TOSHIBA TMP47C800/980

CMOS 4-BIT MICROCONTROLLER

TMP47C800N
TMP47C800F

The 47C800 is a high speed and high performance 4-bit single chip microcomputer, integrating ROM, RAM,
input/output ports, timer/counters, a serial interface, and two clock generators on a chip.

The 47C800 is the standard type device in the TLCS-470 series, and provides high current output capability for
LED direct drive.

PART No. ROM RAM PACKAGE OTP PIGGYBACK
TMP47C800N . ) SDiP42 TMP47P8OON TMP47C980E
--------------- 8192 x 8-bit 512x4-hit  f---=-=----—-b o cemmm oo
TIVIP47C800F QFP44 TMP47P80OF
FEATURES
+4-bitsingle chip microcomputer SDIP42

¢ instruction execution time: 1.3ps (at 6MHz), 244ps {(at 32.8kHz)
¢ 92 basicinstructions
#Table lock-up instructions

¢5-bit to 8-bitdata conversion instruction P
#Subroutine nesting: 15 levels max. 7//"/ ) ,fww
+6 interruptsources (External: 2, Internal : 4) (/ //ﬂ,ww
All sources have independent latches each, and multiple w0 .l/\}m[
interrupt control is available. W‘
, TMPA47C800N
+1/0 port (36 pins) TMPA7P8OON
* Input 2 ports 5pins
® Output 2ports 8 pins
e Gports 23 pins QFPa4
¢Interval Timer
®Two 12-bit Timer/Counters
Timer, event counter, and pulse width measurement mode
+®Watchdog Timer e,
¢ Serial interface with an 8-bit buffer (v.'f."" ) i
External/internal clock, leading/trailing edge shift, and 4/8-bit % ' ‘&&\%
mode AR
‘ngh current outputs TMP4A7CBOQF
LED direct drive capability (typ. 20 mA x 8 bits). TMP47PBOOF

#Dual-clock operation
High-speed/Low-power-consumption cperating mode
+ Hold function
Battery/Capacitor back-up
¢ Real Time Emulator : BM47C800A

sDicaz

TMPA7C980E
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PIN ASSIGNMENTS (TOP VIEW)
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BLOCK DIAGRAM

Power { vDD —»
Supply | VSS _\"'l
PO O B 0 i)
A
fLAG ‘ Accumulator OMD l HR l LR Data Memory Program
42 IS ALY AAM address bulfer | __(ramy || Counter
1 | g J STAGK Tsew 1T
1€1iTe2; pe Program
Hold input HOLD Hold Controlier EIR £ Memory
(Sense input)  (KEC) __ER.O_'!‘),_-
Reset input RESET ™ System Controller interrupt Controller Data table
Test pin TEST > + + * *
Systern Clock Contralier
- Interval 12-bit
Timing Generator - 8-bit
o Timer Timer/Counter s 0 ‘ ~
5¢ I3 I erial Interface
(onnecting JXIN . High freq * (2ch) IR
pins {xou Clock Generator T~
Low freq Watchdog /‘ Decoder
Timer ’j
<+
=
=] (7]
~ L L
R73(XTOUT) n63  RS3 R4l RB3(T1) R92 (SCK) P23 P13 KO3
R72 (X TN} ! ! ; RAZ (INT1) RI1{SC) ; ) ;
R71 (W10 RE0 RS0  RA4D RB1(12) RYO{S 1) P20 P1g «00
R70 — R8O (INT2) —
[I{e] (Osc connecting (ins 170 port WO 11C input WO port High current  Input port
port \WDT output port  \lInterruptinput (Senal port) output port
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PIN FUNCTION

PIN NAME Input/Output FUNCTION

K03 - KOO Input 4-bit input port
P13 P10 4-bit output port with latch.

Output . . ‘ L .
P23 P20 uipy 8-bit data are output by the 5-bit to 8-hit data conversion instruction [OUTB @HL]
Ra3 - Ra0 4-bit VO port with latch.
R53 RS0 Vo When used as the input port, the latch must be setto “17.
R63 - R60
R73 (XTOUT) 110 {Qutput) Resonator connecting pins
............................................................. 4-bit VO port with latch. ]
R72 (XTiN) 170 {input) _ {Low-frequency)
e When used as the input port or watchdog e
R71 (WTO) 110 {Output) timer output pin, the latch must be set to "1". Watchdog timer output
R70 1o
R83(T1) Timer/Counter | external input
e 4-bit VO port with latch. T T
R82 {INT1) . External interrupt 1 input
TP YO {Input) When us?d as l.he |np.ut port, extgmai U
R&1(T2) interrupt input pin, or timer/counter input | Timer/Counter 2 external input
[ pin,thelatch mustbesetto "]"_ ..........................................................
R80 {INT2) External interrupt 2 input
RGN I L 36iL/O port with latch, ereldedkvo
R91 (50} 110 (Output) When used as the input port or serial port, the | Serial data output
e bt be set 1 1
RI0 (S 1) /O {Input) Serial datainput
XIN N ) Input ) Resonator connecting pins (High-frequency).
XOuT Output Forinputting external ciock, XINis used and XGUT is opened.
RESET Input Reset signal input
HOLD (KEQ) Input {input) HOLD requesUrelease signal input Sense input
TEST Input Test pin for shipping. Be fixed to low level,
vDD + 5V
,,,,,, Power Supply L
VSS O0V(GND)
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OPERATIONAL DESCRIPTION

1.

2.1

SYSTEM CONFIGURATION
(1) 1Program Counter (PC)
(2) Program Memory (ROM)
(3) HRegister, L Register, and Data Memory Bank Selector {(DMB)
) Data Memory (RAM)
a. Stack
b. Stack Pointer Word (SPW)
¢. Data Counter (DQ)
) ALU, Accumulator
) Flags
) Clock Generator, Timing Generator
) System Clock Controller
) Input/Output Ports
) Interval Timer
} Timer/Counters(TC1,7C2)
) Serial Interface
) Watchdog Timer
) Interrupt Controller
) Hold Controlier
(16) Reset Circuit
Concerning the above component parts, the hardware configuration and functions are described.

INTERNAL CPU FUNCTION

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

MSB LSB
PCy PCy PCwm PC,
PCy, PCyy PCio PCq PCg PGy PCe PCs PCy PCy PC; PC, PCo
= — >
Bank assignment Page assignment Address assignment in page

Figure 2-1. Configuration of Program Counter

The PC can directly address an 8192-byte address space. However, with the short/middie branch and
subroutine call instructions, the following points must be considered:
(1) Short branch instruction [BSS a]
In [BSS a] instruction execution, when the branch condition is satisfied the status flag is "1”, the
value specified in the instruction is set to the lower 6 bits of the PC. That s, [BSS a] becomes the in-
page branch instruction. When [BSS a] is stored at the last address of the page, the upper 7 bits of
the PC point the next page, so that branch is made to the next page.
{2) Middie branch instruction [BS a]
in [BS a] instruction execution, when the branch condition is satisfied, the value specified in the
instruction is set to the lower 12 bits of the PC. That is, [BS a] becomes the in-bank branch
instruction.
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Instruction o Program Counter (PC
or Condition |- PO e VTN TR FRTTI B
Operation PC12 1PCyy (PCig 1PCg i PCg 1 PC7 1PCs (PC5 [ PCq [PC3 (PC (PCy PCg
SF=1 (Branch conditionissatisfied) Immediata data specified by the instruction
BSL 2 -
SF =0 (Branch condition is not satisfied) + 3
Lower 12-bit address # FFE, FFF,, Hold immediata data specified by the instruction
SF=1 ;
8% a Lower 12-bit address = FFE, FFF, .
{Last address in bank) + 1 immediata data specified by the instruction
SF=0 +2
Lower 6-bit address # 3, Hold Immediata data specified by the
instruction
SF=1
8B5S a Lower 6-bit address = 3F, ol Immediata data specfied by the
{Last address in page) nstruction
SE=0 +1
CALL a 0 0 Immediala data specified by the instruction
. The value generated by the immediate !
CALLS S 0 0 0 0 0 t data specified by the instruction ! 1o
RET The return address restored from stack
RETY The return address restored from stack
Others incremented by the number of bytesn the instruction
Interrupt acceptance 0 0 o) 0 0 1] 0 0 0 Interrupt vector  : 0
Reset 0 0 0 0 1] 0 [\] 0 0 0 0 0 1]

2.2

Table 2-1. Status Change of Program Counter

When first byte or second byte of this instruction is stored

Address Address
at the last address of the bank, the most significant bit of o in page
the PC point the next bank, so that branch is made to the € 0 8?“ SR 888?”
next bank. Bank | 90w ol o 5
(3) Subroutine call instruction [CALL a] p (3)8 ——— §§35
In [CALL a] instruction execution, the contents of the PC are 01 OV o )l
saved to the stack then the value specified by the  o| | L 3 [ 007§
instruction is set to the PC. The address which can be P el
specified by the instruction consists of 11 bits and the upper Cor 8(1)
2 bits of the PC is always "0". Therefore, the entry address 3F :
of the subroutine should be within an address range of p 35
0000k through 07FF. o df
L 3¢
Program Memory (ROM) o]
The 47C800 has 8192 x 8bits (addresses 0000 through 1FFFR) of 0 : :
program memory (mask ROM). k L3 107¢
Programs and fixed data are stored in the program memory. [ oy r o
The instruction to be executed next is read from the address T 8? -------------- }EE?
indicated by the cantents of the PC. The fixed data can be read 3 : '
by using the table look-up instructions or 5-bit to 8-bit data 83 1FFE
conversion instruction. Figure 2-1. Configuration of

Program Memory
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(1) Table lock-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 accumulater. [LDL A,@DC]
instruction reads the lower 4 bits of fixed data and [LDH A,@DC +] instruction reads the upper 4
bits.The DC is a 12-bit register, and it can specify an address within the range of 1000y through
1FFFy of the program memeory.

(2) 5-bit to 8-bit data conversion instruction [OUTB @HL]
The 5-bit to 8-bit data conversion instruction reads the fixed data (8 bits) from the data conversion
table in the program memory to output the upper 4 bits to port P2 and the lower 4 bits to port P1.
The table is located in the last 32-byte space (addresses 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 2Fy in data memory is converted
into the 7-segment code (e.g.,anode common LED) to be output to ports P2 and P1.

