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RADIO REMOTE CONTROL
BY Mr. THANACHON BUNKAM
Mr. NIRUTE KHUNSRI

ADVISOR Mr. PRADIT VACHRAPIBOOL

ABSTRACT

This project presence the using of radio frequency modulated by DTMF (Dual Tone
Multi Frequency) for controlling the electrical equipments, here by controlling of 8 channels are
available.

The project is seperated into two parts, hardware and software. The hardware consist of
DTMF signal generator, DTMF encoder and DTMF decoder. The software for 8051

microcontroller used the assembly language.
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4 dad = ) ' a . foa =
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1 697Hz 1209 Hz 0001
2 697 Hz 1336 Hz 0010
3 697 Hz " 1447 Hz 0011
4 770 Hz 1209 Hz 0100
5 770 Hz 1336 Hz 0101
6 770 Hz 1447 Hz 0110
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8 852 Hz 1336 Hz 1000
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B 770 Hz 1633 Hz 1110
C 852 Hz 1633 Hz 1111
D 941 Hz 1633 Hz 0000
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OFF EQU OCH

ON  EQU 0BH .

KEY EQUPI
PORT EQU PO
CK  EQUPI

TMP EQU 2EH ;BYTE BIT

KEY1

BKEY1
BKEY2
BKEY3
BKEY4

BPASSI1
BPASS2
BPASS3
BPASS4

SAV_PASSW
PASSW_OK
PASSI
PASS2
PASS3
PASS4

CK_BIT
SOUND

EQU 30H
EQU 31H
EQU 32H
EQU 33H
EQU 34H

EQU 35H
EQU 36H
EQU 37H
EQU 38H

EQU 00H ;BIT 00
EQU 01H ;BIT 01
EQU 2

EQUS5

EQU 8

EQU10 ;0

EQU 74H ;BIT 74H IN 2EH
EQU P2.0

; PASSWORD KEY BUFFER

; PASSWORD SAVED IS TRUE
; PASSWORD CORRECT IS TRUE
; DEFAULT PASSWORD

; CHECK BIT KEYPAD
; PORT SOUND



ORG 0000H

MOV A#10 ; INITIAL DELAY TIME 1 SEC
CLR SAV_PASSW - ; CLEAR FLAG PASSWORD SAVE
CALL DELAY
MOV PORT,0H ; CLEAR OUTPUT

RESTART: MOV R7#2 ; SOUND

BSTART: CALL TONE1
MOV A#3
CALL DELAY
DJNZ R7,BSTART
CALL IN4KEY . GET 4 KEY
CALL CHK_PASSW : COMPARE KEY TO PASSWORD
JNB PASSW_OK,RESTART ; RESET

ISNUM: CALL IN_KEY : GET 1 KEY

ISNUMI: CLRC
MOV A,KEY1 . IF KEY IS NUMBER GOTO
SUBB A #0AH ISNUM FOR GETNEW KEY FIRST
JC ISNUM KEY MUST BE # OR *

CHK ON: MOV AKEYI ; IFKEY IS NOT * GOTO
CINE A#ON,GO_CHK_OFF GO_CHK_OFF
CALL IN_KEY : GET 1 KEY AND BEEP 1 TIME

CALL TONE]1 ;SOUND ON
MOV AKEY1
CINE A, #0BH,CHK_ONALL ; IFKEY #,* GOTO CHK_ON ALL



NEWPASS: MOV R7,#2 ; SOUND
NEWPASS1: CALL TONE!
MOV A#1 ; TWO TONE SOUND
CALL DELAY y
CALL TONE2
MOV A#l
CALL DELAY
DINZ R7,NEWPASS]1
CALL IN4KEY ; CHECK OLD PASSWORD
CALL CHK_PASSW

JNB PASSW_OK,RESTART ; IF PASSWORD INCORRECT
CALL IN4KEY ; GET NEW PASSWORD
MOV BPASS1,BKEY1 ; STORE PASSWORD TO BUFFER

MOV BPASS2,BKEY2
MOV BPASS3,BKEY3
MOV BPASS4,BKEY4

SETB SAV_PASSW ; SET FLAG SAVE PASSWORD
CALL BPASSWOK ; SOUND
SIMP ISNUM ; GOTO NEW CONTROL

GO_CHK_OFF:LJMP CHK OFF

CHK_ONALL: CJNE A#0AH,CHK_ON1 ; IFKEY ISNOTO
MOV PORT,#0FFH CHECK ON ALL
SIMP OK

CHK _ONI: CINE A,#01,CHK_ON2 ; CHECK ON BIT 0
SETB PORT.0
SIMP OK

CHK_ON2: CINE A,#02,CHK_ON3 ; CHECK ON BIT 1
SETB PORT.1

SIMP OK



CHK_ON3:

CHK_ON4:

CHK_ONS:

CHK_ONG6:

CHK_ONT:

CHK_ONS:

OK:
OK1:

CHK_OFF:

CINE A,#03,CHK_ON4
SETB PORT.2 '
SIMP OK

CINE A,#04,CHK_ONS
SETB PORT.3

SIMP OK

CINE A#05,CHK_ONG6
SETB PORT.4

SIMP OK

CINE A,#06,CHK_ON7
SETB PORT.5

SIMP OK

CINE A,#07,CHK_ONS
SETB PORT.6

SIMP OK

CINE A,#08,0K1

SETB PORT.7

LIMP ISNUM

LIMP ISNUM1

MOV AKEY1

CINE A#OFF,0K

CALL IN_KEY

CALL TONE2 ;SOUND OFF
MOV AKEY1

CINE A#0CH,CHK_OFFALL
LIMP RESTART

; CHECK ON BIT 2

; CHECK ON BIT 3

; CHECK ON BIT 4

; CHECK ON BIT 5

; CHECK ON BIT 6

; CHECK ON BIT 7

; CHECK OFF



CHK_OFFALL: CJNE A,#0AH,CHK_OFF1

CHK_OFF1:

