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CMOS 4-BIT MICROCONTROLLER

TMP47C200BN, TMP47C400BN
TMP47C200BF, TMP47C400BF

The 47C200B/400B are high speed and high performance 4-bit single chip microcomputers, integrating ROM,
RAM, input/output ports, timer/counters, and a seriai interface on a chip. The 47C2008/4008 are the standard
type devices in the TLCS-47 CMOS series. The 47C2008/4008 are low voltage and high speed 4-bit single chip

microcomputer based on the 47C200A/400A.

PART No. ROM RAM PACKAGE PIGGYBACK oTP
TMP47C2008! ) SDIP4Z___ | TMP47CI90E TVIP47PA00AN
[_IMPSTC200BN 1 oo bt | 1agxabit b---S2F92 | TMPA7CI90E__ | TMPA7PAODAN _]
TMP47C2008F QFP44 TMP47€990G TMP47P400AF
TMP47C400BN o L SDIP42 TMP47C390E TMPA47P400AN _
TMPATCA00BF | oo | eexeen QFpaa TMIP47C990G TNIP47PAC0AF
FEATURES SDIP42-P-600
#4-bitsingle chip microcomputer
@instruction execution time: 1.9us (at 4.2iViHz)

490 basic instructions

& Table look-up instructions

4 5-bit to 8-bit data conversion instruction

#Subroutine nesting: 15 levels max.

@6 interruptsources (Externai: 2, internai: 4)
All sources have independent latches each, and multiple
interrupt control is available.

#1/0 port (36 pins)

® Input 2ports Spins
& Output Zports 8pins
e |/O 6ports 23pins

#interval Timer
€ Two 12-bit Timer/Counters

Timer, event counter, and pulse width measurement mode
#Serial interface with a 4-bit buffer

External/internal clock, and leading/trailing edge shift mode
@ High current outputs

LED direct drive capability (typ. 30mA x 8 bits)
#Hold function

Battery/Capacitor back-up

®Real Time Emulator: BMA4721A

http:/iwww.neonet.lv/autoradio
fax: + 371 7184532
E-mail: juris@mailbox.neonet.lv
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PIN ASSIGNMENTS (TOP VIEW)

(1) SDIP42-P-600 (2) QFP44-P-1414D
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PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
K03 - KOO input 4-bitinput port
P13 - P10 o 4-bit output port with latch.
P23 - P20 b 8-bit data are output by the 5-bit to 8-bit data conversion instruction [OUTB @HL].
R43 - R4Q 4-bit YO port with latch,
RS3 - R50 Vo When used as input port, the latch must be setto “1”.
R63 - R60 Every bit data is possible to be set, cleared and tested by the bit manipulation
R73 - R70 instruction of the L-register indirect addressing.
R83(T1) 4-bit IO port with latch. Timer/Counter 1 external input
When used as input port, external | External interrupt 1input
0(input) interrupt input pin, or timer/counter . [
external input pin, the latch must be set lmer/(??ETFerz external input
R80 (INT2) to 1% External interrupt 1input
R92 (5CK) 1/0(1/0) 3-bit /O port with latch. Serial clock VO
1/O(Output) When used as input Eo"rt or serial port, the [ gerisl gata output

.......................................................... latch must be setto “17.

/O(Input) Serial data input
XiN input Resonator connecting pins.
XouT Output For inputting external clock, XiN is used and XOUT is opened.
RESET input Reset signal input
HOLD (KEQ) Input(input) Hold request/release signal input Sense input
TEST Input Test pin for shipping. Be opened or fixed to low level.
voD +5V
............................. Power Supply
VSS 0V (GND)
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OPERATIONAL DESCRIPTION

1.
L 4

¢

2.

21

SYSTEM CONFIGURATION
INTERNAL CPU FUNCTION
2.1 Program Counter (PC)
2.2 Program Memory (ROM)
2.3 HRegister, L Register
2.4 Data Memory (RAM)
e Stack
e Stack Pointer Word (SPW)
e Data Counter (DC)
2.5 ALU, Accumuiator
2.6 Flags
2.7  System controiler
2.8 Interrupt Controller
2.9 Reset Circuit
PERIPHERAL HARDWARE
3.1 /O Ports
3.2 interval Timer
3.3 Timer/Counters (TC1, TC2)
3.4 Serial Interface

UNCTION

Concerning the above component parts, the configuration and functions of hardwares are described
INTERNAL CPU FUNCTION
Program Counter (PC)

The program counter is @ 12-bit binary counter which indicates the address of the program memory
storing the next instruction to be executed. Normally, the PC is incremented by the number of bytes of
the instruction every time it is fetched. When a branch instruction or a subroutine instruction has been
executed or an interrupt has been accepted, the specified values listed in Table 2-1 are set to the PC. The
PCisinitialized to “0” during reset.

MsB LSB

PCy

PCiy | PCro | PGy | PCa

e assignment Address assignment in page
Figure 2-1. Configuration of Program Counter

The PC can directly address a 4096-byte address space. However, with the short 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 value specified in the
instruction is set to the lower 6 bits of the PC. That is, [BSS a] becomes the in-page branch
instruction. When [BSS a] is stored at the last address of the page, the upper 6 bits of the PC point
the next page, so that branch is made to the next page.

(2) Subroutine call instruction [CALL a]
In [CALL a] instruction execution, the contents of the PC are saved to the stack then the value
specified in the instruction is set to the PC. The address which can be specified by the instruction
consists of 11 bits and the most significant bit of the PC is always “0". Therefore, the entry address of
the subroutine should be within an addrress range of 000y through 7FFp.
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Instruction
or Condition | ____ empmmepoqrrogramCounter (PO) ]
Operation PCiy 1 PCio 1 PCo 1 PCg 1 PGy 1| PCg 1 PCs 1 PCq 1 PC3 1 PGy TG 1 PG
< SF=1 . e . .
o lgs a {Branch condition is satisfied) Immediate data specified by the instruction
- SF=0 (Branch conditionis
- not satisfied) +2
v T
3 Lower S;t%ugla%d’ress Hold E Immediate data specified by the instruction
- SF=1 — }
w |BSS a Lower o-bit audress H
c =111111 +1 1 iImmediate data specified by the instruction
£ (last address in page) H
SF=0 + 1

-
° 1

CALL a o Immediate data specified by the instruction
< fwb o e oo _an P S S TP ]
.S CALLS a 0 0 0 0 :da:au;):c?ffe; by the instruction 4 1 1 0
; RET The return address restored from stack
2 __
@ | RETI The return address restored from stack
>
Wl Others Incremented by the number of bytes in the instruction
Inte t H '
acce};{’é’m 0 0 0 0 0 0 0 0 | Interruptvector | 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0

Table 2-1. Status Change of Program Counter
2.2 Program Memory (ROM)

Programs and fixed data are stored in the program
memory. The instruction to be executed next is read from
the address indicated by the contents of the PC.

The fixed data can be read by using the table look-up
instructions or 5-bit to 8-bit data conversion instruction.

(1) Table look-up instructions

{LDL A, @DC], {LDH A, @DC +]
The table look-up instructions read the lower and
upper 4 bits of the fixed data stored at the address
specified in the data counter (DC) to place them into
the accumulator. [LDL A, @DC] instruction reads the
iower 4 bits of fixed data, and [LDH A, @DC+]
instruction reads the upper 4 bits.
The DC is a 12-bit register, allowing it to address the
entire program memory space.

Example: When [LDL A, @DC] instruction is
executed with the DC value being 7A0K
and the contents of program memory
address 7A04 being 58y, “8" is stored in
the accumulator; when [LDH A, @DC +]
instruction is executed, "5” is stored in
the accumulator and the DC

incremented to 7A1H.

valiia ic
vaiue is

Address
In page Address

01y

OO Ww

e D B N e S T -

oow

[
]
x

ww
nm

Figure 2-2. Configuration of
Program Memory
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(2) 5-bitto 8-bit data conversion instruction [OUTB @HL]

The 5-bit to 8-bit data conversion instruction reads the fixed dats (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,7EOn through 7FFy for the 47C2008, FEOH
through FFFy for the 47C400B) in the program memory with the lower address consisting of the 5
bits obtained by concatenating the contents of the data memory specified by the HL register pair

and the content of the carry flag. This instruction is usable for

data into an output code to the 7-segment display elements.

able forsuch a :nnhrnhnnc as rnnunrhnn RCD

Example: The following shows that the BCD data at address 2Fy in the data memory is converted
into the 7-segment code (e.g., anode common LED) to be output to ports P2 and P1.
LD HL, #2FH ; HL<2Fy{Data memory addressisset)
TEST CF ;. CFe0 (Thetable is specified at addresses FEOH - FEFw)
OUTB GHL ;  Ports P2, Pl«fixed data
ORG OFEOQH ; Data conversion table
DATA OCOH, OFQH, 0A4H, OBOH, QOH, O2H, 82H, OD8H, 80H, 98H

2.2.1  Program Memory Capacity

The 47C2008 has 2048 x 8 bits (addresses 000y through 7FFy) of program memory (mask ROM), the

47C400B has 4096 x 8 bits (addresses 0004 through FFFy).

2.2.2 Program Memory Map

Figure 2-3 shows the program memory map. Address 000 - 086y and FEQ - FFFy (0004 - 086y and 7EQy -
7FFy for the 47C200B) of the program memory are also used for special purposes.