LD HL,#2Fy, : HL<2F, (Data memory address is set)
TEST CF 1 CF<0 (The table is specified at addresses 1FEQQ - 1FEFR)
OUTB @HL ——
: 5 "
[
CRG 1FEOH . Data conversion table - s
DATA 0COH,0F9H,0A4H, 0BOH,99H,92H,82H,0D8H, 80H, 98H a' '”

3

2.2.1  Program Memory Map
Figure 2-3 shows the program memory map. Address 0000y through 0086 and 1FEQy through 1FFFy of
the program memory are also used for special purposes.

Address R "
0000 eset start address
0002 LJINTY
110
0004 ... I'(ijﬂ\’/»F-1 ----- Interrupt service -
oooe . JOVFI routine entry e
0008 IOVF2 v Subrouti |
5 address ubroutine call entry

000A 1 IT™R address designated by
000C INT2 [CALL a]instruction
00QE X

A Subroutine call entr

! address designated gy
0086 [CALLS a]instruction

i

' A A
O7FF f +
0800 B PP UP PR

' ] A1

! _ _—
QFFF
1000

i

1

i

I = | Datatable for

H [LDL A,@DC],

! [LDH A,@DC + ] instruction
1FEQ Data conversion table for

! [OUTB  @HL] instruction
1FFF

Figure 2-3. Program Memory Map
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2.3 H Register, L. Register, and Data Memory Bank Selector (DMB)

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

The L register has the automatic post-increment/decrement capability, implementing the execution of
composite instructions. For example, [ST A,@HL + ] instruction automatically increments the contents of
the L register after data transfer. During the execution [SET @L], [CLR @L], or [TEST @L] instruction, the L
register is also used to specify the bits corresponding to I/O port pins R73 through R40 (the indirect
addressing of port bits by the L register).

Example 1; To write immediate values “5"” and “Fy” to data memory (bank 0) addresses 101 and 114,

CLR DMB ;. DMB«Q

LD HL,#10H : HLe 10y

ST #5 @HL + ;. RAM[10H] « 5, < LR +1

ST #OFH,@HL + ;o RAM [Ty}« Fy, LR« LR + 1

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

LD L,#1101B ; Sets R71 pin addressto Lregister
SET GL i R71 « 1
H Register L Register
DVIB
HR;3 HR; HR4 HRg LR3 LR; LR, LRg
e — —~ A —— -
Bank specification  Page specification Address specificationin page

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

2.4 Data Memory (RAM)
The 47C800 has a total of 512 x 4 bits of data memory (RAMY), DMB HR LR
256 x 4 bits {addresses 00y through FFp) on each of banks l l l
{bank0 and bank1).

The data memory is addressed in one of three ways RAM address ’ t H L X {/L;l
{addressing modes): h
(1) Register-indirect addressing mode
In this mode, a bank is specified by the DMB, a page by I
the H register and an address in the page by the L
register. OMB
txample: LD A,GHL : Acc « RAM[HL]

(2) Direct addressing mode

An address in the bank is directly specified by the 8 bits T
of the second byte (operand) ii\ tp;\e instruction field. RAM address u [ KERErX o oxHEX |
The bank is specified by the DMB.

Example: LD A,2CH : Acc ¢ RAM[2Ch] r

(3) Zero-page addressing mode L LYYy l

An address in zero-page of bank 0 (addresses 004 J\ /L
through OFy) by the lower 4 bits of the second byte RAM address | 0 ] [ 0000 i yyyy l
{operand) in the instruction field. *

Example: ST #3,05H . RAMI[054] €3

Instruction field

XX XX X XXX

Instruction field

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.
txample: Toclear RAM

LD HL, #00H ; HL«00,
SCLR1: CLR DMB ;. DMB«0
SCLR2: ST #0, GHL+ ; RAM[HL]<0, LReLR+1
B SCLR2
SET OMB ;. DMBe1
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 area is provided only on bank 0.

) Stack @ Countregisters of the timer/counters (TC1, TC2)
@ Stack pointer word (SPW) ® Zero-page
@ Data counter (DC)
Addregin page
(@)Bank0 "¢ & 0 ¢ 8 A 9 8 7 6 5 4 3 2 1 o

~

F{SPW] DC | R R o+ Locationl2
E Location 11 Location 10 ‘Location 9° Location 8
D Location 7 “Location 6 |- Location 5 v | Location 4
C Location 3 Location ‘2 Location 1 . Location 0
B : : : ! : : : : : : : : ! : :
A . N e
g . - Increment direction of address : -
Page < ° : R e
6
5
2] i Decrement direction of address forde i
3
| T b,
1 . : :
k0 . Zero-page
Addreﬁl\npage
(b)Bank1 v ¢ o ¢ 8 A 9 8 7 & 5 4 3 2 1 0
F : : : : : H 4 : : : : : : :
el
ol
C
ol
N
5|
Ja
Page ')
6
5
e
5|
2|
1
0

p

Noter. ] denotes the stack area.
Note2. The TC1 and TCZ2 areas are shared by the iocations 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 routing at the execution of a subroutine call instruction or the acceptance of an
interrupt. When a subroutine call instruction is executed, the contents (the return address) of the
program counter are saved; when an interrupt is accepted, the contents of the program counter
and flags are saved.
When returning from the processing routine, executing the subroutine return instruction [RET]
restores the contents of the program counter from the stack; executing the interrupt return
instruction [RETI] restores the contents of the program counter and flags.
The stack consists of up to 15 levels {locations 0 through 14) which are provided in the bank 0 of
data memory (addresses COn through FBy). Each location consists of 4-word data memory.
Locations 13 and 14 are shared by the count registers of the timer/counters (TC1, TC2) to be
described later.
The save/restore locations in the stack are determined by the stack pointer word (SPW). The SPW is
automatically decremented after save and incremented before restore. That is, the value of the
stack pointer word indicates the stack location number for the next save.

(2) Stack Pointer Word (SPW)
Address FFy in the data memory (bank 0) is called the stack pointer word, which identifies the
location in the stack to be accessed (save or restore).
Generally, location number 0 to 12 can be set to the SPW, providing up to 13 levels of stack
nesting. Locations 13 and 14 are shared by the count registers of the timer/counters to be
described later; therefore, when the timer/counters are not used, the stack area of up to 15 levels
is available. Address FFy is assigned with the SPW, so that the contents of the SPW cannot be set
“15” in any case. The SPW is automatically updated when a subroutine call is executed or an
interrupt is accepted. However, if it is used in excess of the stack area permitted by the data
memaory allocating configuration, the user-processed data may be lost. (For example, when the
user-processed data area is in an address range 004 through CFu, 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. Normally, the initial vatue of "12" is
set to the SPW.

Example: Toinitialize the SPW (when the stack is used from location 12)

LD A H12 7 SPW « 12
CLR OMB
ST A,OFFH
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FLAG PC
IR IR
1 i i
SAVE
STACK Pls
 JraciTeciiediee [T T
RAM (EBu) (EAn (E9n) (E8n) (ETW)
address A
——>}<——- Location 10 —>f<— Location 9

Before execution  After execution

! i
SAVE
PCg
f

STACK
i [fiagiTpcyTpcwrpc [ 7
RAM (EBR) (EAg (E9y) (EBn) (E7w)
address v
—>|<- Location 10 —-{4— Location9

Before acceptance  After acceptance

sewo Lo |~ 9 ] sw o [0 ] —~[9 ]
RAM address (FFu) (FFu) RAM address {FFR) (FFr)
(a) Atexecutionof asubroutine call instruction (b} Atacceptance of aninterrupt
FLAG PC FLAG PC

e

RESTORE
STACK J KPCB ﬂ

L ]

3
v | 1]

RESTORE
o [Flac o, Tecm  Pc [ 1 e Tecuieg, e | L
RAM (EBy)  (EA,) {E9y) (E8n) (E74) RAM {E8y) (EAL) (E9n) (E8B.) (E74)
address address
e Location 10 —-I«— Location 9 —>|*-— - Location 10 —a—l<— Location 9

Belore execution After execution
sw [ 9 10|

(FFy) (FFy)

After execution
9 } — [ 10 1

(FF1) (FFu)

Before executlion
SPW |

] — |

RAM address RAM address

() Atexecution of asubroutine returninstruction (d} Atexecution of aninterrupt returninstruction

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

(3) Data counter (DQC) MSB LS8
The data counteris a 12-bit counter to specify Data Counter (DC)
.the address of the data table to be referenced DGy | DCw | DG
in the program memory (ROM). Data table .
; RAM address  (FEy) (FC)
reference is performed by the table look-up (bankd)
instructions {LDL A,@DC] and [LDH A,@DC +].
The data tables are set in the program
memory area between addresses 10004 and
1FFFH. 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

(FOW)

Figure 2-8. Data Counter

the DC.
Example: Tosetthe DCto 7804
CLR OMB : DMB«O
LD HL, #QFCH ;  Sets RAM address of DC( to HL register pair.
ST #0H, @HL+ ; DC«780y
ST #8H, @HL+
ST #7H, BHL+
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(4) Count registers of the timer/counter {TC1, TC2)

The 47C800 has two 12-bit timer/counters. The count register of the timer/counter is assigned with
RAM addresses in unit of 4 bits, so that the initial value setting or contents reading is performed by
using RAM manipulation instruction.

The count registers are shared by the stack area (iocations 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 F71 and FBy can be used to store the user-processed data.

M5B LSB M5B 158
Timer/Counter 1(TC1) Timer/Counter 2 (TC2)
TCl, : TChy ' TCIL TC2y | TCam ! TC2L
T N W AR a0 (e

Figure 2-9. CountRegisters of Timer/Counters (TC1,T7C2)
(5} Zero - page
The 16 words (at addresses 00 through OFy) of the page zero of the data memory (bank 0) can be
used as the user flag or pointer by using zero-page addressing mode instructions {comparison,
addition, transfer, and bit manipulation),providing enhanced efficiency in programming.
Example: To write "8" to address 09y if bit 2 at address 04y in the data memory {(bank 0)is “1".

TEST 04H, 2 : Skipsifbit 2 at address 04y in theis "0".
B SKIP
ST #8, 09H i Writes "8" to address 094 in the RAM.

