - 60 2
R0 g 1 o6 i K1 RA0{ AIND ) = C—TT61 T —~ri12
Ra) > 0 20 45 F ~—KQ0 RA1 (AN ) e CTIT62 AT I—=P11
RA2 = { 21 2a | <> rB3 RAZ {AIN2 ) == [TT]63 O P —=r10
RA3 == [ 22 43 [] - RB2 RAI(AINI ) == ["TT|64 20— —=P03
Q=N MmO~
PO0 -— [] 23 47 [} > RB1 Lol BT 2B+ -1
T HEFHHAIAAO U U O T Y
PO ~-— ] 24 43 [] - RBO AP AARGHAHAdOdE ARG AR
P02 < 25 a0 ] —» 33 JUUuGoaoiuiuiudauil
oot B gt SRR NN ERRENRY
P10 -— [J 27 38 [ — P31 r1 $
P11 -—( 28 37 [1 == P30 %2%’%85382‘%;8252‘2858
P17 -0 29 6 [~ 123 Sgggtxcxmxm 3-(»—“: € axaan
p13 -— (] 30 35 [J—»r22 G tnm Mo S
15— g 31 34 [J — P21 P FER
vis—» [] 32 3301 —= P20 =
High current
BLOCK DIAGRAM O port output ports Output por
R63 RA3 RB3 PC3 P13 P23 P03 P33
4 § § § 1 {
R60 RAQ R8O PCO P10 P20 POO P30
Power {VDD i
Supply V5SS e
[p1] [ro] [P3]
[[Accumuiator] IDMB] HR | (R ] Data Memory lﬂgicwcc‘?un&’
RAM address butfer J
{ N (RAM) Program Memory
r‘sowdmput HOLD STACK [ sPw (ROM)
(Sensenput)  {KED) Hold controller [ R tiE 1" Oafree ] oc Data table
Resetinput RESET —f-—»
System controller { interrupt controller |
Test pin TEST 1> i f
System dluck controller ‘ I ob oo IR
T G At nterval umer -bit it
(9184 XN P ming heneralor n"SMCOU”ler SenaiInterface />A/Dzorwen.er Decoder
conneciing  AXOUT 1|l frea tlock Watchdog [ T
iy | Low-freg Generator i:mer
7
Remote [R8 ] m [ra] X0
control signal =
pre-processor
L= 1 il L -
R73{XTOUT) RB3 (T1 R92 (scx) VAREF R43 (AIN3, R53 (AIN7) K03
R72 {XTiN} RBZ( NT1) ; 4
RYG1 (SO} VASS §
RIV{WTD) ) R30 () RAO{AINO RSO (AING) K00
R70 RBO( INTZ Analog
. Osc cannecting mns (tow freq ) TiC input 1O port reference 10
O t . pu | 10 part nput port
Hod (»Nal(hdﬂgwnerOul;)u( o ( m(errupllnput) {Seriai port)  voltage (Analog input)
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PIN FUNCTION

PIN NAME InputQutput FUNCTIONS

K03 K00 Input 4-bitinput port
P03 POG Output 4-bit output port with latch
P13 P10 4-bit output port with latch.
P23 £20 Output 8-bit data are output by the 5-bit to B-bit data conversion instruction [OUTB @HL).
P33 P30 Qutput 4-bit output port with tatch
R53 (AIN7) Yol ) A/D 1 log input

nput converter analog inpu

- R4D (AINO) 4-bit /O port with latch.
When used as input port, watchdog timer
R63 R60 o output or analog input, the latch must be
selto 1",
R73{XTOUT) 170 {Qutput) ) Resonator connecting pin {Low-freq.).
ERRRERAEE : : : : SRe7t3 tRc;zDu_aI-clock Iopirallng mode, when For inputling external ¢clock, XTIN is
R72 (XTiN) VO (Input) ' pin use as clock generator. used and XTOUT is opened.
T J TS Can be set, cieared. and tested for each bit |/
R71(WTO) /O (Output) as specified by L register indirect addressing | Watchdog timer output
: o bit manipulation instructions. e e e e e
R70 170
RB3(T1) : } Timer/Counter 1 external input
4-bit 170 port with iatch
R82 (INTT) When Qsed as |lnput port, external mteﬁupt External interrpt 1 input
ST 1O (Inputy input pin, or timer/counter external input ...
R81(T2) pin, the latch must be set to " 1" Timer/Counter 2 external input
"""" T “External interrpt 2 or REMO-COM ™|
R8O (INT2) input
R92 (5CK) Hel{[e)! Serial clock ¥O
BT ot U U NSRRI bt O portwith latch. e
R31(50) IO (Output) When used as input port or serial port, the | Serial data output
""" : latch must be setto "1, T
RI0 (S1) 11O (Input) Serial data input
RA3 - RAD
4-bit /O port with latch.
RE3 RBD Vo When used as input port, the latch must be set to " 1",
RC3 RCO
YIN Input Resonator connecting pin (High-frequency) .
o ~ 77 Forinputting external clock, XIN is used and XOUT is opened.
XOuT Output
RESET Input Reset signal input
HOLD (KED) 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
V58 OV (GND)
Power supply

VAREF AJ/D converter anatog reference voltage (High)
VASS A/D converter analog reference voltage {Low)
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Instruction Program Counter {PC
or Condition  |-n T [RRTRTR el PRI R P R U e
Operauon PCY) PCyy PCyo PCy PCy PCy PCg PCs PCa PC3 PC) PCy : PCo
SF=1 {(Branch conditions satisfied} immediata data specified by the instruction
BSL a
SF=0 (Branch conditionis not satisfied} +3
Lower 12-bit address # FFE, FFFy, Hold immediata data specified by the instryction
SF=1 +
& . ° Lo 1(5::;‘:(?{]1’::;:;;E&;FF,, + 1 Immediata data specified by the instruction
- SF=90 + 2
w Lower B-bit address 7 3F, Hold Immedxatalg;t'z:zzcv:hed by the
E SF=1
- | 85% a Lower §-bit address = 3F, 1 immediata data speafied by the
- (Last address in page) * . nstruction
i SF=0 1
c
T can a 0 0 Immediata data specified by the instruction
! The value generated by theimmediate
CALLS 2 0 o 0 0 : data specitied by the instruction i ! 0
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 4 0 Q 0 0 0 0 0 Interruptvector  © 0
Reset 0 0 0 ") o] o] 0 0 ] 0 o] 1] <]
Table 2-1. Status Change of Program Counter
When first byte or second byte of this mstr.uct»lc.m is stqred Address Address
at the last address of the bank, the most significant bit of > in page
. . age
the PC point the next bank, so that branch is made to the g Al 2383~
next bank. Bank| 00 4 :
. : . N
(3) Subroutine call instruction [CALL a] : 85 §§35
In[CALL a] instruction execution, the contents of the PCare 01 91 5‘“
saved to the stack then the value specified by the ol 1 U 3p P g
instruction is set to the PC. The address which can be Lo =
specified by the instruction consists of 11 bits and the upper : 8(1) ........................ 81;%(])
2 bits of the PC is always "0”. Therefore, the entry address 3F : :
of the subroutine should be within an address range of 85 """""""""""""" (I)FBB
00004 through 07FFh. 00 { DA R 1801
3F 103F
2.2 Program Memory (ROM) 2 }%ﬁ(})
The 47C860 has 8192 x 8bits {addresses 0000 through 1FFFy)and 01 g ‘
the 47C660 has 6144 x 8bits (0000 through 17FFy), of the LI T S T S 107F
: : L A
program memory (mask ROM). 5 Do =
Programs and fixed data are stored in the program memory. o[B8 o R
The instruction to be executed next is read from the address ] N :
indicated by the contents of the PC. The fixed data can be read 3F 1FFF
by using the table look-up instructions or 5-bit to 8-bit data Figure 2-2. Configuration of
conversian 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 10004 through
1FFFH of the program memory.

(2) 5-bitto 8-bit data conversion instruction [OUTB @HL]

The 5-bit to 8-bit data conversion instruction reads the fixed data (8 bits) from the data conversion
table in the program memory to output the upper 4 bits to port P2 and the lower 4 bits to port P1.
The table is located in the last 32-byte space (addresses 1FEQy 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.

Example :  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,#2Fy : HL«2F,(Data memory address is set)

TEST CF ; CF«0 (The tableis specified at addresses 1FEQn - 1FEF) .
0UT8 @HL S"-",
: -
ORG 1FEOH ; Data conversion table 4' ‘1
DATA OCOH,0F9H, 0A4H,0B0H,99H,92H,82H, 0D8H, 80H, 98H "'3"‘ b

2.21 Program Memory Map

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

also used for special purposes.

Address P N o
00004, eset start address
G002 COINTU
150
0ae4 IO.V‘FHIM Interrupt service
0605 ©ooese e Toutine entry
0008 IOVF2 address Sub ‘ "
ubroutine call entry
000A L ITMR address designated by
000C INT2 [CALL  a]instruction
OO?E Subroutine call entré
! address designated by
0086 [CALLS a]instruction
] |
O7FF - o
0800 U L
;
" =
OFFF
Note . In case of the 47C660, 5-bit 1000
to 8-bit data conversion ,
table is at address 17E0 !
through 1FFFy. When the X 1 4 patatable for
piggyback is used in order : ~ T [(LbL A.@DC]
to evaluate the 47C660, it is ! (LDH A'@DC’+]
necessary to also place a ! ; :
ConverS/’(gln table at%ddress (170} 1FEQ Dala conversion table for instruction
1FEO through 1FFFy and ! [OUTB  @HL]instruction
operation are exactly the (17FF) 1FFF
same.

Figure 2-3. Program Memory Map

% |

CIncase of the 47C660
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2.3

2.4

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

The Hregister 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
compaosite 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/0 port pins R73 through R40 (the indirect
addressing of port bits by the L register).