CHK_OFF2:

CHK_OFF3:

CHK_OFF4:

CHK_OFF5:

CHK_OFF6:

CHK_OFF7:

CHK_OFFS:

MOV PORT,#0

SIMP OK

CINE A#01,CHK_OFF2
CLR PORT.0

SIMP OK

CINE A#02,CHK_OFF3
CLR PORT.1

SIMP OK

CINE A,#03,CHK_OFF4
CLR PORT.2

SIMP OK

CJNE A,#04,CHK_OFF5
CLR PORT.3

SIMP OK

CINE A,#05,CHK._OFF6
CLR PORT4

SIMP OK;

CINE A#06,CHK_OFF7
CLR PORT.S

SIMP OK

CINE A,#07,CHK_OFF8
CLR PORT.6

SIMP OK

CJNE A,#08,0K1

CLR PORT.7

SIMP OK

; CHECK OFF BIT 0

; CHECK OFF BIT 1

; CHECK OFF BIT 2

; CHECK OFF BIT 3

; CHECK OFF BIT 4

; CHECK OFF BIT 5

; CHECK OFF BIT 6

; CHECK OFF BIT 7

; CHECK OFF BIT 8



IN4KEY: CALL IN KEY . GET 4 KEY AND
MOV BKEY1,KEY! STORE TO KEY BUFFER
CALL IN_KEY
MOV BKEY2,KEY] .
CALL IN_KEY
MOV BKEY3,KEY!1
CALL IN_KEY
MOV BKEY4,KEY]1
RET

CHK_PASSW: CLR PASSW_OK ; CHECK DEFAULT PASSWORD
JB SAV_PASSW,CK_NEW PW
MOV A,BKEY]

CINE A#PASS1,FALSE
MOV A,BKEY?2

CINE A #PASS2,FALSE
MOV A,BKEY3

CINE A,#PASS3,FALSE
MOV A,BKEY4

CINE A,#PASS4,FALSE
CALL BPASSWOK
SIMP END_CHK

CK_NEW_PW: MOV A,BKEY1 ; CHECK USER PASSWORD
| CINE A,BPASS1,FALSE
MOV A,BKEY?2
CIJNE A,BPASS2,FALSE
MOV A,BKEY3
CINE A,BPASS3,FALSE
MOV A,BKEY4



FALSE:
END_CHK:

BFALSE:
PWFALSE:

BPASSWOK:
BPASSWOKI1:

IN_KEY:
NO_PRESS:

CJINE A,BPASS4,FALS
CALL BPASSWOK |
SJMP END_CHK
CALL BFALSE

RET

MOV R7.#2

CALL TONEZ2

MOV A#3

CALL DELAY
DINZ R7,PWFALSE
RET

MOV R7#2
CALL TONE1

MOV A,#3

CALL DELAY

DINZ R7,BPASSWOK]
SETB PASSW_OK
SIMP END_CHK

RET

MOV TMP,#0FFH
MOV TMPKEY

INB CK_BIT,NO_PRESS
MOV A #OFH

ANL A, TMP

MOV KEY1,A

; TONE FALSE

; TONE PASSWORD OK

; LOOP WHILE NOT PRESS KEY



NO_REL:

BDELAY:

BDELAY3:
BDELAY1:

DELAY:

DELAY3:
DELAY2:
DELAY1:

TONE1:

TONE12:
TONEL11:

MOV TMP,CK

CPL SOUND

MOV A #3

CALL BDELAY

JB CK_BIT,NO REL
RET

MOV R3,A

MOV R4,#180
DINZ R4,BDELAY1
DINZ R3,BDELAY3
RET

MOV RO,A

MOV R1,#180
MOV R2#255
DINZ R2,DELAY1
DINZ R1,DELAY?2
DIJNZ RO,DELAY3
RET

MOV A#1
MOV RO,#4
MOV R2,#255
CPL SOUND
CALL BDELAY
DINZ R2,TONE11
DJNZ RO,TONE12
RET

; LOOP WHILE RELEASE KEY

; SOUND

; DELAY



TONE2: MOV A#4
MOV RO#1
TONE22: MOV R2#255
TONE21: CPL SOUND
CALL BDELAY
DIJNZ R2,TONE21
DJNZ R0O,TONE22
RET

END
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. MHS C51 INSTRUCTION SET

