TOSHIBA TMP47C853

CMOS 4-BIT MICROCONTROLLER

TMP47C853N
TMP47C853F

The 47C853 is a high performance, 4-bit single-chip microcomputer based on the TLCS-470A CMOS series. The
47C853 has a build-in large-capacity RAM for repertory dial and a DTMF generator, making it ideal for
application in telephones.

PART No. ROM RAM PACKAGE OTP
TMP47C853N ) . | SDIP42-P-600-1.78 TMP47P853VN
---------------- 8192 x 8-bit 1024 x 4-bit [-—————-—--—=——----f-——-—--————————-
TMP47C853F QFP44-P-1414-0.80D TVIP47P853VF
FEATURES
®4-bit single-chip microcomputer
@®Instruction execution time :16.7 /8.3 us (at 480/ 960kHz) SDIP42-P-600-1.78

244 us (at 32.8kHz)
®Low voltage operation : 2.2V min.

4101 basic instructions

®Table look-up instructions

®Sub-routine nesting : 15 levels max.

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

@1/0 port (35 pins)

. TMP47C853N
e Input 2ports 5pins TMP47P853VN
e 1/0O 7ports 27pins
e Output 1port 3pins

®Two 12-bit Timer/Counters
Timer, event counter, and pulse-width measurement mode

®Interval Timer

®Watchdog Timer

@ Serial Interface with 8-bit buffer
e Simultaneous transmission and reception ey
e External/internal clock, leading/trailing edge shift mode, \

4-bit/ 8-bit S

@DTMF (Dual-Tone Multifrequency) output
e DTMF output with one instruction
e Single-tone output function

@BEEP output function imx;ggg;fﬁ

®Warmstart function

QFP44-P-1414-0.80D

980901EBP1

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions.

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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& Dual clock operations

High-speed operation/low-electricity operation
®Hold function

e Battery/Capacitor backup

¢ Hold function controlled by port KO
&®Real-time Emulator : BM47C853
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PIN ASSIGNMENTS (TOP VIEW)
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Hold operation mode controldraut | [nterrupt enable register] Interrupt enable master F/F Data conversion table
Resetinput ~ RESET —|>1System contro| Warm start Interrupt control circuit
Test pin TEST —f>-|circuit cireuit A A So—
System clock control circuit - 12-bit Timer/ Instruction
Timinﬁlgﬁnel’atol’ _)I Interval timer Co-un”;:erlmer 8-bit Serial DTMF Register
—>| Forhig
Osc. ) XIN > fr n Clock (2channels) Interface Generator Instruction
Connecting (XOUT MFor low generator Watchdog time T~ Decoder
A a | f
pin (P frequency 9
~

BEEP ‘ ‘
P14 [R8] [R9]
Output circuit %
L

= = L
R73 (XTOUT) P142 R83(T1) R92 (SCK) TONE
R72 (XTIN) P141 R82 (INTT) R91 (SO)
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PIN FUNCTION

PIN NAME Input/Qutput FUNCTIONS
K03 (HOLD3) o Hold request/release signal input
to Input (Input) 4-bit input port (Active "H")

K00 (HOLDO)

R33 to R30

R43 to R40

o) 4-bit I/0 port with latch.

R53 to R50 When used as the input port, the latch must be setto “1” .

R63 to R60

R73 (XTOUT) I/0 (Output) When R73 or R72 is used as the | Osc. connecting pin (Low-frequency).
................................................................... osci”ator’ |t must be set to the dual When OfeXternal C|Ockinput, inputis

R72 (XTIN) /0 (Input) colck mode. , | made toXTIN and releases XTOUT.
................................................................... Setting’ clearance and test|ng Of ‘|.b|t

R71 (WTO) I/0 (Output) unit is possible by the bit processing [ watchdog timer output
................................................................... instruction of the L_register indirect

R70 1’10 addressing.

R83 (T1) 4-bit I/0 port with latch. Timer/Counter 1 external input

R82 (INT1) . External interrupt 1 input
................................... /0 (Input) When used as the input port, external |. ...

R81(T2) interrupt input pin or timer/counter [ Timer/Counter 2 external input
................................... input pin, the latch mustbe setto ™17, [

R80 (INT2) External interrupt 2 input

R92 (SCK) 1/0 (1/0) 3-bit I/0 port with latch. Serial clock I/0

R91 (SO I/0 (Output; Serial data output
.......... () (p) When used as an input port or serial p

R90 (SI) I/0 (Input) port, the latch must be setto “1”. Serial data input

P142,P141 Output
.................................................................... 3-b|tp0rtW|th|atCh

P140 (BEEP) Output (Output) BEEP Output

TONE Output Tone output

XIN Input
.................................................................... OSC. connecting pln

XOUT Output

RESET Input Reset signal input

HOLD (KEO) Input Hold request/release signal input Sense input

TEST Input Test pin for outgoing test. Either opened, or fixed to low level.

VDD +2.2Vt06.0V
................................... Powersupply

VSS 0V (GND)
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OPERATIONAL DESCRIPTION

In addition, an operation of the 47C853 is possible at 960kHz oscillation when applications necessitate
high-speed processing, and at 480kHz when applications necessitate an operation with low-electricity
consumption. When operating the 47C853 at 480kHz oscillation, it is necessary to set the DTMF input
clock control register at the beginning of the program. For details, see “3.5.1 Selection of Input Clock
to DTMF Generator”.

1. SYSTEM CONFIGURATION

QINTERNAL CPU FUNCTION
2.1 Program Counter (PC)
2.2 Program Memory (ROM)
2.3 HRegister, L Register, and Data Memory Bank Selector (DMB)
2.4 Data Memory (RAM)
® Stack
® Stack Pointer Word (SPW)
® Data Counter (DC)
2.5 ALU, Accumulator
2.6 Flags
2.7 Clock Generator, Timing Generator and System Clock Controller
2.8 Interrupt Controller
2.9 Reset Circuit

’PERIPH ERAL HARDWARE FUNCTION
3.1 Input/Output Ports
3.2 Interval Timer
3.3 Timer/Counters (TC1, TC2)
3.4 Watchdog Timer
3.5 DTMF Genarator
3.6 BEEP Output Circuit
3.7 Warm Start Circuit
3.8 Serial Interface

Concerning the above component parts, the configuration and functions of hardwares are described.
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2.  INTERNAL CPU FUNCTION

2.1

Program Counter (PC)

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

MSB LSB
PCg PCy PCy PC,
PCi, : PCjy : PClg : PCg i PCg i PC; i PCg : PCs : PC4 : PC3 : PC; : PCy | PG

A " DN W _

Bank assignment Page assignment Address assignment in page

Figure 2-1. Configuration of Program Counter

The program counter can make a direct address assignment to the 8192-byte address space.
The PC can directly address an 8192-byte address space. However, with the short/middle branch and
subroutine call instructions, the following points must be considered:

(1

(2)

3)

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 7 bits of the PC point
the next page, so that branch is made to the next page.

Middle branch instruction [BS a]

In [BS a] instruction execution, when the branch condition is satisfied, the value specified in the
instruction is set to the lower 12 bits of the PC. That is, [BS a] becomes the in-bank branch
instruction.When first byte or second byte of this instruction is stored at the last address of the
bank, the upper 1 bit of the PC point the next bank, so that branch is made to the next bank.

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 upper 2 bits of the PCis always “0”. Therefore, the entry address of the
subroutine should be within an address range of 00004 through 07FF.

3-53-6


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Instruction
" I Condition [ e
/Operation PCy2 PC11
SF=1 (Branch condition is satisfied) Immediate data specified by the instruction
BSL a
SF=0 (Branch condition is not satisfied) +3
Lower 12-bit address # FFE, FFF,, [ Hold Immediate data specified by the instruction
SF=1
Lower 12-bit address =FFE, FFF +1: . e . .
BS @ W ('rrhe b;nak er:d address) H : Immediate data specified by the instruction
SF=0 +2
| diate dat. ified by th
Lower 6-bit address # 3, Hold instraction o specttied bythe
SF=1
BSS a Lower 6-bit address = 3Fy 1 Immediate data specified by the
(The page end address) + instruction
SF=0 +1
CALL a 0 0 Immediate data specified by the instruction
: Thed enerated by t
CALLS a 0 0 0 o o |edatageneratedxingy 10
: the instruction
RET The return address restored from stack
RETI The return address restored from stack
Others Incremented by the number of bytes of the instruction
Interrupt 0 0 0 o0 o0 0 0 o0 0 Interrupt vector: 0
acceptance :
RESET 0 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)

The 47C853 has a built-in program memory (mask ROM) of 8192 x 8-bit (0000-1FFFy address). The 5-8 bit
data conversion table is placed in the last 32-byte space (1FEQ-1FFFy) of the program memory. The fixed
data which can be read out by the table look-up instructions are placed at the 1000-1FFFy address of the
program memory, and address assignment is made possible by the 12-bit length data counter.

(M

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 table bank selector (DTB) and the data counter (DC) to place them
into the accumulator. [LDL A,@DC] instruction reads the lower 4 bits of fixed data and [LDH
A,@DC +] instruction reads the upper 4 bits. The Data Counter is a 12-bit register, and it can

specify an address in the bank.
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specify an address in the bank.
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(2) 5-bitto 8-bit data conversion instruction Bank Page ﬁd;;g:s Address
[OUTB @HL] 00, 0000y
The 5-bit to 8-bit data conversion instruction reads 00y [3F _______________________________
the fixed data (8 bits) from the data conversion 0 :
table in the program memory to send the upper 4 : 00 [
bits to COLUMN register and the lower 4 bits to 3F gg ?SEI(:)
ROW resister. The data conversion table is located 00 3k |
in the last 32-byte space (addresses 1FEQ through ! §
1FFFY) in the program memory with the lower 3F: [oo """"""""""""""""
address consisting of the 5 bits obtained by linking 3F TFFF
the data memory contents specified by the HL Figure 2-2. Configulation of
register pair and the content of the carry flag. This Program Memory

instruction is suitable for such applications as
setting data of DTMF generator.

2.21 Program Memory Map
Figure 2-3 shows the program memory map. Address 0000 through 00864 and 1FEQ through 1FFFy for
the 47C853, of the program memory are also used for special purposes.

2.2.2 Program Memory Capacity
The 47C853 contains a program memory (masked ROM) of 8192 x 8 bit (addresses 0000 through 1FFFy).

Address
0000y Reset start address
000z | .| INTL
0004 ISIO .
......................... Interrupt service e
0006  |...! IOVF1 ... routine ...
ooos | .| IOVF2 ... entryaddress
000A | .| ITMR ., Subrotine call entry
000C INT2 address designated by
000E [CALL a]
: Subroutine call entry address
: designated by [CALLS a]
00_86
: Data table for
: e - [LDL A, @DC],
: T [ [LDH A, @DC +1]
O7FF
0800 |
1FEQ
: Data conversion table
: for [OUTB @HL]
1FFF

Figure 2-3. Program Memory Map
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23 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 four banks. Bank 0, 1, 2 and 3. The data memory bank selector
(DMB) is a 2-bit register to specify a data memory bank. During reset, the DMB is initialized to “0”. The
DMB is set by the [CLR DMBO] , [SET DMBO] [CLR DMB1], [SET DMB1], [LD DMB, #K], [MOV A, DMB] or
[LD DMB, @ HL] instruction. The currently selected data memory bank can be known by executing the
[TEST DMBO] or, [TESTP DMBOQ], [TEST DMB1] or [TESTP DMB1] 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/0 port pins R73 through R40 (the indirect addressing of port bits by the

L register).
Example1 : To write immediate values “5" and "Fy" to data memory (bank 0) addresses 104
and 114.
LD DMB, #0 ; DMB « 0
LD HL, #10H ; HL « 10y
ST #5, G@HL+ ; RAM [104] ¢ 5, LR ¢« LR+1
ST #0FH, G@HL+ ; RAM [114] ¢« 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 ; SetsR71 pin address to L register
SET @L ; R71 1
DMB H Register L Register
DMB; | DMBy | HR; | HR, | HR4 HRg LR3 LR, LR, LRg
N M N J
Y h'd h'd
Bank assignment Page assignment Address assignment in page

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

24 Data Memory (RAM)
The 47C853 data memory (RAM) has a total of 1024 x 4-bit, which consists of four data memory banks

(banks 0, 1, 2, and 3) of 256 x 4-bit (00-FF4 address). A private stack (STK13) and stack pointer word
(SPW13) for PCq3 are not components of the 47C853.
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Figure 2-4. Configuration of H, L registers and DMB

24 Data Memory (RAM)
The 47C853 data memory (RAM) has a total of 1024 x 4-bit, which consists of four data memory banks

(banks 0, 1, 2, and 3) of 256 x 4-bit (00-FF4 address). A private stack (STK13) and stack pointer word
(SPW13) for PCq3 are not components of the 47C853.
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(1) Register-indirect addressing mode DMB HR LR
In this mode, a bank is specified by the DMB, a | | | |
page by the H register and an address in the page v J L 1 L
by the L register. RAM address | | | i
Example: LD A, @HL ; Acc<RAMI[HL]
Instruction
(2) Direct addressing mode | | Xxxx | xxxx |
An address in the bank is directly specified by the
8 bits of the second byte (operand) in the DMB
instruction field. The bank is specified by the
DMB.
RAMaddress| ||xxxx ixxxx |
Example: LD A, 2CH ; Acce—RAM [2CH]
Instruction
(3) Zero-page addressing mode | | : YYyy |
An address in zero-page of bank 0 (addresses 00y . { }
through 0Fy) by the lower 4 bits of the second -
RAMaddress| 00 ||0000 P YYyYYy |

byte (operand) in the instruction field.