Address 2048 x 8-bit Address 4096 x 8-bit

000, Reset start address 000, | Reset start address

002 e 002 . . vane

004 __ Interrupt service 004

ggg .. routine ggg

00A -+ entry address 00A

00C J 00C

- Subroutine cail  00E .
O?E Subroutine call entry address entry address 0 Subroutine call entry address
designated by [CALLS a] designated by designated by [CALLS a]
instruction [CALL a] instruction
086 instruction 086
Poa L | - L

7€0 Data conversion table for H

7EF [OUTB @HL] instruction R 7EF
800(=000) | 800

% % ~ ==
FEQ (=T7EQ) N FE;'O Data conversion tabie for
EFF(=7FF) | (Note) FFF [OUTB @HL] instruction
Note. When thi p:ggyback is used, the address from FEOH to FFFy

are used as the data conversion table area.
(a) 47C2008

Figure 2-3. Program Memory Map

{h
2

-~

47CA00B
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23

24

On the 47C200B, no physical program memory exists in the address range 800y through FFFy. However,
if this space is accessed by program, the most significant bit of each address is aiways regarded as “G"” and
the contents of the program memory corresponding to the address 000y through 7FFy are read. For
example, when outputting the data at address FF3 are read to ports by the [OUTB @HL] instruction, the
data at address 7F3y is actually read. That is, on the 47C200B, the conversion table is located in the
address space 7E0y through 7FFH. When evaluating the 47C2008 by using the piggyback chip, however,

the conversion tabie must be ailocated in the memaory location addressed FECH uu‘Gu‘gu FFFH also.

H Register and L Register
The H register and the L register are 4-bit general registers. They are also used as a register pair (HL) for
the data memory (RAM) addressing pointer. The RAM consists of pages, each page being 16 words long
{iword = 4bits). The H register specifies a page and the L register specifies an address in the page.
The L register has the auto-post-increment/decrement capability, implementing the execution of
composite instructions. For example, [ST A, @HL +] instruction automatically increments the contents of
the L register after data transfer.
During the execution of [SET @L], [CLR @L}, o

I0) o ke

specify the bits corresponding to /O port pins R73 t..rough R40 {the .nd.rect addressing of port bits by the
L register).
Example: To write immediate values “5” and “Fn" to data memory addresses 104 and 114.
LD HL,#10H ; HLe10H
ST #5,C@HL+ ; RAM[10R] «5H, LReLR +1
ST #0FH,@HL+ ; RAM{[114] «Fp, LRLR+1
H Register L Register

HRs | HR; | HRy | MRo | Ry | LRz | LRy | LR
Page specification Address specification in page
Figure 2-4. Configuration of H and L Registers

Data Memory (RAM)
The 47C4008 has 256 x 4 bits (addresses 00 through FFy) of the data memory (RAM), and the 47C2008
has 128 x 4 bits (addresses 00y through OFy, and 90K through FFu).

The RAM is addressed in one of the three ways (addressing modes):
(1) Register-indirect addressing mode Hregister  Lregister

in this mode, & page is specified by the H re

gister
and an address in the page by the L register.
Example: LD A, @HL ; Acce~RAM [HL] A oo

(2) Direct addressing mode Instruction field
in this mode, an address is directly specified by the 8 [ [ xxxx 1 oxxxx |
bits of the second byte (operand) in the instruction
field.
RAM address XXXX 1 oXXXX
Example: LD A, 2CH ; Acce=RAM [2CH] L XXX ) PR

Instruction field

T
(3) Zero-page addressing mode { T !

in this mode, an address in zero-page (addresses

00y through OFy) is specified by the lower 4 bits of

the second byte (operand) in the instruction field. "7 T 0000 | ¥¥¥¥ |
Example: ST #3, O5H ; RAM[054] 3 Figure 2-5. Addressing mode
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Address Address

00)4 00y

: Zero-page |< : Zero-page
oF | A : OF  feeerreeemeesneciincimraiie s
10 : : 10

i Image of address

: : {0010 0Fy :
-

: " Data area
%
go e : i
e | ]
9 | l :

: { Data area J

: Image of address y
BF 90.-?.9 FFy ot
co H H co

. Special

: function function

: shared area
FF FF e

(a) 47C2008 {b) 47C4008

Figure 2-6. Data Memory Capacity and Address Assignment

Note:

When power-on is performed, the contents of the RAM become unpredictable, so that they must be

With the 47C2008B, the most significant bit of the RAM address is always regarded as “0”,
so that addresses 90y - FFy may be accessed as addrresses 104 - 7F4. However,
programming should be performed assuming that the RAM is assigned to addresses 00 -
OF and 90y - FFy as shown in Figure 2-6 (a) by considering the application software

evaluation with a piggyback or development tools.

initialized by the initialization routine.
Example: To clear RAM (use common to the 47C2008B and 47C400B)

LD HL, #0OH ; HLe-D0

SCLRRAM: ST #0, @HL+ ; RAM [HL} &0, LReLR +1
B SCLRRAM
ADD H, #1 ; HR<HR +1
B SCLRRAM

2.4.1 Data Memory Map

Figure 2-7 shows the data memory map. The data memory is also used for the following special purpose.

Stack
Stack Pointer Word (SPW)
Data Counter {DQ)

Count registers of the timer/counters (TC1, TC2)
Zero-page

[oNCH NS RC]
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Ao

Address in page

F
E
D
C
B
A
9 __ increment direction
8 : of address
Page : :
7 .
6
5 Decrement d:rectlon
"7 of address
4 i : :
3 i
2
Lo Zero- page
Notel. 1 denotes the stack area.

Note2. The TC1 and TC2 areas are shared by the locations 13 and 14.
Figure 2-7. Data Memory Map

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

(D H H i N v
W indicates the stack location number for the nex

(2) Stack Pointer Word (SPW)
Address FFy in the data memory is called the stack pointer word, which identifies the location in the
stack to be accessed (save or restore).

Cana 5 ¥ 1
Generally, location number 0 to 12 can be set to

to tl ingu .
Locations 13 and 14 are shared with the timer/counters to be described later; therefore when the
timer/counters are not used, the stack area of up to 15 levels is available. Address FFy is assigned to
the SPW, so that the contents of the SPW cannot be set “15” in any case.

+
24
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The SPW is automatically updated when a subroutine call is executed or an interrupt is accepted
However, if it is used in excess of the stack area permitted by the data memory allocating
configuration, the user-processed data may be lost. (For example, when the user-processed data
area is in an address range 00} through CFy, up to location 4 of the stacks are usable. If an interrupt
is accepted with location 4 already used, the user-processed data stored in addresses CCH through
CFy corresponding to the location 3 area is lost.)

The SPW is not initialized by hardware, requiring to write the initial value (the location with which

the use of the stack starts) by using the initialization routine. Normaily, the initial value of "12" i
tima
WOTu.

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

PC

FLAG pC
1 SAVE
STACK - STACK l SAVE
T : ; . i .

} T PCy 1 PCu 1 PC B TFLAG | PCy { PCy | PC, | :
RAMaddress (EBx) (EAw) (E9n) (E8) (E7y) RaMaddress (EBp) (EAw) (E9w) (E8W) (E7W)

—>l4— Location 10 —>}<— Location @ —>!<— Lacation 10 —>!<— Location 9
Before execution After execution Before acceptance  After acceptance
SPW { 10 {—=| O sPw | 10 Jo] 5 |
RAM address  (FFu) (FFR) RAM address  (FFu) (FFy)
(a) At execution of the subroutine call instruction {b) At acceptance of an interrupt
pC FLAG PC
T I
Il
RESTORE RESTORE
STACK i - STACK TT T T -
[ T PGy | PGy | PC | L | FLAG ! PCy 1 Pey 1 PC | '
RAM address (EBH) (EAH) (EQH) (EsH) (E7H)

RaMaddress  (EBu) (EAW) (E9n) (E8n) (E7w)

—>‘<— Location 10 —’I* Location 9 —-»I<- Location 10 —>~|<— Location 9

Before execution  After execution Before execution  After execy

sew [ 3] ow [ =L ]
RAM address  (FFu)

........... (FFy} RAM address  (FFn) (FFy)

(¢) At execution of the subroutine return instruction  (d) At execution of the interrupt return instruction

Figure 2-8. Accessing Stack (Save/Restore)
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(3) Data Counter (DC)

The data counter is a 12-bit register to specify the
address of the data table to be referenced in the NMSB LS8
program memory (ROM). Data table reference is Data Counter (DC)
performed by the table look-up instructions [LDL A, v
@DC] and [LDH A, @DC+] . The data table may be OCx : Dl ,: DG
located anywhere within the program memory address RAM address  (FEy) (FDw) (FCw)
space.
The DC is assigned with a RAM address in unit of 4 bits. Figure 2-9. Data Counter

Therefore, the RAM manipulatien instruction is used to

set the initial value or read the contents of the DC.

Example: Tosetthe DCto 780u.
LD HL,#0FCH  ; Sets RAM address of DC| to HL register pair.
ST #0H, GHL+ DC «780n
ST #8H, GHL+
ST #TH, GHL+

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

The 47C200B/400B has two channels of 12-bit timer/counters.

The count register of the

timer/counter is assigned with a RAM addresses in unit of 4 bits, so that the initial value is set and the
contents are read by using the RAM manipulation instruction.

The count registers are shared with the stack area (iocations 13 and 14) described eariier, 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 locations at addresses
F74 and FBH can be used to store the user-processed data.

MSB LSB MSB LSB
Timer/Counter 1(TC1) Timer/Counter 2 {TC2)
TCly |+ TChy 1 TCI TC2y | TC2m 1 TC2
RAM address  (F6y) (F54) (Fay) RAM address  (FA) (F9y) (F8y)
Figure 2-10. Count Registers of the Timer/Counters (TC1, TC2)
(5) Zero-page
Tha 16 warde (4 draccas QN +thra ocfthe zero page af *He data memory can I-.e used as the

transfer, and bit manipulation), prowdmg enhanced efficiency in programming.

Example:

SKIP:

To write immediate data “8" to address 09y if bit 2 at address 044 in the RAM is “1”.

TEST 04H,2 Skips if bit 2 at address 04y in the RAM is “0".
B SKIP
ST #8,09H ; Writes “8" to address 09y in the RAM
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2.5 ALU and Accumulator

2.5.1  Arithmetic/Logic Unit (ALU)

i IS tllC -1} ILhIIICLI\. Glld IUSI\- \J}JCICUUIIJ )PC\.I.I‘ICd Uy
instructions on 4-bit binary data and outputs the result of the
operation, the carry information (C), and the zero detect
information (Z).
} Carry information {C)
The carry information indicates a carry-out from the most
significant bit in an addition. A subtraction is performed as
addition of two's complement, so that, with a subtraction,

the carry information indicates that there is no borrow to the result
most significant bit. With 2 rotate instruction, the

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

information indicates the data to be shifted out from the
accumulator.