Interrupt Responsa time : Refer to Hardware OSCIL.
Description Chapter. MNEMONIC DESCRIPTION BYTE ;po14r)
instructions that Atfect Flag Settings (1) ARITHMETIC OPERATIONS
INSTRUC. FLAG INSTRUC. FLAG ADDARn  Add register to Lt
C oV AC C OV AC Accumuiator
ADDA died  Add direct byte to 2 12
ADD X X X CWRC O Accumulator
ADDC X X X CPLC X ADDA @RI Addindirect RAMto 1 12
suB8 X X X ANLC,bit X Accumulator
MUL ¢ X ANLC/brt X ADDA Mtz Addimmediatedata 2 12
DIV 0 X ORLC, bit X 10 Accumulator
DA X ORL C, bit X A
. - Accumulator with
RLC X CJNE X
SETBC ! ADOCA, direct i:dm;r ect byte to 2 12
(1) note that operations on SFR byte address 208 AC rl:\ulatlzt with
or bit addresses 209-215 (i.e., the PSW or bits in Cany
the PSW) will also affect flag settings. . .
Note on instruction set and addressing modes : ADDCA. @S ﬁgﬂnﬁg&m o 1 12
Rn - Register R7-R0 of the cumently Cany
selected Register Bank ADDCA #data Addimmediate data 2 12
direct — 8-bit intemal data location's address. 1o Acc with Carry
This could be an Intemal Data RAM SUBBA Rn  Subtract Register 1 12
location (0-127) or a SFR (i.e., VO from Acc with
_port, control register, status register, borrow
etc. (128-255)). SUBB A, direct Subtract directbyte 2 12
@ Ri - 8-bit intemal data RAM location from Acc with
(0-255) addresses indirectly through borrow
register R1 or RO. SUBB A, @RI Subtract indirect 1 12
# data - 8-bit constant included in instruction. RAM from ACC
#data16 - 16-bit donstant incuded in with borrow
instruction. SUBB A fdata Subtractimmediate 2 12
addr 16 — 16-bit destination address. Used by data from Acc with
LCALL & LJMP. Abranch can be borrow
anywhera within the 64K.byt6 INCA Increment 1 12
Program memory address space CR :xocumulator .
addr11 - 11-bit destination address. Used by n ncrement register 1 12
ACALL & AJMP. The branch will be INC direct Increment direct 2 12
within the same 2K-byte page of . byte )
program memory as the first MQ of INC @Ri Increment direct 1 12
the following instruction RAM
rel - Signed (two's complement) 8-bit DECA Decrement 1 12
offset byte. Used by SIMP and all Accumulator
conditionnal jumps. Range is—128 to DEC Rn Decrement Register 1 12
+ 127 bytes reiative to first byte of DEC direct Decrement direct 2 12
the following instruction. . bye o
bit - Direct Addressed bit in internal Data DEC@Ri  Decrementindiect 1 12
RAM or special Function Register. RAM
Tabte 10 : 80CS1 Instruction Set Summary.
=3
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: MHS C51

. MNEMONIC DESCRIPTION BYTE Souts| | MNEMONIC DESCRIPTION BYTE fesrﬁ%.s
ARITHMETIC OPERATIONS (continued) LOGICAL OPERATIONS (continued) B
INC DPTR Increment Data 1 24 RLA Rotate Accumutator 1 12
Pointer Left
MUL AB Muttiply A & B 1 48 RLCA Rotate Accumulator 1 12
DivAB Divide A by B 1 48 Left through the
DAA Decimal Adjust 1 12 Cany
’ Accumulator RRA Rotate Accumulator 1 12
LOGICAL OPERATIONS Right
ANLA Rn AND Register to 1 12 RRC A Rotate Accumulator 12
Accumulator Right through the
ANL A, direct AND direct byte to 2 12 Carty
Accumulator SWAP A Swap nibbles within 1 12
ANL A @Ri AND indirect RAMto 1 12 the Accumulator
Accumuator
ANLA #data  ANDimmedatedata 2 12 DATATRANSFER
to Accurnutator MOV A, Rn ;one Relaagtlster to 1 12
. ccumulator
ANL direct, A mﬁ%mbmno 2 12 MOV A Move directbyteto 2 12
ANL direct, #data AND mmediatedata 3 24 diect ~  Accumulator
to direct byte MOV A, @Ri Move indirect RAM 1 12
ORLA, Rn OR register to 1 12 0 to Accumutator
Accumulator " IMOVA #data Move immediate 2 12
ORLA, direct  OR direct byte to 2 12 - | data to Accumulator
Accumulator ' IMOVRn,A Move Accumulator 1 12
ORLA, @Ri ORindirect RAMto 1 12 ! to register
Accumulator MOV Rn, direct Move directbyteto 2 24
ORL A, #data ORmmediatedatato 2 12 register
Accumulator "MOVRn, #data  Move immediate 2 12
ORL direct, A OR Accumulatorto 2 12 data to register
i direct byte MOV direct, A Move Accumulator 2 12
ORL direct, fdata OR immediate data 3 24 to direct byte
to direct byte ' MOV direct, Rn  Move register to 2 24
XRLA, Rn Exq!usrve-OR 1 12 direct byte
e oo 'MOV direct,  Move directbyteto 3 24
" . direct direct
XRL A, direct ﬁzﬁ";‘;ﬁﬂ;ﬁ 2 T iyOvdiect, @RI Move indirect RAM 2 24
XRLA @Ri  Exclusive-OR 1 12 . to direct byte
indirect RAM to - MOV direct, Move immediate 3 24
Accumulator #data data to direct byte
XRLA #data  Exclusive-OR 2 12, {MOVG@RLA  Move Accumulator 1 12
immediate data to : to indirect RAM
Accumulator
XRL direct, A Exclusive-OR 2 12
Accumulator to
direct byte |
XRL direct, #data Exclusive-OR 3 24
immediate data to
direct byte
CLRA Clear Accumuiator 1 12
CPLA Complement 17 12
Accumulator