Example 1: To write immediate values “5" and "F4" to data memory (bank 0) addresses 104 and 114,

CLR DMVB , DMBe«0O

LD HL,#10H ., HL< 10y

ST #5,@HL + , RAM[10x] « 5, LR +1

ST #OFH, @HL + ;. RAM[11H] «Fl, LR e~ 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 @L ; R71 « 1
M Register L Register
DMB
HR4 HR, HR) HRg LR; LR, LRy LRy
M
Bank specification  Page specification Address specification in page

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

Data Memory (RAM)
The 47C860 has 512 x 4 bits and the 47C660 has 384 X 4bits, HR LR

DMB
of data memory (RAM). L l T
The data memory is addressed in one of three ways : _j\} {/L

(1) Register-indirect addressing mode T j

RAM address

the H register and an address in the page by the L

Instruction field

In this mode, a bank is spec.fied by the DMB, a page by
XX xx ! oxxxx

register. L
Exampie: LD A,@HL i Acc « RAM[HL]
(2) Direct addressing mode

DMB
An address in the bank is directly specified by the 8 bits
of the second byte (operand) in the instruction field.
RAM address

The bank isspecified by the DMB. L‘ Xk xxx ]

Example: LD A,2CH i Acc ¢ RAM[2Ch]
(3) Zero-page addressing mode Instruction field
An address in zero-page of bank 0 {addresses 00n .
through OF) by the lower 4 bits of the second byte L l R y‘]
(operand)in the instruction field. J\ ,L
Example: ST #3,05H  ; RAM[05u] <3 RAM address [_ﬂ [ 0000 1| yyy J

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«00,

SCLR1: CLR DMB . DMB«0

SCLR2: ST #0, @HL+ ; RAM[HL]«0, LReLR+1
B SCLR2
SET DMB . DMBel

SCLR3: ST #0, @HL+ ; RAM[HL]«0, LReLR+1
B SCLR3
ADD H, #1 . HReHR+1
B 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 areais provided only on bank 0.

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

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

3 Data counter (DC)

Addressin page

(3)Bank0 "¢ €& D C B A 9 B 7 6 5 4 3 2 1 0

FISPW] DC i TC2 ; TC1 . |- Locationl2
3 Location 11 Location 10 Location 9 Location 8
D Location 7 Location 6 Location 5 Location 4
C Location 3 . Location 2 Location 1 Location 0
B : : . H H : : i : : : i
Al
A
8 Iner

Page < 5
6 e e
2 Lo Decrement:direction cl){add.ress e
3 : :
LO . Zerg-page

Addres/ﬂ\n page
(b)Bank1 "% ¢ o ¢ B8 A 9 8 7 6 5 4 3 2 1 0

: : - - : - - - -
s
D
el
B
A
sl

Page <E73
6
S
e
3
2
!
ol
“~

Notel. L] denoles the stack area.
Note?. The TCl and 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 asubroutine 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 pracessing 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). FEach 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 FFy in the data memory (bank 0) is called the stack pointer word, which identifies the
iocation 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 00y through CF, 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 CCy 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. Normaily, the initial value of “12" is
setto the SPW.

(3) Data counter {DQC) MSB LS8
The data counter is a 12-bit register to specify Data Counter {DC)
lthe address of the data table to be referenced DS . DCym oC,
in the program memory {(ROM). Data table -
RAM address  (FE,;) (FD,,} (FCy)
reference 15 performed by the table look-up (bank0)

instructions [LDL A,@DC] and [LDK A,@DC + }.

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

Figure 2-8. Data Counter

the DC.
Example: Tosetthe DCto 780y
CLR DbMB . DMB«O
LD HL, #0FCH ;  Sets RAM address of DC to HL register pair.
ST #0H, GHL+ . DCe780y
ST #8H, GHL+
ST #7H, @HL+
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FLAG PC FLAG PC
T T T T T T
L o o ]
SAVE SAVE
STACK PCy STACK PCa
S E Y ’ [FLAG 7 PCy 1 PCw 1 PO [
RAM (EBn) (EAn  (E9n) (EBy) (E7y) RAM (EBy) (EAy (E94) (EBW) (E7W)
address b address \
——*I*— Location 10 —»}«- Location 9 —44— Location 10 —>i<— Location 9

Before execution After execution
SPW ( 10 ] _>[ ) ]

RAM address (FFy)

{(FF)

(a) Atexecutionof asubroutine caliinstruction

FLAG PC
T T T
IR
RESTORE

STACK Pls
[FLAG T PG 3 PCy 1 PCL | i
RAM (EBn)  (EAW) (E9y) (EBW) (E7w)
address

—>‘<——— Location 10

->}<— Location 9

Before execution After execution
SPWY | 9 ]—» Tm ]

(FF)

RAM address (FFy)

(c) Atexecutionof asubroutine returninstruction

Before acceptance
SPw |

After acceptance
10 1 — I 94]

(FFy) {FFy)

RAM address

{b) Atacceplance of aninterrupt

FLAG PC

T T T

L 0 ]

3

RESTORE

STACK PCq
’ [Lac: ¥ pcy ey pe |
RAM (EBy) (EAW) (E9n) (E8W) (E74)
address

"

Before execution
SPW ’ 9 [ .-,.[

(FFyy)

Location 10

—>|»<— Location 9

After execution
10 |

(FFp)

RAM address

(d) Atexeculionof aninterrupt return instruction

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 15 assigned
with RAM addresses in unit of 4 bits, sa 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.

MiSB LS8
Timer/Counter 1 (TC1)
TChy, | TCiy | TCIL
RAM address * *
(Fou) (FSn) (Fay)

(bankG}

MSB LSB
Timer/Counter 2 (TC2)

TC2m ¢ TC2,

TC2 ,
(F9x) (F8)

{(FA)

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

(5) Zero - page

The 16 words (at addresses 004 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 04 in theis "0”.
B SKIP
ST #8, 0OH i Writes "8” to address 09y in the RAM.
SKIP:
2.4.2  Data Memory Capacity (Address)
The 47C860 contains twa 256 x 4 004 00;,
bit data memory banks (bank0 : :
and bank1). The 47C660 contains :
256 x4 bit bank0 and 128 x4 bit bank0 : bank0
bank1. ' ‘
FFy FFy
00y 00y
: bank1
bank1 7Fy
FFy
(a) 47C860 (b) 47C660

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

2.5.1  Arithmetic/Logic Unit (ALU)
The ALU performs the arithmetic and logic operations specified by instructions on 4-bit binary data and
outputsthe result of the operation, the carry information (C), and the zero detect information {2).
(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 twa'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 detectinformation (Z) Data bus !
Thisinformationis “1" when the operation result or the /L J\/’u—— Cin
dats to be transferred to the accumulator/data memory \/
is "0000g". \

ALY
Example: The carry information (C) and zero detect
information (2) for 4-bit addtions and (z:
subtractions. result
Operation  Result C Z Note Cinindicates the carry input
4+2= 6 0 0 spectfied by instruction
7+9 = 0 1 1
8-1= 7 1 0 Figure 2-11. ALU
2 -2 = Q 1 1
5-8= -3(1101g) 0 ¢
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2.5.2

Accumulator {Acc) MSB L5B

The accumuiator is a 4-bit register used to hold scurce 3 2 1 0

data

2.6

or results of the operations and data manipulations. I : : : J

Flags (a) Acc

There are a carry fiag (CF), a status flag (SF), and zero flag
(ZF),each consisting of 1 bit. These flags are set or cleared 3 2 v 0
according to the condition specified by an instruction. | CcE: ZF . SF | ;

When an interrupt is accepted, the flags are saved on the

stack

along with the program counter. When the [RET!] (b) Flag

instruction is executed, the flags are restored from the

stack

(n

(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.
(1 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 test instructions [TESTP CF), [TEST CF]
With [TESTP CF]instruction, the content of the CF is transferred to the SF then the CF is set
to "1"
With [TEST CF] instruction, the value obtained by inverting the content of the CF is
transferred to the SFthen the CFis cleared to “0".
Zero flag (2F)
The zero flag holds the zerc 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”7. 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 SFisinitialized 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", "Ox”, "78", “5n", and "1"
respectively, the contents of the accumulator and flags become as follows:

Accafter |Flagafter execution Acc after |Flag after execution

Instruction Instruction .

execution CF ZF S execution cF ZF SF
ADDC A, @HL 2 1 0 0 LD A, #0 Oy 1 1 1
SUBRC A, @HL 9y 0 0 0 ADD A, #4 Oy 1 1 0
CMPR A, @HL Cy 0 0 1 DEC A By 1 ¢ 1
AND A @HL 4, 1 0 ! ROLC A 9, ! o 0
LD A, @HL S5h 1 0 1 RORC A E 0 0 1
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2.7 Clock Generator, Timing Generator, and System Clock Controller
1 . N Clock N
R Generator :
XN L Lt
__1 t DI D‘ | High-frequency : Timing = System clock
I

T D | clock oscillator : Generator Controlier
XouT : :

LHOLDrequesl ‘L ‘1’ ‘I’ l

XTIN 3 :

’_{ T E] o | Low-frequency : OP16 IPOE
| : . : ...3,..‘..2.

»—{ T D - 1 clock oscillator : :

i : [T

- ) i1 Clock Generator control Command register Status register
)
1

System clock

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

2.7.1  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.

Saiii it High-frequency =-=-="=-"--7==- y ittt Low-frequency -----==-------- N
3 i [} |
] t 1 I
: XIN XQUT XIN XOUT ' 1 XTIN XTQUT XTIN XTOUT :
1 1 1 1
| Lo |
: (oPen) || (OPEN) |
1 1 1 1
| ] L U] :
| l | ;
] 1 ] t
1 1 1 '
] 1 1 1
LA e L A o !
1 1 1 )
P J L e e e e 2
fa) 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.
SECCHK: SET %OP07, O 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 fram 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 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 controlied by command. Figure 2-15 shows the operating mode
transition diagram. Figure 2-16 shows the command and status registers.

Single-clock mode - Dual-clock mode

Command Normal-2
operating

mode

Normal-1
operating
mode

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

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

Command

A

+
3
)
¥
+
3
r
I
I
I
v Command
1
I
1
1
I
I
i
I
I
I
I
3
1
i
I
I
1
I
1

Reset

Rising edge release R

HO0D oi eset Command
of HOLD pin Command operation
input

High-freq.: Oscillating

SLOW

High-freg.: Stopped H ? ng Low-freq. : Stopped operating High-freq.: Stopped
Low-freq. : Stopped Opric?d; g maode Low-freq. : Oscillating

Figure 2-15. Operating Mode Transition Diagram

a. Single-clock mode
{07 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".
2 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-ciock mode
1, Normal-2 operating mode
In this mode, the CPU is operated on the high-frequency cock but many peripheral
hardware operate on the low-frequency cdock.
29 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 oscllator 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.