(2) Zero detect information (2) Figure 2-11. ALU
This information is “1” when the operation result or the data
to be transferred to the accumulator/data memory is

“0000g".

Example:The carry information (C) and zero detect information (Z) for 4-bit additions and
subtractions.
Operation Result
4 + 2 =
+ 9

~

" N
on N -
[« PRSI o B o
Q- O =2 ON

2.5.2 Accumulator (Acc)
The accumulator is a 4-bit register used to hold source data 3 2 : L
or results of the operations and data manipulations. r ]
Figure 2-12. Accumulator

2.6 Flags

There are a carry flag (CF), a zero flag (ZF), a status flag (SF),

and a general flag (GF), each consisting of 1 bit. These flags 3 P 1 0
are set or cleared according to the condition specified by an !*CF T zF 1 s | GoF
instruction. When an interrupt is accepted, the flags are L : Fioure 2_‘13 Fia s
saved on the stack along with the program counter. When 9 : 9
the [RETI] instruction is executed, the flags are restored
from the stack to the states set before interrupt acceptance.

(1) Carry flag (CF)
The carry flag holds the carry information received from the ALU at the execution of an

addition/subtraction with carry instruction, a compare instruction, or a rotate instruction. With a

carry flag test instruction, the CF holds the value specified by it.
@ Addition/subtraction with carry instructions [ADDC A, @HL], {[SUBRC A, @HL]
The CF becomes the input (Cjn) to the ALU to hold the carry information.
@ Compare instructions [CMPR A, @HL], [CMPR A, #k}

The CF holds the carry information (non-borrow).
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@ Rotate instructions [ROLC A], [RORC A]
The CF is shifted into the accumulator to hold the carry information (the data shifted out
from the accumulator).

@ Carry flag test instructions [TESTP CF), [TEST CF]

With [TESTP CF] instruction, the content of the CF is transferred o the SF then the CF is set
to “1".

With [TEST CF] instruction, the value obtained by inverting the content of the CF is
transferred to the SF then the CFis cleared to “0”.

(2) Zero flag (ZF)
The zero flag holds the zero detect information (Z) received from the ALU at the execution of an

operational instruction, a rotate instruction, an input instrcution, or a transfer-to-accumulator
instruction.

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

(4) General flag (GF)
b of PP SR T R Do imam o F < PP T A i G [Py iR YRR [ R ooy

HId Ida 1=-RILYerieral-purpose ilay wilidil Ldn Ue S5€, Lgared, Or Lesied Dy prograirl.

Example 1: When the following instructions are executed with the accumulator, H register, L
register, data memory (address 07y), and carry flag being set to “Cy", “0", “7”, “5",
and “1” respectively, the contents of the accumulator and flags become as follows:

X Acc after | Flag after execution i Acc after | Flag after execution
Instruction execution p= Instruction execution o p
1 LD i
0
CMPR A, @HL 0 0 1
1 RO T e
LD A @HL RORC A Ey 0 0 1
Example 2: When the accumulator (Acc) is 0 € Acc < 9, the general flag (GF) issetto “1".
CLR GF ; GFe0
CMPR A, #9 ; SkipifAcc = 9,
TEST CF
B8 SKIPC
SET GF ; GFe1
SKIPC
2.7 System Controller
]
XIN [:JL—*
! Clock P Timing
' Generator Generator
XOUT D‘—
7
; f P
H HOLD Control YT
i)

System Clocks

Figure 2-14. Clock Generator and Timing Generator
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2.7.1 Clock Generator (CG)
The clock generator provides the basic clock pulse (CP) by which the system clock to be suppiied to the
CPU and the peripheral hardware is produced. The CP can be easily obtained by connecting the
resonator to the XIN and XOUT pins. The clock from the external oscillator is also available. In the hoid
operating mode, the clock generator stops oscillating.

XIN XouT XIN XOouT

U

(Open)

7

(a) Crystal or ceramic resonator (b) External oscillator

n nn
CXIN;L; - -LCxour u

Figure 2-15.

Note: Accurate adjustment of the oscillation frequency

Although the hardware to externally and directly monitor the CP is not provided, the

oscillation frequency can be adjusted by making the program to output the pulse with a

fixed frequency to the port with the all interrupts disabled and timer/counters stopped and

monitoring this puise. With a system requiring the oscillation frequency adjustment, the
adjusting program must be created beforehand.

Example: To output the oscillation frequency adjusting monitor pulse to port R70.

SFCCHK:  SET %0P07,0 Output waveform
CLR %0P07,0 | i f 1
BSS SFCCHK fesa0 :

2.7.2 Timing Generator
The timing generator produces the system clocks from basic clock pulse which are supplied to the CPU
and the peripheral hardware.
The timing generator consists of a 18-stage binary counter with a divided-by-16 prescaler. The basic clock
(frequency: fc) provides the prescaler. Therefore, the output frequency at the iast stage is f/222{Hz].
During reset, the binary counter is cleared to “0”, however, the prescaler is not cleared.

Prescaler Binary counter

fetrl T2 s]ab—>{s[6]7]s [o 01112 ]131a 5] 16] 17| 18] 19] 20] 21{22 |

Figure 2-16. Configuration of Timing Generator

The timing generator provides the following functions:
@ internai source ciock for interval timer
@ Internal source clock for timer/counters
® Internal serial clock for a serial interface
@ Warm-up time for reieasing of the holid operating mode

2.7.3 Instruction Cycle
The instruction execution and the on-chip peripheral hardware operations are performed in
synchronization with the basic clock pulse (CP: fc [Hz]). The smallest unit of instruction execution is called
an instruction cycie. The instruction set of the TLCS-47 series consists of 1-cycle instructions and 2-cycle
instructions. The former requires 1 cycle for their execution; the latter, 2 cycles. Each instruction cycle
consists of 4 states ($1through S4). Each state consists of 2 basic clock pulses.
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1/71cs]
|
SN O [ I I
4—-— instruction cycle -——-—>
State ] s1 | 52 | 53 | sa i S1 | 52 |

Figure 2-17. Instruction Cycle

2.7.4 Hold Operating Mode

(0

The hold feature stops the system and holds the 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.

Starts Hold Operating Mode
The hold operation is started when the command is set to the command register and holds the
states during the hold operation:
® The oscillator stops and the system’s internal operations are all held up.
® The interval timer is cleared to “0”.
® The states of the data memory, registers, and latches valid immediately before the system is
putin the hold state are ali held.
@ The program counter holds the address of the instruction to be executed after the
instruction [OUT A, % OP10] or [OUT @HL, % OP10] which starts the hold operating mode.

Hold operating mode command register (Port address OP10)

3 2 1 0
l HLDMS ] HWUT t (Initial value xxx)
Sets mode/starts hold operation ]
01 : Starts hold operation in edge-release mode
11 : Starts hold operation in level-release mode
=0 . Unused
Sets the warm-up time at reiease of the hoid operating mode i
Example : At fc=4MHz

00 : 2'8/fcfs] - 65.5 [ms]

Notel. » ; don‘t care 01 : 2%4/fc e 4

Note 2. fc ; Basic clock frequency [Hz] . .

Note 3. Do not access the OP10 when HOLD 10 @ Unused

mode is not used L” . 26/%c - 0.016

Hold operating mode status register (Port address IPOE)

3 2 )
(SIOF) (SEF) HOLD
(KEO)

T HOLD pininput state

’—'—’O : HOLDpinis high

1 : HOLD pinislow (HOLD operation request)

Figure 2-18. 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.
a. Level-sensitive release mode
In this mode, the hold operation is released by setting the HOLD pin to the high level. This mode is
used for the capacitor backup with power off or for the battery backup for long hours.
I the instruction to start the hold operation is executed with the HOLD pin input being high, the
hold operation does not start but the release sequence (warm-up) starts immediately. Therefore,
to start the hold operation in the level-sensitive release mode, that the HOLD pin input being low
(the hold operation request) must be recognized in program. This recognition is performed in one
of the two ways below:
® Testing HOLD (bit 0 of the status register)
® Applying the HOLD pin input also to the TN
request.

Example: To test HOLD to start the hold operation in the level-sensitive release mode (the warm-
up time = 214/fc).

SHOLDH: TEST %IPOE, 0 ; Waitsuntil HOLD pininput goeslow
B SHOLDH
LD A, #1101B ; OP10¢-1101g

ouT A, %0P10

i

"" A

\_ E_nter the HOFl_) operating rTrode \ The HOLD operating mode is released by
after detected by program the ~ hardware

HOLD pinis iow level.
The HOLD operating mode is always

\released when the HOLD pinis high /

Figure 2-19. Level-sensitive release mode

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

Example: To start the hold operation in the edge-sensitive release mode (the warm-up
time = 214/fc).
LD A, #01018 ; OP10e-0101g
ouT A, %0P10
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LC

I \ 7! ) \
HOLD pin \ /i \
1
L I
)
xouTpin NI LTI TR
[l : '
. \ ) ! + Normal ) .
Normal operation —» O«—HOLD operation—»j< Warm-up == gparation> O HOLD operation
Enter the HOLD / '\\_
operating mode The HOLD operating mode is released by hardware
by program with the rising edge of the HOLD pin input.

Figure 2-20. Edge-sensitive release mode

Note: In the hold operation, the dissipation of the power associated with the oscillator and the
interface (depending on the external circuitry and program) is not directly determined by
the hardware operation of the hold feature. This pointshould be considered in the system
design and the interface circuit design.
in the CMOS circuitry, a current does not flow when the input level is stable at the power
voltage level (by approximately 0.3 to 0.5 V), a current begins to flow. Therefore, if
cutting off the output transistor at an I/0 port (the open drain output pin with an input
transistor connected) puts the pin signal into the high-impedance state, a current flows
across the ports input transistor, requiring to fix the level by pull-up or other means.