g INHS 84
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. MHS C51

OSCIL. OSCIL.
MNEMONIC DESCRIPTIONBYTE PERIOD MNEMONIC DESCRIPTION BYTE PERIOD
DATA TRANSFER (continued) BOOLEAN VARIABLE MANIPULATION
MOV @Ri, direct Move direct 24 ClRC Clear Carry 1 12
by to indirect CLR bR Clear direct bit 2 12
RAM SETBC Set Carry 1 12
MOV @Ri, #data Move 12 SETB bit Set direct bit 2 12
immediate data CPLC Complement 1 12
to indirect RAM Cany
MOVDPIR #0216  Load Data 24 CPL bit Complement 2 12
Pointer with a direct bit
16-bit constant ANL C, bit AND direct bit to 2 24
MOVCA @DPTR Move Code 24 Cany
byte relative to ANL C, /it AND 2 24
DPTR to Acc complement of
MOVCA, @APC  Move Code 24 direct bit to Camry
byte relative to ORL C, bit OR direct bit to 2 24
PC to Acc Camy
MOVXA, @Ri Move External 24 ORL C, /it OR complement 2 24
RAM (8-bit of direct bit to
addr) to Acc Cany
MOVXA,@DPTR  Move External 24 MOV C, bit Move direct bit to 2 12
RAM (16-bit Cany
addr) to Acc MOV bit, C Move Carry to 2 24
MOVX@Ri, A Move Acc to 24 direct bit
External RAM JC rel Jump if Carry is 2 24
(8-bit addr) set
MOVX @DPTR, A Move Acc to 24 JNC rel Jump if Carry not 2 24
Extemnal RAM set
(16-bit addr) JB bit, rel Jump if direct Bit 3 24
PUSH direct Push direct 24 is set
byte only stack JNB bit, rel Jump if direct Bit 3 24
POP direct Pop direct byte 24 is Not set
from stack JBC bit, rel Jump if direct Bit 3 24
XCH A, Rn Exchange 12 is set & clear bit
register with PROGRAM BRANCHING
Accumulator ACALLKaddr11  Absolute 2 24
XCH A, direct Exchange 12 Subroutine Call
direct byte with LCALLaddri6  Long Subroutine 3 24
Accumulator Call
XCHA, @Ri Exchange 12 RET Retumn from 1 24
indirect RAM Subroutine
with RETI Retum from 1 24
Accumulator interrupt
XCHD A, @RI Exchange 12 AJMPaddri1 Absolute Jump 2 24
loworder Digit LIMPaddr16  Long Jump 3 24
indirect RAM SUMP re! Short Jump 2 24
with Acc (refative addr)
| ]
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MHS C51

MNEMONIC DESCRIPTION BYTE QSCI-| | MNEMONIC DESCRIPTION BYTE PERICD
PROGRAM BRANCHING (continued) PROGRAM BRANCHING (continued) ]
JMP @A+DPTR Jump direct 1 24 CINERn, #data, rel  Compare 3 24

relative to the immediate to
DPTR register and
JZrel Jump if 2 24 Jump if Not
Accumulator is Equal
2810 CJINE @RI, #dats, rel Compare 3 24
INZ el Jump it 2 24 immediate to
Accumulator is indirect and
not Zero Jump if Not
CNJEA, direct, el Compare dired 3 24 Equal
byte to Acc and DJNZ Rn, rel Decrement 2 24
Jump if Not register and
Equal Jump if Not Zero
CJINEA, #data, rel  Compare 3 24 DJNZ direct, rel Decrement diret 3 24
immediate to Acc byts and Jump i
and Jump if Not Not Zero
Equal NOP No Operation 1 12
Id
=S 56 Prop. Cuksaer 1
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e

INSTRUCTION DEFINITIONS

ACALL addr 11

Function :
Description :

Example :

Bytes :
Cycles :
Encoding :

Operation :

Absolute Call

ACALL unconditionally calls a subroutine located at the indicated address. The instruction In-
crements the PC twice to obtain the address of the following instruction, then pushes the 16-bit
resutt onto the stack (low-order byte first) and increments the Stack Pointer twice. The destina-
tion address is obtained by successively concatenating the five high-order bits of the incremen-
ted PC, opcoda bits 7-5, and the sacond byte of the instruction. The subroutine called must
therefore startwithin the same 2 K block of the program memory as the first byte ofthe instruction
following ACALL. No flags are affected.

Initialty SP equals 07H. The labs * SUBRTN * is at program memory location 0345 H. After exe-
cuting the instruction,

ACALL SUBRTN

at location 0123H, SP will contain 09H, intemal RAM locations 08H and 09H will contain 25H
and 01H, respectively, and the PC will contain 0345H.