Example: ST #3,05H ; RAM[054]« 3

241 Data Memory Map
Figure 2-6 shows the data memory map. The data memory is also used for the following special
purposes: Note that this special function areais provided only on bank 0.

Page <

@ stack, Stack pointer word (SPW)
@ Data counter (DC)

@ Count registers of the Timer/Counters (TC1, TC2)

@ Zero-page

Addregn\ n page

Figure 2-5. Addressing mode

F E b C B A 9 8 7 6 5

_

F

E

D

C

B .

A

9

8

7

6

5

4

3

2

1 : :

0 . czeopage. ... .| | |
I N N N N N N N — N

| : : : : : T e
| : : : : :
Note 1 denotes the STACK
Note 2. TC1 and TC2 areas are common to the Location 13 and Location 14, respectivel

Figure 2-6. Data Memory Map
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(1) Stack

The stack provides the area in which the return address is saved before a jump is performed to the
processing routine at the execution of a subroutine call instruction or the acceptance of an interrupt.
When a subroutine call instruction is executed, the contents (the return address) of the program
counter are saved; when an interrupt is accepted, the contents of the program counter and flags are
saved. When returning from the processing routine, executing the subroutine return instruction [RET]
restores the contents of the program counter from the stack; executing the interrupt return instruction
[RETI] restores the contents of the program counter and flags. Stacks have a maximum of 15 levels
(locations 0 -14). The lower 13 bits (PCo-PC12) of the program counter and the flag area are in bank 0
(CO-FBR) of the data memory. The area for the highest order bit (PC13) of the program counter is
provided in a Stack 13 (STK13). One stack level consists of a 4-word data memory and 1 bit from STK13.
Locations 13 and 14 in the data memory are also used as count registers (TC1, TC2) for the
Timer/Counter 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
memory allocating configuration, the user-processed data may be lost. (For example, when the user-
processed data arera is in an address range 00y through CFy, up to location 4 of the stack are usable. If
an interrupt is accepted with location 4 already used, the user-processed data stored in addresses CC
through CFH corresponding to the location 3 area is lost.)The SPW is not initialized in terms of
hardware, requiring to write the initial value (the location with which the use of the stack starts) by
using the initialization routine. Normally, the initial value of “12” is used.

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

LD A, #12
LD DMB, #OH ; DMB « Oy
ST A, OFFH ; RAM [FF] « Acc

3-53-11


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP47C853

Location 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 Location 14 13 121110 9 8 7 6 5 4 3 2 1 0

svas | | [T ITTTTTTTTT] svas [ | [ [T LI TITTTTT1]
L

[ | |
FLAG TPCB PC FLAG ch,a PC

JOE T ] I

e U STACK \§ e U

o i |FLAGg [ PGy i PCum E PC, | H o . i |FLAGg l PCu E PCum i PG | ! o
RAM
Address  (ECh) (EBp) (EAp) (E9n) (E8n) (E7y) Aess  (ECH) (EBp) (EAn) (E9y) (E84) (E7y)
Location 11 —>|<— Location 10 —>|<— Location 9 Location 11 —>|<— Location 10 —>|<— Location 9
Before execution  After execution Before execution After execution
ou [0l L] ow o] []
RAM FF RAM FF,
Address (PR (FFw) Address (FF ()
(a) At execution of a subroutine call (b) Atacceptance of an interrupt
instruction
Location 14 13 1211109 8 7 6 5 4 3 2 1 0 Location 141312110 9 8 7 6 5 4 3 2 1 0
swas | | [ [ [T TTTTTT] swas [ | [ [ [T TTTT]
FLAG  YPCs PC FLAG  YPCi3 PC
|0 T T ] L I & &7 ]
1 1 1 1 1 1
STACK PCyy ﬂ STACK & PCi ﬁ
- T H T T T - =T T N T T T -
.t [maciloeciecuteq [ L |masilecitecy i |1
RAM
ddress  (ECH) (EBr) (EAW) (ESn) (E8y) (E7h) Roess  (ECH) (EBn) (EAn) (E9n) (E8W) (E74)
Location 11 —>|(— Location 10 —)|<— Location 9 Location 11 —)"— Location 10 —)|<— Location 9
Before execution  After execution Before execution After execution
ow [3]— o []—
RAM RAM
Address (FFy) (FFy) Address (FFy) (FFy)
(c) Atexecution of a subroutine return (d) At execution of an interrupt return instruction

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

(3) Data counter (DC)
The data counter is a 12-bit counter to specify the

address of the data table to be referenced in th.e e Data Counter (DO) =y
program memory (ROM). Data table reference is . .
performed by the table look-up instructions [LDL A, DGy | DCw | DG
@DC] and [LDH A, @DC +]. RAM address  (FE) (FDy) (FCy)
The DC is assigned with a RAM address in unit of
4bits. Therefore, the RAM manipulation instruction Figure 2-8. Data Counter
is used to set the initial value or read the contents
of the DC.
Example: Tosetthe DCto 780y
LD DMB, #0H ; DMB « 0
LD HL, #OFCH ; Sets DC. RAM address to HL register pair.
ST #0H, GHL+ ; DC « 780y

ST #8H, GHL+
ST #7H, G@HL+
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(4) Countregisters of the Timer/Counter (TC1, TC2)

The 47C853 have 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 instruction.The count registers are shared by the stack area (locations 13
and 14) described earlier, so that the stack is usable from location 13 when the Timer/Counter 1 is
not used. When none of Timer/Counter 1 and Timer/Counter 2 are used,the stack is usable from
location 14. When both Timer/Counter 1 and Timer/Counter 2 are used, the data memory (bank 0)
locations at addresses F7 and FBH can be used to store the user-processed data.

MSB LSB MSB LSB
Timer/Counter1(TC1) Timer/Counter 2 (TC2)
TC1y | TCly ! TCl, TC2 | TC2m | TC2,
RAM address (F6R) (F54) (F4y) (FAL) (F9u) (F8y)

Figure 2-9. Count Registers of Timer/Counters (TC1,TC2)
(5) Zero page
The 16 words (at addresses 00y through OFp) 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 04,2 ; Skips if bit 2 at address 04y in the data memory
is "0".

B SKIP

ST #8,094 ; Writes "8" to address 09y 1in the data memory.

SKIP :

242 Data Memory Capacity
The 47C853 have 1024 x 4 bit of data memory (RAM) , 256 x 4 bits (addresses 00y through FFy) on each of
banks (bank0, bank1, bank2 and bank3). When power-on is performed, the contents of the data
memory become unpredictable, so that they must be initialized by the initialize routine.

Example: To clear RAM Bank / g9, address
LD HL, #O0OH ; HL « 00y o | i 000,
: DMBO
SCLRO : LD DMB, #0 ; DMB « 0 F:F OFF
SCLR1 : ST #0, GHL+ ; RAM [HL] « 0, LR « LR+1 00 100
B SCLR1 1 DMB1
LD DMB, #1 ; DMB « 1 FF 1FF
SCLR2 : ST #0, GHL+ ; RAM [HL] ¢« 0, LR ¢ LR+1 00 ME2 200
B SCLR2 2| & -
LD DMB, #2 ; DMB « 2 00 300
SCLR3 : ST #0, GHL+ ; RAM [HL] « 0, LR « LR+1 3 DMB3
B SCLR3 e 3FF
ADD H, #1 ; HR « HR+1 i 2.10. D M
igure 2-10. Data Memory
B SCLRO (RAM)
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2.5 ALU and Accumulator

25.1 Arithmetic/Logic Unit (ALU) ¢ Data bus
The ALU performs the arithmetic and logic operations = J L J Lh Cin
specified by instructions on 4-bit binary data and outputs
the result of the operation, the carry information (C), and \/
the zero detect information (Z). ALU
(1) Carryinformation (C) L’é
The carry information indicatets a carry-out from the result
most significant bit in an addtion. A subtraction is
performed as addition of two’s complement, so that, Figure 2-11. ALU
with a subtraction, the carry information indicates Note. Cin indicates the carry input

that there is no borrow to the most significant bit. specified by instruction
With a rotate instruction, the information indicates
the data to be shifted out from the accumulator.
(2) Zero detect information (2)
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 addtions and
subtractions.

Operation Result C Z
4 +2 =6 0o o
7+9 =0 1 1
8 -1 =7 1 0
2 -2 =0 1 1
5 -8 =-3(1101p) 0 0
2.5.2 Accumulator (Acc) MsB LsB
The accumulator is a 4-bit register used to hold source 3 2 1 0

data or results of the operations and data manipulations.

2.6 Flags
There are a carry flag (CF), a status flag (SF), and zero flag
(ZF),each consisting of 1 bit. These flags are set or cleared 3 2 1 0
according to the condition specified by an instruction. ; MRSt :
When an interrupt is accepted, the flags are saved on the | cF 2 ;S ;
stack along with the program counter. When the [RETI]
instruction is executed, the flags are restored from the
stack to the states set before interrupt acceptance.

Figure 2-13. Flags
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(1) Carry flag (CF)
The carry flag holds the carry information received from the ALU at the execution of an
addition/subtraction with carry instruction, a compare instruction, or a rotate instruction. With a
carry flag test instruction, the CF holds the value specified by it.
@ Addition/subtraction with carry instructions [ADDC A,@HL], [SUBRC A,@HL]
The CF becomes the input (Cin) to the ALU to hold the carry information.
@ Compare instructions [CMPR A,@HL],[CMPR A, #k]
The CF holds the carry information (non-borrow).
@ Rotate instructions [ROLC A],[RORC A]
The CF is shifted into the accumulator to hold the carry information (the data shifted out
from the accumulator).
@ 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 SF then the CF is 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 instruction, or a transfer-to-accumulator
instruction.

(3) Statusflag (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: When the following instructions are executed with the accumulator, H register, L
register, data memory address 07y, and carry flag are “Cy”, "0y”, “74", “54", and “1”
respectively, the contents of the accumulator and flags become as follows:

Instruction Accafter glxaegcgétgg Instruction Acc after glxaegcgétgg
execution CF ZF SF execution CF ZF SF
ADDC A, @HL 2y 1 0 0 LD A, #0 Oy 1 1 1
SUBRCA@HL ............ gH ............ oo ........ O ..... ADD ....... A#4 ............... OH ............ 1 .......... 1 ........ O
CMPR ..... A@HL ............ CH ............ oo ......... 1 ..... D EC ........ A ....................... BH ............ 10 ......... 1
AND ....... A@HL ............ 4H ............ 10 ......... 1 ..... R OLC ...... A ....................... gH ............ 10 ........ O
LD .......... A@HL 5H ............ 10 ......... 1 ..... R ORC ...... A EH ............ oo ......... 1
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2.7 Clock Generator, Timing Generator and System Clock Controller

.. Clock
Generator :

| [ e
High-frequency : Timing System clock
) | I I::l clock oscillator Generator _ | Controller
XouT

— HOLD request t ¢ ¢ t )

XTIN System clock
_| }—_T._D_) Low-frequency OP16  IPOE
_| I D clock oscillator :
: 3 2 1 0 37T o

;_ ! e e CIOCkGeneratOrCOntrol ) .
1 Command register Status register

Figure 2-14. Clock Generator, Timing Generator and System Clock Controller

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

[————=—-—- High-frequency =— = = = = — — 1 F————=—-=-- Low-frequency =— = = = = — = 1

XIN XouT XIN XouT XTIN XTOUT XTIN XTOUT

|

T |

(OPEN) I

: e
7 l

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

(OPEN)

HH—0O

Figure 2-15. Examples of Resonator Connection

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

Example : To adjust the high-frequency oscillation frequency by outputting monitor pulse to

R70 pin.
(Before executing the program, make sure that MCU outputs the stable low-frequency clock
oscillation in SLOW mode.)