2. Normal-1 and Normal-2 operating modes are sometimes referred to as the Normal operating
mode collectively.
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System ciock control is performed by the command register (OP16). During reset, this register is

initialized to "0” and the single-clock mode is sefected.
tach 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 I SLCK I DCLK 1 I DWUT l {Initial value 0000)
Sele¢ts operation mode
3 0 0: Single clock mode (Normal-1 cperating mode)
0 1: Reserved
1 0: Dual clock mode (Normal-2 operating mode}
! 1: Dualclock mode (SLOW operating mode)
Selects input ciock for the interval timer (Note 2)
0 . fe/27 [Hz]
t o fs
Sets the warm-up time
Example: At fc=419MHz
fs=32.8KHz
0 ;. 28/fs+29/fc [sec] o 7.9[ms]
Note I .fc, High-frequency clock [Hz] _1 P A s+ 9 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 outpuls over the
eighth stage of timing generator to precede that to be expecled by
maximum 27/fc or 11fs [sec].

System clock control status register (Port address IPOE)

3 2 1 0
(SIOF) (SEF) SMF HOLD /SLS
Low-frequency clock oscillating state |
»|  0: Notoscillating or unstable oscillation
1: Stable oscillalion
—
HOLD pin state/operation stale monitor ’
— Single-ciock mode————— Dual-clock mode
Lo | 0: HOLD pinat "H" level In Normal operation
L_1: HOLDpinat "L" level In SLOW operation

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

(1) Single-clock mode

L

In this mode, only the high-frequency clock oscillator is used. Pins R72 (XTIN) and R73 (XTOUT)
become the ordinary /O port. The HOLD aperating 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 operatian is generally performed by generating the system clock from
the high-frequency ciock (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-ciock mode. It must be
set to the Normal-2 operation of the dual-clock mode.

a.5witching 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"0or "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
returnis 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
—}Y

High-freq. clock
{(XOUT)

{XTOUT)
Basic clock (CP) | ] | I | | | | | l l | I l

Normat operation ——|<— S OW operation - Normal operation

_/4 ~~— Warm-up —>
Changed to the SLOW Changed to the Normal

operationg mode operating mode by program

by program

SLS

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-cyde instruction to 3-cycle instruction. Each
instruction cycle consists of 4 states (S1 through 54). Each state consists of 2 basic clock puises.

1fc or 1ifs {sec]
i

|

State I I T

lnstruction cycle "

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

3.1 Ports
47C660/860 have 15 /O ports (56pins) each as follows:
@® Ko ; 4-bitinput
@ PO, P3 ;. 4-bitoutput
@ P1, P2 ; A-bitoutput
@ R4, RS . 4-bitinput/output (shared with A/D converter analog inputs)
& R6 ;  4-bitinput/output
® R7 ; 4-bitinput/output (shared with the low-frequency resonator connecting
pins and the watchdog timer output)
7) R8 . 4-bit input/output (shared with external interrupt request input and

timer/counter input)

&) R9 ; 3-bitinput/output (shared with serial port)
9y RA, RB, RC ; 4-bitinput/output
jo. KE . 1-bitsense input (shared with hold request/release signal input)

3.1.1  1/OTiming

(1) Inputtiming
External dataisread from an input port or an /O portin the 53 state of the second instruction cycle
during the input instruction {2-cycle instruction) execution. Thistiming cannotbe recognized from
the outside, so that the transient input such as chattering must be processed by program.

. Istinstructioncycie ; 2stinstruction cycle |

a 1 1
Instructi o 51 .52 53 54 St S2 53 54 _
nstruction T T T T T
oxecutiongycle - [ wedestaesteipstuqion L [ T

Input strobe I l
Rt EE T -

Figure 3-1. InputTiming

{2) Outputtiming
Datais output to an output port ar an /O portin the S4 state of the second instruction cycle during
the output instruction (2-cycie instruction) execution.

l 1stinstmctioncyc|e)jI Zstinstructioncycie_j,

51 52 53 sS4 51 S2 53 54
T

Instruction T T T T T T
execution cycle [ our/ouTs/SET/CLRinstryction, | L

Qutputiatch pulse I |
Port X

Figure 3-2. OutputTiming
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3.1.2 /O Ports
(1) Port KO (KO3 - KOO)
Port KO is a 4-bit input-only port. A pull-up or puli-dawn resistor can be contained by the mask

option.
Port K0 (Port address  1PQQ) IN/TEST/TESTP
3 2 1 0
ko3 | ko2 | kot | oo Datainput = {11 {] P

Figure 3-3. PortKO

(2) Ports PO (P03-P0O0) and P3 (P33-P30)
Ports PO and P3 are 4-bit output ports with latch. The tatch 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 QPQO) Port P3 (Port address QP03/1P03)
3 2 1 0 3 2 1 0
[ P03 l PO2 I PO POO l I P33 l P32 [ P31 P30 l
L]
IN/TEST/TESTP/SET/CLR
Input data
Output data ——@ {> D PIN Outputdata —>| LATCH [l> DPJN
{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 OP02/IPQ2.
Additionally,8-bit data can be set to these ports {the upper 4 bits to port P2, the lower 4 bits to port
P} 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 Pleb

Example 2: Toread the latch data from port P2 to stare it in the accumulator
IN %#IP02, 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 90y in
RAM to outputthe 8-bitdata to ports P2 and P1.
LD HL, #90H ; HL«90y (Setsthe RAM address)
OUTB @HL ; Port P2, P1<ROM data
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Port P2 (Port address OP02/1P02) Port P1(Port address QPQ1/IP01)
3 2 1 0 3 2 1 0
[ P23 | p2 | p21 | P20 | I P12 [ pn Pi0
IN/TEST/TESTP/SET/CLR
Datainput
Data output —= ’ [ ] PiN

Figure 3-5. PortsP1, P2

{4) Ports R4 (R43 - R40), RS (R53 - R50), R6 (R63 - R60), R7 (R73 - R70)
These ports are 4-bit /0 ports with a latch. When used as an input port, the latch must be set to “1”.
The latch isinitialized te " 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 @L . R43«0
!_reg‘ister pin .Lregisterv Pin .Lregister- Pin F.reg.ister' Pin

3:2:1:0 3:2:1 .0 3:2:1:0 3:2:1:0
0 0 0 © R40 o 1 0 ¢ R50 10 0 0 R60 1T 1 0 0 R70
g 0 0 1 R4 0 10 1 R51 1 0 0 1 R61 1 1 0 1 R71
o 0 1 0 R42 0 1 0 R52 1 9 1 0 R62 ! 11 0 R72
0 0 1 R43 R T B R53 1T 0 1 1 R63 1t R73

Tabie 3-2. Relationship between Lregister contents and I/O port bits

a. Ports R4 (R43-R40) and RS (R53-R50)
Parts R4 and RS 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 {AINOQ) pin during reset.

Port RS (Port address QPQ5/1P05) ‘
Analog input selector

3 2 1 0
R53 RS2 RS1 RS0 Analog input
(AIN7) (AING) (AINS) {AINA) IN/TEST/TESTP
PortR4  (Portaddress OP04/1P04) inputdata =
SET/CLR
3 2 ! 0
R43 R42 R41 R40Q <

(AIN3) (AIN2) (AIN) (AIND) Output data —» >—{ ] »n

Figure 3-6. Ports R4, RS
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b. PortRGis 4-bit /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 OPQ&/iP06G)
: ! 9 Data output m y PIN
R63 Re2 | Ret | Re0 | (|

C.

Datainput ]]
Data output —-{ LATCH lr .
Part R7 (Portaddress OP07/1P07)

Figure 3-7. PortR6

Port R7 is shared by the low-frequency resonator connection pins (XTIN, XTOUT) and the watchdog
timer output pin {(WT0). For the dual-clock mode operation, the low-frequency resonator
(32.768kHz) is connected to R72 (XTIN) and R73 (XTQUT) 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 cutput 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 /L
Datainput 4—1—\3

Data output —-@ -‘
Data input <—l—-<i

Data output ———=f LATCH

Watchdog
timer output

{Jrre

—— R WO

v | v

> [(Jrr2xmn)
T 2
< i
3 2 ! 0 Data input <—1—Q [\| Ris
R73 R72 R71 R70 _]
(XTOUT) | (XTIN) (WTO) Data outpul ———~| LAICIH |~ Lo [ Jr73(xToUm)

Clock mode
{"1"in the single-ciock 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 functional pins, the latch should be

setto “1”. Touse it for an ordinary I/0 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 l/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 kept at "0”, not accepting the interrupt request.

: g
Control input <

IN/TEST/TESTP
Port R8 (Port address  OPQ8/IP08)
Data input
SET R
3 2 1 0 c
R83 R82 R81 R80
(T1) (INTT) (12) (INT2)
Data output

Figure 3-9. PortR8

(6) PortR9(R92-RI0)

PortR9is a 3-bit I/0 port with latch . When used as an input, the latch must be set to "1 The latch is
initialized to "1” during reset. Port R9 isshared with the serial port.

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

set or clear instruction for R93 ([SET %0OP09,3] 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.

Port RS {Port address  OP09/1P09)

3.

controtinput ~—< e

Data input I SET/CLR

2 1 0
R92 R91 R90 ‘
(5CK) (50) (s
Data output —'— —[ T pin

Control output

Figure 3-10. PortR9

(7) Ports RA (RA3-RA0), RB (RB3-RB0), RC (RC3-RCO)
These ports are 4-bit I/0 ports with latch, The latch is initialized to “1” during reset.
When used as input port, the latch should be setto “1”.

R*port {Port address QPQ=* /{POx)

IN/TEST/TESTP

Input data

SET/CLR
3 2 1 0
NN
“ AL B, C Outputdata ‘*’ PIN

Figure 3-11. Ports RA, RB, RC
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(8) Port KE (KEG), 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 {POE or the most
significant bit of port address P10 and both input data is processed as the data with inverted
polarity. For example, if an inputinstruction 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: Towait until KEO pin goes low. (in single clockmode.)

SWAIT : TEST %IPOE, 0 ; Waitsif KEO pin = "L".
B SWAIT
Port KE (Port address IPQE) Control input - <}
3 2 1 0
IN/TEST /TESTP
(SIOF) {SEF} {SMF) KEQ
(HOLD) Datainput D PIN

Figure 3-12. PortKE
3.2 Interval Timer

3.2.1  Configuration of Interval Timer
The interval timer consists of a 19-stage binary counter with a divide-by-3 prescaler. The source clock to
the interval timer and its input stage depend on the operating mode as shown below.
During reset, the binary counteris cleared to "0”. However, the prescaler is not cleared.

Prescaler

fc [Hz) 21
—|—>4567»——0/)-»8910111213141516}71819202122
- R R A !