SKIP:
2.5 ALU and Accumulator

2.5.1  Arithmetic/Logic Unit (ALU)
The ALU performs the arithmetic and logic operations specified by instructions on 4-bit binary data and
outputs the result of the operation, the carry information (C), and the zero detect information (2).
(1) Carry information (C)
The carry information indicatets a carry-out from the most significant bit in an addtion. A
subtraction is performed as addition of two's complement, so that, with a subtraction, the carry
information indicates that there is no borrow to the most significant bit. With a rotate instruction,
the information indicates the data to be shifted out from the accumulator.
(2) Zero detect information (2) Data bus {
Thisinformation is “1” when the operation result or the

L ]\Lh— Cin
data to be transferred to the accumulator/data memory \/

is “0000g".
ALU
Example: The carry information (C) and zero detect
information (Z) for 4-bit addtions and é
subtractions. result
Operation  Result ¢ Z Note. Cinindicates the carry input
4+2= 6 0 0 specified by instruction.
749 = 0 1 1
8§ -1= 7 1 0 Figure 2-10. ALU
2-2= 0 1 1
5-8= -3(1101p) 0 0
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2.5.2  Accumulator (Acc) MSB LSB
The accumulator is a 4-bit register used to hold source 3 2 1 0
data or results of the operations and data manipulations. [ J

2.6 Flags Figure 2-11. Accumulator
There are a carry flag (CF), a status flag (5F), and zero flag
(ZF}),each consisting of 1 bit. These flags are set or cleared 3 2 - o
according to the condition specified by an instruction. CF ZF SF J

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

stack along with the program counter. When the [RETI] Figure 2-12. Flag
instruction is executed, the flags are restored from the

stack

(N

(2)

to the states set before interrupt acceptance.

Carry flag (CF)
The carry flag holds the carry information received from the ALU at the execution of an
addition/subtraction with carry instruction, a compare instruction, or a rotate instruction. With a
carry flag test instruction, the CF holds the value specified by it.
() Addition/subtraction with carry instructions [ADDC A,@HL], [SUBRC A,@HL]
The CF becomes the input (Cin) to the ALU to hold the carry information.
@) Compare instructions [CMPR A,@HL], [CMPR A, #k]
The CF holds the carry information (non-borrow).
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 (ZF)
The zero flag hoids the zero detect information (2) received from the ALU at the execution of an
operational instruction, a rotate instruction, an input instruction, or a transfer-to-accumulator
instruction.
Status flag (SF)
The SF provides the branch condition for a branch instruction. Branch is performed when the SF is
set to “1”. Normally the SF is set to "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: VWhen the following instructions are executed with the accumulator, H register, L
register, data memory address 07y, and carry flag are “Cy", "OW", "71", "5u", and “1”
respectively, the contents of the accumulator and flags become as follows:

Acc after |Flag after execution Acc after |Flag after execution
Instruction . Instruction )

execution | ¢f ZF SF execution | CF ZF SF
ADDC A, @HL 2y 1 0 0 LD A, #0 Oy 1 1 1
SUBRC A, @HL 9y 0 0 0 ADD A, #4 On 1 i 0
CMPR A, @HL Cyy 0 0 1 DEC A By 1 0 1
AND A, @HL ay L 0 i ROLC A 9y ! 0 0
LD A, @HL S | 0 1 RORC A £y 0 0 1
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2.7 Clock Generator, Timing Generator, and System Clock Controller
, e Clock
I Generator :
XIN . D fe
F—{ I DI D, ¢ | High-frequency : . Timing = System clock
T

’_J ] clock escillator i Generator i Contreller
XOuT ; :

E LHOLDrequest l’ l’ J {

XTIN : System clock

»—i T E] o | Low-frequency : GP16 IPOE
g ; . : 3,2

____I T D .| clock osaillator : :

XTOUT 5 - T

e ! St Clock Generator control Command register Status register

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 XQUT pins and the
XTIN and XTOUT pins, respectively. The system clock can also be obtained from the external oscillator.

ety High-frequency ==------------- g FoTTommossooe- tow-frequency -------c------- 1
1 | 1 1
] i 1 1
: XIN XOuUT XIN XOuT | 1 XTIN XTOUT XTIN XTOUT :
i I 1 1
| L :
: (OPEN) ! ! {OPEN) .
I 1 I 1
: 0] Lo n :
X i | i
1 [} ' )
t 1 1 '
| 1] ] ]
—— ;/l; i j 73 o 1
e S ;
{a) Crystal or ceramic (b) External oscillator ?}) 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 timericounters stopped
and monitoring this puise. With a system requiring the oscillation frequency adjustment,
the adjusting program must be created beforehand.

Example: To output the high-frequency oscillation frequency adjusting monitor pulse to R70 pin.

SFCCHK: SET %0P07, O Output wavefrom
CLR %#0P0O7, 0O l l
BSS SFCCHK tc1 20 ,

4-13
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2.7.2 Timing Generator _
The timing generator produces the system clocks from clock pulse which are supplied to the CPU and
peripheral hardweare.

2.7.3  System Clock Controller
The system clock controller starts or stops the high-frequency and low-frequency ¢clock oscillator and
switches between the basic clocks. The operating mode is generally divided into the single-clock mode
and the dual-clock mode, which are controlled by command. Figure 2-15 shows the operating mode
transition diagram. Figure 2-16 shows the command and status registers.

Single-clock mode - Dual-clock mode

Hiah-frea. Oscillati Normal-1 Command Normal-2 High-freq.: Oscillating
igh-lreq.: Oscillating operating operaling )
Low-f - d Low-freq. : Oscillating
ow-ireq. ' >loppe mode Command mode

Reset

Reset

Rising edge release R

ey eset Command Command
?f HOLD pin | |command operation
mnput

Reset

Reset

High-freq.: Oscillating

High-freq.: Stopped oHe?aLti: Low-freq. : Stopped o?);rca)l\i’r\{g High-freq.: Stopped
Low-freq. : Stopped pmode 9 mode Low-freq. : Oscillating

Figure 2-15. Operating Mode Transition Diagram

a. Single-dlock mode
(I» Normal-1 operating mode
In this mode, the CPU and the peripheral hardware are operated on the high-frequency
clock. Atresetrelease, this mode is set.
(2 HOLD operating mode
in this mode, the system operations are a!l stopped, holding the internal states valid
immediately before the stop at the low power consumption.
b. Dual-clock mode
{1y Normal-2 operating mode
in this mode, the CPU is operated on the high-frequency clock but many peripheral
hardware operate on the low-frequency clock.
2/ 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 aperating modes, the power consumed by the oscillator and the
internal hardware is reduced. However, the power for the pin interface (depending on the
externial 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 clock control is performed by the command register (OP16). During reset, this register is
initialized to "0" and the single-clock mode is selected.
Each state at operating mode switching can be read from the status register (IPOE).

System clock control command register (Port address OP16)

3 2 1 0
beLK owuT (initial value 0000)
Operating mode select
»! 00: Single-clock mode (Normai-t operating mode)
0%: Reseved
10: Dual-clock mode {Normal-2 operating mode)
| 11: Dual-clock mode (SLOW operating mode)
Sets the warm-up time for operation mode switching
Note 1. The warm-up time setting is valid only Example : At fc=4.19MHz,
at switching from the SLOW operating fs = 32.8kHz
mode lo the Normal-2 operating mode 00:29/fs + 29/fclsec] - 0.6 [ms)
Note 2. fc; High-frequency clock [Hz] 01:28/fs + 297fc oo 7>9
fs, Low-frequency clock [Hz} 10: 211745+ 29/1c e B2E
L11: Reserved

System clock control status register (Port address IPOE)
3 2 1 0

(SIOF) (SEF) HOLD/SLS

HOLD pin state/operation state monitor

> — Single-clock mode————— Dual-clock mode ——
0: HOLD pinat "H” level In Normal operation

I: HOLD pinat“L" level In SLOW operation

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

{1) Single-clock mode
In this mode, only the high-frequency clock oscillator is used. Pins R72 (XTIN) and R73 {(XTOUT)
become the ordinary /O port. The HOLD operating mode is available for reducing power
consumption. itis controlied 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".

(2} Dual-clock mode
In this mode, the Normal-2 operation is generally performed by generating the system clock from
the high-frequency clock {fc). As required, the SLOW operation can be performed by generating
the system clock from the low-frequency clock (fs). In the SLOW operation, the high-frequency
clock oscillation automatically stops, enabling the low-power voltage operation or the low-power
consumption operation. Instruction execution does not stop when the operation speed switching
is performed. However, some peripheral hardware capabilities may be affected. For details, refer
to the description of the relevant operation.
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(3) System clock switching control
The foliowing 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.Switching from Normal-2 operation to SLOW operation
Setting bit 2 of command register (OP16) to "1 stops the high-frequency clock oscillation and
switches the system clock into low-frequency clock. Note that low-frequency clock oscillator
takes a few seconds from the start of its oscillation to reach the stable oscillation. Therefore,
switch to the SLOW operation mode immediately after the transition from Normal-1to Normal-
2 should be inhibited by program until stable low-frequency clock is supplied (for a few seconds
as mentioned above).

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

AC
High-freq. clock " LQ
(xouTm)
o oo /\/\/\/\/\/\/\f\/\/\/\/\/\/\/\
(XTOUT}
Basic clock (CP) | I I | I | |

Normal operation —|<—— SLOW operation »|«— Normal operation

_/l -——  Warm-up T >
Changed to the SLOW Changed to the Normal

operationg mode operating mode by program

by program

SLS

e m————rra——

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 cycie”. The TLCS-
470 series instruction set has 3 kinds of instructions, 1-cycle instruction to 3-cycle instruction. Each
instruction cycle consists of 4 states (51 through $4). Each state consists of 2 basic clock pulses.

11fc or 1/{s [sec]
=

S I I T [ O O

State [ o | 52 I | sa [ [ 52 ]

Instruction cycle

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

3.1 Ports

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

(1 WO port

@ Command register

(31 Status register ;
@) Dataregister

Data transfer with external circuit

Control of internal circuit

Reading the status signal from internal circuit
Data transfer with internal circuit.

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

that can access the ports.