2

2

La10&9a81]0001—l |a7 a6 a5 a4]a3 a2 a a0|

ACALL

(PC)—(PC)+2

(SP) « (SP) + 1 ’
[(SP)] « (PCra)

(SP) « (SP) + 1

[(SP)) « (PCiss)

(PC104) « page address

Prog. Gulde/Rev.1.0
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‘MHS CS4

ADD a, <src-byte>

Functlon: Add
Description:  ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumulator.
The canry and auxliary-carry flags are set, respectively, if there is & carry-out from bit 7 or bit
3, and cleared otherwise. When adding unsigned integers, the cany flag indicates an overflow
occured.
OV is sat there is a cammy-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6 ;
otherwise OV is cleared. When adding signed integers, OV indicates a negative number pro-
duced as the sum of two positive operands, or a positive sum from two negative operands.
Four source operand addressing modes are allowed : register, direct, register-indirect, or im-
mediate.
Example: The Accumulator holds 0C3H (11000011B) and register 0 holds 0AAH (10101010B). The in-
struction,
ADDA, RO
will leave 6DH (01101101B) in the Accumulator with the AC flag cleared and both the carry flag
and OV setto 1.
ADD A, Rn
Byte: 1
Cycle: 1
Encodng: [00 1 0] 17 11]
Operation: ADD
(A) = (A) + (Rn)
ADD A, direct
Bytes: 2
Cycle: 1
Encoding: 0010 0101 [ diectaddress
Operation: ADD
(A) « (A) + (direct)
ADD A, @RI
Byte: 1
Cycle: 1
Encoding: (00 1 o[ 1117
Operation:  ADD
(A) = (A) +((RN)
ADD A, # data
Bytes: 2
Cycle: 1
Encoding: 10 01 0/0 100 | Immedate data
Operation: ADD
(A) « (A) +#data
=S o8 Prog. Gudeev 1.0



MHS C51

ADDC A, <src-byte>

Function :
Description :

Example :

ADDC A, RN
Byte:
Cycle :

Encoding :
Operation :

ADDC A, direct
Bytes :
Cycle :

Add with Carry

ADDC simuttansously adds the byte variable indicated, the carry flag and the Accumulator
contents, leaving the resutt in the Accumulator. Thecarry and auxiliary-carry or bit flags are set,
respectively, if there is a camy-out from bit 7 or bit 3, and cleared otherwise. When adding un-
signed integers, the carry flag indicates an overflow occured.

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a camy-out of bit 7 but not out of
bit 6 ; otherwise OV is cleared. When adding signed intergers, OV indicates a negative number
produced as the sum of two positive operands or a positive sum from two negative operands.

Four source operand addressing mode are allowed ; register, direct, register-indirect, or imme-
diate.

The Accumulator holds OC3H (110000118) and register 0 holds 0AAH (101010108) with the
cany flag set. The instruction,

ADDC A, RO

will leave 6EH (011011108) in the Accumulator with AC cleared and both the Canry flag and
OV setto 1.

1
1

EEIAX
ADDC
(A) &« (A} +(C) + (Rn)

2
1

Encoding : |ﬁ1 1]0 1 (QI rdired addressJ

Operation :

ADDC A, @ Ri
Byte:
Cycle :

ADDC
(A) « (A) + (C) + (direct)

1
1

excaog

Operation :

ADDC A, fidata
Bytes :
Cycle :

ADDC
(A) & (A) + (C) + ((R)

2
1

Encoding: [0 0 1 o010 0| meediatedataJ

Operation :

ADDC
(A) « (A) + (C) + # data

Prog. Guide/Rev.1.0
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MHS C51

AJMP addri1i

Functlon:  Absolute Jump

Description:  AJMP transfers program execution to the indicated address, which is formed at run-time by
concatanating the high-order five bits of the PC (affer incrementing the PC twice), opcode bits
7-5, and the second byte of the instruction. The destination must theretore be within the same
2 K block of program memory as the first byte of the instruction following AJMP.

Example :  The label * JMPADR * is at program memory location 0123H. The instruction,
AJMP JMPADR
is a Jocation 0345H and will load the PC with 0123H.

ADD A, direct
Bytes: 2
Cycles: 2
Encoding: h10a9 a8 00 0 0 1] [a7 a6 a5 a4[ad a2 a1 0|
Operation: AJMP
(PC) « (PC) +2
(PC10-0) « page address

ANL <dest-byte>, <src-byte>

Function:  Logical-AND for byte variables

Description:  ANL performs the bitwisa logical-AND operation between the variables indicated and stores the
results in the destination variable. No flags are affected.
The two operands allow six addressing mode combinations. When the destination is the Accu-
mulator, the source can use register, direct, register-indirect, or immediate addressing ; when
the destination is a direct address, the source can be the Accumulator orimmediate data. Note :
When this instruction is used to modify an output port, the value used as the original port data
will be read from the output data latch, not the input pins.

Example: Hf the Accumulator hokds 0C3H (11000011B) and register 0 hoids 55H (01010101B) then the

instruction,
ANL A, RO
will leave 41H (01000001B) in the Accumulator.
When the destination is a directly addressed byte, this instruction will clear combinations of bits
in any RAM location or hardware register. The mask byte determining the pattem of bits to be
cleared would sither be a constant contained in the instruction or a value computed in the Ac-
cumulator at run-time. The instruction,
ANL P1, #01110011B
will clear bits 7, 3, and 2 of output port 1.

ANL A, Rn
Bytes: 1
Cycles: 1

Sncoding: [0 0 [T 7

Operation: ANL

(A) « (A) A (Rn)
ANL A, direct
Bytes: 2
Cycles: 1
Encoding: 010 1]0 101 | drectaddress
Operation: ANL
(A) « (A) A (direct)
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ANL A, @R!
Byte: {
Cycle: 1 .
crcoan:
Opération:  ANL
A« (A) A (R)
ANL A, #DATA
Bytes: 2
Cycle: 1
Encoding: o 1 0 1]0 1 0 q | immediate data
Operation: ANL
(A) « (A) A #data
ANL direct, A
Bytes: 2
Cycle: 1

Encoding: [0 1 0 10 0 1 g | direct address |
Operation:  ANL

(direct) & (direct) A (A)
ANL direct, # data
Bytes: 3
Cycles: 2

Encoding : IE 0100 1 ﬂ L direct address } Limmediale data

Operation:  ANL
(direct) « (direct)  # data
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ANL C, <src-bit>

Function :
Description :

Example :

ANL C, bit
Bytes :
Cycles :
Encoding :

Operation :

ANL C, hbit
Bytes :
Cycles :
Encoding :

Operation :

Logical-AND for bit variables .