Figure 3-13. Configuration of Interval Timer

3.2.2  Functions of Interval Timer
The interval timer provides the following functions:
(1) The timer to generate an interrupt of fixed frequency
2" Generation of internal pulse for timer/counters
31 Generation of internal serial clock for a serial interface
@) Generation of warm-up time at release of the hold operating mode
B Generation of source clock for a watchdog timer
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3.2.3  Interval Timer Interrupt (ITMR)
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. Aninterval timerinterrupt 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: Tosettheinterval timerinterrupt frequency to fc/215[Hz](Single clock mode)
LD A,#0110B ; OP19« 0110
ouT A,%0P19

Interval imer interrupt contral command register (Port address OP19)

3 2 1 0
! : I | (nitial value  0000)
Single clock mode Dual clock mode
— Ii Normal-1 ﬁ Normal-2 SLOW
00~ : Interrupt disabled Ir[\_terruptdisat;;—l I—;errupt dis—agled
0100 : interrupt frequency fc/2'' [Hz] fs72*{Hz) Reserved
> o101 interrupt frequency fc/29 fo72° Reserved
0110:  tnterrupt frequency fc/2% fo/28 Reserved
0111 Interrupt frequency fc/2V fo/2'° fs/2'%[Hz)
AL Reserved Reserved Reserved

Notel. =, don’t care
Note2 fc; High-frequency clock [Hz],

fs, Llow-frequency clock [Hz] (a) Command register

Single clock mode Dual dlock mode Al fc=4.194304MHz, fs=32.768KHz
fer2" [Hz) fs /2% [Hz] 2048 Hz
fcr2" fs /2" 512
fci2" fs /28 128
fcrz" fs/2 32

(b) Example of interrupt frequency

Figure 3-14. Interval Timer Interrupt Command Register

3.3 Timer/Counters {TC1, TC2)
The 47C1260/1660 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.

M5B LSB M5B LSB
Timer/Counter! (TC1) Timer/Counter2 (TC2)
TChy - TCim - TCH TC2y 1 TC2m | TC2,
RAM address (F64) (F5.4) (Fay) RAM address (FAL) (F9,) (F8,))

Figure3-15. The Count Registers of the Timer/Counters {TC1, TC2)
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3.3.1  Functions of Timer/Counters
The timer/counters provide the following functions:
(i) Event counter
@ Programmable timer
3 Pulse width measurement

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 (port address OP1C)

3 2 1 0
TCIMS IPR1 I (initial value 0Q000)

Mode select

»(00: Stopped

01: Eventcounter mode
10: Timer mode

11: Pulse width measurement mode

Internmal pulse rate (interval timer output) select ]

Single clock mode Dual clock mode

r Normal 1 —j I— Normal 2 ‘—-| r— sLow j
00: fc /2% [Hz] fe s 2" [Hz) Reserved
01 fes 28 fs/2 Reserved
10 fcs2"% fs1 2 Reserved
11 fc/2" fs 127 5727 [Hz]

Timer/counter 2 controf command register (port address QP1D)

3 2 1 0
1 TC2MS IPR2 | nitial value  0000)
Mode select
»>| 00 : Stopped
01: Eventcounter mode
10: Timer mode
11: Pulse width measurement mode
Internal pulse rate {interval timer output) select I
Single clock mode Dual clock mode
r Normal 1 j ’— Normal 2 —°“l r SLOW —]
b1 00: fc/ 2" [Hz] fs 12" [Hz} Reserved
01: fer2™ fs12’ fs/ 2’ [Hz)
Note fc, High-frequency clock [Hz] 10: fer 2 fss2" fsr 2"
fs; Low-frequency clock [Hzf E fci 27 fs/2' {572

Figure 3-16. Timer/Counter Contral Command Register
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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 3-17. Note that counting continues if there is a count request after
overflow occurrence.

instruction cycle

-
| + } il } ] } }

I | | | i I 1 i

Count pulse l
Count request —»f 1

Detection of overflow 1

QOccurence of IOVF \‘-l |

interrupt T 1 e w—m oo » i —mmmmmmm o
" i Peount Execution of Interrupt acceptance " Execution of
Execution of instruction cycle instruction  processing instruction

Figure 3-17. 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 cutput latch isinitialized "1" during reset. The maximum
applied frequency of the external pin inputis f¢/32 for the 1-channel operation; for the 2-channel
operation, the frequency is f¢/32 for TC1 and f/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
Sinstruction cycles for TC2. For example, the instruction execution speed of 2ps drops to 3.64ps.

Example: Tooperate TC2in the event counter mode.

LD AL#01008 : OP1D « (Qix+g

ouTt AL %OP1D
External input(T1, 72 pin) I I l l l I
Countregister n X n+l X n+2 X n+3

Figure 3-18. Event Counter Mode Timing Chart

(2} Timer mode
[n 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 (17127) x 100 =
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0.8%. For example, the instruction execution speed of 2ps drops to 2.016ps. In the timer made,
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 7 TC1 « E794 (Setting of count register)
ST #9 QHL+
ST #7 ,@HL+
ST #0EH, @HL+
LD A,#10108B ;. OP1C« 1010g {Timer mode rate f¢/210)
out A, %A0P1C
LD A,#01008 ;  EIR«0Q100g (Enablesinterrupt)
XCH A EIR
EICLR IL,110111B i EFe1, ll3e«0
Internal puise I | l | ] I
Count register n X n+l X ne+?2 X n+3

Figure 3-19. Timer Mode Timing Chart

# 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 countregister as the initial value:
212-{100x10-3) x {(4x106/210) =3705(E79y}

) \ At fc=4.194304MH2
internal pulserate Max.setting time

Internal pulse rate Max.setting time
fe /26 [Hz} 2'8/ 1¢ [sec] 65536 [Hz) 0.0625 [sec]
fcr28 220/ {c 16384 0.25
fc/210 222/ 4¢ 4096 1
fc/214 226/ fc 256 16
fc/218 230/ fc 16 256
fcr222 FELYA(S 1 4096

Table 3-3. Internal Pulse Rate Selection

(3) Pulse width measurement mode
In the pulse width measurement mode, the timer/counter increments with the puise obtained by
sampling the external pins (T1,T2} by the internal pulse. As shown in Figure 3-20, 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.

Externalinput I I
Internal pulse __] ] | I l f l l | l : Il L_
Timer/Counter n 1 n+l X ns+2 X _n+3 X n+4

Figure 3-20. Pulse Width Measurement Mode Timing Chart
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3.4 A/D Converter
47C660/860 have a 8-bit successive approximate type A/D converter and is capable of processing 8 analog
inputs.

3.4.1  CircuitConfiguration

VAREF
t D Ladder Resistor
VASS D Tap Decoder

Reference voltage
AINO D'—

i S Comparator

i Analog Sample

' Input &Hold | . Successive Approximate Circuit
' Multiplexer

1

1

anr [F—] i |

Control Circuit

Gp12 oP13 Y i3 P12
l Alnéé?gclgﬁ’“]‘ ’ - [_;_\Es_] eocF| | A/D Converted Value Register J
3 2 1 0 3 2 1 e 3 2 1 o0 7 6 5 4 3 2 1 0

Figure 3-21. Block Diagram of A/D Converter

3.4.2 Control of A/D converter
The operation of A/D converter is controlled by a command. The command register is accessed as port
addresses OP12 and OP13. A/D converted value and end of conversion flag (EQCF) can be known by
accessing port addresses IP12 and IP13.

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

Analog input sefect command register (Port address OP12)

3 2 1 0
! SAIN ‘ (Initial value ~ 0000)
Analog input selection
,| 0000 R40 (AIND)
0001 : R41(AINYT)
0010: R42(AIN2)
0011: R43(AIN3)
0100: RS0 (AIN4)
0101: RS51(AINS)
0110: R52(AING)
0111: RS53(AIN7)
Note *. don'tcare L1***: Analoginputis not selected.

Figure 3-22. Analog input selector

(2} Startof A/D conversion
A/D 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.
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AJD conversion slart command register (Port address QP13)

' ADS (Initial value  0000)
A /D conversion enable
> V' A/Dconversionis started (clears after starting)

Figure 3-23. A/D conversion start register

(3) A/D converted value register
An A/D converted value is read by accessing port address IP12. An A/D converted value is read by
splitting into upper 4 bits and lower 4 bits by a value of LRg (LSB of the L registers).

A/ D converted value register {Portaddress 1P12)

3 b3 1 ¢
[ D3 l D2 } D1 E DO ‘ When LRy =0, lower 4 bits of the converted value is read.
L D7 ] D6 | DS ] D4 ] When LRy = 1, upper 4 bits of the converted value is read.

Figure 3-24. A/D converted value register

(4) A/D converter status register
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
A/D conversion is started, EOCF is cleared to “0".

A/D converter status register  (Port address  [P13)

3 UL SO S

EOQOCF

End of conversion flag

0 : Under A/D conversion or before A/D conversion
1 : End of A/D conversion

Figure 3-25. A/D converter status register

343 HowtouseA/Dconverter
Apply positive of analog reference voitage to the VAREF pin and negative to the VASS pin. The A/D

conversion is carried out by splitting reference voitage between VAREF and VASS to bit corresponding
voltage by aladder resistor and making a judgement by comparing it with anaiog input voltage.
(1) Start of A/D 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 A/D converted, in the high impedance state by
setting "1”. If other portis 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.
A/D conversion is started by setting ADS (bit1 of the A/D conversion start register). When conversion
ends after 24 instruction cycles, EOCF showing the end of conversion issetto “1°. .
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(2) Reading of an A/D converted value
After the end of conversion, read an A/D converted value is read by splitting into lower 4 bits and
upper 4 bits by the A/D converted value register (IP12). Lower 4 bits of the A/D converted value can
be read when LRy = 0 and upper 4 bits when LRg = 1. Usually an A/D converted value is stored in
RAM by an instruction [IN %p, @HL]. Further, if an A/D converted value is read during conversion, it
becomes an indefinite value.

(3} A/Dconversion with HOLD operation
When the HOLD cperation is started during the conversion, the conversion is terminated and an A/D
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}, A/D converted value and status of EOCF are held.