3.1.1 /O Ports

The 47C800 has 10 I/O ports (36 pins) each as follows:

@ Ko ;
@ P1,P2 ;
@ R4,R5,R6 ;
@ R7 ;

& R8

© R9Y ;
@ KE ;

4-bitinput

4-bit cutput

4-bit input/output

4-bit input/output (shared with the low-frequency reasonator
connecting pins and the watchdog timer output)

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

3-bitinput/output{shared with serial port)

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

Each output port contains a latch, which holds the output data. The input ports have no latch; therefore,
itis desired hold data exterenally until it is read or to read twice or more before processing it.
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(1) Port KO (K03 - K00)
Port KO is a 4-bit input-only port. A pull-up or pull-down resistor can be contained by the mask

option.
Port Ko (Port address  1P00) IN/TEST/ TESTP
3 2 i 0
K03 K02 kot | koo | Datainput %} D

Figure 3-1. Port K0

{(2) Ports P1(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 inputinstruction is executed, the latch data is read in these ports. The latch is initialized
to "1” during reset. They can be accessed separately at port addresses OP01/IP01 and OP02/1PO2.
Additionally,8-bit data can be set to these ports (the upper 4 bits to port P2, the lower 4 bits to
port P1) by using the 5-bit to 8-bit data conversion instruction [QUTB @HL).

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

Example 2.  Toread the latch data from port P2 to store itin the accumulator
IN %»IP02, A ; AccePort P2

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

LD HL, #90H ; HL«90y (Setsthe RAM address)
ouTB GHL : Port P2, P1<ROM data
Port P2 (Port address  OPG2/IPQ2) Port P1 (Port address QP01/1P01)

2 i 2 1

3 0 3 0
| p3 | r22 P2t | pa0 | [ p13 | e12 Pt | pPio |

IN/TEST/TESTP/SET/CLR

Data input

Data output —> PIN

Figure 3-2. PortsP1, P2

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

(/O 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

4-19
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- t.rzegflszer - pin - !_rzeg;sl;er: - Pin - lg.rzeg;stieré - Pin - !_rzeg;s:erE - Pin
0 ¢ 0 ¢ R40 o 1t 0 0 RS0 t 0 0 0 REO 1 1 0 O R70
0o 0 0 1 R41 0 10 RSi 1 o 0 1 RE&T 1 10 1 R71
0 o 1 ¢ R42 0 1T 1 0 R52 1 o 1 0 R&2 1 11 0 R72
9] o 1 1 R43 0 LI 1 R53 1 0 1 1 R63 1 1 1 1 R73

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

Port R7 isshared by the low-frequency resonator connection pins (XTIN, XTOUT) and the watchdog timer
output pin (WTO). For the dual-clock mode operation, the low-frequency resonator(32.768kHz) is
connected to R72 (XTIN) and R73 {(XTOUT) pins. For the single-clock mode operation, R72 and R73 pins
are used for the ordinary I/O ports. When the watchdog timer is used, R71 (WTO) becomes the watchdog
timer output pin. The watchdog timer output is the logical AND output with the port R71 cutput latch.
To use the R71 pin for an ordinary /O port, the watchdog timer must be disabled (with the watchdeg

timer outputsetto “17).

IN/TEST/TESTP

Data input SET/ CLR

Ports R4-R6 (Port address OPQ«/1P0«) (L
1 0 l ¢ PIN

3 2 1 Data output LATCH [

R3 | Re2 R\l | RO

Figure 3-3. Ports R4, R5,R6

IN/TEST/TESTP
SET/CLR
Data input
Data output —@ D“——D R70
_<:}__
Data input ‘——Ej_
Data output —WP‘D“‘——D R71 (WTO)
Watchdog
timer output ol
j\i
Data input 3‘[
Data output { Larcn M- > {JrrzxTiny
Part R7 (Port address OP07/1PO7) N
gl
~
3 2 ! 9 Data input ’8 Res
R73 R72 R71 R70
(XTOUT) | (XTIN) (WTO) Data output LaTCH — P [Jr73xToun
Clock mode

{"1" in the single-ciock mode}

Figure 3-4. PortR7
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(4) Port R8 (R83 - R80)
Port R8 is a 4-bit I/0 port with a latch. When used as an input port, the latch must be setto “1”.
Thefatch isinitialized to “1" during reset. Port R8 isshared by the external interrupt request input
pin and the timer/counter input pin. To use this port for one of these functional pins, the tatch
should be setto "1”. To use it for an ordinary {/O port, the acceptance of external interrupt must
be disabled or the event counter/pulse width measurement modes of the timer/counter must be
disabled.
Note.  When R82 (INT1) pin is used for an I/O port, external interrupt 1 occurs upon detection of
the falling edge of pin input, and if the interrupt enable master flip-flop is enabled, the
interrupt request is always accepted, so that a dummy interrupt processing must be
performed {only the interrupt return instruction [RETI] is executed).
With R80 (INT2) pin, external interrupt 2 occurs like R82 but bit 0 of the interrupt enable
registerisonly kept at “0”, not accepting the interrupt request.

Control '”p“t'_'q IN/TEST/TESTP

Datainput

Port R8 (Port address  OPQ8/1P08)

T({CLR
3 , : o SET(CL
R83 R82 R81 R80
(T1) (INT1) (T2) (INT2)
Data output

Figure 3-5. PortR8

(5) Port R9 (R92 - R90)

Potr R9is a 3-bit /O port with latch . When used as an input, the latch must be setto “1".The tatch
isinitialized to “1" during reset. Port R9is shared with the serial port.

To use port RO for the serial port, the latch should be setto “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 % QP09,3} or [CLR % OP09,3]) affects the operation of the
internal CPU. Therefore, these instructions should not be execution on R93. However, other
instructions may be used, in which an uncertain value is read upon execution of an input
instruction,

Control input <—<] IN/TEST/TESTP

Port RS (Port address QP09 / 1P09)

Datainput ~* ! SET/CLR
3 2 1 0
RY2 R91 R90
: (5¢K) (SO) (s
TP Data output

Control output

Figure 3-6. PortR9

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

Example: To wait until KED pin goes low.
SWAIT : TEST %IPOE,0 ; Waitsif KEQ pin = "H".
B SWAIT
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Port KE (Port address IPOE) Control input - <}
3 2 1 0
"""""""""" IN/TEST/ TESTP
{SIOF) (SEF) KEO
(HOLD) Datainput - JI:I PIN

Figure 3-7. PortKE

3.1.2 VO Timing
(1) Input timing
External datais read from an input port or an /O portin the $3 state of the second instruction cycle
during the inputinstruction (2-cycle instruction) execution. Thistiming cannot be recognized from
the outside, so that the transient input such as chattering must be processed by program.

< Istinstruction cycle N 2nd instruction cycle |

51 §2 S3 54 St 52 S§3  S$4

Instruction T T T T T ™ T
execution cycle L IN/TEST/TESTPipstruction | _

Inputstrobe I l
Inputdata @ m e e e = ———— D—————

Figure 3-8, InputTiming

{2) Qutput timing
Datais output to an output port or an /O port in the S4 state of the second instruction cycle during
the output instruction (2-cycle instruction) execution.

| tstinstructioneycle | 2ndinstruction cycle |
I el B L |

S1 5253 54 S1 52 53 54

Instruclion T T T T T T T
execution cycle || ouT/ouTB/SET/CLRinstryction | L
Qutputlatch pulse I |
Qutput data L X _
Figure 3-9. Qutput Timing
3.2 Interval Timer

3.21  Configuration of Interval Timer
The interval timer consists of a 19-stage binary counter with a divide-by-8 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.
{ Inthesingle-clock mode
The high-frequency dock {fc) is applied to the first stage of the interval timer.
@) In the dual-cdlock mode
In this mode, the interval timer is split between stages 7 and 8. The low-frequency clock (fs)
is applied to the 8th stage. The high-frequency clock {fc) is applied to the first stage of the
interval timer. In the SLOW operating mode, the high-frequency clock oscillator stops, so
that the divided outputs of the interval timer stage 1 through 7 also stop.
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Prescaler

fc [Hz]

Binary counter

415 67—0/O—>89IOH1213141516171819202122
b ] BREEEEEREEREEEE !

Figure 3-10. Configuration of Interval Timer

fs [Hz]

3.2.2  Functions of Interval Timer
The interval timer provides the following functions:

{1} Generation of instruction cycle
2 Generation of an interrupt with a fixed frequency (the interval timer interrupt)
@) Generation of internal source clock for timer/counters
@ Generation of internal serial clock for a serial interface
® Generation of warm-up time at release of the HOLD operating mode
® Generation of source clock for a watchdog timer

3.2.3 fnterval Timer interrupt (ITMR) v
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 is initialized to “0” during reset. An interval
timer interrupt is generated at the first rising edge of the binary counter output after the command has
been set. The interval timer is not cleared by command, so that the first interrupt may occur earlier than
the presetinterrupt period.
Example: Tosettheinterval timerinterrupt frequency to fc¢/215[Hz] (Single-clock mode).
LD A, #0110B ; OP19+«0110,
ouT A, %0P19

Interval timer interrupt control command register (Port addres OP19)

3 2 1 4]
E : 5 | nitial value 0000)
Single-clock mode Dual-clock mode

— Normal-l — ] [— Normal-2 = [ 5LOW —
00+ |nterrupt disabied Interrupt disabled Interrupt disabled
0100 Interrupt frequency  fc/211[Hz)  fs/24[Haz) Reserved
0101 Interrupt frequency  fc/213 fs/26 Reserved
a110: Interrupt frequency  fe¢/215 fs/28 Reserved
0111 nterrupt frequency ¢/ 217 fs/210 fs/ 210 [Hz]
Tese 0 Reserved Reserved Reserved

Note!I. . ;don‘tcare
Note 2. fc ; High-frequency clock [Hz],

fs ; Low-frequency clock [Hz] (a) Command register

Single-clock mode Dual-clock mode Atfc=4.194304MHz, fs=32.768KHz
fo 21V [Hz] fs/29({Hz] 2048 Hz
fc/213 fs/ 26 512
fcr 215 fs/28 128
fcr217 fs/210 32

(b) Example of interrupt frequency

Figure 3-11. Interval Timer Interrupt Control Command Register
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3.3 Timer/Counters {TC1, TC2)
The 47C800 has 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 user-processed data.