It the Boolean value of the source bit is fogical 0 then clear the carry flag ; otherwise leave the
carry flag in its current state. A slash (* /") preceding the operand in the assembly language
indicates that the logical complement of the addressed bit is used as the source value, but the
source bit itself is not affected. No other flags are affected.

Only direct addressing is allowed for the source operand.

Set the canry flag if, P1.0=1,ACC.7=1,and OV =0:

MOV C, P1.0 ; LOAD CARRY WITH INPUT PIN STATE
ANLC, ACC.7 : AND CARRY WITH ACCUM. BIT 7

ANL C,/OV : AND WITH INVERSE OF OVERFLOW FLAG
2

2

Fooo[oouﬂ [ bitaddress i

ANL
(C) & (C) A (bit)

2
2

[lo11ooo 0| | bitaddress J

ANL .
(C) = (C) A (bit)

CJNE <dest-byte>, <src-byte>, rel

Function :
Description :

Example :

Compare and Jump if Not Equal

CJNE compares the magnitudes of the first two operands, and branches i their values are not
equal. The branch destination is computed by adding the signed relative-displacement in the
last instruction byte to the PC, after incrementing the PC to the start of the next instruction. The
canry flag is set i the unsigned integer value of <dest-byte> is less than the unsigned integer
value of <src-byte> : otherwise, the carry is cleared. Neither operand is affected.

The first two operands allow four addressing mode combinations : the Accumulator may be
compared with any directly addressed byte or immediate data, and any indirect RAM location
or working register can be compared with an immediate constant.

The Accumulator contains 34H, register 7 contains 56H. Theirst instruction in the sequence,
CJINE R7, #60H, NOT_EQ
H : R7 =60H

NOT_EQ: JC ; IF R7 < 60H

: :R7 > 60H

sets the canry flag and branches to the instruction at label NOT-EQ. By testing the canry flag,
this instruction determines whether R7 is greater or less than 60H.

It the data being presented to Port 1 is also 34H, then the instruction,

WAIT : CUNE A, P1, WAIT

clears the carry flag and continues with the next instruction in sequence, since the Accumulator
does equal the data read from P1. (if some other value was being input on P1, the program will
loop at this point until the P1 data changes to 34H).

REQ_LOW

i INHS
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CJNE A, direct, rel

MHS C51

Bytes: 3
Cycles: 2 .
Encoding : [1 01 1|0 1 oﬂ rdiractaddress J I rel. address J
Operation: (PC)« (PC)+3
IF (A) < (direct)
THEN
(PC) « (PC) + relative offsefl
IF (A) < (direct)
THEN N
(C)+ 1
ELSE
Cl< 0
CJNE A, # data, rel
Bytes: 3
Cycles: 2
Encoding: [1 01 1[0 100 [ immediatedata | [ reladdress |
Operation: (PC)+ (PC}+3
IF (A) < (data)
THEN
(PC) « (PC) + relative offset
IF (A) <data
THEN
C) e 1
ELSE
Cle« 0
CJNE Rn, # data, rel
Bytes: 3
Cycles:, 2
Encoding : |1 01 1]1 re r] [ immediatedata1 [ rel. address J
Operation: (PC) « (PC)+3
IF (Rn) < data
THEN
(PC) « (PC) + mlative offset
|IF (Rn) < data
THEN
(C)e 1
ELSE
Ce 0
CJNE @RI, # data, rel
Bytes: 3
Cycles: 2
Encoding : [1 01 1|0 11 IJ [ immediate data j [ rel. address
Operation: (PC) & (PC)+3

IF (Ri) < data
THEN

(PC) « (PC) + relative offset

IF ((Ri) < data
THEN

Cle 1
ELSE
(Cle 0

Prog. Guide/Rev.1.0
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CLRA
Function:  Clear Accumulator
Description :  The Accumulator is cleared (all bits sat on zero). No flags are affected.
Example:  The Accumulator contains 5CH (010111008). The instruction,
"CLRA
Will leave the Accumutator set to 00H (000000008).
Bytes: 1
Cycles: 1
Eroding
Operation: CLR
(A) «0
CLR bit
Function: Clearbit
Description:  The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on
the carry flag or any directly addressable bit.
Example:  Port 1 has previously been written with 5DH (01011101B). The instruction,
CLRP12
will leave the port set to 59H (010110018B).
CLRC
Bytes: 1
Cycles: 1
Encodng:  [T100[0 0 11
Operation: CLR
(C)e0
CLR bit
Bytes: 2
Cycles: 1
Encoding: [1100[0010 [ bitaddess |
Operation: CLR
o) <0
CPLA
Function: Complement Accumulator
Descritpion:  Each bit of the Accumulator is logically complemented (one’s complement). Bits which
previously contained a one are changed to a zero and vice-versa. No flags are affected.
Example:  The accumwuiator contains SCH (010111C0B). The instruction,
CPLA
will leave the Accumulator set to 0A3H (10100011B).
Bytes: 1
Cycles: 1
Encoding: [T 71 1]01 0
Operation: CPL __
(A) <A
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CPL bit
Function: Complement bit
Description :  The bit vaiiable specified is complemented. A bit which had been a one is changed to zero
and vice-versa. No other flags are affected. CLR can operate on the carry or any directly
addressable bit.
Note : When this instruction is used to modify an output pin, the value used as the original
data will be read from the output data latch, not the input pin.
Example:  Port 1 has previously been written with SBH (01011101B). The instruction sequence.
CPLP1.1
CPLP1.2
will leave the port set to 58H (010110118).
cpL C
Bytes: 1
Cycles: 1
Ercodrg
Operation: CPL __
©) «(©)
CPL bit
Bytes: 2
Cycles: 1
Encoding: [1011/0010 [ bitaddress
Operation: CPL ___
(bit) & (bit)