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

® The oscillator starts

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

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

The warm-up time is obtained by dividing the basic clock by the interval timer, so that, if the frequency at
releasing the hold operation is unstable, the warm-up time shown in Figure 2-18. includes an error.
Therefore, the warm-up time must be handied as an approximate vaiue. The hoid operation is aiso
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 voitage, the following points must be
considered:
When the power voltage rises from the hold voitage to the operating voitage, the RESET
pin input is also at the high level and its voltage rises with the power voltage.
In this case, if a time-constant circuit or the like is externally attached, the voltage rise of
the RESET pin input occurs after the power voltage rise. If the voitage level of the RESET

PN 2L BEC I 4 fabaa

pin input gets under the non-inverted high input voitage of the RESET pin input {the
hysteresis input), a reset operation may happen.
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2.8.

(1) Interrupt Controller
There are 6 interrupt sources (2 external and 4 internal). The prioritized multiple interrupt capability is
supported. The interrupt latches (ILs through 1Lo) to hold interrupt requests are provided for the
interrupt sources. Each interrupt latch is setto 1" when an interrupt request is made, asking the CPU to

INTERRUPT FUNCTION

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

first.
L interrupt [ Entry
Interrupt Source i Enabie condiii ’
pLou Priority Latch fons address
External | Extenal Interrupt 1 (INT1) (highest) 1 ILs ElF=1 002y
Serial interface Interrupt (iS10) 2 ILa EIF=1, EIR3=1 004y
- . | TC1 overflow Interrupt (IOVF1) 3 IL3 EIF=1, EIRz=1 006y
internai
TC2 overflow interrupt {IOVF2) 4 Ik, 0084
- EIF=1, ERy=1
Interval Timer Interrupt (ITMR) 5 ik 00Ay
External |External Interrupt 2 {INT2) (lowest) 6 1%} EIF=1, ElRg=1 00Cy
Table 2-2. Interrupt Sources
Interrupt latches
INTT ——>- s Q
L — .
R
o
510 f L e —
._D—@ g e ‘ Priority
= Encoder
IOVF1 Pl —
wilpe = S r & o
L Agaress
IOVF2 Pl —{ —
wibe—— 5 Rl e
— eniry interrupt
ITMR s e ___D——h adaress |« 3cCeptance
iLy Generator
R
¢ A 3 Interrupt
INT2 ——-d} reques
== " o — Ao—
1
A I e
fICLR 1L ¢ W t——{ EIRs | EIR2|;|R1 B
DICLR IL,r [ IXCH A, EIR] Interrupt
CLR L, rJ . ! {} enable register s ol

I

lAccun‘»‘ulator .

[EICLR L, 7]
[DICLR IL, 1]

=

EIF
R

Interrupt enable
master F/F

System reset

Figure 2-21.

Interrupt Controller Block Diagram
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a. Interrupt enable master flip-flop (EIF)
The EIF controls the enable/disable of all interrupts. When this flip-flop is cleared to “0”, all
interrupts are disabled' when itissetto ”1, the interrupts are enabled.

Wha a asra A 07 tamnarar
When an interrupt is accepted, the EIF is cleared to "0”, temporarily disabling the acceptan

subsequent interrupts. When the interrupt service program has been executed, the EIF is set to “1”
by the execution of the interrupt return instruction [RETI], being put in the enabled state again.

Set or clear of the EIF in program is performed by instructions [EICLR 1L, r] and [DICLR IL, r],
respectively. The Elf isinitialized to “0" during reset.

b. Interruptenable register (EIR)

The EIR is a 4-bit register specifies the enable or disable of each interrupt except INT1. An interruptis
enabled when the corresponding bit of the EIR is “1”, and an interrupt is disabled when the
corresponding bit of the EIR is “0”. Bit 1 of the EIR (EiRq) is shared by both IOVF2 and ITMR
interrupts.
Dn:Aqunfa onthe EIR s
during reset.

¢. Interruptlatch (ILs through ILg)
An interrupt latch is provided for each interrupt source. The IL is set to “1” when an interrupt
request is made to ask the CPU for accepting the interrupt. Each iLis cleared to “0” upon acceptance
of the interrupt. Itisinitialized to "0" during reset.
The ILs can be cleared independently by interrupt latch operation instructions ([EICLR IL, r], [DICLR
IL, r], and [CLR IL, r]) to make them cancel interrupt requests or initialize by program. When the
value of instruction field (r) is “0", the interrupt latch is cleared; when the value is “17, the IL is held.
Note that the ILs cannot be set by instruction.

erformed by struction. The EIR is initialized to “0"

n.
Pe

Example 1: To enable IOVF1, INT1, and INT2 interrupts.
LD A,#0101B ; EIRe0101g
XCH A,EIR
EICLR IL,111111B; ElFe1

Example 2: To set the EIF to “1”, and to clear the interrupt latches except ISIO to “0”.
EICLR IL,010000B ; ElFe-1, ILse0, IL3~ILge0

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

To perform the multi-interrupt, the EIF is set to “1” in the interrupt service program, and the
acceptable interrupt source is selected by the EiR. However, for the INT1 interrupt, the interrupt
service is disabled under software control because it is not disabled by the EiR.
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Example: The INT1 interrupt service is disabled under software control (Bit 0 of RAM [054] are
assigned to the disabling switch of interrupt service).
PINT1: TEST 05H,0 ; Skips if RAM[05n] o is “1"
8 SINT2

[~ i

RETI
SINT1:

One-instruction cycle
fe—>]

U VSO SEUNNES WA AU UM NN IR NS S SO U | | | S |
- T T & 1 1 1 T “"1® "1 “"1T""“"1T 77 1

l 1
T\
ITMR } /)

I\

o — Y \

EIF /8{ e /&{
e pm— e e e e e m e m e mmmm——————— b Badababate r'-‘-Z' ———————— =

vl interrupt execution | | | execution | interrupt execution |

ycle acceptance | instr.( OAH)_E j ':_[EICLR IL, r] | acceptance instr.(OOCH)j
Notes.
1. Itisassumed that there is no other interrupt request and EIR =0011g.
2. Thevaluerinthe [EICLR IL, r] instruction isassumed as 111111g.
3. 777777 denotes the execution of an instruction.

Ceeeea

Figure 2-22. Interrupt Timing chart (Example)

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

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

@ Setsthe EIF to “1" to provide the interrupt enable state again.
In the interrupt processing, the program counter and flags are automatically saved or restored but
the accumulator and other registers are not. If it is necessary to save or restore them, it must be
performed by program as shown in the following example. To perform the muiti-interrupt, the

saving RAM area never be overlapped.

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

(3) External Interrupt
When an external interrupt (INT1 or INT2) occurs, the interrupt latch is set at the falling edge of the
corresponding pin input (INT1 or INT2).
The INT1 interrupt cannot be disabled by the EIR, so that it is always accepted in the interrupt enable
state (EIF="1"). Therefore, INT1 is used for an interrupt with high priority such as an emergency
interrupt. When R82 (INT1) pin is used for the I/O port, the INT1 interrupt occurs at the falling edge of
the pin input, so that the interrupt return [RETI] instruction must be stored at the interrupt entry address
to perform dummy interrupt processing.
Because the external interrupt input is the hysteresis type, each of high and low level time requires 2 or
more instruction cycles for a correct interrupt operation.
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2.9 RESET FUNCTION

When the RESET pin is held to the low level for three or
more instruction cycles when the power voltage is within

Jo_ vDD
dha Anmavadinmg ualdama ramma anad dha acailladimn jo cdalla
WiT vpciavinly vuilagyc 1ahliytc aniu uic vslitauui i swavic, *

reset is performed to initialize the internal states.
When the RESET pin input goes high, the reset is cleared
and program execution starts from address 0004. The
RESET pin is a hysteresis input with a pull-up resistor (220kQ
typ.). Externally attaching a capacitor and a diode
implement a simplified power-on-reset operation.

Figure 2-23. Simplified Power-On-Reset

Circuit
On-chip hardware Initial value On-chip hardware initiat vaiue

Program counter (PC) 000,
............................................................................................... Rafar t~
Status flag (SF) 1 Output latch (/0 ports or Output ports) | «)npuT/0UTPUT
Interrupt enable master flip-flop (EIF) 0 Circuitry”.
Interrupt enable register (EIR On Refer to the
................................. ! . ) description of
Interruptiateh (IL) “Q" Command register each relative
Interval timer wgw command register.

Tallo 2 o ldlm e el lndbavm ol Chadan i Dacad M nwnd: o

ialie £-5 HITUaiZ4a Qi Ul inieliial Jiawed Uy AEYCL WpCiauuil

2.9.1 Warm-Start
The warm-start capability to hold the data memory contents in the reset operation is not supported by
hardware. However, it can be implemented by the following:
@ Back up the voltage to be supplied to VDD pin.
@ Apply to the HOLD pin the waveform synchronized with the power voltage variation.
@ Setthe hold operating mode during the power is down.
@ Reset by program using the output port of sink open drain (initial “Hi-Z") after releasing the
hold operation.

B Ammludm am inmist martdha mavae am datartian cinmal and elim thainitializa ratinac crich ae
e/ I‘\V'le wan lllP\JL 'J\Jl LT FUVVCI Vil uTiTwuwvin )Iyllcl, GHIW ORI P LIS HTITUGTHET I VULITIT JULL T
clearing RAM.
./
PORT VDD W—i Power
E; {open drain)
Reset signal RESET

Power on

] INPUT XIN —r—l
detection signal PORT

f Vss XOu

Figure 2-24. Warm-Start Circuit Example




TOSHIBA TMP47C2008/400B/990

3.

3.1

3.1

3.1.

PERIPHERAL HARDWARE FUNCTION

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

@ 1O port ; Data transfer with external circuit

@ Command register ; Control of internai circuit

@ Status register ;  Reading the statussignal from internal circuit
@ Dataregister ; Data transfer with internal circuit

These ports are assigned with port addresses (004 through 1F4). Each port is selected by specifying its
port address in an /O instruction. Table 3-2 lists the port address assignments and the 1/O instructions
that can access the ports.