SFCCHK : SET %OP07, 0 Output waveform
CLR %0P07, 0 _I
BSS SFCCHK a0
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2.7.2 Timing Generator (TG)

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

Prescaler
fc [Hz] Machine cycle —>SMF status
— > 1]2]3 generator
Binary
4 15|86 7—0/)—»8 9 |10(11]112]|13 |14 15|16 |17 |18 [19]20 (21|22
fs [Hz] T

Figure 2-16. Configuration of Timing Generator

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 2-16 shows the operating mode
transition diagram. Figure 2-17 shows the command register. Figure 2-18 shows the status register.

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

High-freq. : Oscillating Normal-1 Command Normal-2 High-freq. : Oscillating
Low-freq. : Stopped operating operating Low-freq. : Oscillating
mode Command mode

Reset
Reset
Rising edge R
of HOLD pin eset Command Command
operation

input

Single -clock mode Dual-clock mode

Reset

High-freq. : Oscillating

HOLD Low-freq. : Stopped SLOW Hiah-freq. : Stopped
operating Command operating gn-ireq. : Stoppec
mode mode Low-freq. : Oscillating

Note 1.

Note 2.

Figure 2-17. Operating Mode Transition Diagram

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

Normal-1 and Normal-2 operating modes are sometimes referred to as the Normal
operating mode collectively.
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(1) System clock control

System clock control is performed by the command register (OP16). During reset, this register is
initialized to "0 and the single-clock mode is selected. Each state at operating mode switching can
be read from the status register (IPOE).

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

System clock control command register (Port address OP16)
3 2 1 0
DCLK3 | SLCK | DCLK1 | DWUT | (Initial value 0000)

DCLK1/DCLK3 |Se|ectsoperationmode |

0 : Single clock mode (Normal-1 operation mode)
1: Reserved

0: Dualclockmode (Normal-2 operation mode)
1: Dual clock mode (SLOW operation mode)

|—*AOO

SLCK | Selects input clock for the interval timer (Note2)

0 : fc/27 [Hz] Example At fc=960kHz
1 : fs

DWUT | Sets the warm-up time

Example At fc=960kHz

fs = 32.8kHz Notel. fc ; High-frequency clock [Hz]
0: 28/fs+2%/fc [s] - 8.3 [ms] fs; Low—frequencyc{ock[Hz]
1: 21 /64297 Fc  eee 63.0 Note2. Only Normal-2 operation mode

Figure 2-18. System Clock Control Command Register

System clock control status register (Port address IPOE)

3 2 1 0
[ son | e smf | HoLDssLs |

SMF | Low-frequency clock oscillating state |

0: Not oscillating or unstable oscillation
1: Stable oscillation

HOLD/SLS | HOLD. pin state/operation state monitor |

—Single clock mode ——— —— Dual clock mode——
0: HoTpin at “H" level In normal operation

' Holp pinat “L"” level In SLOW operation

Figure 2-19. System Clock Control Status Register
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High-freq. clock

(1) Single-clock mode

In this mode, only the high-frequency clock oscillator is used. Pins R72 (XTIN) and R73 (XTOUT)
become the ordinary 1/0 port. The HOLD operating mode is available for reducing power
consumption. It is controlled by the command register (OP10). In this mode,therefore, the system
clock control command register (OP16) need not be manipulated. For the details of the HOLD
operation, refer to Subsection “2.7.5 HOLD Operating Mode".

(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). Asrequired, 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
pereformed. However, some peripheral hardware capabilities may be affected. For details, refer to
the description of the relevant operation.

(3) System clock switching control

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

a.Switching from Normal-2 operation to SLOW operation
SMF (bit 1 of the status register) is monitored by program. First, Sets SLCK(bit 2 of OP16) to “1".
Next, when it has been confirmed that the low-frequency clock oscillation is stable and SMF is
changed “1"—="0"—>"1" or “0"—>"1"—>"0", bit 1 of the command register is set to "1”. At this
time, the high-frequency clock oscillator stops.

b.Returning from SLOW operation to Normal-2 operation
Bit 1 of the command register is cleared to “0” and, at the same time,the warm-up time for
return is set to DWUT. When the warm-up time has passed, the Normal-2 operation takes place.
By monitoring SLS (bit 0 of the status register), the current operating mode can be known.

(4
)

(XOUT)

Low-freq. clock

SLS

R AVAVAVAVAWAVAVAVAVAVAVAVAVAVAN

<— Warm-up —>

Normal operation < SLOW operation Normal operation

Changed to the Normal Changed to the Normal
mode by program mode by program

Figure 2-20. System Clock Switching Timing
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2.7.4 Instruction Cycle
The instruction execution and on-chip peripheral hardware operations are performed in synchronization
with the basic clock. The smallest unit of instruction execution is called the “instruction cycle”. The TLCS-
470A series instruction set has 3 kinds of instructions, 1-cycle instruction to 3-cycle instruction. Each
instruction cycle consists of 4 states (S1 through S4). Each state consists of 2 basic clock pulses.

1/fcor 1/fs[s]

State I st I 2 | s3 | sS4 | S1 | S2 |

Instruction cycle

Figure 2-21. Instruction Cycle

2.7.5 HOLD Operational Mode
The hold control is also available in the 47C853 from the KO port in addition to the control by the HOLD
pin. Figure 2-21 shows the KEOQ input, K103 input and hold control signal.
The KE port has been allocated to the least significant bit of the port address IPOE and the most
significant bit of IP10; as shown in the figure, it is read as the logical operational result of the KEO pin
input and KO pin input.
For example, when the KEO pin is “L"” and all four KO pins are “H", then “1” is read for the KEOQ input
data; in other cases, “0” is read for the KEQ input data.

Port KE (Port address IPOE) IN/TEST/TESTP
3 2 1 0 DK—EO
.................. .................. ................. |nput KEO/HOLD
(SIOF) | (SEF) | (SMF) KEO IN <00
S N (HOLD) | InputK103/HOLD cor
Port K10 (Port address IP10) Hold control input K02
3 2 0. OP17 K03
K103 |(WSC)| HCS | (DCO)
(oD : : : 3 2 TR

Figure 2-22. Relationship of KEO Input, K103 Input and HOLD Control

HOLD Control Input Selection

The HOLD control by the KO port input can be (Port address : OP17 Initial Value : 1001)
inhibited. The selection is made by the 3 2 1 0
command register (OP17). | (WsC) | HCS (DCO) |
When monitoring the HOLD control input '

status, the bit 0 of IPOE can be used in the single HCS |Se|e<ti°n of HOLD control input |

clock mode. However, since the bit is used in
operational status monitoring (SLS) and cannot
be used when in the dual clock mode, use bit 3 L
of IP10. Figure 2-23. Command Register

The HOLD operational mode is released when the HOLD control signal increases from “0" to “1".
Therefore, the HOLD operation can be released by either shutting off the hook switch or pressing the key
by connecting the hook switch to the HOLD pin and the key switch to the KO pin; this gives access to the
on-hook dialing function. In this case, HCS must be cleared to “0".

0: Authorization of HOLD control by KO port input.
1: Inhibiting of HOLD control by KO port input.
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command register (OP17). | (WsC) | HCS (DCO) |
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clock mode. However, since the bit is used in
operational status monitoring (SLS) and cannot
be used when in the dual clock mode, use bit 3 L
of IP10. Figure 2-23. Command Register

The HOLD operational mode is released when the HOLD control signal increases from “0" to “1".
Therefore, the HOLD operation can be released by either shutting off the hook switch or pressing the key
by connecting the hook switch to the HOLD pin and the key switch to the KO pin; this gives access to the
on-hook dialing function. In this case, HCS must be cleared to “0".

0: Authorization of HOLD control by KO port input.
1: Inhibiting of HOLD control by KO port input.
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(1)  Startsthe HOLD operating mode
The HOLD operation is started when the command is set and holds the following states during the HOLD
operation:

@ Oscillator stops and the systems internal operations are all held up.

@ 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 all held.

@ The program counter holds the address of the instruction to be executed after the
instruction [OUT A, %OP10] or [OUT @HL, %OP10] which starts the HOLD operating

mode.
HOLD operation mode command register (Portaddress OP10)
3 2 1 0
HLDMS HWUT (Initial value *0x*)
Sets mode/starts HOLD operation
01: Starts HOLD operation in edge release mode
11: Starts HOLD operation in level release mode
*0: Reserved
Sets the warm-up time at clear of HOLD operation mode
Example: Atfc=960kHz
00: 2'8/fc[s] - 273 [ms]
01: 214/f¢  weeeee 171
10: Reserved
Note 1. ;  don’tcare
; 9/ fe eeenes
Note2. fc,; High-frequency clock [Hz] _1 12 28/4c 0.067
HOLD operation mode status register
3 2 1 0 Note. Usable in single clock mode only.
(SIOF) (SEF) (SMF) HOLD (Port address IPOE)
(KEOQ)
HOLD pin input state
0: HOLD pinis high
........................................... 1: HOLD pinislow (HOLD operation request)
HOLD :
0 ¢ (Port address IP10)
(K103) :

Figure 2-24. 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 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 release mode, that the HOLD pin input is low (the
HOLD operation request) must be recognized in program. This recognition is one of the two ways
below:
@ Testing HOLD
@ Applying the HOLD pin input also to the INT1 pin to generate the external interrupt 1
request.
In single clock mode.
Example : To test HOLD to start the HOLD operation in the level-sensitive release mode (the
warm-up time = 214/fc).
SHOLDH: TEST %IPOE, O ; Waits until HOLD pin input goes low.
B SHOLDH
LD A, #1101B ; OP10<1101B
ouT A, %OP10
1 1
HOLD pin \ 0 %
' 4 ’
XOUT pin !
1 ) 1
Normal operation ‘Pv HOLD operation *»'TWarm-up —>l«<—— Normal operation
By using the program, enter ngdl;lv(zlljg operating mode or released by
the HOLD operating mode <The HOLD operating mode always released )
when the HOLD pinis high level
Figure 2-25. Level-sensitive Release Mode
b. Edge-sensitive release mode

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

In single clock mode.
Example: To start the HOLD operation in the edge-sensitive release mode (the warm-up time =
214/fc).
LD A, #0101B ; OP10<0101B
ouT A, %OP10
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{(

HOLD pin \ (¢ 7:l 1 - \—

27

4

XOUT pin m
[} 1 1

Normal operation —>b<— HOLD operation —»< Warm-up »«——»b<«—— HOLD operation

/L

Normal /
Enter the HOLD operation
operating mode
by program.

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

Figure 2-26. Edge-sensitive Release Mode

Note; Inthe HOLD operation, the dissipation of the power associated with the oscillator and
the internal hardware is lowered,; however, the power dissipation associated with the
pin interface (depending on the external circuitry and program) is not directly
determined by the hardware operation of the HOLD feature. This point should be
considered in the system design and the interface circuit design. In the CMOS circuitry,
little current flows when the input level is stable at the power voltage level (Vpp/Vss);
however, when the input level gets higher than the power voltage level (by
approximately 0.3 to 0.5V), a current begins to flow. Therefore, if cutting off the
output transistor at an /O port (the open drain output pin with an input transistor
connected) puts the pin signal into the high-impedance state, a current flow across the
ports input transistor, requiring to fix the level by pull-up or other means.

(2) Releasesthe HOLD operating mode
The HOLD operating mode is released in the following sequence:

® The high-freg. oscillator starts.

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

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

% The warm-up time is obtained by dividing the basic clock by the interval timer, so that, if the
frequency at clearing the HOLD operation is unstable, the warm-up time shown in Figure 2-
24 includes an error. Therefore, the warm-up time must be handled as an approximate
value.