Example: Selecting analog input (AIN4), starting A/D 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 A/D conversion
ouT A, %0P13
SLOOP IN %IP13, A ; Towaituntil EOCF goesto "1"
TEST A, 3
B SLOOP
LD HL, #10H ; HLe10H
IN %#1P12, @HL ; RAM [10u] & Lower 4 bits
INC L . Increment of L registers
IN %IP12, GHL : RAM [114] « Upper 4 bits

3.5 Remote Control Pre-processor
The remote control pre-processor 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

32 v 32 L0 32 10
Command Register l I Count Value Jl OffsetValue J

QOPOE IPOD OPOD
Overflow
l‘ Detector
7 [ 5 4 3 2 i 0 27/ fc
_ T T T T T T T Count
INT p—> ircui
2 D’ Control Circuit B-bit Preset Counter - Cycle 28/ ¢
Selector |-e—
REMO-CON Interrupt
Interrupt
TRTZ Interrupt Source Interrupt Request
>| Selector

Figure 3-26. Remote Control Pre-processor
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3.5.2 Control of Remote Control Pre-processor
The remote control pre-processor is controlled by the command register (OPOE) Also, external interrupt 2
is used to interrupt source. At reset, INT2 is selected, so a remote contral 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.

REMQ-CON pre-processor command register (Port address OPQE)

3 2 1 0
[ ERM? ‘ EDGE [ K32 ] ELD | (nitial value 0000}

Select of inlerrupt request ]

0 : INT2Interrupt (Trailing edge)

1 : REMO-CON Interrupt (Swithching edge)

Setect of edge for interrupt I

0 : Attrailing edge
1 : Atleading edge

L

Counter clock cycle ]

Example : Al fc=4.19MHz

>l 0 . 28/fcfsec] .. . .. 64 [ps]
1 27ife ... 32

Note, EDGE, CK32, ELD is

f offsel vai
available when ERM =1 Load of offset vaive

? 1 Enable (Cleares after loading)

Figure 3-27. 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 iower 4 bits and the value of the upper 4 bits are stored to the
count value register (IP0D).

Offsetvalueisloaded in the following cases :
(1) When ELD (bit 0 of the OPOE) issetto “1".
2 When there is an overflow of the lower 4 bits.
31 When interrupt request occurs.

Countvalue is stored in the following cases :
{1) When the upper 4 bits are all “1111g".
2) When interrupt request occurs.
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(2)

ERM

EDGE

REMO-CON

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 3-4. by the count cycle of the preset
counter selected with the QPOE 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.

Count clock cycle Offset value (HEX) Re(fﬁrfgie]tg)me
27/ {c [sec) OtoF (2VV = nx 27)/fc [sec]
28/ 1¢ OtoF (2'2-nx28)/fc

Table 3-4. Setvalue of reference time

Remote control pre-processing operation

First, set the offset value for creating the reference time to the OPOD. The offset value is joaded to
the lower 4 bits of preset counter by setting ELD to "1". ERM can alsc 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 next interruptis disabled until the stored count value is read. Switching edges
canselectin ene 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 interruptis generated.

In this case, IPOD is set to "Fr” and it can be identified to be the overfiow interruption. The input
pulse width of both “H” and “L” levels must be more than 192/fc [sec]. If any shorter pulse than
192/fc [sec] may be expected, put the dummy instruction [IN  %IPQD, 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.

Figure3-35. shows the operation timing the remoto control pre-processor.

— |

Waveform _L —_—L—_T——l_—_f—_‘___

l—ﬁf—%;——loado!offsetvalue /} Floadofoffset
value

S K S
\ \ \

CountValue / / X_ / X

Program é ,-/

read of count value —f read of count value —J

Figure 3-28. Timing chart
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Example: To store a count value to
RAM [10px] that pulse
width of input pulse is
measured.

Main Routine
out #5, %OPOD
out #0FH, %OPOE

CLR 0, 0
LD A, #00018
XCH A, EIR

EICLR IL, #1111108

INT2 service routine
TEST 0, O
B STO
LD HL, #10H
IN %IP0OD, @HL

CLR 0, 0
ouT #0EH, %0POE
B SEND

STO SET 0, 0

ouT #0AH, %0POE
IN %wIPOD, A
SEND

Pulse

—] width I

Offset value register set to “5".

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

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

Skip, if interrupt status flagis “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

[1OH] iS “9”_

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

time will be as follows :

(211 =5x27)/fc=336{ps]

Thus, the detection time (pulse width) will be 336 x 9 =3.02[ms] ({including an error of 336us max.)

Note : When the low-frequency clock (fs) is input to the interval timer in the normal 2
operating mode, count cycle 28/fc operation cannot be used. Also, remote control pre-
processor cannot be used in the SLOW operating mode.
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3.6 Serial Interface (S10)
The 47C660/860 have a serial interface with an 8-bit buffer. 4-bit/8-bit tramsfer mode can be selected. In
the 8-bit transfer mode, data may be transmitted and received simultaneously. The serial interface is
connected to the exterenal device via 3 pins (the serial port): R92 (SCK), R91 {50), and R90 (51). 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/0 port; in the receive mode, R91 pin provides the I/G port.

3.6.1  Configuration of Serial Interface
Figure 3-29. shows configuration of serial interface.

{ Internal bus {
2nd access <t~ )staccesss
Transmit mode 1 OPQF
3 2 1 0 Receive mode : IPOF
I Camlmandlregmeﬂ I ’ Commang regnsierl 7 & 5 4 3 2 1 0
3 2 1 0 op1E OP”: I l ISGImllbuHer] I " ]
W{T |
reqister. | oo _. 1 t
IPGE i
b
t
10 3 2 1 i

Controller (Shift counter)

2
Serial dat
’-‘[ ghl“ re’glsleri I_'[ 'Shlh r(-:tglsterl [—’D SO ourt'put ata
' [I’

in 8-bit mode in 4-bit mode )
D S| Serial data
' input

1

I Serial clock 'E] CK Serial data
I
1

interrupt request e
(Buffer full or Buffer empty}

Figure 3-29. Configuration of Serial Interface

3.6.2 Control of Serial Interface

The serial interface is controlled by command registers (OP1E, OP1F). The operating states of the serial
interface can be monitored by the status register {IPOE).

Serial interface status register  (Port address 1POE).

3 2 1 0
i SIOF J SEF I (SMF) [(HOLD)]

Monitor serial transfer operation state J

»| 0Q: Transferisterminated

i: Transferisin piogress

Monitors shift operation status

Y

0: Shift operationisterminated

1: Shiftoperationisin progress

Figure 3-30. Serial Interface Status Register
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Serial interface control command register1  (port address OP1E)
3 2 1 0
INH SBIT l CKR (Initial value 0001)
Forcible stop of seriai transfer l
¥ 0 . Transfer continue
1 : Automatically clearing after stopped
Transfer bit number J
0 : 4-bitserial transfer
1 : 8-bitserial transfer
Select serial clock frequency ]
Single clock mode Dual ¢lock mode
L
 Normal 1 7 Normal2 7 [T SLOW 7
00 : fc/26 [Hz] fc/26 [Hz) Reserved
Note. fc, High-frequency clock [Hz] 01 - fes27 fer27 Reserved
10 ¢ fes29 fs/22 Reserved
1o foran fs/2% (/25 [Hz]

Serial interface control command register 2 (port address OPiF)

3 2 i 0
| &0 | &w | | eckm | onitiatvalue 0000)

tnstructs serial transfer start/end |
0 : Instructsserial transfer end
1 ¢ Instructs serial transfer start

Select transfer mode J

4 bit transfer 8 bit transfer
L
T

o Transmit mode Transmit mode
1 Receive mode Transmit/Receive mode

Select shift edge
0 : sShiftatthe trailing edge of serial clock
1 : Shift atthe leading edge of serial clock

Note Whensetting the transfer mode,

ESIO must be 0"

Select shift clock

>0

internal clock {outputto SCK pin)

t ¢ External clock (input from 3CK pin)

Figure 3-31. Serial Interface Control Command Register
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(1} Serial clock

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

registers:

a. Clock source selection
(L Internal clock

The sertal clock frequency is selected by command register.
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).
External ciock
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 iow levels
needs 2 instruction cycles or more to be completed.
b.Shift edge selection

(1 Leading edge

Date is shifted at the ieading edge (the falling edge of SCK pin input) of the serial clock.

@' 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.

3

(2) Transfer bit number
SBIT {bit 2 of the command register 1) can select 4-bit/8-bit serial transfer.

a.4-bitserial transfer
In this mode, transmission/reception is performed on 4-bit basis. ISIO interrupt is generated
every 4-bit transfer. Transmit/receive data is written/read by accessing the buffer register
(OPOF/IPOF) respectively.

b.8-bit serial transfer
In this mode, transmission/reception is performed on 8-bit basis. ISIO interrupt is generated
every 8-bit transfer. Transmit /receive data is written / read by accessing the buffer register
{(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-bitis performed.

{3) Transfer modes
Selection between the transmit mode and the receive mode is performed by RM (bit 2 of the
command register2).

a. Transmit mode

The transmit mode is set to the command register than writes the first transmit data (4 bitsor 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
oran 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 (I1S10) 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 requestis reset.
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in the operation based on the internal dock, 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 aperation 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).

Exampie: 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 (f/27).

LD A, #0101B ; OP1E « 01015 (Setsthe 8-bitserial transfer)
out A, %0PIE

LD A, #00108B ; OP1F « 0010g (Setsthe transmit mode)

ouT A, %OP1F

ouT @HL, %OPOF ; OPOF « RAM [HL] (Writesthe lower 4-bit data)
INC L

ouT @HL, %O0POF ; OPOF « RAM [HL] (Writesthe upper 4-bit data)
LD A, #1010B ; ESIG €« 1 (Instructstransmission start)

ouT A, %OP1F
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ESIO

SIOF

SCK
SO

1510

5B
(CPQF)

SCK
SO

1510

S
{OPOF)

(a) Internal-ciock-based operation with wait

] clear ESIO

(b) External-clock-based operation

Figure 3-32. Transmit Mode

b.Receive mode

At RM =1 ; 4-bit receive mode is set when SBIT is cleared to "0", 8-bit simultaneous
transmit/receive mode is set when SBITissetto " 1"

+ 4-bitreceive 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 data is 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 ieading 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 S| pin before the first serial clock is applied at the start of
transfer.

rr.ln
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Example: To instruct the receive start operation with the 4-bit serial transfer, internal clock
and leadingedge shift {(with the interrupt enable register already set).

LD A, #00008 ;. OP1E «0000g (Sets the 4-bit serial transfer)
ouT A, %OPLE

LD A, #01108 ;. OP1F «0110g (Sets the receive mode)

QuT A, %OPLF

EI ; EIF &« 1 (Enablesinterrupt}

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

ouT A, %OPLF

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:

(i When the transfer rate is sufficiently low (the external-clock-based operation):
It 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, ESIC is cleared to "0" by the
interruptservice program, then the last received data is read.