1 VO Timing
g

(1) Inputtiming
External data is read from an input port or an I/O port in the $3 state of the second instruction cycle
during the input instruction {2-cycie instruction) execution. This timing cannot be recognized from
the outside, so that the transient input such as chattering must be processed by program.
. istinstructioncycle | 2nd instructioncycie |

S1 S2 S3 5S4 S1 S2 S3 S4

1N 7T imetrosti
IN/TEST/ TESTPinstruction |

instruction
execution cycle - —_—

Input strobe

Portinput
Figure 3-1. Input Timing
(2) Outputtiming

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

__Istinstruction cycle | 2ndinstructioncycle |
S1 S2 S3 S4 S1 S$2 S3 54
instruction === ! I T 4 i . ! L
exscution cycle o i OUT/OUTB/SET/CLR instruction | N
Output latch pulse l l
Port output : : : ] X :: :
Figure 3-2. Output Timing
2 /O Ports
The 47C200B/400B have 10 /O ports (36 pins) each as follows:
® Ko ; 4-bitinput
@ P1, P2 ;  4-bitoutput
@ R4, RS, R6, R7 ;  4-bitinput/output
@ RS ;  4-bit input/output (shared with external interrupt input and
timer/counter input)
® R9 ;  3-bitinput/output (shared with serial port)

® KE :  1-bitsense input (shared with hold request/release signal input)
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Each output port contains a latch, which holds the output data. The input ports have no latch; therefore,
it is desired to hold data externally until it is read or read twice or more before processing it.

(1) Port K0 (K03 - K0Q)
Port KO is 2 4-bit input-only port. A pull-up/pull-down resistor can be installed by the mask option.

K0 port (port address (PO0)

IN/TEST/TESTP

| K03 I K02 I,,,,K,OL 7] ‘f°° I Input data ’\Ll_"l ]PlN

Figure 3-3. Port K0

w
~
L=

(2) PortsP1(P13-P10)and P2 (P23 - P20)
Ports P1 and P2 are 4-bit high current output ports with a latch, which can directly drive LEDs.
When an input instruction is executed, the latch data is read in these ports. They can be accessed
separately at port addresses OP01/IP01 and OP02/IP02. Additionally, 8-bit data can be set to these
ports (the upper 4 bits to port P2, the lower 4 bits to port P1) by using the 5-bit to 8-bit data
conversion instruction [OUTB @HL]. The latch isinitialized to “1” during reset.
Example 1: To output immediate value “5” to port P1

ouT H#E oNDN1 . Dart P16
Ul O, 6Ur vl ; FOMLr o

Example 2: To read the latch data from port P2 and store it in the accumulator

IN %IP02,A ;  Acce-Port P2
Example 3: To read from ROM, the 8-bit data corresponding to the 5 bits obtained by linking the
content {1 bit) of the carry flag with the contents (4 bits) of at address 90, in RAM to

output the 8-bit data to ports P2 and P1.

LD HL,#90H ;  HLe-90y (Sets the data memory address)
ouTB @HL ; Ports P2, P1<ROM data
Port P2 (Port address OP02/1P02) PortP1 (Port address OP01/iP01)
3 2 1 0 3 2 1 0
{ P23 | P22 | P | P | [ ez [ P2 [ pi [ pPio |
iN/TEST/TESTP/SET/CLR
Input data
p— ~ —
Output data LaTeHl l Jl/ DPIN

Figure 3-4. PortsP1and P2

(3) Ports R4 (R43 - R40), RS (R53 - 50), R6 (R63 - R60), R7 (R73 - R70)
These ports are 4-bit I/0 ports with a latch. When used as an input port, the latch must be setto “17.
The latch isinitialized to " 1” during reset.
These 4 ports (16 pins) can be set, cleared, and tested for each bit as specified by L register indirect
addressing bit manipulation instructions ([SET @L], [CLR @L], and [TEST @L]). Table 3-1 lists the
pins (I/O ports) that correspond to the contents of L register.

Example: To clear R43 output as specified by the L register indirect addrressing bit manipulation
instruction.
LD L, #0011B ; Sets R43 pin address to L register
CLR @L ;. R43&0
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Lregister L register Lregister L register

— PIN — PIN — PIN — PIN
3i2:1:0 3i2i1i0 3i2:i1:0 3i2:1i0

0000 R40 0100 RS0 1000 R60 1100 R70
000 1 R41 010 1 RS1 100 1 R61 1101 R71
0010 R42 0110 RS2 10160 R62 1110 R72
00 11 R43 001 11 RS3 101 1% R63 11 11 R73

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

IN/TEST/TESTP
Port R* (Port address OPO*/IPO*)
R . n SET ELR

2
= = input data
[TR3 | Re2z | Ret | Re0 | P
;4107
*i4to Output data LATCH PIN
.

Figure 3-5. PortsR4 —R7

(4) PortR8 (R83-R80)
Port R8 is a 4-bit /O port with a latch. When used as an input port, the latch must be set to ”1". The
latch is initialized to “1” during reset.
Port R8 is shared with the external interrupt input pin and the timer/counter input pin. To use this
port for one of these functional pins, the latch should be setto “1"_ To use it for an ordinary I/O port,
the acceptance of external interrupt should be disabled or the event counter/pulse width
measurement modes of the timer/counter should be disabled.

Note: When R82 (INT1) pin sed for an /O port, external interrupt 1 occurs upon detection of the
falling edge of pin :nput 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 in but bit 0 of the interrupt enabie
register (EIRg) is only kept at “0”, not accepting the interrupt request.

Control input <—<‘ﬁ
Port R8 (Port address OP08/IP08)

3 2 1 0 SET/CLR
Re3 R82 R81 R80 input data
(Th) (iNTT) {T. INT2)
Outputdata LATCH >4 e

Figure 3-6. PortR8

IN/TEST/TESTP
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{5) PortR9 (R92 -R90)
Port R9 is a 3-bit IO port with a latch. When used as an input, the latch must be setto “1”. The latch
isinitialized to “1” during reset.
Port R9 is shared with the seriai port. To use port R9 for the seriai port, the latch shouid be setto “1°.
To use port R9 for an ordinary /O port, the serial interface must be disabled.
Note that R93 pin does not exist actually but “1” is read when an input instruction is executed.

Controlinput ~—<] IN/TEST/ TESTP

Port R9 (Port address OP09/1P09) SET g CLR
. R Input data

- 2 i 0

R92 RC1 R90

EeR) (50) (s Output data _D PIN

Control output

(6) Port KE (KED)
Port KE is a 1-bit sense input port shared with the hold request/release signal input in (HOLD). This
input port is assigned to the least significant bit of port address IPOE and is processed as the data with

isread.

Example: To wait until KEO pin goes low.
SWAIT : TEST %IPOE,0 ; Waits if KEO pin = “H".
D

CUATT
o oRALI

Control input <—<‘r"'—'—
Port KE (Port address |POE)

KEO

o input data o] e

Figure 3-8. PortKE
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3.2 Interval Timer
The interval timer can be used to generate an interrupt with a fixed frequency. For an interval timer
interrupt, one of 4 frequencies can be selected by command. The command register (OP19) is initialized
to "0” during reset. Aninterval timer interrupt is generated at the first rising edge of the binary counters
output after the command has been set. The interval timer is not cleared by command, so that the first
interrupt may occur earlier than the preset interrupt period.

Example: To set the interval timer interrupt frequency to f¢/212 [Hz].
LD A, #0110B ; OP19«-0110g
ouT A, %0P19

interval Timer interrupt command register (Port address OP19)

3 2 1 0
{ i : : | Gnitiat vaiue 0000)
Example: Atfc=4. 19MHz

_00" : Interrupt disabled
0100 : Interrupt frequency fc/210 [Hz] - 4096 [Hz]
0101 : Interrupt frequency fe/231 - 2048
0110 : Interrupt frequency fc/212 - 1024

(Note 1} + , don't care 0111 : interrupt frequency fc/213 - 512

(Note 2) fc ; Basic clock frequency [Hz] _1*" : Reserved

Figure 3-9. Interval Timer Interrupt Command Register

3.3 Timer/Counters (TC1, TC2)
The 47C200B/4008B contain two 12-bit timer/counters (TC1, TC2). RAM addresses are assigned to the
count register in unit of 4 bits, permitting the initiai vaiue setting and counter reading through the RAM
manipulation 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.

MSB LSB MSB LS8
Timer/Counter 1 (TC1) Timer/Counter 2 (TC2)
TChy | TCiwm | TCI, TC2y | TC2m ! T2
RAM address (Féu) (F54) (F4y) RAM address {(FAR) {F9y) (F8w)

Figure 3-10. The Count registers of the Timer/Counters (TC1, TC2)

3.3.1  Functions of Timer/Counters
The timer/counters provide the following functions:
@ Event counter
@ Programmabie timer
® Pulse width measurement

3.3.2 Control of Timer/Counters
The timer/counters are controiled by the command registers. The command register is accessed as port
address OP1C for TC1 and port address OP1D for TC2. These registers are initialized to "0” during reset.
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Timer/Counter 1 control command register (Port address OP1C)

3 2 1 0
| Tcms ] IPR1 ] Gnitiat value 0000)
T 1
l
Timer/Counter 2 control command register {Port address OP1D}
3 2 1 0
[ 7cams | 1PR2 | gnitial value 0000)
Mode selection
00 : Stop
01 : Eventcounter mode
10 : Timer mode
d1 : Pulse width measurement mode
Internal pulse rate (interval timer output) selection I
Example: At fc=4.19MHz
00 : fc/210[Hz] - 4096 ([Hz]
01 : fc/214 e 256
10 : fe/218 16
(Note) fc; Basic clock frequency [Hzj 11 : fe/222 1
-

Figure 3-11. Timer/Counter Control Command Registers

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

The timer/counter causes an interrupt upon occurrence of an overflow (a transition of the count value
from FFFy; to 000y). If the timer/counter is in the interrupt enabled state and the overflow interrupt is
accepted immediately after its occurrence, the interrupt is processed in the sequence shown in Figure 3-
12. Note that counting continues if there is a count request after overflow occurrence.