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

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

(3) 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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2.8

(n

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

When two

or more

first.
Interrupt Interrupt Pertmit Entr
riority b P conditions b y
Sources I:l)‘lardw)(e\rey latch program y address
External | External interrupt 1 (INT1) (High rank) 1 ILs EIF=1 0002y
Serial interface interrupt (ISI10) 2 ILg EIF=1,EIR3=1 | 0004y
| | Timer/Counter 1 overflow interrupt (IOVF1) 3 IL3 EIF=1,EIR;=1 0006y
nterna
Timer/Counter 2 overflow interrupt (IOVF2) 4 ILy EIF=1 EIR: = 1 0008,
= ' 'l =
Interval timer interrupt (ITMR) 5 IL4 000AY
External | External interrupt 2 (INT2) (Lowrank) 6 ILg EIF=1,EIRg=1 000CH
Table 2-2. Interrupt Sources
Interrupt latch
INT1 D s .0
O—
ISIO bS Q [
ILg
"'D_'ZF)D R Priority
Encoder
bS
IOVF1 )] ”_3Q —{ >
ID R & Address
IOVF2 53 —f
° D T
:I'D R Entry Interrupt
5 address acceptance
D ——
ITMR Y 1,2 —{ )>{Gene
:r)> R -rator Interrupt
NS S request
Nz — SEDY |L0Q =l
17 = LR
Ts T I3 72T 19
5 r3r2rrg —
»—>| EIR, | EIR, |E|R1 |EIR0 |
S Q
EICLR IL,r Interrupt EIF
DICLR IL,r |> [XCH A, EIR] enable
CLR ILr Aéc register Interrupt
eneble
[EICLR IL, r] master F/F
[DICLR IL, r]
System reset
Figure 2-27. Interrupt Controller Block Diagram
a. Interrupt enable master flip-flop (EIF)

The EIF controls the enable/disable of all interrupts. When this flip-flop is cleared to “0", all

interrupts are disabled; when it is set to

"1 "

, the interrupts are enabled. When an interrupt is
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(2)

accepted, the EIF is cleared to “0", temporarily disabling the acceptance of subsequent interrupts.
When the interrupt service program has been executed, the EIF is set to “1” by the execution of
the interrupt return instruction [RETI], being putin the enabled state again. Set or clear of the EIF
in program is performed by instructions [EICLR IL,r] and [DICLR IL,r], respectively. The EIF is
initialized to "0” during reset.

b. Interrupt enable register (EIR)
The EIR is a 4-bit register specifies the enable or disable of each interrupt except INT1. An interrupt
is 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 (EIR1) of the EIR is shared by both IOVF2 and ITMR
interrupts. Read/write on the EIR is performed by executing [XCH A,EIR] instruction. The EIR is
initialized to "0” during reset.

¢. Interruptlatches (ILs to ILg)

An interrupt latch (IL) is provided for each interrupt source. It is set 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. Itis initialized to “0” during the reset. The interrupt latches can be
cleared independently by interrupt latch operation instructions ([EICLR IL,r], [DICLR IL,r], and [CLR
IL,r] to make them cancel interrupt requests or initialize by program. When the value of
instruction field(r) is “0”, the IL is cleared; when the value is “1”, the IL is held. Note that the
interrupt latches cannot be set by instruction.

Example 1 : To enableIOVF1,INT1, and INT2 interrupts.
LD A, #0101B ; EIR«<0101p
XCH A, EIR
EICLR IL, #111111B ; EIF&1
Example 2 : Tosetthe EIFto “1” and to clear the interrupt latches except ISIO to “0”.
EICLR IL, #010000B ; EIF<1, IL5«0, IL3~IL0<«<0

Interrupt Processing
An interrupt request is held until the interrupt is accepted or the IL is cleared by reset or the interrupt
latch operation instruction. The interrupt acknowledge processing is performed in 2 instruction cycles
after the end of the current instruction execution (or after the timer/counter processing if any). The
interrupt service program terminates upon execution of the interrupt return instruction [RETI].

The interrupt acknowledge processing consists of the following sequence:

The contents of the program counter and the flags are saved on the stack.

The interrupt entry address corresponding to the interrupt source is set to the program
counter.

The status flag isset to “1”.

The EIF is 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
0000 to OFFFy.)

00 ®0 0O
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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.

Example : ThelNT1 interruptservice is disabled under software control (Bit 0 of RAM [054] are
assigned to the disabled switch of interrupt service).
PINT1 : TEST O5H, 0 ; RAM[054]0 = 1, returns without the interrupt
service
B SINT1
RETI
SINT1: :

one-instruction cycle

INT2 \\

ITMR

[P | Q %\—

A </ el e

I . R I TTTTT T B i R N r=-
Interrupt Instruction | H 1ELCRIL, ¢ Interrupt Instruction |

R I I, acceptanc  [exec (000Ay) | _______ L___1(EICIRIL D | acceptance | exec. (000C) 1 __

Notel. Itis assumed that there is no other interrupt request and EIR =0011g.
Note2. The value rinthe [EICLRIL, r] instruction is assumed as 11111p.

Figure 2-28. 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.
@ Sets the EIF to “1” to provide the interrupt enable state again. That is the next interrupt
request is accepted immediately after execution of the interrupt return instruction.

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. Ifitis 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.
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Example 1 : Tosave/restore accumlator and HL register pair.
XCH HL, GSAV1 ; RAM [GSAV1] & HL
XCH A, GSAV1 +2 ; RAM [GSAV1 +2] & Acc

Note The lower 2 bits of GSAV1 should be “"0”.

Example2 : Tosave DMB to the lower 2 bits of address GSAV2 in data memory

CLR GSAV3, 0 ; RAM [GSAV3] 0«0
CLR GSAV3, 1 ; RAM[GSAV3] 1«0
TEST DMBO ; DMBO =0, skip
B SKIPSO
SET GSAV3, 0 ; RAM[GSAV3] 0«1
SKIPSO : TEST DMB1 ; DMB1 =0, skip
B SKIPS1
SET GSAV3, 1 ; RAM [GSAV3]1«1
SKIPS1 :
Example3 : Restore DMB from bit 0 of address GSAV2 in the RAM.
LD DMB, #0000B ; DMB «0
TEST GSAV3, 0 ; RAM [GSAV3] 0=0, skip
B SKIPRO
SET DMBO ; DMBO « 1
SKIPRO : TEST GSAV3, 1 ; RAM [GSAV3]1 =0, skip
B SKIPR1
SET DMB1 ; DMB1e&1
SKIPR1 :

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

¥ The external interrupt through the rising edge.
The external interrupt pin through the rising edge is not prepared under hardware. When
Timer/Counter are not used, the interrupt request signal can be applied to the Timer/Counter
input pin by the event counter mode (count register is set to FFFy) .
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2.9 RESET FUNCTION

When the RESET pin is held to the low level for at 3 or more VDD :
instruction cycles when the power voltage is within the |
operating voltage range and the oscillation is stable, reset is RESET |
performed to initialize the internal states. J_ G &
When the RESET pin input goes high, the reset is cleared and i

program execution starts from address 0000y. The RESET pin is ;l !

a hysteresis input with a pull-up resistor (220 kQ typ.). :
Externally attaching a capacitor and a diode implement a Figure 2-29. Simplified power-on-reset

VvDD

[

simplified power-on-reset. circuit

On-chip hardware Initial value On-chip hardware Initial value
Program counter (PC) 00004 Interval timer "0
Status flag (SF) 1 Output latch Refer to “1/10”
Data memory bank selecter (DMB) 0 (I/0 port or output ports) circuitry
T e B ST
Interrupt enable master flip-flop  (EIF) | . 0 ] description of
Interrupt enable register (RIR) Oy Command register each relative
................................................................................................... command
Interrupt latch (IL) “0" register

Table 2-3. Initialization of Internal States by Reset Action

2.9.1 Warm-Start
The warm-start capacibility to hold the data memory contents in the reset operation is not supported by
hardware. However, it can be implemented by the following measures:
@ Back up the voltage to be supplied to VDD pin.
@ Apply to the HOLD pin the waveform synchronized with the power voltage variation.
@ Setthe HOLD operating mode during the power is off.
@ Perform reset by using the output port of sink open drain (initial "Hi-Z") after relesing
HOLD operation.
® Apply to an input port the power-on detect signal, and skip the initialize routines such as
clearing RAM.
Figure 2-30 shows Warm-start Circuit Example

\_/

PORT VDD Power
(open

drain) ;/;
Reset signal RESET
Poweron >——INPUT b o L

c{etecltion PORT =
signa
° XOUT ——

I
/Jj VsS [
777

Figure 2-30. Warm-start Circuit Example
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3. PERIPHERAL HARDWARE FUNCTION

3.1 Ports
[Data transfer with external circuit] and [Command status data with internal circuitry] are done using

input/ outputinstruction.

There are four kinds to port
(1) Input/Output ports
(2) Command register
(3) Statusregister
(4) Dataregister
,and itis divided, and port address is touched.

Individual port is selected by designating port address by input/ output instruction.
Show the input/output instruction that can access arrangement of port address and the port in table3.

3.1.1 /O Timing

(1) Inputtiming
External data is read from an input port or an I/0 port in the 53 state of the second instruction cycle
during the input instruction (2-cycle instruction) execution. This timing cannot be recognized from
the outside, so that the transient input such as chattering must be processed by program.

| Istinstructioncycle | 2stinstructioncycle
I >1 1

S1__S2 S3 s4 S1 S2 S3 sS4 __
| . IN/TEST/TESTPipstruction , | .

Instruction
execution cycle -—

Input strobe | I
ot mmmmmemmm e ED TR

Figure 3-1. InputTiming

(2) Outputtiming
Data is output to an output port or an I/0 port in the S4 state of the second instruction cycle during
the output instruction (2-cycle instruction) execution.

| Istinstructioncycle | 2stinstructioncycle
I >1 1

S1__S2 S3 sS4 S1 S2 S3 s4
| | 0ouUT/OUTB/SET/CLRinstryction, | ,

Instruction
execution cycle -

Output latch pulse | |

Port T X —-—

Figure 3-2. Output Timing
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3.1.2 1/OPorts
The 47C853 has 10 1/0 ports (35 pins)

@ PortKo0 :
@ PortR3 :
@ PortR4,R5,R6 :
@ PortR7 :
® PortRS8 :
® PortR9 :
@ PortP14 :
Port KE ;

as follows.

4-bit input (shared by hold request/release signal input)

4-bit input/output

4-bit input/output

4-bit input/output (shared by low-frequency oscillator connecting
pin output and watchdog timer output)

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

3-bit input/output (shared by serial port)

3-bit output (P140 is shared by BEEP output)

1-bit sense input (shared by 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 to hold data externally u

ntil itis read or read twice or more before processing

Table 3-1. shows the port address assignments and the I/O instructions for accessing the ports.
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(1) Port K0 (KO3~KO00)
The 4-bit input port with pull-up resistors is shared by the hold request/release signal input.

Port KO (Port address  1P00) Control <‘, VDD
3 2 L 9 IN/TEST/TESTP
K03 K02 K01 K00
(HOLD3) | (HOLD2) | (HOLD1) | (HOLDO) Input data <] [] Pin

Figure 3-3. Port KO

(2) PortR3(R33~R30)
This is a 4-bit I/0 port with a latch. When used as an input port, the latch must be setto “1". The
latch isinitialized to “1” during reset.