2

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

it 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, ES10 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 ¢lock, leading-

edge shift).
SSEFO TEST %IPOE, 2 . Waits untif SEF="1"
B SSEFOQ
LD A, #0110B ; ESIO <0
ouT A,  %0OP1F
IN %IPOF, A ; Acc «IPOF (Reads received data)
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3 One-word reception
When receiving only 1 word, ESIO issetto “1” then itis cleared to "0” after confirming that
SEF has gone “1". In this case, buffer full interrupt is caused only once, so that the received
data is read by the interrupt service program.
Example: To instruct the start/end of 1-word reception (the internal clock, the trailing edge

shift).
LD A, #01008B ; OP1F «0100g (Sets in the receive mode)
ouT A, %OPiF
EI ; EIF « 1 (Enablesinterrupt)
LD A, #1110B ; ESIO ¢ 1 (Instructs reception start)5
ouT A, %0P1F
SSEFQ TEST »IPOE, 2 ; Confirmsthat SEF="1"

B SSEFQ
LD A, #0110B . ESIO « O (Instructs reception end)
ouT A, %0P1F

Clear ESIO

[~

ESIO _j |

e i

SCK !

; AR 0B 6300 (8 £ €3 03 6D €0 0 (7

L

8 7K o\ X\
READ (IPOF) x,‘_f, \.o \_.is

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

| Clear ESIO |
1

ESIO _J

1
S1OF _j
e ] || L__I// 1§

ST TrTaT T

SCK ¢ i 1 1 I

5 TR 006300 CB 0.0 0D 0 () ) (7 I

1510 J | I

S8 %( D XD' X\ o
READ (IPOF) L,g \—>£ \—»i

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

Figure3-33. 4-bit Receive Mode
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¢ 8-bit Transmit/Receive Mode
After setling 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 dock
and the receive data is input from the S pin at the trailing edge. If the shift register is filled
with the receive data, the data is transferred to the buffer register and ISIO (buffer full)
interrupt is generated to request data read. The received data is read from the buffer register
by the interruptservice program, and then write the transmit data to the buffer register.
Lower order 4 bits of bath 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, 51O 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 : Towrite data to be transmitted and to instruct the transmit/receive start.
LD A, #01108B ; Setsthe 8-bit transfer and serial clock frequency.
ouT A, %OP1E
LD A, #0110B ; Sets the transmit/receive mode of internal clock
operation

ouT A, %OP1F

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

ouT GHL, %OPOF

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

ouT GHL, %OPOF

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

ouT A, %0OP1F

: ; Data transfer

Example 2 :© Toread datareceived and to write next data to be transmitted.
LD HL, #30H ; Storeslower 4-bit data received in RAM[304].
IN %#IPOF, @HL
INC L ; Stores upper 4-bit received in RAM[314].
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

{4) Stoppingserial transfer
Aserial transfer operation can be stopped forcibiy.
Itisstopped by setting INH {bit 3 of command register 1) to “1”, clearing the shift counter. When
the serial transfer is over, INH is automaticaily cleared to “0" with no other bits of command
register affected. In the transmit mode of this case, SCK and SO output are initiatized to “H" level
whereas the shift register is not cleared. Therefore, after the resumption of transmit, SO hoids the
data just before forcible stop via the shift register until the 1stshift data comes to SO.
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(a) Internal clock based operation with lwait
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(b) External clock based operation

Figure3-34. 8-bit Transmit/Receive Mode

3.7 Watchdog Timer (WDT)
The watchdog timer capability is provided to quickly detect the CPU malfunction such as endless looping
caused by noises or the iike, and restore the CPU to the normal state.
The watchdog timer output appears on R71 (WTQ) pin as the malfunction detect signal. To use the WDT,
the output latch of R71 must be setto "1” {during reset, it isset to “1”). Note that, the WDT is disahled
during reset. Connecting the WTO pin and the RESET pin resets malfunction.

3.7.1  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]. Table 3-8. shows watchdog timing detection time and operating mode
(detection time of watchdog timer) .
The flip-flop isset to "1 during reset, and cleared to “0" on the rising edge of the binary counter output.
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Binary counter CPU reset '
1
e ' External circuit
t{2|3|a]|sle|7|8]9t0 i
F/F |
'
s Q :
I
I
L__[ R R71 (WTO) 1 Malfunction
o Controller r.'_l detection signal
ear
request L/ LTJ
'
'
OP15 oPO7 i
I
Command register J l R7 output latch !
i I 1 1 1 1 |
fe/27 (H1) 3 2 1 0 3 2 1 0 !
or .
fs [Hz) !

L internal Bus <

Figure 3-35. Configuration of Watchdog Timer

3.7.2 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:

(1) Setthe WDT detection time, and clear the binary counters.

2 Enable the WDT.

(3 Clear the binary counters within WDT detection time that was set in (13, If a CPU
malfunction occurs, preventing the binary counters from being deared, the flip-flop is
clearred to “0” on the rising edge of the binary counter cutput, making the malfunction
detection signal active.

If the output latch of R711is ”1” at this time, the WTO output goes low.

Example . Toenable the with detection time of 63 x 215/fc [sec]
LD A, #00103 ; OP15«0010g (Set WDT detection time, clear
QuT A, %0OPIS binary counters)
LD A, #11108 , OP15«1110g (Enable WDT)
ouT A, %0OP15

Within WDT detection timer

LD A, #01108B ; OP15« 01105 (Clear binary counters)
ouT A, %0P15

Note. Itis 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.
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Watchdog timer control command register  (port address  OP15)

3 2 1 0
| awr | ewr | T™WT (initial value  1000)
Clears Binary counter I
0: Binary counter cleared
(after clear, itis automatically set to "1")
Watchdog timer enable/disable l
0: Disable
1: Enable
Set Watchdog timer detection time I
Example At f¢=4.19MHz
00: 3x 215/ fc[sec] oo 23 [ms]
01: 15x215/fc e 17
Note. fc, High-frequency clock [Hz] 10: 63 x215/f¢ 493
fs . Low-f lock [H
5 Low-frequency clock [Hz] KK S11x215/fc e 3996

Figure3-36. Watchdog Timer Control Command Register

TwT Normal 1 operation Normal 2 operation mode (Interval timer input) SLOW operation
mode fc /27 [Hz) fs [Ha) mode
00 Ix215/{c  [sec] 3x28/fs [sec]
01 15% 215/ f¢ 15%28 /fs
10 63 x 215/ 1c 63 %28 /fs
11 Si1x215 /¢ 511 %28 /fs

Table 3-5. Watchdog Timing detection time
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4. INTERRUPT FUNCTION

4.1 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,

o Interrupt Pertmit Entr

Sources Priority Pt conditions by y
latch program address

External | External interrupt i (INT1) (High rank) 1 iLg ElF=1 00024
Serial interface interrupt (1510) 2 g ElfF=1,EIR3=1 00044,
Timer/Counter 1 overflow interrupt {IOVF1) 3 I3 EIF=1,EIR; =1 0006
Internal
Timer/Counter 2 overflow interrupt {IOVF2) 4 L 0008y
EF=1,EIR =1
Interval timer interrupt (ITMR) 5 ILy 000A
External | External interrupt 2 (INT2) {Low rank) 6 ILg EIF=1,EIRy=1 000<y,

Table 4-1. Interrupt Sources

Interrupt latch
INT1 ﬂ{} >Sl Q
‘_FD—:’—JD g s
ISI10 3 0]
La ————'lj ’
@ E 2 Priority
IOVF1 S Encoder
- ngo — O~
R Address
“ & \_71—,
1OVF2
) it = e
=t e Ao
address
" >—D‘ P> IL1Q _-D* Generator
R interrupt
request
INT2 {> T )
”“:D:A) Lo
1 R
| !
TsTa 32T To
= EIR3 E!Fm
EICLR L, r [XCH A, EIR] Interrupt SEIF Q
DICLR IL, r }-p enable R
CLR I, r reqister
[ Acumdlater | interrupt
- ! ot enable
[EICLR 1L, r] master F/F
[DICLR IL, ]
System reset

Figure 4-1. Interrupt Controller Block Diagram

(1) Interrupt enable master flip-flop (EIF)
The EIF controls the enable/disable of all interrupts. When this flip-flop is cleared to “0", ali
interrupts are disabled; when itissetto "1”, the interrupts are enabled.
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When an interrupt 15 accepted, the EIF is cleared to "0", temporarily disabling the acceptance of
subsequentinterrupts.
When the interrupt service program has been executed, the EIF is set to "1” by the execution of the
interrupt return instruction [RETI), being put in the enabled state again.
Set or clear of the EIF in program is performed by instructions [EICLR IL,r] and [DICLR L],
respectively. The EIF isinitialized to "0" during reset.

(2) interruptenable 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 (EIRy) of the EIR is shared by both IOVF2 and ITMR
interrupts.
Read/write on the EIR is performed by executing [XCH AEIR] instruction. The EIR isinitialized to "0"
during reset.

(3) Interruptlatches(ILs through ILg)
Aninterrupt latch is provided for each interrupt source. Itisset to "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 iatches can be deared independently by interrupt latch operation instructions ([EICLR
IL,r], [DICLR IL,r], and [CLR IL,r] to make them cance! 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.

"

Example 1:To enable IOVF1, INT1, and INT2

LD A, #0101B ; EIR«0Q101p
XCH A, EIR
EICLR IL, 111111B ; ElFe1

Example 2 :Toset the EIF to “1” and to clear the interrupt latches except 1510 to "0”.
EICLR IL, 010000B ; EIfFe1, Ilse=0, IL3-1Lge<0

4.2 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:
{1 The contents of the program counter and the flags are saved on the stack.
2" The interrupt entry address corresponding to the interrupt source is set to the program
counter.
- The status flag issetto "1".
+ The Eif is cleared to “0”, temporarily disabling the acceptance of subsequentinterrupts.
- The ILfor the accepted interrupt source is cieared te "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 tong branch instruction can not be stored in the program normally. The
interruptservice program is assigned to the memory locations 0000y through OFFFy.)

ol or AW

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

Example :
PINT1: TEST
B
RETI
SINT1 :

one instruction cycle

05H, O
SINT?

The INT1 interrupt service is disabled under software control (Bit 0 of RAM [05y] are

; IfRAM [05H]p = 1,returns without the interrupt service

|
1 I I

ILg _—/ )

EIF \)
Interrupt
acceptance

1 Instruction

I Execute
exec, {0004, )

'[e\.cn W, r]

Nole 1.
Note 2.

Note3. T © 7

o —

Interrupt
acceptance

Figure 4-2. Interrupt Timing Chart (Example)

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

Note.