Instruction cycle

|}
i 1 } 1 1 1 ! 1.
t } } t t t } t
Count pulse K 1
Count reauest 1
Louniregquest 1 A
Detection of overflow 'L
Occurence of IOVF > i
S ot e ! T
Execution of Count é_xecutlo_n of Interruptacceptance Execution of
instruction cycie instruction processing instruction

Figure 3-12. Timer/Counter Overflow Interrupt Timing
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(1) Eventcounter mode

In the event counter mode, the timer/counter increments at each rising edge of the externai pin {T1,
T2) input. The maximum applied frequency of the external pin input is f¢/32 for the 1-channel
operation; for the 2-channel operation, the frequency is f&/32 for TC1 and fc/40 for TC2. The
apparent instruction execution speed drops most to (9/11) x 100=82% when TC1 and TC2 are
operated at the maximum applied frequency because the count operation is inserted once every 4
instruction cycies for TC1 and every 5 cycies for TCZ. For exampie, the instruction execution speed of
2 usdrops to 3.64 us.

Example: To operate TC2 in the event counter mode

LD A, #01008 ; OP1DeO1%xg
ouT A, %0P1D
External input (T1, T2 pin) I I I ] l l
P - H —_ 1 i i
: ! ?
Count register n X n+l X n+2 X n+3

Figure 3-13. Event Counter Mode Timing chart

(2) Timermode
In the timer mode, the timer/counter increments at the rising edge of the internal pulse generated

The selected rate can be initially set to the timer/counter to generate an overflow interrupt in order
to 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 apparent instruction execution speed drops by (1/127) x 100 =0.8%. For example,
the instruction execution speed of 2us drops to 2.016s.

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

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

LD HL, #0F4H ; TC1«E79H (setting of the count register)
ST #3, GHL+

ST #7, @HL+

ST #0EH, GHL+

LD A, #1000B ; OP1Ce«-1000g

out A, %0P1C

LD A, #0100B 5 EIR«<01005 {enablesinterrupt)

XCH A, EIR

EICLR IL, 110111B ; ElFe1, IL3<0

e _I I______I l—l l_, -

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

Internal n
nternal p

Figure 3-14. Timer Mode Timing chart
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¥ The drop of the apparent instruction execution speed can be caiculated by the following way
1 { (basical clock freq.) /8 _ 4 } % 100 [%]

(internal pulse rate)
¥ Caiculating the preset vaiue of the count register
The preset value of the count register is obtained from the following relation
212 - (interrupt setting time) x (internal puise rate)
For example, to generate an overflow interrupt after 100ms at fc = 4MHz with the internal
pulse rate of fc/210 setthe following value to the count register as the preset value:

Exampie : At fc=4.194304MHz
Internal pulse rate Max. setting time
Internal pulse rate Max. setting time
fe /210 [Hz] 222 /fc [s] 4096 [Hz] 1 s
fc /214 226 /fc 256 16
fc /1218 230 /4¢c 16 256
fc /222 238 /fc 1 4096

Table 3-3. Internal Pulse Rate Selection

I"UISE WIGIH measurement lllch
In the pulse width measurement mode, the timer/counter increments with the pulse obtained by
sampling the external pins (T1, T2) by the internal pulse. As shown in Figure 3-15, the timer/counter
increments only while the external pin input is high. The maximum applied frequency to the
external pm input must be one that is enough for analyzmg the count value. Normally, a frequency

ke internal pulse rate setting is e axter: i
1 puise rate :cu.lll\_.’ is aypucd tc the external p.n.

-
w
-~

External input [
(T1, T2 pin) —_—

L L e r

i i | ]

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

Figure 3-15. Pulse Width Measurement Mode Timing chart
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34 Serial Interface (SI0)
The 47C200B/400B have a seriai interface with a 4-bit buffer. The seriai interface is connected to the
external device via 3 pins (the serial port): R92 (SCK), R91 (SO), and R90 (Sl). The serial port is shared by
port R9. For the serial port, the output latch of port RS must be set to “1”. In the transmit mode, R90 pin
provides the I/0 port; in the receive mode, R91 pin provides the /O port.

3.4.1 Configuration of Seriai interface

{ Internal bus S

Transmit mode : OPOF
Reseive mode : |POF

3 2 1 0 3 2 t 0 3 2 1 0

rsgtgairggesri B _.j L Colmmanéiregister l l ‘Serial buffer l

tr = U™ 4

I—'T Seriai data
___>| Shift register [ Js0 2=
! i ’ b ol Gutput
1
Controller ‘ 3 3 7 0 '
r"‘] S| Serial data
i - input
1
Intesrupt request Serial clock K ISenal clock
{Buffer full or Buffer empty) /0

Figure 3-16. Configuration of Serial Interface

3.4.2 Control of Serial Interface
The serial interface is controlled by the command register (OP1F). The command register is initialized to
“0” during reset. The operating states of the serial interface can be monitored by the status register
(IPOE). The status of the HOLD (KED) pin is assigned to bit 0 of this status register.

Serial interface control command register (Port address OP1F)
3 2 1 0
[ esio | &w [ Jecxm | qnitiai value 0000)

Instructs serial transfer start/ terminate ]l

0 : Serial transfer terminate
1 : Serial transfer start

—_
Selects transfer mode

0 : Transmitmode

1 : Receive mode

—————
Selects shift edge

0 : Shiftatthe trailing edge of serial clock

1 : Shiftatthe leading edge of serial clock

Note. When setting the transfer Selects serial clock

mode, ESIO mustbe “0”.
When Transmit mode, LM o
must be “1%, 1 External clock (input from SCK pin)

0 : Internal clock (output to SCK pin)

Figure 3-17. Serial Interface Control Command Register
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Serial interface status register (Port address IPOE)

3 2 0
SIOF SEF (HOLD)
(KEO) Monitors serial transfer operation state
............... 4
L 0 : Transferis terminated
t : Transferisin progress
Monitors shift operation state ]
o Chift Anaratiam ic tarminatad
0 Shift operation is terminated
1 : Shiftoperationisin progress
Figure 3-18. Serial Interface Status Register
-~ an Py ] PN
3.4.3 Serial Clock

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

(1) Clock source selection

Internal clock
fc/27 [Hz] is used for the serial clock (at fc =4.194304MHz, the serial clock frequency is 32.768
kHz). The serial clock is output on the SCK pin. Note that at the start of transfer, the SCK pin
output goes high. This serial interface provides the wait function in which the shift is not
occurred until ¢ ese processmgs are completed
The highest transfer rate based on the internai ciock is 31250 bits/second {at fc = 4MiHz).

b. External clock
The signal obtained by the clock supplied to the SCK pin from the outside is used for the
serial clock. In this case, the output latch of RQ2 ((f'l(\ must be setto “1” heforehand. Forthe
shift operation to be performed correctly, each 'of the clock’s high and low levels needs two
instructions or more to be completed.

(2) Shlft edge selection

344

Leading edge
Data rsshlfted atthe leading edge (the falling edge of SCK pin input) of the serial clock.
b. Trailing edge o
Data is shifted at the trailing edge (the rising edge of SCK pin input) of the serial clock.
However, in the transmit mode, the trailing edge shift is not supported.

Transfer Modes

Selection between the transmit mode and the receive mode is performed by RM (bit 2 of the

command register).

(1) Transmit mode

The transmit mode is set to the command register then the first transmit data (4 bits) is written
to the buffer register OPOF (if the transmit mode is not set, the data is not written to the buffer
register). Then, setting ESIO to “1” starts transmission. The transmit data is output to the SO pin
synchromzatnon with the serlal clock from the LSB slde sequentlally When the LSB is output, the
transmit data is moved from the buffer register to the shift register. When the buffer regruen
becomes empty, the buffer empty interrupt (ISIO) to request for the next transmit data is
generated. When the interrupt service program writes the transmit data to the buffer register,
the interrupt request is reset.

In the operation based on the internal clock, if no more data is set after the transmission of the
4-bit data, the serial clock is stopped and the wait state sets in.

In the operation based on the external clock, the data must be set in the buffer register by the
time the next data shift operation starts. Therefore the transfer rate is determined by the
maximum delay time between the occurrence of the interrupt request and the writing of data to
the buffer register by the interrupt service program.

To end transmission, ESIO is cleared to “0” instead of writing the next transmit data by the
buffer empty mterrupt service program. When ESIO is cleared, transmission stops upon
termination of the currently shifted-out data. The transmission end can be known by the SIOF
state (SIOF goes "0 upon transmission end). In the operation based on the external clock, ESIO
must be cleared to “0" before the next data is shifted out. If ESIO is not cleared before, the

transmission stops upon transmitting the next data (dummy).
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{C {$

ESIO S e L
( I
SIOF ? D) 7

Serial buffer — s
(OPOF) D { X D G
3 b))

(a) Internal-clock-based operation with wait

Clear ESIO [
ESIO [ }
A
SIOF /7'\)
I — L U/
W4
SCK [Li

A
50 (o0 X 01 X o2 X 03 X Do X 0 A 02 Xof3

1510 _I\ILJ\} )

Serial buffer /"

(OPOF) 2N\ 2
(b) External-clock-based operation

Figure 3-19. Transmit Mode

Example 1: To transmit data stored in the RAM (its address is specified by the HL register
pair) in synchronization with the internal clock.
LD A, #0010B ; OP1F&0010pg (Sets the transmit mode of
internal-clock-based operation)

ouT A, %OP1F

ouT @HL, %OPOF ; OPOFe-RAM [HL] (Writes the first transmit
data)

LD A, #10108 ; ESIOe1 {instructs transmission start)

ouTt A, %OP1F

Example 2: To end transmission (internal-clock-based operation)

LD A, #00108B : ESIO«-0 (Instructs transmission end)
ouT A, %OP1F
SENDC: TESTP %IPOE, 3 ; Waits until SIOF = “0"

B SENDC
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(2) Receive mode
Data can be received when ESIO is set to "1 after setting the receive mode to the command
register. The data is put from the Si pin to the shift register in synchronization with the serial
clock. Then the 4-bit data is transferred from the shift register to the buffer register (IPOF), upon
which the buffer full interrupt (iSIO) to request for reading received data is generated. The
received data is read from the buffer register by the interrupt service program. When the data
has been read, the interrupt request is reset and the next data is put in the shift register to be
transferred to the buffer register.
In the operation based on the internal clock, if the previous received data has not been read
from the buffer register at the end of capturing the next data, the serial clock is stopped and the
wait operation is performed until the data has been read.
in the operation based on the externai ciock, 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-clock-based
operation is determined by the maximum delay time between the generation of interrupt
request and the reading of received data.
in the receive mode, the shift operation may be peﬁun ned a ;
trailing edge. In the leading edge shift operation, data aptured at th admg edge of the
serial clock, so that the first shift data must be put in the Sl pin before the first serial clock is
applied at the start of transfer.