IN/TEST/TESTP

~
SET/CLR

Port R3 (Port address OP03/1P03) Input data «— <]

3 2 1 0

[ RrR33 | R32 R31 | R30 | Output data [ >—— pin

Figure 3-4. PortR3

(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 latch is initialized to “1" during reset.
These 4 ports (16 pins) can be set,cleared, and tested for each bit as specified by L register indirect
addressing bit manipulation instructions [SET @L], [CLR @L], and [TEST @L]. Table 3-2 lists the pins
(/0 ports) that correspond to the L register contents.
Example: To clear R43 pin as specified by the L register indirect addressing bit manipulation

instruction.
LD L, #0011B ; Set R43 pin address to L register
CLR QL ; R43<0
L reg.lster. Pin L reg.lster_ Pin L reg_lster. Pin L reg.lster. Pin

3:2:1:0 3:2:1:0 3:2:1:0 3:2:1:0
0 0 0 O R40 0 1 0 0 R50 1 0 0 O© R60 1 1 0 0 R70
0 0 0 1 R41 o 1 0 1 R51 1 0 0 1 R61 1 1 0 1 R71
0 0 1 0 R42 0 1 1 0 R52 1 0o 1 0 R62 1 1 1 0 R72
0 0 1 1 R43 0 1 1 1 R53 1 0 1 1 R63 1 1 1 1 R73

Table 3-2. Relationship between L register contents and 1/O port bits

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

Ports R4-R6 (Port address OPOx/IP0x) Data input
3 2 1 0
Re3 | Re2 Rel | Re0 |
Data output
+; 4to 6

Figure 3-5. Ports R4, R5, R6

IN/TEST/TESTP

SET/CLR J/‘

N
Data input <—l—<:]-
Data output @ l'> D R70
1
Data input <—l—<:]-
Data output _ }D—[>4D R71 (WTO)
Watchdog
timer output j
Data input <—l—<:l-
Data output —»@ b [ Jr72 (xTiny
Port R7 (Port address OPO07/1P07) \/}
Data input <—l—<|> Rts
3 2 1 0
R73 R72 R71 R70 Data output —>@ L\o/ [ Jr73 (xToUT)
(XTOUT) | (XTIN) (WTO) Clock mode ‘

Figure 3-6. PortR7
(4) PortR8(R83-R80)

("1" in the dual-clock mode)

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

Note.

When R82 (INT1) pin is used for an 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 register is only kept at “0”, not accepting the interrupt request.

d
~

Control input

Port R8 (Port address OP08/1P08)

IN/TEST/TESTP

Data input
3 2 1 0
R83 R82 R81 R80
(T (INTT) (T2) (INT2)

Data output

Figure 3-7. PortR8

SET/{CLR
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(5) PortR9(R92 -R90)

Port R9 is a 3-bit I/O port with latch . When used as an input, the latch must be setto “1”. The latch is
initialized to “1"” during reset. Port R9 is shared with the serial port.

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

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

Control input <|I

IN/TEST/TESTP

Port R9 (Port address OP09/IP09)

Datainput
I 2 1 0
R92 R91 R90
= (5¢CK) (s0) (s
e Data output

Control output

Figure 3-8. PortR9
(6) PortP14(P142~P140)
This is a 3-bit output port with a latch. The latch is initialized to during reset. In addition, pin
140 is shared by the BEEP output. When used as the BEEP output, the latch must be setto “1”.
According to the system structure, the instruction “OUT A, % op 14" is not accepted. To output
data to P14 port, use the instruction “MOV A, SPW13".
Example: To output“5” to port P14:

LD A, #5 ; Acc <5

MOV A, SPW13 ; P14 porte Acc
Pins 140 and 141 are also shared by the test input pin during the test mode for tone output. See
”3.2.4 Test Mode for Tone Output” on the testing mode for tone.

111 "

Port P14 (Portaddress OP14) Test input <'|

3 2 1 0 Out —>{Latch .
[T S put data P
: P142 P141 P140 ﬁﬂ in
: (BEEP) BEEP output

Figure 3-9. PortP14
(7) Port KE (KEO)
The logic operation result of the KEO pin input and port KO input is read as the least significant bit
of the port address IPOE in port KE of the 47C853. For details, see “2.7.5 HOLD Operational Mode”.

3.2 Interval Timer

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

Prescaler

11213
—|—>4567—°,°—>8910111213141516171819202122
fs [Ha] K2R R R v

Figure 3-10. Configuration of Interval Timer

fc [Hz]
e
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This is a 3-bit output port with a latch. The latch is initialized to during reset. In addition, pin
140 is shared by the BEEP output. When used as the BEEP output, the latch must be setto “1”.
According to the system structure, the instruction “OUT A, % op 14" is not accepted. To output
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111 "

Port P14 (Portaddress OP14) Test input <'|

3 2 1 0 Out —>{Latch .
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The logic operation result of the KEO pin input and port KO input is read as the least significant bit
of the port address IPOE in port KE of the 47C853. For details, see “2.7.5 HOLD Operational Mode”.

3.2 Interval Timer

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

Prescaler

11213
—|—>4567—°,°—>8910111213141516171819202122
fs [Ha] K2R R R v

Figure 3-10. Configuration of Interval Timer

fc [Hz]
e
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3.2.2 Functions of Interval Timer
The interval timer provides the following functions:
@ The timer to generate an interrupt of fixed frequency
@ Generation of internal pulse 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 Interval Timer Interrupt (ITMR)
The interval timer can be used to generate an interrupt with a fixed frequency. An interval timer
interrupt is controlled by the command register (OP19). And the command resister (OP19) is initialized to
“0" during reset. An interval timer interrupt is generated at the first rising edge of the binary counter
output after the command has been set. The interval timer is not cleared by command, so that the first
interrupt may occur earlier than the preset interrupt period.
Example: To setthe interval timer interrupt frequency to fc/215[Hz](Single clock mode)

LD A,#0110B ; OP19«0110g
ouTt A,%0P19
Interval timer interrupt control command register (Port address OP19)
3 2 1 0
| TMRE TMRF |

TMRE | Interrupt Enabled / Disabled |

00 : Stopped
01 : Enabled
1* . Reserved

TMRF | Interrupt frequency | Notel. *: don’t care

00 : fc/2'orfs/24 [Hz] Note2. fc; High-frequency clock [Hz],

01: fc/2'30rfs/26 fs,; Low-frequency clock [Hz]

10 : fc/2'5orfs/28
11 : fc/217 orfs/ 210

(a) Command register

Normal 1 Normal 2 mode (TG INPUT)
TMRF d 7 SLOW mode At fs = 32.768kHz
mode SLCK=0(fc/27)| SLCK =1 (fs)
............ 0 o fer2 W2l fsr2% [Hz] | reserved | 2048 [Hz]
01 fcr2%3 fs/25 ” 512
............ o o fe2® 2 s
1 fcr2V7 fs7210 fs/210 32

(b) Example of interrupt frequency

Figure 3-11. Interval Timer Interrupt Command Register

33 Timer/Counters (TC1, TC2)
The 47C853 contains two 12-bit timer/counters. RAM addresses are assigned to the count register in unit

of 4 bits, permitting the initial value setting and counter reading through the RAM mauipulation
instruction.

When the timer/counter is not used, the mode selection may be set to “stopped” to use the RAM at the
address corresponding to the timer/counter for storing the ordinary use-processed data.

MSB LSB MSB LSB
Timer/Counter1 (TC1) Timer/Counter2 (TC2)
TCy § TCly | TCI TC24 1 TC2y i TC2
RAM address (F6R) (F5R) (FaR) RAM address (FAR) (F9y) (F8y)

Figure3-12. The Count Registers of the Timer/Counters (TC1, TC2)
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3.3.1  Functions of Timer/Counters
The timer/counters provide the following functions:
@ Eventcounter
@ Programmable timer
@ 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)

TC1MS | Mode select |

00: Stopped

01: Event counter mode

10: Timer mode

11: Pulse width measurement mode

IPR1 | Internal pulse rate (interval timer output) select |

Single clock mode Dual clock mode

|— Normal 1 —| |— Normal 2 —‘ |— SLOW —‘
00: fc/2° [Hz] fc/2° [Hz] Reserved
01: fc/28 fs/2 Reserved
10: fc/2 fs/23 Reserved
11: fc/2 fs/27 fs/2’ [Hz]

Timer/counter 2 control command register (port address OP1D)

3 2 1 0
| TC2MS | IPR2 (Initial value  0000)

TC2MS | Mode select |

00: Stopped

01: Eventcounter mode

10: Timer mode

11: Pulse width measurement mode

IPR2 | Internal pulse rate (interval timer output) select |

Single clock mode Dual clock mode
|— Normal 1 _| |— Normal 2 —| |— SLOW —‘
00: fc /2™ [Hz] fs/23 [Hz] Reserved
01: fc/2™ fs/27 fs/27 [Hz]
10: fc/2%® fs/ 2" fg /2" Note fc,; High-frequency clock [Hz]
11: fc/ 22 fo/215 fs/2'5 fs,; Low-frequency clock [Hz]

Figure 3-13. Timer/Counter Control Command Register
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The timer/counter increments at the rising edge of each count pulse. Counting starts with the first
rising edge of the count pulse generated after the command has been set. Count operation is
performed in 1 instruction cycle after the current instruction execution, during which the
execution of a next instruction and the acceptance of an interrupt are delayed. If counting is
requested by both TC1 and TC2 simultaneously, the request by TC1 is preferred. The request from
TC2 is accepted in the next instruction cycle. Therefore, during a count operation, the apparent
instruction execution speed drops as counting occurs more frequently. The timer/counter causes
an interrupt upon occurrence of an overflow (a transition of the count value from FFFy to 000R). 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 | |
Count request D | |

Detection of overflow 1
Occurence of IOVF \q |
interrupt R B I . >|<—>|( ——————— »} e ————————
>t = Count Execution of Interrupt acceptance “Texecution of
Execution of instruction cycle instruction  processing instruction

Figure 3-14. Timer/Counter Overflow Interrupt Timing

(1) Eventcounter mode

In the event counter mode, the timer/counter increments at each rising edge of the external pin
(T1, T2) input. T1, T2 pins are shared by R83, R81 pins. Output latch of R83, R81, are set to “1"
when used as timer/counter input. Also output latch isinitialized “1" during reset. 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 fc/32 for TC1 and fc/40 for TC2. The apparent instruction execution
speed drops mostto (9/11) x 100 = 82% when TC1 and TC2 are operated at the maximum applied
frequency because the count operation is inserted once every 4 instruction cycles for TC1 and every
5 instruction cycles for TC2. For example, the instruction execution speed of 8.3 us dropsto 15.1 us.

Example: To operate TC2in the event counter mode.

LD A,#0100B ; OP1D «01%#p

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

Figure 3-15. Event Counter Mode Timing Chart
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(2) Timer mode
In the timer mode, the timer/counter increments at the rising edge of the internal pulse generated
from the interval timer. One of 4 internal pulse rates can be selected by the command register.
The selected rate can be initially set to the timer/counter to generate an overflow interrupt in
order to crerate a desired time interval.
When an internal pulse rate of f¢/210 is used, a count operation is inserted once every 128
instruction cycles, so that the apparent instruction execution speed drops by (1/127) x 100 =
0.8%. For example, the instruction execution speed of 8.3us drops to 8.366xs. In the timer mode,
R83 (T1) and R81 (T2) pins provide the ordinary I/0 ports.
Example: To generate an overflow interrupt (at fc =960kHz) by TC1 after 100 ms.

LD HL,#0F4H ;  TC1 <« FA24 (Setting of count register)
ST #2 ,0HL+
ST #0A, @HL+
ST #0FH, GHL+
LD A,#1010B ;  OP1C« 1010 (Timer mode rate fc/210)
ouTt A,%0P1C
LD A,#0100B ;  EIR<«0100g (Enables interrupt)
XCH A,EIR
EICLR IL,110111B s EIF<1, IL3<0
Internal pulse _I_I_I_I_I_I_
Count register n X n+1 X n+2 X n+3

Figure 3-16. Timer Mode Timing Chart

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

. | (basical clock freq.)/8 _ 4 .
1 { (internal pulse rate) %100 [%]

¥ Calculating the initial value of the count register
212 - (interrupt setting time) x (internal pulse rate)
For example, to generate an overflow interrupt after 100 ms at fc = 960kHz with the internal
pulse rate of f¢/210, set the following value to the count register as the initial value:
212-(100x 10-3) x (960x 103/210) =4002 (FA2R)

NORMAL1 NOMAL2 mode (TG INPUT) MAX SETTING TIME

mode  |SLCK=0(fc/2)| SLck=1(fs) | o-O Mo%e (At fs = 32.768kHz)
................... fc/2° [Hz] | fc/28 [Hz] | reserved | 2%/fc
................... fer2 sz 2% or 2fs  (025)
................... fer20 bt 2P e o 2% ()
................... fer2™ L fsr2 L fse2? | 2%t or 20%fs  (16)
................... fer2® Lt L sl | 2%t or 2Pifs  (@256)

fc/222 fs /215 fs /215 23%/fc or 2%7/fs  (4096)

Table 3-3. Internal Pulse Rate Selection
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(3) Pulse width measurement mode
In the pulse width measurement mode, the timer/counter increments with the pulse obtained by

sampling the external pins (T1,T2) by the internal pulse.

As shown in Figure 3-17, 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 by
program. Normally, a frequency sufficifient slower than the internal pulse ratesetting is applied to
the external pin.