Prog. Guide/Rev.1.0
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DA A

Function :
Description :

Example :

Bytes :

Cycles :
Encoding :

Operation :

Decimal-adjust Accumulator for Addition «
DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two
variables (each in packed-BCD format), producing two four-bit digits, Any ADD or ADDC instruc.
tion may have been used to parform the addition.

If Accumutator bits 3-0 are greater than nine (x0cx1010-00x1111), or if the AC flag is one, s;
is added to the Accumulator producing the proper BCD digit in the low-order nibble, This inte'm;;
addition would set the carry flag if a carry-out of the low-order four-bit field propagated through
all high-order bits, but it would not clear the carry flag otherwise. 9
if the carry flag is now sat, or if the four high-order bits now exceed nine (1010x00x - 1113000x)
these high-order bits are incremented by six, producing the proper 5CD digit in the high-o dor
nibble. Again, this would set the carry flag if there was a carry-out of the high-order bits bu:
wouldn'tcdlear the carry. The cary flag thus indicates if the sum of the original two BCD varia'm

is greater than 100, allowing muttiple precision decimal. OV is not affected. o8

Al of this occurs during the one instruction cycle. Essentially, this instruction performs the de-
cimal conversion by adding 00H, 06H, 60H, or 66H to the Accumulator, depending on initial Ac-
cumulator and PSW conditions.

Note : DA A cannotsimply convert a hexadecimal number in the Accumulator to BC| i
nor does DA A apply to decimal substraction. D notation,
The Accumulator holds the value 56H (010101 10B) representing the packed BCD digits of the

decimal number 56. Register 3 contains the value 67H (011001 11B) representing the
BCD digits of the declmal number 67. The carry flag is set. The instruction sequre:%ce. packed

ADDC A R3

DA A

will first perform a standard twos-complement binary addition, resulting in

(10111110), in the Accumulator. The carry and auxillary carry flags will bg degwr:d\falue OPEH
The decimat Adjust instruction will then after the Accumulator to the value 2

indicating the packed BCD digits of the decimal number 24, the low-order tw: ;g(gg :)(f’(t’r:go dg2
cimal sum of 56,67, and the canry-in. The canry flag will set by the Decimal Adjust instruction
indicating that a decimal overflow occured. The trde sum 56,67, and 1 is 124. '
BCD variables can be incremented or decremented by adding 01H or 99H. If the Accumulator
initially holds 30H (represanting the digits of 30 decimal), then the instruction sequence,

ADD A, #99H
DA A

will leave the carmy set and 28H in the Accumulator, since 30 + 99 = 129, The low-order byte of
the sum can be interpreted to mean 30 - 1 = 29.

1

DA
- contents of Accumutator are BCD
IF [I(As-0) >9] V[(AC) = 1]
THEN (As -0) « (A3 -0) +6
AND

IF (A7 -4) >9]V{(C)=1]
THEN (A7-4) — (A7.4) + 6

WS
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DEC byte
Function: Decrement
Description:  The variable indicated is decremented by 17 An original value of 00H will underflow to OFFH.
No flags are affected. Four operand addressing modes are allowed : accumulator, register, di-
rect, or register-indirect.
Note : When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.
Example :  Register 0 contains 7FH (011111118). Intemal RAM locations 7 EH and 7FH contain 00H and
40H, respectively. The instruction sequence.
DEC @ RO
DECRo
DEC @ RO
will leave register 0 set to 7EH intemal RAM locations 7EH and 7FH to OFFH and 3FH.
DECA
Bytes: 1
Cycles: 1
Operation: DEC
(A) « (A)-1
DEC Rn
Bytes: 1
Cycles: 1
e
Operation: DEC
(Rn) « (Rn) - 1
DEC direct
Bytes: 2
Cycles: 1
Encoding: 0 00 1fo 101 [ directaddress j
Operation: DEC
(direct) « (direct) - 1
DEC @ Rl
Bytes: 1
Cycles: 1
Erotig:
Operation: DEC

((RD)) « ((Ri)) - 1
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DIV AB
Function: Divide
Description: DIV AB divides the unsigned eight-bit integer In the Accumulator by the unsigned eight-bit in-
teger in register B. The Accumulator recsives the integer part of the quotient ; register B receives
the integer remainder. The camry and OV flags wilt be cleared.
Excaption : if B had originatly contained 00H ; the values retumed in tha Accumulator and B-
register will be undefined and the ovarflow flag will be set. The canry flag is cleared in any cass.
Example:  The Accumulator contains 251 (OFBH or 1111101 1B) and B contains 18 (12H or 000100108B).
The instruction,
Div AB
will leave 13 in the Accumulator (ODH or 00001101B) and the value 17 (11H or 00010001B) in
B, since 251 = (13 x 18) +.17. Camry and OV will both be cleared.
Bytes: 1
Cycles: 4
Ero:
Operation: DIV
(Ans-s
+« (AV(B)
B)-o

DJNZ <byte>, <rel-addr>

Function :
Description :

Example :

Decrement and Jump if Not Zero

DJNZ decrements the location indicated by 1, and branches to the Address indicated by the
second operand if the resulting value is not zero. An original value of 00H will underfiow to OFFH,
No flags are atfected. The branch destination would be computed by adding the signed rela-
tive-displacement value in the last instruction byte to the PC, after incrementing the PC to the
first byte of the following instruction

The location decremented may be a register or directly addressed byte.