Instruction
exec (000G, )

itis assumed that there is no other interrupt request and EIR = 001 1.
The value rin the [EICLR IL, r]instruction is assumed as 11111,
:denotes the execution of an instruction.

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
To perform the multi-

restore them, it must be performed by program as follows for example.

interrupt, the saving RAM area never be overlapped.

Example 1. To save/restore accumlator and HL register pair.

XCH
XCH

Example 2: Tosave DIVIB to bit 0 of address GSAV2 in the RAM,

CLR

TEST

B

SET
SKIPS:

HL, GSAV1 ; RAM[GSAVI1] « HL

A, GSAV1+2; RAM[GSAV1 +2] «» Acc
Note. The lower 2 bits of GSAVT should be "0's”.

GSAV2, 0 . RAM[GSAV2] g0
DMB ; 11 DMB =0 thenskip
SKIPS

GSAVZ, 0 ; RAM[GSAV2] ge1

4-291



TOSHIBA TMP47C660/860/060

4.3

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

CLR DMB ; DMBe0

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

SET DMB ;. DMBe-1

SKIPR:

External Interrupt
When an external interrupt (INT1 or INT2) occurs, the interrupt latch is set at the falling edge of the
corresponding pin input (INT1 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 /O port, the INT1
interrupt occurs at the falling edge of the pin input, so that the interrupt return [RET 1] 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 VO 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 ormore instruction cycles for a correctinterrupt operaion.

K The externalinterrupt through the rising edge.
The external interrupt pin through the rising edge is not prepared under hardware. When
Timer/Counter are not used, the interrupt request signal can be applied to the Timer/Counter
input pin by the event counter mode (count registerissetto FFFy} .
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5. POWER SAVING FUNCTION

The 47C800 provides the HOLD operating mode and the SLOW operating mode to implement the low-

power-consumpting operations.

5.1 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 controllied by the command register (OP10) and the HOLD pin input. The
HOLD pininputstate can be known by the status register (IPOE}. The HGLD pin is shared by the KED pin.

5.11

Starts the HOLD operating mode

The HOLD operating mode when the command is set and holds the following states during the HOLD

operation:

(T Oscillator stops and the system1 internal operations are all held up.

@ The interval timer is cleared to “0".

3 The states of the data memory, registers, and latches valid immediately before the system is
putin the HOLD state are all held.

@) The program counter holds the address of the instruction to be executed after the
instruction which starts the HOLD operating mode.

HOLD oprerating mode command register (Port address OP10)

3 2 1 0
HLDMS HWUT (initial value =g« =)
Sets mode and starts HOLD operation—'
01: Starts HOLD operationin edge sensitive release mode
»| 11: Starts HOLD operationinlevel sensitive release mode
+*0: Reserved
Sets the warm-up time at release of HOLD operating mode
Example: At fc=4MHz

00: 2'8/fc[sec] - 655 Ims]
01 2%4/fc e 41
10: Reserved

Note!. =+ ; don'tcare

B . B/fc 0 eeens
Note2. fc; High-frequency clock [Hz] __1_1' 284f¢ 0.016
HOLD opeating mode status register  {Port address IPOE)
3 2 1 0
(SIQF} (SEF) (SMF) HOLD
(KEQ)
HOLD pininput state
‘————| 0: HOLD pinis high

11 HOLD pinislow (HOLD operation request)

Figure 5-1. HOLD Operating Mode Command Register/Status Register
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The HOLD operating mode consists of the level-sensitive release mode and the edge-sensitive release
mode.

(1) 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:
(1) Testing HOLD (bit 0 of the status register)
@) Applying the HOLD pin input also to the INT1 pin to generate the external interrupt 1
request.
Example : To test HOLD to start the HOLD operation in the jevel-sensitive release mode (the
warm-up time = 214/fc).

SHOLDH:  TEST %IPOE, O : Waits until HOLD pin input goes low.
B SHOLDH
LD A, #l1101B ;OP10-11013
ouT A, %0P10

\ b

HOLD pin .
XQUT pin l H

1

Normal operation -—><'\<j—"-—-— HOLD operation ———»je— Warm-up —'«—— Normal operation

Ry
N~ M~

g

By using the program, enter The HOLD operating mode or released by

the HOLD operating mode hardware.

after detected the HOLD ( The HOLD ¢perating mode always released)
pinis low level. when the HOLD pinis high level.

Figure 5-2. Level-sensitive Release Mode

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

performed.
Example : Tostart the HOLD operation in the edge-sensitive reiease mode (the warm-up time =
214/fc).
LD A, H#01018B ; OP10«0101p
ouT A, %O0P10

{¢
2

HOLD pin \ \_—

LSRN
o

!
T
. ! HOLD ‘ ! ! .
Normal operation —}b«— operation e \Warm-up +'L"0_r;;|§rr::iaol—n—/"46‘—_HOLD operation
Enter the HOLD \
operating mode The HOLD operating mode is released by hardware
by program. with the rising edge of the HOLD pininput.

Figure 5-3. Edge-sensitive Release Mode
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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
(Voo/Vss);, however, when the input level gets higher than the power voltage level (by
approximately 0.3 to 0.5V), a current begins to flow. Therefore, if cutting off the output
transistor at an l/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.

5.1.2  Releases the HOLD operating mode
The HOLD operating mode is released in the following sequence:

(D The oscillator starts.

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

@ When the warm-up time has passed, an ordinary operation restarts from the instruction
next to instruction which starts the HOLD operation. At this time, the interval timer starts
from the reset state "0".

Note. 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 5-1 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 narmal
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.

5.2 SLOW Operating Mode
in the SLOW operating mode, the power consumption is reduced by operating the system on the low-
frequency clock. Forthe details of this mode, refer to subsection "2.7.3 System Clock Controller”.
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6. RESET FUNCTION
When the RESET pin is held to the low level for at 3 or more VoD T, vob
instruction cycles when the power voltage is within the E
operating voltage range and the oscillation is stable, reset is RESET |
performed to initialize the internal states. 1 {> >

When the RESET pin input goes high, the reset is cleared and
program execution starts from address 000g.
The RESET pin is a hysteresis input with a pull-up resistor (220

K typ.).

implement a simplified power-on-reset.

Externally attaching a capacitor and a diode

I
il

Figure 6-1.

[ ST

Simplified power-an-
reset circuit

On-chip hardware Initial value On-chip hardware initial value
Program counter {PQ) 00004, interval timer “0"
Status flag {SF) 1 Qutputtatch Rele to "0
Data memory bank selector {DMB) 0 (I/O port or output ports) cireuitry”
Interrupt enabl ter flip-il EiF 0 Refer 1o the
(nlerrupt enable master thip-tiop ( ) [T description of
Interrupt enable register (EIR) O Command register eachrelative
I . IR ST T TR S P command
Interrupt latch {I1L) "0 register.

Table 6-1. Initialization of Internal States by Reset Action

6.1 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:

o

Back up the voltage to be suppiied to VOD pin.

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

3

Set the HOLD operating mode during the power is off.

4 Perform reset by using the output port of sink open drain (initial "Hi-Z2") after relesing
HOLD operation.

‘8 Apply to an input port the power-on detect signal, and skip the initialize routines such as

clearing RAM.

Figure 6-2 shows Warm-start Circuit Example

Reset signal

Power on
detection
signal

-

r

S

PORT
(open
drain)

RESET

INPUT
PORT

VSS

S —————

VDDT’W\f—l““

o

Figure 6-2. Warm-start Circuit Example

—————< Power
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss =0V)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Voo -031t07 v
Input Voltage Vin -03toVpp+03 v
Vout: | Ports R4, R5, R7, Push-pull -0.3toVpp+0.3
Qutput Voltage v
Voutz |PortsP1, P2, R6, R8, R9 -0.31010
louTs Ports R 3.2
OQutput Current {per 1 pin) ouUT2 Ports P1, P2 30 mA
louts Ports PO, P3 15
Cutput Current (total) £ louns Ports PO, P1 120 mA
oyt Ports P2, P3 120
Power Dissipation [T, = 70°C] PD 600 mw
Soldering Temperature (time) Tsid 260 {10sec) °C
Sterage Temperature Tsig -551t0125 °C
Operating Temperature Tapr -401070 °C

RECOMMENDED OPERATING CONDITIONS {(Vss =QV, Topr= - 40to 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min Max. UNIT
In the Normal mode 4.5
Supply Vollage Vob in the SLOW mode 2.7 6.0 v
In the HOLD mode 2.0
ViHi Except Hysteresis Input Vppx 0.7
. Vpp 2 4.5V
Input High Voltage Ving Hysteresis Input Vpp x0.75 Voo )
Vi3 Vpp<4.5v Vop x 0.9
Vin Except Hysteresis Input Vppx0.3
Vpp Z4.5V
tnput Low Voltage Vi Hysteresis Input 0 Vpp x0.25 v
Vies Vpp<4.5v Vpp x 0.1
fc XIN, XQUT 0.4 6.0 MHz
Clock Frequency
fs 1 xTiv, xTOUT 30 34 KHz

Note 1. Inputvoltage Viyz, Viiz | in the SLOW or HOLD mode
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l D.C. CHARACTERISTICS (Vss =0V, Topr=-40to0 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Typ. | Max. |UNIT
Hysteresis Voltage Vs Hysteresis Input - 0.7 - Vv
| Port KO, TEST, v
It RESET, AOD Vop =53V,
Input Current - - £2] uA
linz Ports R {open drain) Vin=55V/0V
Low Input Current i Ports R {push-puli) Vpp =55V, Vin=0.4V - - -2 mA
Rin Port KO with pull-up/pull-down 30 70 150
Input Resistance KS
Rinz RESET 100 220 450
Output Leakage
CL\JJrrpent o Lo Ports (open drain) Vpp=5.5V, Vgur=55V - — 2| pa
Output High Voltage | Vou Ports (push-pull } Vpp=4.5V, lgy = - 200pA 2.4 - -
v
Output Low Voltage | VoL Except XQUT, ports P Vpp=4.5V,ig = 1.6mA - - 0.4
lo2 PortsP1, P2 - 20| -
Output Low Current Vpp = 4.5V, Vg = 1.0V mA
lows Ports PO, P3 - 71 =
Supply Current Vpp =55V
pp Y oo po - 3 6| ma
(in the Normal mode) fc = 4MHz
S ly Current -
upply Curren Ipos Vpp=3.0V _ 30 60| pA
{in the SLOW mode) fs = 32.768KHz
Supply Current
looH Vpp = 5.5V - 0.5 10
{in the HOLD mode) po pA

Note 1. Typ. valuesshow those at Tgp, =25°C, Vpp =5V.