M58 LsB MS8 Ls8
Timer/Counter (TC1) i Timer/Counter (TC2)

TGl 1 TChw 1 TC TC2 i TC2m ¢ TCZ
RAM address({bank 0} {F6y)

(FS4) (Fay) RAM address (FAL) {(F9n) (F84)

Figure 3-12. Count Registers of the Timer/Counters (TC1, TC2)

3.3.1  Functions of Timer/Counters
The timer/counters provide the following functions:
() Event counter @ Programmable timer Q) 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 ] (Initial value 0000}

Mode selection

00: Stopped

01. Eventcounter mode

10: Timer mode

11: Pulse width measurement mode

Internai pulse rate (interval timer output) selection l

Single-clock mode Dual-clock mode

 Normal-1 — = Normal-2 ] [~ SLow /™
00: fc/26 [Hz) fc/ 26 [Hz) Reserved
01: fc/28 fs/72 Reserved
10: fc/210 fs723 Reserved
1 fc/214 {s/27 fs/ 27 [Hz]

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

3 2 1 c
TC2MS IPR2 l (Initial value 0000)
Mode selection
00: Stopped
01: Eventcounter mode
T110: Timer mode
11: Pulse width measurement mode
internal pulse rate {interval timer output) selectioL]
Single-clock mode Dual clock mode
Normal-1 ~ | [ Normal-2 7] [~ sLow ~ ]
00: fc /210 [Hz] fs 123 {Hz] Reserved
L [0 fc/218 15727 fs/27 [Hz
Naote. fc,; High-frequency clock [Hz] 10 fc/218 f5/211 fS/ZH[ ]
fs, Low-frequency clock [Hz] Lij: fe /222 fs1215 fe /215

Figure 3-13. Timer/Counter Contrel 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
one instruction cycle after the current instruction execution, during which the execution of a next
instruction and the acceptance of an interrupt are delayed. If counting is requested by both TC1 and TC2
simultaneously, the request by TC1is 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 FFFH 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 3-14. Note that counting continues if there is a count request after
overflow occurrence.

instruction cycle

Count pulse | I
Countrequest ] 1

Detection of overflow N

Qccurence of IQVF \j ]

interrupt ----)*( ------- ’f‘ ------- ,t<___..|< ....... ,.l[, 'i __________
Execution of Count  Executicn of Interrupt acceptance Execution of
instruction cycle instructiton  processing instructiton

Figure 3-14. Timer/Counter Overflow Interrupt Timing

(1) Event counter mode

In the event counter mode, the timer/counter increments at each rising edge of the external pin
(T1,T2) input. The maximum applied frequency of the external pin input is /32 for the 1-channel
operation; for the 2-channel operation, the frequency is f¢/32 for TC1 and fo40 for TC2. The
apparent instruction execution speed drops most ta (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 TCT and every 5 instruction cycles for TC2. For example, the instruction
execution speed of 2ps drops to 3.6ps.

Example: To operate TC2inthe event counter mode.

LD A, #01008 ; OP1De«01**g

ouT A, %0P1D
External input (T1, 72 pin) I I I 1 I |
Countregister n X n+ 1 X n+2 X n+3

Figure 3-15. Event Counter Mode Timing Chart

(2) Timer mode
in the timer mode, the timer/counter increments as 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
orderto create 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 apparentinstruction execution speed drops by (1/127) x 100=0.8%.
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For example, the instruction execution speed of 2ps drops to 2.016ps. In the timer mode, R83 (T1)

and R81(T2) pins provide the ordinary I/0 ports.

Example: To generate an overflow interrupt (at fc =4 MHz) by TC1 after 100 ms.
HL,#0F4H ; TC1«E79;, (Setting of countregister)

LD
CLR
ST

ST

ST

LD
ouT
Lo
XCH
EICLR

Internal pulse

Countregister

DM
#9,0@HL+
#7,GHL+
H#OEB, GHL+

AL #1010B ; OP1C«1010g (Timer mode rate f¢/210)

AL %OP1C

A #0100B i EIR«01005 (Enablesinterrupt)

A EIR

IL,1101118 ; EIFel, IL,;«0

X

n+1

X n+2

X n+3

Figure 3-16. Timer Mode Timing Chart

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

212 —(interrupt setting time} x (internal pulse rate)

For example, to generate an overflow interrupt after 100ms at fc = 4MHz with the internal
puise rate of fc/210, set the following value to the count register as the preset value:

212-(100x10-3) x (4x106/210}) =3705=E79y

Internal pulse rate

Max. setting time

At fc=4.194304MHz

Internal pulse rate

Max. setting time

fcr 26 [Hz]
fc/28
f¢r210
fcr 2748
fcr218
fer222

238/ fc [sec]
2204 ¢
242/ 1¢
226/ ¢
230/ 4¢
234/ f¢

65536 [Hz]
16384
4096
256
6
1

0.0625 [sec]
0.25
1
16
256
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 pulse obtained by
sampling the external pins (T1,72) by the internal pulse. Asshown in Figure 3-17 the timer/counter
increments only while the external pin input is high. The maximum applied frequency to the
external pin input must be one that is enough for analyzing the count value. Normally, a
frequency sufficient slower than the internal pulse rate setting is applied to the external pin.
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Ext i t

(1. T2 pin) - — I——E
Internai pulse _J ] [ ] | | | ] ] | L
Count register n - X n+i X n+2_X_ n+3jL ‘ n+4

Figure 3-17. Pulse Width Measurement Mode Timing Chart

3.4 Serial Interface (S10)

The 47C800 contains a serial interface with an 8-bit buffer. The serial interface is connected to the
exterenal device via 3 pins (the serial port): R92 (SCK), R91 (SO), and R90 (S 1). The serial port is shared by
portR9. Forthe serial port, the output latch of port R must be set to “1“. In the transmit mode, R90 pin
provides the I/O port; in the receive mode, R$1 pin provides the I/O port.

3.41  Configuration of Serial Interface

{ Internal bus {
2nd access < ~1staccess Transmit mode : QPOF
Receive mode  : IPOF
3 2 1 o] 3 2 1 0 J ; Q L
T T T T =T
lCommanJreglster 1] [Command register ZI 7 6 S 4 3 2 1 0
T T T T T T T
12 0 o OPTE oPIF | Serial buffer |
[_S_W—I_"""-‘,
reqister | _______ J '
IPOE '
1
1
3 2 ! 9 3 Z ] 0 ' Serial data
T T, 7 T LR
l_ Shift register ] Shift register —}—’t] 50 output
I
Controller in 8-bit mode in 4-bit mode ! ,
["] g Serialdata
input
'
Serial clock ' e
'[:] ek Serial clock
Interrupt request WO
I

(Buffer full or Buffer empty)
Figure 3-18. Configuration of Serial Interface

3.4.2 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).

Sernial interface status register (Port address  1POE)
3 2 1 0

‘ SIOF l SEF ’:::::::: (HOLD)

Monitors serial transier operation state '

| 0: Transferisterminated

1: Transferisin progress

Monitors shift pperation states—l

0: Shift operation is tterminated

1: Shiftinoperationisin progress

Figure 3-19. Serial Interface Status Register
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Serial interface control command register 1 {Port address OP1E})
3 2 1 0
[ INH I SBIT SCKR {Initial value 0Q00t)

Forcible stop of serial transfer !

0: Transfer continues

1: Forcible stop (Automatically ciear, after stopped)

Selects transfer bit number I

0: 4-bitserial transfer

RE 8-bit serial transfer

Selects serial clock frequency

Single-clock mode Dual-clock mode
r— Normal-1 —] [— Normal-2 _—l {-— SLOw —I
L —  »|00: {c /26 [Hzj fc /26 [Hz] Reserved
01: fc /27 fc/27 Reserved
Note. fc; High-frequency clock [Hz] 10: fc/29 fs/22 Reserved
fs, Low-frequency clock (Hz] 11 fe 1212 fs /25 5125 [Hiz]
Serial interface control command register 2 (Port address OQP1F)
3 2 1 0
rESIO { RM I LM ! ECKM | {initiai value 0000)

tnstructs serial transfer starUterminateJ

0: Instructs serial transfer terminate

11 Instructs serial transfer start

Selects transfer mode I

> Q: Transmit mode

1: Receive mode
—

Selects shift edge I

0: Shiftatthe trailing edge of serial clock

Y

1: Shift at the leading edge of serial clock

Selects shift clock

—>| 0: Internal clock (output to 5CK pin)

Nole. Whensetting the transfer mode, 1: External clock (input from $TK pin)
ESIO must be 0" —
When Transmil imode,
LM mustbe "1"

Figure 3-20. 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
register:

a. Clock source selection
@® Internal clock
The serial 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 shiftis 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 clock
The signal obtained by the clock supplied to the SCK pin from the outside is used for the
serial clock. In this case, the output latch of R92 (SCK) must be set to 1" beforehand. For
the shift operation to be performed correctly, each of the serial clock’s high and low levels
needs 2 instruction cycles or more to be completed.
b.Shift edge selection
(D Leading edge
Data is shifted at the leading 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.

2

(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. 1510 interrupt is generated
every 4-bit transfer. Transmit/receive data is written/read by accessing the buffer register (OPOF
/IPOF) respectively.

b. 8-bitserial transfer
in this mode, transmission/reception is performed on 8-bit basis. 1510 interrupt is generated
every 8-bit transfer.
Transmit/receive data is written/read by accessing the buffer register (OPOF / IPOF) twice. At the
first access after setting transfer mode or generating the interrupt request, the write/read
operation of lower 4-bit is performed to from the buffer register. 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 register).

a. Transmit mode

The transmit mode is set to the command register then writes the first transmit data (4bits or
8bits) 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 written by accessing the buffer register (OPOF) twice.
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 (I1SI0) to request for the next transmit data is
generated. In the interrupt service program, when the next transmit data is written to the
buffer register, the interrupt request is reset.
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in the operation based on the internal clock, if no more data is set after the transmission of the
4-bit or 8-bit data, the serial ciock is stopped and the wait state sets in. In the operation based
on the external clock, the data must be set in the buffer register by the time the next data shift
operation starts.

Therefore, the transfer rate is determined by the maximum delay time between the occurrence
of the interrupt request and the writing of data to the buffer register by the interrupt serviced
program.’

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

The transmission end can be known hy 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 transmit
dataisshifted out. If ESIO is not cleared before, the transmission stops upon sending the next 4-
bit or 8-bit data (dummy).

Example : Totransmit (8-bitserial transfer) data stored in data memory (its address is specified
by the HL register pair and the DMB) in synchronization with the internal clock
(fes27).