External input

Internal pulse

Timer/Counter

3.4 Watchdog Timer (WDT)

Figure 3-17. Pulse Width Measurement Mode Timing Chart

L

[ L

L

:X n+1 X n+2 :Xn+3 X

n+4

The watchdog timer capability is provided to quickly detect the CPU malfunction such as endless looping

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

3.41 Configuration of Watchdog Timer

The WDT consists of 10 binary counters, a flip-flop, and a controller.

Source input clock of binary

counters is f¢/27[Hz] or fs[Hz]. Table 3-4. shows watchdog timing detection time and operating mode
(detection time of watchdog timer) .
The flip-flop is set to

"1 "

during reset, and cleared to “0” on the rising edge of the binary counter output.
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Figure 3-18. Configuration of Watchdog Timer

3.4.2 Control of Watchdog Timer
The WDT is controlled by the command register (OP15). The command register is initialized to “1000g"

during reset.

To detect the CPU malfunction by the WDT:

External circuit

Malfunction
detection signal
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(3) Pulse width measurement mode
In the pulse width measurement mode, the timer/counter increments with the pulse obtained by

sampling the external pins (T1,T2) by the internal pulse.

As shown in Figure 3-17, 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 by
program. Normally, a frequency sufficifient slower than the internal pulse ratesetting is applied to
the external pin.

External input

Internal pulse

Timer/Counter

3.4 Watchdog Timer (WDT)

Figure 3-17. Pulse Width Measurement Mode Timing Chart
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The watchdog timer capability is provided to quickly detect the CPU malfunction such as endless looping

caused by noises or the like, and restore the CPU to the normal state.
The watchdog timer output appears on R71 (WTO) pin as the malfunction detect signal. To use the WDT,
the output latch of R71 must be setto “1” (during reset, itissetto “1”). Note that, the WDT is disabled
during reset. Connecting the WTO pin and the RESET pin resets malfunction.
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3.4.2 Control of Watchdog Timer
The WDT is controlled by the command register (OP15). The command register is initialized to “1000g"

during reset.

To detect the CPU malfunction by the WDT:

External circuit

Malfunction
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3.4.2 Control of Watchdog Timer
The WDT is controlled by the command register (OP15). The command register is initialized to “1000g"

during reset.

To detect the CPU malfunction by the WDT:

External circuit

Malfunction
detection signal
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@ Setthe WDT detection time, and clear the binary counters.
@ Enable the WDT.

@ Clear the binary counters within WDT detection time that was set in @.

Example

Within WDT detection timer

Note.

If a CPU

malfunction occurs, preventing the binary counters from being cleared, the flip-flop is
clearred to “0” on the rising edge of the binary counter output, making the malfunction
detection signal active.
If the output latch of R71is " 1" at this time, the WTO output goes low.

LD

ouT

LD

ouT

ouTt

A, #0010B
A, %O0P15
A, #1110B
A, %O0P15

A, #0110B
A, %O0P15

To enable the with detection time of 63 x 215/fc [s]
(Set WDT detection time, clear

; OP15«0010g

binary counters)

; OP15¢ 1110

; OP15¢0110p

(Enable WDT)

(Clear binary counters)

It is necessary to clear the binary counter prior to enabling watchdog timer. Further,

the Watchdog Timer should be disable by program during warm-up time from SLOW
operating mode to Normal-2 operating mode.

1000)

Watchdog timer control command register (portaddress OP15)
3 2 1 0
| RWT EWT | TWT (Initial value

RWT |Clears Binary counter |

0: Binary counter cleared
(after clear, it is automatically set to “1")

EWT |Watchdog timer enable/disable |

1: Enable

0: Disable

TWT |Set Watchdog timer detection time |

Example At fc=960kHz

00: 3x215/fc[s] oo 102 [ms]

01: 15x215/fc  weeeene 512

10 63x215/fc  weewees 2150 Note. fc; High-frequency clock [Hz]
1 511x215/fc  wveeene 17442 fs; Low-frequency clock [Hz]

Figure3-19. Watchdog Timer Control Command Register
Normal 2 operation mode (Interval timer input) .
TWT Normal 1 SLOW operation mode
SLCK =0 (fc/27) SLOW mode fs [Hz]

00 3x215/fc [s] 3x28 /fs [s]

01 15x215/fc 15x28 /fs

10 63x215/fc 63x28 /fs

11 511 %215 /fc 511x28 /fs

Table 3-4. Watchdog Timing detection time
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3.5 DTMF Generator

The 47C853 has a built-in DTMF generator which generates dialing signals for tone dialing-type
telephones. There are two groups of tone dial signals, one group of 4 sine wave low frequencies and
another group of 4 sine wave high frequencies. All of these frequencies can be selected individually and
combined with a frequency from the other group for a total of 16 different DTMF composite waves.

(DTMF : Dual-tone Multifrequency)

Since the DTMF generator of the 47C853
is composed of a 480kHz clock as the
base, it is necessary to supply the DTMF
generator with fc when fc=480kHz, and
fc/2 when fc =960kHz.

The input clock is selected by the DTMF
input clock control register. The
command register must always be set at
the beginnig of the program.

3.5.2 Configuration of DTMF Generator

3.5.1 Selection of Input Clock for DTMF Generator

DTMF input clock selection
(Port address: OP17  Initial value : 1001)
3 2 1

[ wso | wies) DCC

DCC | Input clock for DTMF generator

00 : fc (when fc=480kHz)
01 : fc/2 (when fc=960kHz)
1* : Disable

Figure 3-20. DTMF Input Clock Control Register

Figure 3-21 shows the configuration of the DTMF generator.
The 47C853 generates two-stepped, quasi-sine waves, and outputs tone dial signals by combining the

quasi-sine waves.

The high and low groups of frequencies are selected by setting the frequency selection codes in the ROW

and COLUMN registers.

SINE WAVE SYNTHESIZER

> TONE

fC l'"""'"""""""""“""i
1
1 1
! i
] X ! RESISTOR i
ROW ROW PROGRAMMABLE|! SINE LADDER L
| DIVIDER S  WAVE > NETWORK !
REGISTER| |DECODER (ROW) | COUNTER ENABLE !
1 1
i i
INHIBIT E i
LOGIC L i ADDER
i i
i i
PROGRAMMABLE SINE ENABLE i
. : $ L
COLUMN [ COLUMN > DIVIDER cg\[{ﬁ\j\!}%R RESISTOR !
REGISTER DECODER (COLUMN) i LADDER i
> ! NETWORK :
1 1
1 1

_________________________________

Figure 3-21. Configuration of DTMF Generator
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3.5.3 Control of DTMF Generator TONE command register
Selection of frequency in tone output is (Port address : OPOD Initial value : 0%xx)
controlled by the ROW register (OP01/IP01) and 3 20
Column register (OP02/IP02). Enable /disable of STE : : :
single tone output is controlled by the TONE
command register (OPOD). STE | Controls single tone output

0: Disable mode of single tone output

Note1. =*; don't care 1: Enable mode of single tone output
Note2. When reading STE bit, “1” -

is always read.

Figure 3-22. TONE Command Register

ROW register COLUMN register
(Port address : OP01/IP01 Initial value : 0000) (Port address : OP02/1P02 Initial value : 0000)
3 2 1 0 3 2 1 0
ROW tone frequency selection COLUMN tone frequency selection
0001 : Outputs 697.7Hz single tone 0001 : Outputs 1212.1Hz single tone
0010 : Outputs 769.2Hz single tone 0010 : Outputs 1333.3Hz single tone
0100 : Outputs 857.1Hz single tone 0100 : Outputs 1481.5Hz single tone
| 1000 : Outputs 937.5Hz single tone [ 1000 : Outputs 1621.6Hz single tone

Figure 3-23. ROW, COLUMN Registers

Tones are outputted by entering the frequency selection codes shown in Figure 3-23 into the ROW and
COLUMN registers.

When either the ROW or COLUMN register is set with an ineffective code when the single-tone output is
in the enable mode, the register’s tone output enters the disable mode and only registers in which an
effective code has been set will output a tone. When both registers are enabled, dual tones can be
output. When the single-tone output is in the disable mode, dual tones are output only when effective
codes are loaded into both the ROW and COLUMN registers. No tones are output in cases other than the
preceding ones.

The [OUTB @HL] instruction can simultaneously set 8-bit data into both registers (the upper 4 bits of the
ROM data in the COLUMN register, and the lower 4 bits in the ROW register).

The operation and data table for the [OUTB @HL] instructions are the same as those of the 5-8 bit
conversion instructions.

Example 1 :Output 1481.5Hz single tone (COLUMN)

ouT #8,%0P0D ; Setsthe enable mode of single tone output.
out #0,%0P01 ; Setsan ineffective code into ROW register.
out #4,%0P02 ; Setsdata “4" into COLUMN register.

Example 2 : 8-bit data corresponding to the 5 bits of data which link the contents of the carry flag
and the data memory RAM address 90y, are read from the ROM, and frequency
selection codes are loaded into the ROW and COLUMN registers.

LD HL,#90H ; HL<90y (Setsthe address of the data memory)
OUTB @HL ; Setsthe ROM data into the ROW and COLUMN registers.
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Table 3-5 shows the deviation between the 47C853 tone output and standard frequencies. Table 3-6
shows the corresponding frequency selection codes of the ROW and COLUMN registers for the telephone
dial keys.

ROW Tone (Low Group)
Frequency selection code | Tone output frequency Standard Deviation
frequency
3 2 1 0 [Hz] [Hz] [%]
0 0 0 1 697.7 697 +0.10
0 0 1 0 769.2 770 -0.10
0 1 0 0 857.1 852 +0.60
1 0 0 0 937.5 941 -0.37
COLUMN Tone (High Group)
Frequency selection code | Tone output frequency Standard Deviation
frequency
3 2 1 0 [Hz] [Hz] [%]
0 0 0 1 12121 1209 +0.26
0 0 1 0 1333.3 1336 -0.20
0 1 0 0 1481.5 1477 +0.30
1 0 0 0 1621.6 1633 -0.70

Table 3-5. Tone output frequencies and Deviation from standard

COLUMN register (OP02/1P02)
. 0001 0010 0100
Frequency selection code
(1209) (1336) (1477)
0001 (697) 1 2 3
0010 (770) 4 5 6
ROW register 0100 (852) 7 8 9
(OP01/IPO1)
1000 (941) * 0 #
Standard telephone dial key

Contents of ( ) are standard frequencies, unit : Hz

Table 3-6. Corresponding frequency selection codes of the ROW and
COLUMN registers for the telephone dial keys

3-53-44


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA

TMP47C853

3.5.4 Test Mode for Tone Output
The 47C853 includes a testing mode for checking tone output waveforms. Tones are output by the
relevant circuit shown in Figure 3-24. Since ROW data are input from port R6 and COLUMN data are
input from R3 by using the frequency selection codes shown in Figure 3-23, an optional single tone or
dual tone can be output. Figure 3-25 shows a single-tone waveform and Figure 3-26 shows a dual-tone

waveform.

ROW /COLUMN Tone output

_OMQQ_ R60 A VDD T
—W\'.:l_ R40
Owo\g_ R61 Ra1 Vourt
) O R62 RESET o
W | s Cxout
_Még_ XOuT . Il
LA R30 T
WM =3
XIN
_%_ R31 XIN |1 |
OTQQ: R32 TEST M
1 R33
TONE TONE
R73 OUTPUT
P141
VSS P140
R = 10kQ

Figure 3-24. Tone test circuit

3.6 BEEP Output Circuit
The BEEP output circuit generates square waves in the audible frequency range. This circuit drives the
key input confirmation tone generator circuit for telephone applications. The BEEP output pin is shared
by the P140 output. This pin controls both P140 and BEEP output.

3.6.1 Configuration of BEEP Output Circuit

Time segments
Figure 3-25. Single tone waveform

200mV

50045

A

t
\
\

i

Figure 3-26. Dual tone waveform

Figure 3-27 shows the configuration of the BEEP output circuit. The clock pulse of the BEEP output circuit
is supplied from a timing generator and the BEEP output is controlled by the frequency selection and
output enable/disable setting.