Note 2. Input Current Iiyg ;The current through resistor is not included, when the input resistor
(pull-up/pull-down) is contained.

Note 3. Supply Currentipp, ippx ; Vin =5.3V/0.2V
The KO port is open when the input resistor is contained. The voltage applied to the R
portis within the valid range.

Noted4. Supply Currentipps ; Vin=2.8v/0.2V

Low frequency clock is only osillated (connecting XTIN, XTOUT).

A /D CONVERSION CHARACTERISTICS (Topr= ~4010 70°C)
PARAMETER SYMBOL CONDITIONS Min, Typ. Max. UNIT
Vager Vop-1.5 - Voo
Analog Reference Voltage \
Vass Vs - 1.5
Analog Reference Voltage Range | aVaage Varer = Vass 2.5 - - v
Analog Input Voltage Vain Vass - Vares v
Analog Supply Current IREF - 05s 1.0 mA
Nonlinearity Error - - 1
Vpp = 5.0V, Veg = 0.0V
Zero Point Error — - 1
Vaagr = 5.000V LS8
Full Scale Error - - 1
Vass = 0.000V
Total Error - - 2
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A.C. CHARACTERISTICS (Vs =0V, Vpp =4.5t0 6.0V, Topr= -~ 4010 70°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
) In the Normal mode 1.9 - 20
instruction Cycle Time tey ns
In the SLOW mode 235 - 267
High level Clock pulse Widtn tweH
External clock mode 80 - - ns
Low ievel Clock puise Width twel
A/DSampiing Time taIN fc = AMHz — 4 - Hs
Shift Data Hold Time tspH 0.5ty - 300 - - ns
Note. Shift Data Hold Time
External circuit for SCK pin and SO pin Serial port (completion of transmission)
VDD
SEv 1.5V
10K
tspu
F
I o XXX
RECOMMENDED OSCILLATING CONDITIONS (Vss =0V, Vpp=4.5t0 6.0V, Topr = =400 70°C)
(1) 6MHz XIN XQUT
Ceramic Rescnator
CSAB.00MGU  (MURATA)  Cxin = Cxout = 30pF bMHz
KBR-6.00MS (KYOCERA) Cxin=Cxoyt =30pF Cxw/;; ; Cxout
(2) 4MHz XiN XQuT
Ceramic Resonator
CSA4.00MG (MURATA)  Cxin =Cxout = 30pF 4MHz
KBR-4.00MS (KYOCERA) Cyin =CxouT = 30pF

Crystat Oscillator

204B-6F 4.0000 (TOYOCOM)

(3} 400KHz
Ceramic Resonator
CSB400B (MURATA)
KB8R-4008 (KYOCERA)

Cxin = Cxouyt = 20pF

Cxin = Cxout = 220pF, Rxout = 6.8KQ
Cxin =CxouT = 100pF, Rxout=10KQ

400KHz

i

Cxin

H

/;’; Cxour

=

Rxout

/-;[; Cxour
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TYPICAL CHARACTERISTICS

R—-"1a K0 port
(KD Vpn=5.5V
100 /,‘
e -
50
0 Ta
~ 10 0 a0 30 (°C)

11— Vo CMOSRport

o1
V=458V
('HA) — nn
Ta=25°C
— 400 \‘
- 300

— 200
\

- 100 \\
0 Von
2 4 G (V)
lo1.- VoL R port
Loy
(mA)| Von=1.5V
Ta=25°C
8 4
6 //
) //
2 A
0 Vol
0.4 8 1.2(V)
Inn—Von
lhn
{(IMA T =25°C
4
3
fe=4MIiz
2
1
fe=d00K11,
3 '—-r"r" Von
3 5 7 (V)

R R-Ta RESET pin
(KD vyp=55v
400
300
//
o
200
-
100
0 Ta
—40 0 40 80 (°C)
: IL-VIN  CMOSRport
1.
(uA) Vpp=556V
g Ta=25°C
— 800
\\
— 600 \
—-400
—200 \
0 VIn
2 4 6 (V)
| lor.—Vor.  Po,3port
ol
{mA) Von=4.5V
Ta=25"C
16
12 ///
7]
s e
1A
0 Vor.
04 0.8 1.2(V)
Ihn=fe
hp
(Iﬂ/\] V]);):5.5V
Ta=25"C
4
3
: /
i
] ’/
17
0 fc
0.1 0.4 ] 4 10 (M2}

loL
(mA)
40
30

20

lo.— VoL 1, P2 port
Vpp=4.5V
Ta=25°C
//
//
’/
VYo
0.4 0.8 1.2(V)
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INPUT/QUTPUT CIRCUITRY

(1) Control pins .

The input/output circuitries of the 47C660/860 control pins are shown below.

CONTROLPIN 110 CIRCUITRY REMARKS
0sC. enable»:_D_
A Resonator connecting pins
XIN Input L Ry R =1KQ (typ)
XouT Output R Rq R =1.5MQ (typ.)
XIN XOUT
VDD Hysteresis input
RESET Input Rin R Pull-up resistor
@l W\’_E] Riy = 220K (typ.)
R=1KQ (typ)
" Hysterisis input
HOLD Input @ . (Sense input)
(KED) (input) W D o)
R=1KQ (typ.
R Pull-down resistor
TEST Input R Rin=70KQ (typ.)
IN
R=1KQ (lyp.)
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(2) 1O ports

The input/output circuitries of the 47C660/860 /O ports are shown below, any one of the circuitries

can be chosen by a code (IA-IC) as a mask option.

R> AlN select.
seledtor
w | o 5 R -

R7 o= Ra P
A —< ~

PORT o INPUT/OUTPUT CIRCUITRY and CODE REMARKS
1A 18 IC
VDD R Pull-up/pull-down resistor
K0 Input <} .MRA _{ l Rin
Rin Riv = 70KQ (typ.)
R R = 1K (typ.)
vDD
Push-pull output
PO Initial “Low”
P3 Output High current
-
loL=7mA (typ.)
Sink open drain output
Pi r ! Initial “Hi-Z"
p2 Qutput - High current
loL = 20mA (typ.)
Sink opendrain output
R4, RS _{ R6, R7
R4 Initial “Hi-2"

R =1KQ (typ.)
Analog inputs (R4, RS}
Ra =5KQ(typ.)

Ca =12pF(typ.)

R8 e o]

RG

Sink open drain output
Initial “Hi-Z"

Hysteresis input
R=1KQ (typ.)

RA

ik
w | . ui
RC R

Push-pull output
tnitial “High”

4-302




TOSHIBA

TMViP47C660/860/060

The 47C060, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
fordevelopment and operational confirmation of the 47C660/860 application systems (programs) .

CMQS 4-BIT MICROCONTROLLER

TMP47C060E

The 47C060 is pin compatible with the 47C660/860 which are mask-programed ROM devices.
PIN ASSIGNMENT (TOP VIEW)

64-SDIC

VAREF— [ 1 N~ 64
vass— O 2 63
RAQ (AINO)e» O 3 62
R41 (AINT)e O 4 61
RA2(AIN2}e» [} 5 60
R43(AIN3)e O 6 59
RSO (AINd)e O 7 58
R51(AINS) [ 8 57
R52 (AING)«> [ 9 56
R53 (AIN7)« [ 10 55
R60« [ 11 54
R61e 012 53
e gD vee vee @ 32

R -
R70- 0 15 A1z Ve 50
R71 (WTO)e [ 16 A7 VCC 49
R72 (XTIN)«s E17® AG A8 @ 48
R73(XTOUT) (18 a7
RAO« [ 19 AS A9 % 46
Rale (20 45
Raze [ (@ A A1 @ 2
RA3eo Ezzz A3 t % 43
P00 [ 23 42
POre- [ 24 ¥ A2 AT0 2V
POz ([ 25 Al E 40
PO3e (26 AQ 17 39
P10« [ 27 . 38
Pile 028 10 16 .37
e du@n s @

13
TEST— O 3 12 14 (9 32
vss— [ 32 GND 13 (9 33

PIN FUNCTION (Top of the package)

«—VDD
«<RC3
«RC2
+«RC1
«RCO
«RI2 (SCK)
«<RI1(50)
«R90 (S1)
«>R83(T1)
~>R82 (INTT}
—R81(T2)
~RB0 (INT2)
«—HOLD (KED)
->XO0UT
«—XIN
«RESET
«K03
K02
«KOt
«—K00
«~RB3
«—RB2

< RB1
<RB0O
-»P33
—P32
—P31
—P30
—P23
-pP22
—P21
—P20

PIN NAME Input / Quiput FUNCTIONS
A12-A0 Qutput Pragram memory address output
i7-10 Input Program memory data input
[«3 Chip enable signal output
Output
fo]3 Output enable signal output
vCC + 5V {connected with VDD)
--------------- 4 Power supply b e = e e e e e mmmmmecmmcimmmmmmaa e
GND OV {connecled with VSS)
A_C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ. Max UNIT
Address Delay Time tap Ves=QV, Vpp=4.5t0 6.0V - - 150 ns
Data Setup Time s C, = 100pF 150 - ns
Data Hold Time iy Topr= — 4010 70°C 50 - ns
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NQTES FOR USE
(1) Program memaory
The program area are as shown in Figure 1.
When this chip is used as evaluator of the 47C660, data conversion table for [OUTB @HL]
instruction must be aliocated at two areas and they must be the same contents as shown in Figure 1.

64K 64K
0000y 0000y
Program
1000}4 = b 1000H - Program —
17€0y |Data .
conversion
17FFy | table
Don'tuse
1FEOy | Data 1FEQy [Data
H:FFH fgglveemon .lFFFH %gtr)\lveemon
(a) 47C660 (b) 47C860

Figure 1. Program area

(2) Datamemory
47C060 contains two 256 x 4 bit data memory banks (DMBO, DMB1)
When using the 47C060 as the 47C660Q evaluator, DMB1 has address space at addresses 00-FFy, but
do not write data to 804 or following addresses. DMBO includes a special function common area
so this need not be taken into consideration.

{3) /O ports
Input/Output circuitries of /0 ports in the 47C060 are similar to the code |A of the 47C660/860.
When this chip is used as evaluator with other I/O code, it is necessary to provide the external
resistors.

|
! -t
: 70kQ v KO port

L KOpert E 70k
{a) Code:IB {b) Code:IC

Figure 2. I/Q code and external circuitry
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