LD A, #0101B ; OP1E«-0101g (Sets the 8-bit serial transfer)

ouT A, %OP1E

LD A, #0010B ; OP1F«0010g (Sets the transmit mode of the
operation based on internal clock)

ouT A, %OPILF

ouT QHL, %OPOF ; OPOF—RAMI[HL] (Writes the transmit data of
lower 4-bits)

INC L

ouT @GHL, %OPOF ; OPOF«RAM[HL] (Writes the transmit data of
upper 4-bits)

LD A, #10108B ; ESIQe~1 (instructs transmission start)

ouT A, %OPLF
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ESIO N " " [:
SIOF R t— |

i
SEF

/]

sc —IJUUW ll L] leu /l
50 :)..CD“(Z 9.CO.CHEN CO ECIAR
iS10 _I\—( ' ] \1
Serial buffer i —F - -
(OPOF) RN A >

(a) Internal-clock-based operation with wait

Clear ESIO |

ESIO
SIOF
SEF
STK
SO
1510
Serial buffer
(OPOF)

(b) External-clock-based operation

Figure 3-21. Transmit Mode

b. Receive mode
Data can be received when ESIO is set to after setting the receive mode to the command
register. The data is put from the Sl pin to the shift register in synchronization with the serial
clock. Then the 4/8-bit data is transferred from the shift register to the buffer register {IPOF),
upon which the buffer full interrupt (ISI0) to request for reading received data is generated.
The receive data is read from the buffer register by the interrup service program. In the 8-bit
transfer mode, the received data is read after an interrupt request occurs: the lower 4 bits are
read by the first access and the upper 4 bits by the next access. 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 butfer register at the end of capturing the next data, the seria! 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-supplied clock, 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-dock-based
operation is determined by the maximum delay time between the generation of interrupt
request and the reading of receive data. In the receive mode, the shift operation may be
performed at either the leading edge or the trailing edge. In the leading edge shift
operation,datais captured at the leading edge of the serial cdlock, so that the first shift data must
be putin the Sl pin before the firstserial clock is applied at the start of transfer.

" oan
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Example : To instruct the receive start operation with the 8-bit serial transfer, internal clock

and leading edge shift (with the interrupt enable register already set).

LD A, #0100B ;. OP1E<0100g (Sets the 8-bit serial transfer)
QuT A, Z%0P1E

LD A, #0110B . OP1Fe-0110g (Sets the receive mode)

out A, U%OP1F

EI ; EIFe-1(Enablesinterrupt)

LD A, #11108 ;. ESIO«1 (Instructs reception start)

ouT A, %OP1F

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 or 8-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

at the end of receive operation.

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:

)

When the transfer rate is sufficiently low {the external-clock-based operation)

If £S10 can be cleared to “0" before the next serial clock is applied upon occurrence of
buffer full interrupt in the external-ciock-based operation, ESIO is cleared to "0” by the
interrupt service program, then the last received data isread.

Example : To instruct the receive end with sufficient low transfee rate (the leading edge

shift).
LD A, #0111B ; ESIO«0 (instructs reception end)
ouT A, HOPLF
IN %IPOF, A ; AcceIPOF (Reads received data)

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

If the transfer rate is high and,therefore, it is possible that the capture of the next data
starts before ESIO is cleared to “0” upon acceptance of any interrupt, ESIO must be cleared
to “0” by confirming that SEF (bit 2 of the status register)} is set at reading the data
proceeding the last data. Then, the data is read. In the interrupt serevicing following the
reception of the last data, no operation is needed for termination; only the reading of the
received datais performed.

This method is generaily employed for the internal-clock-based operations. For an external-
clock-based operation, €510 must be cleared and the received data must be read before the
last data is transferred to the buffer register.

Example . Toinstruct reception end when transfer rate is high (the internal clock, leading-

edge shift).
SSEFO: TEST %IPOE, 2 ; Waits until SEF="1"
B SSEFO
LD A, #01108B ;. ESIO«0
out A, %OPiF
IN %IPOF, A ; Acce—|POF (Reads received data)

4-32



TOSHIBA TMP47C800/980

@ One-word reception
When receiving only 1 word, ESIO is set to “1” then it is 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/fend of 1-word reception (the internal clock, the trailing

edge shift).
LD A, #0100B ; OP1F<-0100g (Setsin the receive mode)
ouTt A, %OP1F
EI ; EIF&1 (Enablesinterrupt)
LD A, #1110B ; ESIOe1 (Instructs reception start)
ouT A, %0P1F
SSEFO TEST %“IPOE, 2 ; Confirms that SEF="1"
B SSEFO
LD A, #0110B ; ESIO&0 (Instructs reception end)
ouT A, %OP1F

(4) Stopping serial transfer

A serial transfer operation can be stopped forcibly.

Itisstopped by setting INH (bit 3 of command register 1) to “1”, dearing the shift counter. When the
serial transfer is over, SCK and $O terminal are set to “H"level, INH is automaticaily cleared to “"0”
with no other bits of command register affected. Further, in the transmit mode of this case, SO
output is initialized to "H" level whereas the shift register is not cleared. Therefore, after the
resumption of transmit, SO holds the data just before forcible stop via the shift register until the 1st
shift data comesto SO.
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1SIO «

Por ) N

Read (IPOF)

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

Clear ESIO

[~

1510

0, N D N B \C

Read (IPOF) i \,o \—>é

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

[ Clear ESIO
e (4 ! £ !
ESIO l
SIOF ——_J 3 d ('('
(¢ I /u
r e T A h—
5CK ( TTAa

TLILL
S| 7 Og D6 D' )C:D(D'e X0 X0 D"7[

ISIO
4
LS K\’

IPOF

Read (IPOF) ,i \—v.i \-—»i

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

\
.
>
a
5
-
o)}

Figure 3-22. Receive Mode
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Watchdog timer control command register (Portaddress OP15)
3 2 1 0
1 RWT ] EWT TWT (Initial value 1000)

Clears Binary counter 1

»| 0: Binary counter cleared

(after clear, itis autmatically setto "1")

Watchdog timer enable/disable I

—»| 0: Disable
1. Enable
 —

Set Watchdog timer detection time ]

[ Single-clock mode /I Dual-ciock mode -

00: 3x 215/ 1 [sec) 3x 28/ 1s [sec]
01: 15x 215/ fc 15x 28/ 1s
Note. fc; High-frequency clock [Hz] 10: 63 %215/ fc 63 x 28/ fs
fs, Low-frequency clock [Hz]
11: S11x 215/ f¢ S11x28/fs

(a) Command register

Single-clock mode Dual-dock mode At fc=4.194304MHz, fs = 32.768KHz
3x 215/ {c [sec] 3% 28/ fs{sec] 23.4ms

15% 215/ ¢ 15 %28/ fs 117.2

63x 215/ 1¢c 63 x28/fs 4922

S1tx2'5/f¢ 511 x28/fs 3992.2

{b) Watchdog timer detection time example

Figure 3-24. Watchdog Timer Control Command Register

Example: Toenable the WDT with a detection time of 63 x 215/fc[sec].
LD A, #00108 ; OP15¢0010g (Sets WDT detection time,
clears binary counter)

ouT A, %0P15
LD A, #1110B ; OP151110g (Enables WDT)
ouT A, %0P15
Within WDT
detection :
time LD A, #0110B ; OP15«0110p (Clears binary counters)

out A, %0P15
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4,

4.1

INTERRUPT FUNCTION

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 1o accept the
interrupt. The acceptance of interrupt can be permitted or prohibited by program through the interrupt
enable master flip-flop (EIF) and interrupt enable register (EIR). When two or more interrupts occur
simuitaneously, the one with the highest priority determined by hardware is serviced first.,

Pertmit
. Interrupt ak Entry
Sources Priority latch m;?&;?;,;by address
External | Externalinterrupt 1 (INT1) {High rank) 1 ILs Eif=1 00024
Serial interface interrupt (1510) 2 ILg EIF=1,EIR3=1 0004y,
Timer/Counter 1 overflow interrupt (10VF1) 3 ILy EiIF=1,EIRy=1 0006y
Internal
Timer/Counter 2 overflow interrupt (IOVF2) q IL; 0008y
EIF=1,EIR =1
Interval timer interrupt (ITMR) S 1Ly 000AY
External |Externalinterrupt2 (INT2) (Low rank) 6 ILg EIF=1,EIRg=1 000CH
Table 4-1. Interrupt Sources
Interruptlatch
N1 4> S N Q
5
R
1S10 S A F——{~
Sy L
:FID R Priority
IOVF1 T Q Encoder
D- ity D"
:F[> R & Address
IQVF 5 7
OvFe IL;Q —{
? R Entry Interrupt
address acceptance
ITMR D > ILy r;iD"Generator
ﬁ> R Interrupt
N request
INT2 5 Q
v o= Al
‘ J—_
Ts fgq F3 T3 Ty g
5 fa F3 T2 M1 Mg —
= [ER3 [ IR, [ EIR, [EIRg |
S5 Q
EICLR 1L, r [XCH A, EIR] Interrupt EIF
DICLR L, ¢ |- enable R
CLR i register
[ Accumulator | 'e”;e;:m
p K A | 2
(EICLR L, 1] master F/F
[DICLR 1L, 7]
System reset
Figured-1. Interrupt Controller Block Diagram
(1) Interruptenable master flip-flop (EIF)

The EIf controls the enable/disable of all interrupts.
interrupts are disabled; when itissetto “1”, the interrupts are enabled.

When this flip-flop is cleared to “0", all
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When an interrupt is 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 [RETH], being put in the enabled state again.
Set or clear of the EIF in program is performed by instructions {EICLR IL,r] and [DICLR IL,r],
respectively. The ElF isinitialized to "0" during reset.

(2) Interruptenable register (EIR)
The £EIRis a 4-bit register specifies the enable or disable of each interrupt except INT1. Aninterruptis
enabled when the corresponding bit of the EIR is "1”, and an interrupt is disabled when the
corresponding bit of the EIR is “0”. Bit 1 (EiRy) of the EIR is shared by both I0VF2 and ITMR
interrupts.
Read/write on the EIR'is performed by executing [XCH A,EIR] instruction. The EIR is initialized to "0
during reset.

(3) Interruptlatches{iLs through ILg)
An interrupt 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. ltisinitialized to “0” during the reset.
The interrupt latches can be cleared independently by interrupt latch operation instructions {[EICLR
(L,r], [DICLR IL,r], and [CLR IL,r] to make them cancel interrupt requests or initialize by program.
When the value of instruction field(r) is 0", the interrupt latch is cleared; when the value is " 1", the
ILis held. Note that the interruptlatches cannot be set by instruction.