When fc = 480kHz : fc/ 28
When fc=960kHz : fc/2°

RESET pin
BOE
BEEP signal

P140 output latch data

P140 output latch data

P140 (BEEP) pin

1/2
DIVIDER SELECTOR P140 (BEEP)
A BEEP signal
BEF BOE
—_—
- —
B N
| N

Figure 3-27. BEEP Output Circuit Configuration and Timing Chart
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3.6.2 Control of BEEP Output Circuit
The BEEP output is controlled by the BEEP output control command register (OP13).

BEEP Output Control Command Register
(Port address : OP13  Initial Value : 0%*0)

BOE |Control of BEEP output |

0: Disable output
1: Enable output

BEF | Selection of BEEP output frequency |

fc=480kHz/ fc=960kHz

In the In the

Normal mode — rSLOW mode I
0: fc/28o0rfc/29 [Hz] - 187'5[Hz] .
1: fc/29 or fc/210 [He] -+ 937.5 Disable output

Figure 3-28. BEEP Output Control Command Register
The BEEP output is disable in the SLOW mode.

3.7 Warm Start Function
The reset operation is executed by adjusting the warm start control command register (Bit 3 of OP17) to
IIOII-

Warm Start Control Command Register

(Portaddress : OP17  Initial value : 1001)
3 2 1 0

[ wsc | () | (DCC)

WSC | Warm start control |

0: Enable warm start

1: Disable warm start

Figure 3-29. Warm Start Control Command Register

By setting WSCto “0”, “L" level signal is output to a reset terminal and reset operation is executed.
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3.8 Serial Interface (SI0)
The 47C853 have a serial interface with an 8-bit buffer. 4-bit/8-bit tramsfer mode can be selected. In the
8-bit transfer mode, data may be transmitted and received simultaneously. The serial interface is
connected to the exterenal device via 3 pins (the serial port): R92 (SCK), R91 (SO), and R90 (SI). The serial
port is shared by port R9. For the serial port, the output latch of port R9 must be set to “1”. In the
transmit mode, R90 pin provides the I/O port; in the receive mode, R91 pin provides the I/O port.

3.8.1 Configuration of Serial Interface
Figure 3-30. shows configuration of serial interface.

e Internal bus 2
! | 2nd access 4}1“ accesss
Transmit mode . OPOF
3 2 1 0 Receive mode : IPOF
Command Ireg;us‘cer 1 l Command reglster 2 7 () 5 4 3 2 1 0

3 2 0 OP1E OP1 F I I Senal buffer I |
Status ---T- -.: :
register | __ __ ___ 1
IPOE @ i
i
0 i

Serial data
Shift reglster ’_) Shift reg|ster l_)D 5O output
1
i

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

1
l Serial clock [:I scg Serial data
Interrupt request /10

(Buffer full or Buffer empty)

Controller (Shift counter)

Figure 3-30. Configuration of Serial Interface

3.8.2 Control of Serial Interface

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

Serial interface status register (Portaddress IPOE).

3 2 1 0
| SIOF | SEF (SMF) | (HOLD) |

SIOF | Monitor serial transfer operation state |

0: Transfer is terminated
1: Transferisin progress

SEF | Monitors shift operation status |

0: Shift operation is terminated
1: Shift operationisin progress

Figure 3-31. Serial Interface Status Register
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Serial interface control command register1 (portaddress OP1E)

3 2 1 0

[ wo | ser CKR (Initial value 0001)

INH | Forcible stop of serial transfer |

0 : Transfercontinue

1 : Automatically clearing after stopped

SBIT |Transfer bit number |

0 : 4-bitserial transfer

1 : 8-bitserial transfer

CKR |Select serial clock frequency |

Single clock mode Dual clock mode
 Normal 1 7 Normal2 71 [ SLOW 7]
00 : fc/26 [Hz] fc/26 [Hz] Reserved
01 : fc/27 fcr27 Reserved
10 : fc/29 fs/22 Reserved Note. fc; High-frequency clock [Hz]
1M1 fc/212 fs /25 fs/25 [Hz]

Serial interface control command register 2 (port address OP1F)

3 2 1 0
[ 0o | & (M | Eckm | (nitial value  0000)

ESIO | Instructs serial transfer start/end |

0 : Instructsserial transfer end

1 : Instructsserial transfer start

RM |Se|ecttransfer mode |

4 bit transfer —| |— 8 bit transfer —l
0 Transmit mode Transmit mode

1 Receive mode Transmit/Receive mode

LM |Se|ect shift edge |

0 : Shiftatthe trailing edge of serial clock
1 : Shift atthe leading edge of serial clock

ECKM | Select shift clock |

0 : Internal clock (output to SCK pin) )
) . Note. When setting the transfer mode,
1 : External clock (input from SCK pin) ESIO must be "0”

Figure 3-32. Serial Interface Control Command Register
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(1) Serial clock
For the serial clock, one of the following can be selected according to the contents of the command
registers:
a. Clock source selection
@ 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 shift is not occurred until
these processings are completed.
The highest transfer rate based on the internal clock is 15000 bits/s (at fc = 960kHz).
@ External clock
The signal obtained by the clock supplied to the SCK pin from the outside is used for the
serial clock. In this case, the output latch of R92 (SCK) must be set to “1” beforehand. For
the shift operation to be performed correctly, each of the serial clock high and low levels
needs 2 instruction cycles or more to be completed.
b.Shift edge selection
@ Leading edge
Date 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) Transfer bit number
SBIT (bit 2 of the command register 1) can select 4-bit/8-bit serial transfer.

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

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

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

a.Transmit mode

The transmit mode is set to the command register than writes the first transmit data (4 bits or 8
bits) is written to the buffer register (OPOF). (If the transmit mode is not set, the data is not
written to the buffer register). In the 8-bit transfer mode, the 8-bit data is wirtten by accessing
the buffer register (OPOF) twice. The transmit data is written after the 8-bit transfer mode is set
or an interrupt request occurs: the lower 4 bits are written by the first access and the upper 4 bits
by the next access. Then, setting ESIO to " 1" starts transmission. The transmit data is output to
the SO pin in synchronization with the serial clock from the LSB side sequentially. When the LSB
is output, the transmit data is moved from the buffer register to the shift register. When the
buffer register becomes empty, the buffer empty interrupt (ISIO) to request for the next
transmit data is generated. In the interrupt service program, when the nexttransmit data tis
written o the buffer register, the interrupt request is reset.
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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 clock is stopped and the wait state sets in. In the operation based
on the external clock, the data must be set in the buffer register by the time the next data shift
operation starts. Therefore, the transfer rate is determined by the maximum delay time
between the occurrence of the interrupt request and the writing of data to the buffer register
by the interrupt serviced program.

To end transmission, ESIO is cleared to “0"” instead of writing the next transmit data by the
buffer empty interrupt service program. When ESIO is cleared,transmission stops upon
termination of the currently shifted-out data. The transmission end can be known by the SIOF
state (SIOF goes "0” upon transmission end). In the operation based on the external clock, ESIO
must be cleared to “0” before the next data is shifted out. If ESIO is not cleared before, the
transmission stops upon sending the next 4-bit or 8-bit data(dummy).

Example: To transmit (8-bit serial transfer) data stored in data memory (its address is specified by
the HL register pair and the DMB) in synchronization with the internal clock (fc/27).

LD A, #0101B ; OP1E « 0101y (Setsthe 8-bitserial transfer)
ouT A, Y%OP1E

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

ouTt A, %OP1F

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

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

ouT A, %OP1F
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ESIO

SIOF

SEF

SCK

SO

ISIO

SB
(OPOF)

ESIO

SIOF

SEF

SCK

SO

ISIO

SB
(OPOF)

(a) Internal-clock-based operation with wait

clear ESIO |

(b) External-clock-based operation

Figure 3-33. Transmit Mode

b.Receive mode

7]

At RM =1 ; 4-bit receive mode is set when SBIT is cleared to “0”, 8-bit simultaneous

transmit/receive mode is set when SBIT issetto “1”.

e 4-bit 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 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 (I1SIO) to reguest for readingreceived data is
generated. The receive data is read from the buffer register by the interrupt service program.
When the data has been read, the interrupt request is reset and the next data is put in the shift
register to be transferred to the buffer register. In the operation based on the internal clock, if
the previous receive data has not been read from the buffer register at the end of capturing
the next data, the serial clock is stopped and the wait operation is performed until the data has
been read. In the operation based on the external clock, the shift operation is performed in
synchronization with the externally-suppliedclock, so that the data must be read from the
buffer register before the next receive data is transferred to it. The maximum transfer rate in
the external-clock-based operation is determined by the maximum delay time between the
generation of interrupt request and the reading of receive data. In the receive mode, the shift
operation may be performed at either the leading edge or the trasiling edge. In the
leadingedge shift operation,data is captured at the leading edge of the serial clock, so that the
first shift data must be put in the SI pin before the first serial clock is applied at the start of
transfer.

"
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Example: To instruct the receive start operation with the 4-bit serial transfer, internal clock

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

LD A, #0000B ;  OP1E <« 0000g (Sets the 4-bit serial transfer)
ouT A, %O0P1E

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

ouT A, Z%0P1F

EI ;  EIF <1 (Enablesinterrupt)

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

ouT A, Z%0P1F

To end the receive operation, ESIO must be cleared to “0”. When ESIO is cleared, the
completion of the transfer of the current 4-bit data to the buffer register terminates the
receive operation. To confirm the end of the receive operation by program, SIOF (bit 3 of the
status register) must be sensed. SIOF goes “0" upon the end of receive operation.
Note: If the transfer modes are changed, the contents of the buffer register are lost.
Therefore, the modes should not be changed until the last received data is read
even after the end of reception is instructed (by clearing ESIO to “0").

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

@ When the transfer rate is sufficiently low (the external-clock-based operation):

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

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

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

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

edge shift).
SSEFO : TEST %IPOE, 2 ; Waits until SEF="1"
B SSEFO0
LD A, #0110B ; ESIO«0
ouT A, Y%OP1F
IN %IPOF, A ; Acc « IPOF (Reads received data)
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@ One-word reception
When receiving only 1 word, ESIO is set to “1” then it is cleared to “0" after confirming that

ESIO
SIOF
SEF
SCK
S|
ISIO
SB

READ (IPOF)

ESIO
SIOF
SEF
SCK

Sl

ISIO

SB

READ (IPOF)

"1 "

SEF has gone

. In this case, buffer full interrupt is caused only once, so that the received
data isread by the interrupt service program.

Example: To instruct the start/end of 1-word reception (the internal clock, the trailing edge

shift).

LD A, #0100B
ouTt A, %OP1F
EI
LD A, #1110B
ouT A, %OP1F

SSEFO : TEST %IPOE, 2
B SSEF0
LD A, #0110B
ouTt A, %OP1F

; OP1F «<-0100g (Sets in the receive mode)

; EIF « 1 (Enables interrupt)
; ESIO « 1 (Instructs reception start)5

; Confirmsthat SEF="1"

; ESIO « 0 (Instructs reception end)

Clear ESIO

LI_I_

L

L —1(]

Do XD1 X b, X b3 X Do D’ >< D3 X D" X D" XD“z XD”s

I\
7

D

pEN \ >

!

.4 4

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

| Clear ESIO

1

a

1

— 1 L

I_I// |(|7—

===-r-a--r-T-
1 1 1 1 1
| QT Y S W Y T

5, X o, X 0, ><_>D3 (o >, o7, X0, X o7, X o7,

I\

i

7X o

JCERN \ >

!

AN

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

Figure3-34. 4-bit Receive Mode
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e 8-bit Transmit/Receive Mode
After setting the transmition/reception mode to the command register, write first transmit
data into the buffer register. Then, when “1” is set to ESIO, data transmition/reception
becomes possible. The transmit data is output to the SO pin at the leading edge of serial clock
and the receive data is input from the SI pin at the trailing edge. If the shift register is filled
with the receive data, the data is transferred to the buffer register and ISIO (buffer full)
interrupt is generated to request data read. The received data is read from the buffer register
by the interrupt service program, and then write the transmit data to the buffer register.
Lower order 4 bits of both transmit and receive data are read/written from/into the buffer
register by first access after setting of transmition/reception mode or generation of ISIO and
higher 4 bits by next access.
In the operation based on the internal clock, SIO becomes the wait state until the received data
are read out and the next data to be transmitted are written.
In the operation based on the external clock, the shift operation is synchronized with the
external clock ; therefore, it is necessary to read the data received and to write data to be sent
next before starting the next shift operation. The maximum transfer rate using an external
clock is determined by the maximum delay time between the generation of the interrupt
request and the writing of the data to be transmitted after the reading of the received data.
Also, the buffer register is used for both transmission and reception, therefore, the data must
be written after reading 8 bits of receive data.
This operation is ended by clearing ESIO to “0”. When ESIO is cleared, this operation is ended
after transfer of the current 8 bits od data to the buffer register is completed. Programs can
confirm that the operation has been completed by sensing SIOF (bit 3 of the status register)
because SIOF is cleared to “0” when the operation is completed.