L
»
q
o
o
)
"
ot
=2

[ 2
i

T o lemdaee

Example: To instruct the receive start operation with the internal dock and leading edge shift
(with the interrupt enable register already set).
LD A,#0110B ; OP1F«0110g (Setsthe receive mode)
ouT A,%0P1F
EI ;  EIFe<1{Enablesinterrupt)
LD A,#11108 ; ESIC+1 \lllSu ucts receive uau’t)
ouT A,%0P1F

To end the receive operation ESIO should be cleared to “0”. When ESIO is cleared, the completion
of the transfer of the current 4-bit data to the buffer register terminates the receive operation. Te

confirm the end of the receive operation by program, SIOF should be sensed. SIOF goes “0“ at the
end of receive operation.

Note: If the receive and transmit modes are switched, the contents of the buffer register are lost.

Therefore, the modes should not be switched until the last receive data is read even after the

end of reception is instructed (by clearing ESIO to “0”).

The receive operation can be terminated in one of the following approaches determined by the
transfer rate:

a. When the transfer rate is sufficiently low (the external-clock-based operation):
If ESIO can be cleared to "0" before the next serial clock is applied upon occurrence of buffer
full interrupt in the externai-clock-based operation, ESIO is cleared to “0” by the interrupt
service program, then the last receive data is read.

Example: Toinstruct ctthe receive end with sufficient low transfer rate {the reading edge sh vift).
LD A,#0111B ; ESIO«0 (Instructs receive end)

ouT A,%0P1F
IN %IPOF A ; Acce-IPOF (Reads received data)
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When the transfer rate is sufficiently high (the internal/externai 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 an 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 servicing following the reception of the last data, no operation is needed for
termination; only the reading of the received data is performed. This method is generaily
employed for the internal-clock-based operations. For an external-clock-based operation,
ESIO must be cleared and the receive data must be read before the last data is transferred to
the buffer register.

Example: To instruct receive end when the transfer rate is high (the internai ciock, reading edge

shift).
SSEF0: TEST %IPOE, 2 ; Waits until SEF="1"
B SSEFO
LD A, #0110B ;  ESIO«0 (Instructs receive end)
ouT A, %OPiF
IN %IPOF, A ;  AcceIPOF (Reads received data)

One-word reception

When receiving only one word, ESIO is set to “1” then it is returned to 0" after confirming
that SEF (bit 2 of the status register) 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 instruction the start/end of one-word reception (the internal clock, the leading

edge shift).
LD A, #01108 ;  OP1F&<0110p (Sets in the receive mode)
ouT A, %OP1F
El ; ElFe1(Enablesinterrupt)
LD A, #11108 ; ESIO«1 (Instructs receive start)
ouT A, %OP1F
SSEFO TEST %IPOE, 2 ; ConfirmsthatSEF="1"
B SSEFQ
LD A, #0110B ;  ESIOe&0 (Instructs receive end)

ouT A, %OP1F
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(C) Internal-clock-based operation, reading-edge shift (when transfer rate is high)

Figure 3-20. Receive Mode
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INPUT/OUTPUT CIRCUITRY

The input/output circuitries of the 47C2008/4008 control pins are shown below
CONTROLPIN o CIRCUITRY REMARKS
0SC. enable
Resonator connecting pins
XIN Input R¢ R =1kQ(typ.)
XOouT Output R Ro Re =1.5MQ(typ.)
[j [j Ro =2kQ (typ.)
XIN XouT
ovDD Hysteresis input
RESET Input Rin R Pull-up resistor
Rin=220kQ ( typ.)
R=1kQ (typ.)
o Hysteresis input
HOLD input _@’_"M’_‘D (Sense input)
(KED) (Input)
R=1kQ (typ.)
R .
Puli-down resistor
D =70k ( typ.
TEST input R R {typ)
R=1kQ (typ.)
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(2) /O ports
The input/output circuitries of the 47C200B/400B 1/O ports are shown below, any one of the
circuitries can be chosen by a code (FA-FF) as a mask option.

PORT 110 INPUT /OUTPUT CIRCUITRY and CODE REMARKS
FA, FD FB, FE FC, FF
Pull-up/
oVDD R Pull-down resistor

KO | input R Rin Rin = 70k (typ.)

—+—w-{] " R

~ 'R" bd
R = 1kQ(typ.)

Sink open drain

D output
P1 Initial "Hi-Z"

pa [Outeut —Do——{i
High current
loL = 30mA (typ.)
FA, FB, FC FD, FE, FF
Initial “Hi-Z" o Initial “High” oVDD Sink open drain
R4 —1] or
R5 776} —{>o—] —] push-pull output
R6 <R 1
d7 > e
pd 1 =R
~J = R = 1kQ (typ.)
’d
~
___D Sink open drain
- . output
1> 1 Initial “Hi-Z"
R7 Vo j :ER
1 ] R = 1kQ (typ.)
<

Sink open drain

u output
R8 ___Do——lé T
R9 Vo pl L Initial "Hi-Z
>
@ Hysteresis input

R = 1kQ (typ) -
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (Vss = 0V)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Voo -03to7 A
input Voltage Vin ~03toVpp+0.3 v
Vour1 | Exceptsink open drain pin -0.3toVpp+0.3
Qutput Voltage v
VouTz | Sink opendrain pin =03t 10
loyt: |PortsP1and P2 30
Output Current  (Per 1 pin) mA
lout2 Ports R4 through R9 3.2
Output Current  (Total) Slout1 | PortsP1and P2 120 mA
Power Dissipation [Top, =70°C] PD 600 mw
Soldering Temperature {time) Tsig 260 (10s3) oC
Storage Temperature Tstg ~55t0 125 °C
Operating Temperature Topr -201t1070 °C

RECOMMENDED OPERATING CONDITIONS

(Vss =0V, Topr= - 30 to 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min Max. UNIT
inthe Normal P
Supply Voltage operating mode “f
Voo in the HOLD 20 60 v
operating mode '
Vii Except Hysteresis Input Vppx 0.7
VppZ 4.5V
Input High Voltage Vinz | Hysteresis Input Vppx0.75 Voo \
Vinz Vpp<4.5V Vppx 0.9
Vit Except Hysteresis Input Vppx0.3
VppZ 4.5V
input Low Voltage Viz Hysteresis Input 0 Vppx0.25 v
Vi Vpp<4.5V Vppx 0.1
Clock Frequency fc XIN, XOUT Vpp=2.710 6.0V 0.4 4.2 MHz

Note. Input Voltage Viuz, Vi3 : in the HOLD operating mode.
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l D.C. CHARACTERISTICS (Vss =0V, Topr = —30t0 70°C)
PARAMETER SYMBOLY PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voitage Vus Hysteresis input - 0.7 - \
vt Port KO, TEST, RESET, HOLD
input Current Vpp=5.5V, Vin=5.5V/ 0V - - 221 uA
hinz Open drain output ports
Input Low Current h Push-pull output ports Vpp=5.5V, Vin=0.4V - - =21 mA
Ring Port KO with pull-up/pull-down 30 70 150
Input Resistance kQ
Rz | RESET 100] 2201 as0
gfﬂt‘Z‘;ﬁLeakage o Open drain output ports Vpp=5.5V, Voyr=5.5V -~ - 2| #A
High . ) = - v
8;‘;;‘;['; et VoK Push-pull output ports Vpp = 4.5V, lon = - 200pA 241 - - v
Output Low Except XOUT and ports P1 and
Volt‘;ge Vouz |[pacP P Voo =45V, loL = 1.6mA - - 04{ V
Output Low Current | loy4 Ports P1 and P2 Vpp=4.5V, Vo = 1.0V - 30 - [mA
Supply Current ) Vpp =5.5V, fc=4MHz - 2 a1 .
(in the Normai DD tha
operating mode) Vpp = 3.0V, fc=4MHz - 1 2
Supply Current
{inthe HOLD \DDH Vpp=5.5V - 0.5 0y LA
operating mode)

Note 1. Typ.valuesshow those at Topr =25°C, Vpp =5V. )
Note2.  Input Currentljy1 : The current through resistor is not included, when the pull-
up/pull-down resistor is contained.
ent: Vin=5.3V/0.2V
The port KO with the pull-up/pull-down resistor is open. The
voltage applied to the port R4-R9 is within the range Vi or Viy.

ote 3. Supply Curi




A.C. CHARACTERISTICS (Vss =0V, Vpp=2.7t0 6.0V, Topr= —30t0 70°C)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
instruction Cycie Time ey i9 - 20 3
High tevel Clock pulse Width tweH

For external clock operation 80 - - ns
Low level Clock pulse Width twel
Shift data Hold Time tsoH 0.5tcy - 300 - - ns

Note. Shiftdata Hold Time:
External circuit for pins SCK and SO Serial port (completed of transmission)

[ RECOMMENDED OSCILLATING CONDITIONS (Vss =0V, Vpp=2.710 6.0V, Topr= — 30 to 70°C)
(1) 4MHz XIN XouT
Ceramic Resonator D [:l

CSA4.00MG (MURATA)  Cxin =CxouT =30pF AMHZ
KBR-4.00MS (KYOCERA) Cxin=CxouT =30pF D

Cxin Cxout
Crystal Oscillator ’J; . ;

204B-6F 4.0000 (TOYOCOM) Cxin = Cxour = 20pf

ar4 XiN XouT
Ceramic Resonator Q

CSB400B (MURATA) Cxin = CxouT = 220pF, RxouT =6.8kQ

KBR-400B (KYOCERA)  Cxin = CxouT = 100pF, RxouT = 10kQ l 400[5Hz § Rxour

Cxin == == Cxour
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TMP47C200B/400B/990

¥ Difference compared with the 47C200A/400A
The 47C200B/400B is different from the 47C200A/400A with respect to the foliowing spec points.