Example 1 :To enable tOVF1, INT1, and INT2

LD A, #01018B , EIRe0101g
XCH A, EIR
EICLR IL, 1111118 ; ElFe1

Example 2 :Toset the EifF to " 1" and to clear the interrupt latches except ISIO to “0”.
EICLR IL, 010000B ; EiFet1, lLge0, iL3-ILge0

4.2 Interrupt Processing
An interrupt request is held until the interrupt is accepted or the IL is cJeared 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.

3 The status flag issetto "1".

4 The EIFis cleared to “0", temporarily disabling the acceptance of subsequent interrupts.

& The Il for the accepted interrupt source is cleared to "0”.

& The instruction stored at the interrupt entry address is executed. (Generally, in the program
memory space at the interrupt entry address, the branch instruction to each interrupt
processing program is stored. Note that the interrupt entry address is assigned every 2-byte,
so that the long branch instruction can not be stored in the program normally. The
interrupt service program is assigned to the memory locations 00004 through OFFFy.)

To perform the muiti-interrupt, EIF is set to “1” in the interrupt service program, and the acceptable
interrupt source is selected by the EIR. However,for the INT1 interrupt, the interrupt service is disabled
under software control because it is not disabled by the EIR.
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Example: The INT1 interrupt service is disabled under software control (Bit 0 of RAM [054]} are

assigned to the disabled switch of interrupt service).

PINT1: TEST
B
RETI
SINTT ¢

one instruction cycle

05H, O
SINTY

; HRAM [05u]g = 1,returns without the interrupt service

ity
—)

i

Interrupt
acceptance

instruction | i Execute
exec. (000A,,) [ELcr 1L, 1)

Interrupt
acceptance

instruction i
exec {000C,,)

Note 1. [tisassumed that there is no otherinterrupt request and EIR =0011g.
Note 2. Thevaluerinthe[EICLR IL, r]instructionisassumedas 11111g
Note3. T 77 :denotes the execution of an instruction.

| SRR,

Figure 4-2. interrupt Timing Chart (Example)

The interrupt return instruction [RET!] performs the following operations:
(1D Restores the contents of the program counter and the flags from the stack.
2 Sets the EIF to “1” to provide the interrupt enable state again.

Note.  When the time required for the interrupt service is longer than that for the interrupt
request, only the interrupt service program is executed without executing the main

program.

In the interrupt processing, the program counter and flags are automatically saved or restored but the
accumulator and other registers (H or L register, DMB, DC, etc.) are not. If it is necessary to save or
restore them, it must be performed by program as shown in the following example. To perform the
multi-interrupt, the saving RAM area never be overlapped.

Example 1: Tosave/restore accumlator and HL register pair.
HL, GSAV1 ; RAM[GSAVI1] & HL
A, GSAV1 +2; RAM[GSAV1 + 2] » Acc
Note. The lower 2 bits of GSAV1 should be "0's”.

XCH
XCH

Example 2. Tosave DMB to bit 0 of address GSAV2 in the RAM.

CLR

TEST

B

SET
SKIPS:

GSAV2, 0
DMB
SKIPS
GSAvVZ, O

: RAM{GSAV2] g0
; If DMB =0 then skip

. RAM{GSAV?2] g1
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4.3

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

CLR DMB ; DMBe«0

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

SET DMB ; DMBe1

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).
Because the exterenal interrupt input is the hysteresis type, each of high and low leve!l time requires two
or more instruction cycles for a correct interreupt operation. The INT1 interrupt cannot be disabled by
the EIR, so that it is always accepted in the interrupt enable state (EIF = "1").
Therefore, INT1is used for an interrupt with high priority such as an emergency interrupt.
When R82(INTT) pin is used for the I/O port,the INT1 interrupt occurs at the falling edge of the pin input,
so that the [RETI] instruction must be stored at the interrupt entry address to perform dummy interrupt
processing.
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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 controlied by the command register (OP10) and the HOLD pin input. The
HOLD pin input state can be known by the status register (IPOE). The HOLD pin is shared with the KEO
pin.

5.1.1  Starts the HOLD operating mode
The HOLD operaton is started when the command is set and hoids the following states during the HOLD
operation:
(1) Oscillator stops and the systemi internal operations are all held up.
2) The interval timer is cleared to “0".
@ The states of the data memory, registers, and latches valid immediately before the system is
putinthe 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 l HWUT 1 (initial value =g*+)
Sets mode and starts HOLD operation
01: Starts HOLD operation in edge sensitive release mode
11: Starts HOLD operation in level sensitive release mode
*0: Reserved
Sets the warm-up time at release of HOLD operating mode
Example: Atfc=4MHz
- 00: 2'8/fc(sec] e 65.5 [ms]

01: 214/fc e 4.1
10: Reserved

Note!. = ; don'tcare

; . 6/f¢  eeeens
Note2. fc, Migh-frequency clock [Hz] _11' 26/fc o.016

HOLD opeating mode status register  {Port address IPOE)

3 2 R 0
{SI0F) (SEF) HOLD
{KEQ)

HOLD pininput state

0: HOLDG pinishigh
1: HOLD pinis low {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 being low (the HOLD
operation request) must be recognized in program. This recognition is one of the two ways below:
{J; Testing HOLD (bit 0 of the status register)
‘2. 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 level-sensitive release mode {(the
warm-up time = 214/{f¢).

SHOLDH:  TEST %IPOE, 0 ; Waits until HOLD pin input goes low.
B SHOLDH
LD A, #1101B ,OP101101g
OUT A, %0OP10

N
i~

g
%ﬂx

Normal operation —"‘Ii'\:— HOLD cperation  ———mj«— Warm-up —l«—— Normal operalion

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

the HOLD operating mode hardware.

after detected the HOLD ( The HOLD operating mode always released)
pinisiow fevel. when the HOLD pin is 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 mode is
used for applications in which a relatively short time program processing is repeated at a certain
cycle. This cyclicsignal {for example, the dock supplied from the low power dissipation oscillator).
In the edge-sensitive release mode, even if the HOLD pin input is high, the HOLD operation is

performed.
Example : To start the HOLD operation in the edge-sensitive release mode {the warm-up time =
214/f¢).
LD A, #0101B ; OP10«0101g
ouT A, %0P10
| {6
HOLD pin \ £ 7!L \—
g |
covron (TN |
Normal operation A,,,‘g____ ‘:;?eLrglion :4— Warm-up og‘:rr;:laoln '<—HOLD operation
Enter the HOLD /
operaling 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
(Vpp/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 /0 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:

(1) The oscitlator 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.

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

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 cperation is also released by setting the RESET pin to the low level. In this case, the normal
reset operation follows immediately.

Note.  To release the HOLD operation at a low hold voltage, the following points must be
considerred:
To release the HOLD operation, the power voltage needs to be raised to the operating
voltage level If thisis dane, 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 voitage fevel of the RESET pin input drops below the non-inverted high level
input voftage 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. For the 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 VDD CTTT, 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. G l'> -

When the RESET pin input goes high, the reset is cieared and
program execution starts from address 00004.
The RESET pin is a hysteresis input with a pull-up resistor (220

KQ typ.).

Externally attaching a capacitor and a diode
implement a simplified power-on-reset.

Figure 6-1. Simplified power-on-

reset circuit

On-chip hardware Initial value On-chip hardware Initial value
Program counter {PC} 0000y Interval timer “g”
Status flag (SF) 1 Outputiatch Refe to “I/O
Oata memory bank selector {DMB) 0 (O port or outpul ports) circuitry”
i b lip-fl I Refer to the
m_errgp_t_ena;le master f -fiop (E F.) . 0 . description of
interrupt enable register {EIR) O Command register eachrelative
ST e command
Interrupt latch {iL) Q" register.

6.1

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

Warm-Start

The warm-start capacibility to hold the data memory contents in the reset operation is not supported by
hardware. However, it can be implemented by the following measures:

Back up the voltage to be supplied to VOD pin.

Apply to the HOLD pin the waveform synchronized with the power voltage variation.
Setthe HOLD operating mode during the power is off.

Reset by program using the output port of sink open drain (initial "Hi-Z") after releasing
HOLD operation.
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 Exampie

Reset signal
Poweron >————
detection
signal

r

—
PORT VDD A 1« Power
(open L

drain) ;

RESET

HOLD
INPUT
PORT  XIN ——|
[
vss  XOUT —4—

Figure 6-2. Warm-start Circuit Example
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXMUM RATINGS (Vss = 0V)

PARAMETER SYMBOL PINS RATINGS UNIT

Supply Voltage Voo -03to7 Vv

Input Voitage Vin -03toVpp+03 v
Voutti | Except the sink open drain pin, butinclude R7 -0.3toVpp +0.3

Output Voltage \
Voutz | Thesink open drain pin except R7 1 -031010

Output Current (Per 1 pin) loutz Ports R4-R9 3.2 mA

Qutput Current (Total) Yiguny |PortsP1,P2 120 mA

Power Dissipation  [Topr=707C] PD 600 mw

Soldering Temperature (time} Teid 260 (10sec) °C

Storage Temperature Tstg -55t0 125 °C

Operating Temperature Topr -40to 70 °C

RECOMMENDED QPERATING CONDITIONS (Vs =0V, Topr= ~401070°C)

PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
inthe Normai 4
operating mode 3
in the SLOW
Supply Voltage Voo operating mode 27 6.0 v
inthe HOLD
; 2.0
operating mode
Vi Except Hysteresis Input Vpp x 0.7
Vpo £ 4.5V
High Input Voltage Vin2 Hysteresis Input Vpp X 0.75 Voo Vv
V\H} VDD < 4.5V VDDXO,g
Vil Except Hysteresis input Vppx 0.3
Vpp 2 4.5V
Low input Voltage Vi Hysteresis Input 0 Vpp x0.25 Vv
VILJ Vpp<4.5V VDDXO.‘
fe XIN, XOUT 0.4 6.0 MHz
Clock Frequency
fs XTIN, XTOUT 30.0 34.0 KHz

Note 1. Inputvoitage Viyz, Viiz @ in the SLOW or HOLD operating mode
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[ D.C.CHARACTERISTICS (Vsg = 0V, Topr= —40 1o 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Typ. Max. | UNIT

Hysteresis Voltage Vs Hysteresis Input - 0.7 - v
lings Port K0, TEST, RESET, HOLD

Input Current Vpp = 5.5V, Viy=5.5V/i0V - - 2] pA
lin2 Ports R {opendrain)

tnput Low Current I Ports R {push-pull) Vpo =5.5V, V|y=0.4V - - -2 mA
Rt Part KO with pult-up or 30 70 150

pull-down

input Resistance KQ
Rinz2 RESET 100 220 450

Qutput Leakage

Current ko Ports P1, P2, R (opendrain) |Vpp=5.5V, Vour=55V - - 2 HA

Qutput Vop = 4.5V, lon = ~ 2004A

High Voltage Vou Ports R (push-pull) 0D = 4.2V, loH = ~ <UUH 241 - - v

Except XQUT, XTOUT, and
; Vv Vpp=4.5V, lg = 1.6mA _ _

Output Lovs Voltage oLz Ports P1, P2 pp=4.5V, Ig = 1.6m 04| V

Output Low Current lour Ports P1, P2 Vop=4.5V, Vo= 1.0V - 20| - mA

Supply Current oo Voo = 5.5V, fc = 4MHz - 3 6| mA

(in the Normal mode)

Supply. Current Vpp = 3.0V,
Ipps - 30| - pA

(in the SLOW mode) fs=32.768KHz

Supply Current |

{inthe HOLD mode) Los Voo =55V - 0.5 10 pA

Note 1.