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

LD A, #0110B ; Setsthe 8-bit transfer and serial clock frequency.

ouT A, %0P1E

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

ouTt A, %0P1F

LD HL, #20H ; OPOF<—RAMI[20H] (Writes lower 4-bit data to be
transmitted)

ouTt @HL, %OPOF

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

ouTt @HL, %OPOF

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

ouT A, %OP1F

: ; Data transfer

Example2 : Toread data received and to write next data to be transmitted.

LD HL, #30H ; Stores lower 4-bit data received in RAM[30R].
IN %IPOF, @HL

INC L ; Stores upper 4-bit received in RAM[314].

IN %IPOF, @HL

LD HL, #22H ; Writes next lower 4-bit data to be transmitted.
ouT @HL, %OPOF

INC L ; Writes next upper 4-bit data to be transmitted.

ouTt @HL, %OPOF

(4) Stopping serial transfer
A serial transfer operation can be stopped forcibly.
It is stopped by setting INH (bit 3 of command register 1) to “1”, clearing the shift counter. When
the serial transfer is over, INH is automatically cleared to “0” with no other bits of command
register affected. In the transmit mode of this case, SCK and SO output are initialized to “H” level
whereas the shift register is not cleared. Therefore, after the resumption of transmit, SO holds the
data just before forcible stop via the shift register until the 1st shift data comes to SO.
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(a) Internal clock based operation with lwait

Clear ESIO |
( I (( |
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(b) External clock based operation

Figure3-35. 8-bit Transmit/Receive Mode
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Port Condition by RESET Operation
The transition of Port condition by RESET operation is shown as below.

VDD £

3 H
Supply voltage /

: t (RESET)
—_ ! (¢

. f~VIH2 Y [~ VIH2
RESET (input) : ; g VIL2 2 :

(¢

Internal : ; )
oscillating starts X Stable oscillation
condition éosallatlon ; : (
: : : (51 : E
Internal Y S Determihes de endln onthe _ \ e e
hardware Unsettled antlallzatlon “*‘result o¥ progrgm execgut|on . A Initialization ***

))
Operation of

microcomputer : ; : ) ) /R : -
——————{R&%L on \ Program execution (I ——
H (¢ A

Y

Condition of ; g gr : {
Output port Initialization Determines depending on the Xnmallzau Determines depending on the

and I/0 port result of program @(ecutlon ONA result of program execution
1
) @
<— Condition of port by Power on reset «— Condition of port at resetting during ——
power supply is stable

Figure 3-36. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

Note 2: VIL2 : Stands forlow level input voltage of RESET pin.
VIH2 : Stands for high level input voltage of RESET pin.

Note 3: The term from power on reset to the time program is executed (above @) and also the term
starting from reset operation during power supply is stable to the program is executed (above
@), the port is on the initial condition. The initial condition of Port differs from I/O circuit by
each port, refer to the section of “INPUT/QUTPUT CIRCUITRY”. Thus, when using Port as an
output pin, in the term of the above @ and @, the voltage level on the signal that connects
with the output pin of Port to the input pin of external application circuit should be
determined by the external circuitry such as pull-up resistor and / or pull-down resistor.
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INPUT/OUTPUT CIRCUITRY

(1) Control pins

The input/output circuitries of the 47C853 control pins are shown below.

CONTROLPIN 110 CIRCUITRY REMARKS
OscC. enable_>tDo_
Wy Resonator connecting pins
XIN Input L R¢ R =1kQ (typ.)
XOUT Output R Ro Rt =1.5MQ (typ.)
Ro =2kQ (typ.)
XIN XOUT
f>¢ Resonator connecting pins
XTIN Input gVV (Low frequency)
XTOUT Output RS f Ro R =1kQ (typ.)
E R¢ =6MQ (typ.)
XTIN XTOUT Ro =220kQ (typ.)
VDD
Rin Hysteresis input
R
RESET Input @ Wy D Pull-up resistor
WSsC >0 Rin = 220kQ (typ.)
(OP17:bit2) R=1kQ (typ.)
R Hysteresis input
HOLD Input . (Sense input)
(KEO) (Input) @ Wy El
R=1kQ (typ.)
R .
1 AAA |:| Pull-down resistor
~ Rin = 70k ( typ.)
TEST Input R
IN
R=1kQ (typ.)
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(2) 1/0 Ports
The input/output circuitries of the 47C853 1/O ports are shown in the following chart, any of which
can be chosen by a code (WB, WE, or WH) as a mask option.

PORT /0 INPUT/OUTPUT CIRCUITRY and CODE REMARKS
VDD Pull-up resistor
KO Input RIN RIN = 70kQ (typ.)
R R = 1kQ (typ.)
WB WE, WH
e i VDD
R3 Initial *Hi-Z Initial “High Sink open drain
or
R4 1/0
R5 —o—] push-pull output
R6 R
A R R = 1kQ (typ.)
~ A
~J
WB, WE WH
vDD Sink open drain
|-| output
R7 110 [ | >o . D Initial “Hi-z"
R I—I |-
R = 1kQ (typ.)
e R e
~ 1
~
Initial "Hi-2"
Sink open drain
D © I Initial “Hi-z"
R8 /0 R

Hysteresis input

@, R = 1kQ (typ.)

WB, WE

Initial “Hi-z" Initial “High” Sink open drain

or
push-pull output

Hysteresis input
R = 1kQ (typ.)

ool o . ﬁéi
< “5,

WB WE, WH

Initial “Hi-Z" Initial “High” FI; Sink open drain
|-I or

>o | Do I_IS7 push-pull output

P14 |Output
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss =0V)
PARAMETER SYMBOL PINS RATINGS UNIT
Supply Voltage Vpp -03to7 Vv
Input Voltage Vin -0.3toVpp+0.3 \Y
Vout1 | Exceptsink open drain pin -0.3toVpp+0.3
Output Voltage ik opendrainein v
vour: élxr::ept R7 Port ~03t010
Output Current (per 1 pin) lout 3.2 mA
Power Dissipation [T, = 60°C] PD 600 mw
Soldering Temperature (time) Tsid 260 (10s) °C
Storage Temperature Tstg -55t0125 °C
Operating Temperature Topr -30t060 °C
RECOMMENDED OPERATING CONDITIONS (Vg =0V, Topr=—-30to 60°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
Normal mode 2.2
Supply Voltage VDD SLOW mode 2.7 6.0 \
HOLD mode 2.0
Vi1 Except hysteresis input Vpp x0.7
Vpp=4.5V
Input High Voltage Vihz | Hysteresisinput Vpp % 0.75 Voo v
Vius Vpp<4.5V Vpp % 0.9
ViLr Except hysteresis input Vppx0.3
Vop=4.5V
Input Low Voltage Viz | Hysteresis input 0 Vpp % 0.25 v
Vi3 Vpp<4.5V Vpp % 0.1
Clock Frequency (High) fc XIN, XOUT 960/480 kHz
Clock Frequency (Low) fs XIN, XOUT 30.0 34.0 kHz
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D.C. CHARACTERISTICS (Vss =0V, Vpp=2.2t06.0V, Topr=-30to 60°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. [ UNIT
Hysteresis Voltage Vhs Hysteresis Input - 0.7 - v
I Port KO, TEST, v 5.5V
Input Current RESET, HOLD pp= =t — | = | 2| A
] ViN=5.5V/0V
lin2 Port R (open drain)
Input Low Current I Port R (push-pull) Vpp=5.5V, V|y=0.4V - - -2 mA
Rin1 Port KO 30 70 150
Input Resistance kQ
Rin2 RESET 100 | 220 | 450
Output Leakage Current Lo Ports P, R (open drain) Vpp =5.5V, Voyr=5.5V - - 2 PA
Output High Voltage Vou Port R (push-pull) Vpp=4.5V, loy= —200LA 24 - - Vv
Output Low Voltage Vor2 Except XOUT Vpp=4.5V, lg.=1.6mA - - 0.4 \%
Except TONE generating _
) 03 | 05
Supply Current Vpp = 2.2V fc=960kHz
(in the Normal mode) mA
IooT TONE generating _ 0.6 1.2
Vpp=2.2V fc=960kHz
Supply Current
- - - A
(in the SLOW mode) Ibps Vpp =3.0V, fs=32.768kHz 30 60 2
Supply Current _ _
(in the HOLD mode) IooH Voo =5.5V 05 1 10 | #A

Note 1. Typ.values show those at Topr =25°C, Vpp =5V.
Note 2. Input Current Ijn1: The current through resistor is not included, when containing the
pull-up/pull-down resistor.
Note 3. Supply Current: Viy=2.0V/0.2V
The KO port is opened when containing the pull-up/pull-down resistor.
The Voltage applied to the R port is within the valid range V. or Viy.

TONE OUTPUT CHARACTERISTICS

(Vss =0V, Vpp=2.2106.0V, Topr= — 30 to 60°C)

PARAMETER SYMBOL CONDITIONS Min. | Typ. | Max. UNIT
Tone Output Voltage (ROW) VToNE RL= 10kQ, Vpp =2.2V 125 185 250 mVrms
Pre-Emphasis High Band (COL/ROW) PEHB PEHB = 20log (COL/ROW) 1 2 3 dB
Output Distortion DIS — — 10 %
Frequency Stability f Except error of osc. frequency - - 0.7 %
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A.C. CHARACTERISTICS (Vss =0V, Vpp=2.2106.0V, Topr= —30 to 60°C)

PARAMETER SYMBOL CONDITIONS Min. Typ. | Max. [ UNIT
Instruction Cycle Time tey 8.3/16.7 S
Shift Data Hold Time tspH 0.5t¢,~300 - - ns
Note. Shift Data Hold Time :

External circuit for SCK pin and SO pin  Serial port (completion of transmisson)
VDD
10kQ SCK 1.5V
IspH
50pF
” o X X X sy

RECOMMENDED OSCILLATING CONDITIONS

(1) 960kHz
Ceramic Resonator

CSB960J916 (MURATA)
KBR-960F6 (KYOCERA)
KBR-960F7 (KYOCERA)

(2) 480kHz
Ceramic Resonator

CSB480E16 (MURATA)

(3) 32.768kHz
Crystal Oscillator

Note : In orderto get the accurate oscillation frequency, the adjustment of capacitors must

required.

CxiN = Cxout = 100pF
Cxin = Cxout = 30pF
Cxin = Cxout = 100pF

CxiN = Cxout = 100pF

CxTIN: CxTOUT ; 10 to 33pF

XIN

(Vss=0V, Vpp=2.2106.0V, Topr= -30 to 60°C)

XOUuT

960kHz

or

480kHz

CxiN /j;

CxTIN

XTIN

Cxout

H

XTOUT

32.768kHz

i

CxTout

o

e
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TYPICAL CHARACTERISTICS
R—-Ta KO port R-Ta RESET pin
kQ) | vpp=5.5V &) | vpp=5.5V
100 // 400
d 300 —
/ //
50 200 ]
-]
100
0 Ta 0 Ta
—40 0 40 80 (°C) —40 0 40 80 (°C)
Iog—VoHu CMOSR port . In.— VIN CMOSR port IoL—-VoL R port
Ton IL OL
Vpp=4.5V A Vpp=5.5V ol Vop=4.5v
A PN | Ta=2sc (eh) Ta=25°C i [
— 400 S —800 =] 8
\\ /
—-300 —600 6
—200 \ —400 4 /
—100 \\ —200 \ 2 /
0 Vou 0 Vin 0 VoL
2 4 6 (V) 2 4 6 (V) 0.4 0.8 1.2(V)
TONE Vpp-VpD
Vep
(V) Ta=25°C
4
3 -
/ VPP
1 B e
/
0 Vbbp
2 4 6 V)
Ipp- VDD IppT- VDD
DD Ippr
(mA)| Ta=25°C (mA) | Ta=25°C
0.4 4
0.2 2 V
7 //
0.1 1 p—d
0 Vbp 0 Vop
2 4 6 ) 2 4 6 %]
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