TMPA7C200A/400A TMP47C2008/4008
PARAMETER SYMBOL CONDITION UNIT
Min. | Typ. | Max. | Min Typ. | Max
In the Normal
operating mode 4.5 - 2.7 -
Supply Voltage Voo - 6.0 6.0 v
In the HOLD operating 2.0 - 2.0 -
mode : .
Supply Current Vpp = 5.5v, fc=4MHz - 3 6 - 2 4
(in the Normal lop mA
operating mode) Voo =3.0v, fo = 4MHz - - - - 1 2
Vpp=2.7106.0v - - - 0.4 - 42
Clock Frequency fc MHz
Vpp=4.5106.0v 0.4 - 4.2 - - -
Output Low fout Vpp =4.5v _ 20 _ N 30 _ mA
Current VoL=1.0v
TYPICAL CHARACTERISTICS
loL - VoL R port loL=-VoL P1, P2 port
ioL / ‘oL
(mA) /’ (mA)
4
8 7 ¥ 0
/7 Z =
6 7 30 7
JZ 71
/ Vop=45v 20 paRd Vpp=4.5V
Ta=25°C /y Ta=25°C
2 107
L
0 | Vo 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
lpp - VoD
loo
{mA}
4
3 /| 4MHz
2 Z
L Ta=25°C
e
1
400 kHz
#"’ 1 )
0 - Vop
3 5 7 v)
Note1  Solid line TMP47C2008/4008
Rough dotted line TMP47C200A/400A




TOSHIBA TMP47C200B/4008/990
TYPICAL CHARACTERISTICS
a R-Ta KO0 port R R~Ta RESET pin
*) ()
100 — 400
< 300 =
50 [ 200 =
Vpp = 5.5V =7 Vpp =5.5V
100
0 Ta 0 Ta
-40 0 40 80 (°0) -40 0 40 80 (°C)
loH-VoH CMOSRport | L~ ViN CMOS R port
lou I
(pA) P (xA)
- 400 —> - 800 ferf
N i
-300 - 600 N
nn \ 00 N
-200 - 400
Vop = 4.5V AN Vpp=5.5V
A Ta=25C Ta=25°C
- 100 \ =200
0 \ Vou 0 \ Vin
2 4 6 (V) 2 4 6 (V)
lot-VoLr R port loL - VoL P1,P2port
lou 7 loL
(mA) 7 (mA)
8 / 40
6 30 2
L 20
’ Vpp=4.5V <Y pd Vpp = 4.5V
Ta=25°C Ta=25°C
2 / 10
0 VoL 4 Vor
0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
Ipp - Vpp Ipp - fc Operating area
oo lop Ta= - 3010 70°C
(mA) (mA) MBS Srmal mode)
4 4 8
3 4AMHz 3 6
2 4 4 B
A Ta=25°C / Vpp=5.5V
T / Ta=25°C
1 1 7 2
et 400k Hz — s
0 L Voo 0 fc Voo
3 5 7 V) 0.1 04 1 4 10{MHz) 2 4 6 V)
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CMOS 4-BIT MICROCONTROLLER

TMP47C990E
TMP47C990G

The 47C990, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C200B/4008B and the 47C101/201 appiication systems
(programs) .

The 47C990 is pin compatible with the 47C200B/400B which are mask-programed ROM devices and can be
made pin compatible with the mask ROM 47C101/201 by using the 42-to-16 pin conversion adapter (BM1160).
The 47C990 which is equipped with an EPROM written the program operates like the 47C2008/4008 or the
47C101/201.

PIN ASSIGNMENT (TOP VIEW) - me
A 4 |: ,\l.'l‘ {2
2 % (TR
N Qi 2L oag
SDIC42 piggy back QFC44 piggy back g e 3]9 cgzESCE
/ 32731 30 29 28 27 26 25 24 23
Ra0 =e>0 1 U 42 J=—vypD B » ¢
RA1 wen O 2 @VCC vee @ 41 Q> ra2 5CK)
Ra2 <>0 3 vee vee 40 <> R91 (50) R83 (T 34 22{=3K00
Raz <=0 4 € V@D 30 b pooish oo P0a08e0Y a2
RSO <0 5 A7 ) 38 D= re3(T) (sh S @ gzulgely ~e @
Rs1 <=0 6  (ayas 37 D> rg2 (INTT) R91§(%2;:36 ve@® <z < a5 20F3r22
RS2 <0 7 36 0> R81 (T2) R92 BCR) 37 e 3 9=3en
RS3 OE 8 A5 3 Do oy NC.ETB8 o % 8 e 183P20
R0 >0 9 A4 38 [J~—{I510 (KED) — o 17ESNC
Ret <010 2 33 N<—rESET VORI e @ @ ono 1TEENG
Rez =g 11\ 32 P—xoUT RAOT80 o G R =0
re3 =012 (B)A2 31 J—xiN RUICI 200 @) g gmn o @1 1P
R70 <=0 13 (3)a1 30 P-e—TesT Ra2C a2, @ (94 z@ o 184E=Pi2
R71 <=0 14 = 29 J--—x03 ra3 a3 00013 CCEC) 130 3e11
72 <=0 15 28 <02 RS0 —aa ~ 12t=3rt0
R73 =[] 16 10 27 [~—x01
P10 <017 @” 26 1 =—x00 O
P11 -—{ 18 oL 25 >r23 1 2 2 456 7 89 1011
p12 <—T{ 19 24 922
STl g s i R
vss —[ 21 22 F—>r20 wwweoLLeSEER
PIN FUNCTIONS (Top of the package)
PIN NAME Input / Output FUNCTIONS
A1l to AD Output Program memory address output
17 to 10 Input Program memory data input
[« Chip enable signal output
— Output
OE Output enable signal output
vcc + 5V (connected with VDD)
---------------- Power supply T N e EL LT L
GND 0V (connected with VSS)
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
Address Delay Time tap Vss=0V,Vpp=4.5106.0V - - 150 ns
Data Setup Time Us C, =100 pF 150 - = ns
Data Hold Time tin Topr= = 301t0 70°C 50 - - ns
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NOTES FOR USE
(1) Program memory
The program area is shown in Figure 1.
When this chip is used as evaluator of the 47C2008, data conversion table for [OUTB @HL]
instruction rhust be allocated at two areas and they must be the same contents as shown in Figure 1
(a).
When a 32K EPROM is used, The pins of 1, 2, 27, and 28 on the package are not used.

32K 32K
0004 0004
Program
7E04 | pata conversion Program
TFFy table

Don'tuse

FEOH{ pata conversion FEO4

Data conversion
FFFy table FFFy table
(a) 47C2008 (b) 47C4008
000y 000y 0004
Program
Program
- i Program
800 - 800 | ]
Don‘t use :
Don‘tuse
FFF .................................. . . FFF FFF
(© 47C101 (d) 47C201 (e) image of 47C950

Figure 1 Programarea
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(2) Data memory
The 47C990 contains 256 x 4-bit (equivalent to 47C4408B) data memory. When the 47€990 is used
as the 47C2008 evaluator or the 47C101/201 evaluator, programming should be performed assuming
that the RAM is assigned to addresses 00y to OF and 90y to FFy for 47C200B, 00y to OFy and DOy to
FFh for 47C101, and 00y to OF and 904 to FFy for 47C201 as shown in Figure 2.
At the Real time emulator (BM4721A), RAM is assigned to addresses 00y to FFy. However,
programming should be performed assuming that the RAM is assigned as shown in Figure 2.
Further, zero-page (addresses 00y to OFy) and special function shared area (Stack location 0-3) are
on tho Il7f"!01'_

overlapped on the 4

00y Zero-page 00y Zero-page I
OF  pr-ro-ocmomoeaoed oF d
Data area Don't use
8 [~ = 8 = =
90
Data area
__________________ CO b
o
Special Special
function function
shared area shared area
FF FF
{a) 47C990 and 47C400B (b) 47C2008
00k - 00y Zero-page
oF : oF
Don'tuse Don't use
! |overlap
80 = = 80 =
90
Data area
[« . co [TTTTTTTTTTTTTTT
DO Special
et o1 function
Spec'l ai shared area
function
shared area
§F FF

(c) 47C101

Data memorv

........... va

(d) 47C201

address assignment
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INPUT/ OUTPUT CIRCUITRY

(1) Controi pins
Input/Output circuitries of control pins in the 47C990 are similar to the 47C2008/4008.

(2) 1/O ports
Input/Output circuitries of I/O ports in the 47C990 are similar to the code FB of the 47C200B/4008B or
the code FA, FD of the 47C101/201.
When this chip is used as evaiuator with other i/0 code, it is nacessary to provide the externai
registors.
In the 47C990. RC oscillation is impossible. Connecting the resonator is required when using as
evaluator of /0 code FD or FE of the 47C101/201.

3

1

i % 70kQ “°71 KOport
— A — A L

~ vy LFI i ~J yvy [
__J Koport i %70 K
i
Ry
(a) Code : FB of the 47C200B/400B (b) Code : FC of the 47C2008/4008

H 70k
) 10kQ 3 Wy E]

—— 1 KOport
-——Do_{ -— \ P4, P5, P6port -1
Lo ! 10kQ
77 F
—— |

1
1
=
>
1
--d
{c) Code:FD ofthe 47C2008/4008 (d) Code : FE of the 47C200B/4008
771 Koport
i I : zwk..
]
——
; %10“1 47- T
, s i
—_— ] T pa, PS, P6 port
Lol
=
< e
(e) Code : FF of the 47C200B/400B (f) CodeFB or FEof the 47C101/201

Figure 3 1/0 code and external circuitry
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