Typ. value show those at Top, =25°C, Vpp =5V.

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

Note 3. Supply CurrentIpp, lppH: Vin=5.3VI0.2V

The port KO is opened when the pull-up / pull-down resistor is contained.
The voltage applied to the port R is within the valid range.

Note 4. Supply Currentipps -

(connecting XTIN, XTOUT).

Vin =2.8VI0.2V, low frequency clock is only oscillated
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A.C. CHARACTERISTICS (VSS =QV, Vpp=4.5t0 6.0V, Topr = -40t0 70°C)
PARAMETER SYMBOL CONDITION Min. Typ. Max. [UNIT

In the Normal operating mode 1.33 - 20

Instruction Cycie Time Loy ps
In the SLOW operating mode 235 - 267

High level Clock pulse Width twen
For external clock operation 80 - - ns

Low level Clock pulse Width twet

Shift Data Hold Time tsoH 0.5t¢y - 300 - - ns

Note. Shift Data Hold Time;

External circuit for 5CK pin and 50 pin Serial port (Completion of transmission)
VDD __
SCK \ / \ / 1.5v
10K(2

_ S G SR G T

RECOMMENDED OSCILLATING CONDITION (Vss =0V, Vpp=4.5t0 6.0V, Topr = ~ 40 to 70°C)

{1) 6MHz XIN XQUuT
Ceramic Resonator
CSA6.00MGU  (MURATA) Cxin = CxouT = 30pF 6MHz
KBR-6.00MS (KYOCERA) Cxn = CxouT = 30pF 0
Cxin Cxour
o o
(2) 4MHz
Ceramic Resonator o (el
CSA4.00MG (MURATA) Cxin=Cxout =30pF
KBR-4.00MS (KYOCERA) Cxin =CxouT = 30pF AMHz
Crystal Oscillator o Crout
204B-6F 4.0000 (TOYOCOM) Cxin = CxouT = 20pF jun pun
XN xXOyuT
(3) 400KHz
Ceramic Resonator 400K Hz Rxour
CSB400B (MURATA)  Cxin = CxouT = 220pF, RxouT = 6.8KQ 0

KBR-400B  (KYOCERA) Cxin=Cxout = 100pF, Rxoyt = 10KQ Gy

; /;; Cxout
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TYPICAL CHARACTERISTICS

R-Ta KO port
14
Ky, =55V
100 /7‘
e
50
0 Ta
—40 o} 40 80 (°C)
lor—Voii CMOSRport
lon
Vop=4.5V
(HA) [~ Db
Ta=25°C
— 400 N
- 300

- 200
\

- 100 \
0 Voir

2 4 6 (V)

loL—- VoL R port
low.

Ta=25"C
8 4

L/

/

9 /
0 Vor,
0.4 0.8 1.2(V)
Inn=Vnn
lon
{mA) Ta=25°C
q
3
fe = 4MHlz
2
1
0 Van
3 b 7 (V)

R-"Ta RISET pin
KD vyp=55v
400
300
oo
/
//
200
-t
100
0 Ta
4 0 40 80 (°C)
IiL— VIN  CMOSR port
hi,
A Vip=5.5V
(ph) Tam25°C
- 800 =]
~600 \\
~400
- 200
0 Vin
z 4 6 (V)
loL—VoL P1, P2 port
loi,
(mA)Y ] Vin=4.5V
Ta=25C
40
30 ///
20 /‘
10 P’
0 VoL
0.4 0.8 1.2(V)
| Inp—fc
1
(may] Yon=>5.5V
Ta=25"C
4
3
2 //
/7
: 7
..--'"4'
0 fe
0.1 0.4 1 4 10 {(MHz)
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INPUT/QUTPUT CIRCUITRY

(1) Controi pins
The input/output circuitries of the 47C800 control pins are shown below.

CONTROL PIN I{e] CIRCUITRY REMARKS
OSC.enabIe—r—:DD_

: AAA ! Resonator connecting pins
XIN Input Rs R =1KQ (typ)
XouT Output R Ro Rt = 1.5MQ (yp)

Ro =2KQ (typ.)
XIN XouT
VoD Hysteresisinput

RESET Input Rin Pull-up resistor

’\@i ‘RN-{:] Riv=220KQ  (typ.)

R=1KQ (typ)

Hysterisis input

HOLD Input @ ,R D {Sense input)
(KEG) (input)

R=1KQ (typ.)

Pull-down resistor

Rin = 70KQ .
TEST input N (typ.)

R=1KQ (typ.)
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(2) /O ports
The input/output circuitries of the 47C800C 170 ports are shown below, any one of the circuitries can
be chosen by a code (RA-RF) as a mask option.

PORT 1ol INPUT/QUTPUT CIRCUITRY and CODE REMARKS
RA, RD RB, RE RC, RF
Pull-up/
VDD Pull-down resistor
KO tnput R
R
—Fw{] Rin Rin = 70KQ {typ )
Rin R=1KQ (typ.)
R
Sink opren dain
output
P11 Outpul Initial "Hi-Z"
P2 -—————{;>c~———4
High current
loL = 20mA (typ.)
RA, RB, RC RD, RE, RF
Initial “Hi-Z” Initial "High VDD Sink open dain
R4
1o ’-I or
RS (>0 | >0 ! Push-pull output
6 " h T
R R
R=1KQ (typ.)
Sink open dain
R7 110 __{>o_—l output
R Initial "Hi-z”
R = 1K (typ.)
Sink open dain
output
Initial "Hi-Z2"
R8 I{e) __{>o_{
R9 R Hysteresis input
< R=1KQ (typ)
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CMOS 4-BIT MICROCONTROLLER
TMP47C980E

The 47C980, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C800 application systems {(programs).
The 47C980 is pin compatible with the 47C800 which is mask-programmed ROM device.

PIN ASSIGNMENT (TOP VIEW)

SDica2
Rap -0 1 U 42 []«—vpD
RAT (] 2 @VCC V¢ 41 [)=» Rr92 [5CK)
RaZ -H—E 3 vee vee @) 40 0~ R91 (50}
R43 =»[] 4 39 P> Ry (SI)
RSO =[] 5 A7 VCC (Z6) 38 [~ Ra3 (1)
RS1 05 6 A6 AB @ 37 (> g2 {INT1)
R52 =»[] 7 s 36 D= Ra1(12)
Rs3 ~»[] 8 a5 A3 (29 35 0 s pgo (NTY)
R60 ~=[C] 9 A A1 (23) 34 0 =—TiGL0 (RED)
R61 =e»[ 10 Al OF 33 D~—TRESET
R62 <> [] 11 @ 32 = xou
ne3 012 A2 A0 31 [0 -—xin
rR7g > 13 ,\1 T Z0) 30 D=—-1gs5T
WTDjR71 ~»[114 A0 2 29 [J~—x03
(XTIN)R72 ==>[] 15 @ 28 [J=—x02
(XTOUT)R73 =[] 16 0 6 (18) 27 [J=—xo
pig ~—{] 17 26 [ -—x00
P11 -—{] 18 H o 0 25 %—>P23
P12 =—{] 19 ‘2 4 @ 24 —=p22
P13 ~—{] 20 GND 3 23 0—=p21
vss — [ 1 @ 22 —p20
PIN FUNCTION (Top of the package)
PIN NAME Input / Qutput FUNCTIONS
Al12 - A0 Output Program memory address output
17 - 1o Input Program memory data input
CE Chip enable signal output
Qutput
[el3 Output enable signal output
VCC +5V  (connected with VDD)
e e e Powersupp[y e e e e e e e
GND 0V (connected with VSS)
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ Max. UNIT
Address Delay Time taD Vgg =0V, Vpp=4.5106.0V - - 150 ns
Data Setup Time g C =100y 150 - - ns
Data Hold Time tin Tope= - 40 to 70°C 50 - - ns
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NOTES FOR USE

(1) Program memory

The program area depends on the capacity of EPROM. See Figure 1.

00004

1000

1FEO

1FFF

64K

I Program 7

Data
Conversion
table

Figure 1. Program area

(2) Data memory

The 47C980 contains two 256 x 4-bit data memory banks (bankQ, bank1).

{3) /O ports

Input/Output circuitries of the 47C980 I/O ports are similar to the code RA of the 47C800.
When this chip is used as evaluator with other I/0O code (RB-RF) . It is necessary to provide the

external resistors (See Figure 2).

(@) Code:RB

M
I
! %mm

KO port
—Q_}
{d) Code : RE

R4, RS, R6 port

-

)
'
1
'
'
1

KQ port

10K

{>o—| 1 R4, R5, R6 port
, j
] ]
1 1
1 1 '
. ~ .
(b) Code: RC (c) Code:RD
"1 Ko port
: 70K8Q
1
i
|
|
! 10KQ
M
L
————-—-——{>o—{ -~ ' R4, R5, R6 port
]
t
1
]
-4
(e) Code: RF

Figure 2. 1/O code and External circuitry
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