Note : When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, notthe input pins.

Intemal RAM locations 40H, 50H, and 60H contain the values 01H, 70H, and 15H, respectively.
the instruction sequence,

DJNZ 40H, LABEL _1

DJNZ 50H, LABEL 2

DJNZ 60H, LABEL_3

will cause a jump to the instruction at label LABEL2 with the values 00H, 6FH, and 15H in the
thres RAM locations. The first jump was nottaken because the result was zero.

This instruction provides a simple way of executing a program loop a given number of times,
or for adding a moderate time delay (from 2 to 512 machine cycies) with a single instruction.
The instruction sequence,

MOV R2,#8
TOGGLE : CPL P17
DJNZ R2, TOGGLE

wilt toggle P1.7 eight times, causing four output pulses to appaar at bit 7 of output Port 1. Each
pulse will last three machine cycles ; two for DUNZ and one to after the pin.

i IMHD
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DJNZ Rn, rel
Bytes: 2
Cycles: 2
Encoding : t1 0 1]1 t Lr! [ rel. address
Operation: DUNZ
(PC) « (PC) +2
(Rn) « (Rn) - 1
IF®N)>0or (Rn) <0
THEN
(PC) « (PC) + el
DJNZ direct, re!
Bytes: 3
Cycles: 2
Encoding : E 0 1]0 10 1J [ direct address ] [ rel. address J
Operation: DINZ
(PC) e (PC)+2
(direct) « (direct) - 1
IF (direct) > 0 or (direct) < 0
THEN
(PC) « (PC) + rel
INC <byte>
Function: Increment
Description:  INC increments the indicated variable by 1. An original value of OFFH will overflow to 00H. No
flags are affected. There addressing modes are allowed : register, direct, or register-indirect.
Note : When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.
Example:  Register 0 contains 7EH (0111111108). Intemal locations 7EH and 7FH contain OFFH
and 40H, respectively. The instruction sequence,
INC @RO
INC RO
INC @R0O
will leave register 0 set to 7FH and intemal RAM locations 7EH and 7FH holding (respactively)
00H and 41H.
INCA
Bytes: 1
Cycles: 1
Encoding: [0 000 m
Operation: INC
(A) « (A) +1
INC Rn
Bytes: 1
Cycles: 1
Encoding:  [9700 0[1 1
Operation: INC
(Rn) « (Rn) + 1
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INC direct
Bytes: 2
Cycles: 1 .
Encoding: [0 00 0/0 1 01| | directaddress
Operation: INC
(direct) « (direct) + 1
INC @ RI
Bytes: 1
Cycles: 1
Operation: INC
{(R)) « ((R) + 1
INC DPTR
Function:  Increment Data Pointer
Description:  Incrementthe 16-bitdata pointerby 1.A 16-bitincrement (modulo 2'®) is performed ; an overfiow
of the low-order byte of the data pointer {DP1.) from OFFH to 00H will increment the high-order
byte (DPH). No flags are affected.
This is the only 16-bit register which can be incremented.
Example: Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence,
INC DPTR
INC DPTR
INC DPTR
will change DPH and DPL to 13H and 01H.
Bytes: 1
Cycles: 2
Operatlon: INC
(DPTR) « (DPTR) + 1
JB bit,rel
Functlon:  Jump if Bit set
Descritpion:  If the indicated bit is a one, jump to the address indicated ; otherwise proceed with the next ins-
truction. The branch destination is computed by adding the signed relative-displacement in the
third instruction byte to the PC, after incrementing the PC to the first byte of the next instruction.
The bit tested is not modified. No flags are affected.
Note : When this instruction is used to test an output pin, the value used as the original data
will be read from the output data latch, not the input pin.
Example: The data present at input port 1 is 11001010B. The Accumulator holds 56 (010101108). The

instruction sequence.

JB P1.2, LABEL1
JB ACC.2, LABEL 2

will cause program execution to branch to the instruction at label LABEL 2.
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Bytbs :
Cycles :
Encoding :

Operation :

JBC bit, rel

3
2

loo1ofooodq |

JB
(PC) « (PC) + 3
IF (bit) = 1
THEN
(PC) « (PC) + rel

bit address }'I rel. address J

Function:  Jump if Bit is set and Ciear bit
Description: It the indicated bit is a one, branch to the address indicated ; otherwise proceed with the next
instruction. The bit will not be cleared if it is already a zero. The branch destination is computed
by adding the signed relative-displacement in the third instruction byte to the PC, after incre-
menting the PC to the first byte of the next instruction. No flags are affected.
Note : When this instruction is used to test an output pin, the value used as the original data
will be read from the output data latch, notthe input pin.
Example: © The Accumulator holds 56H (01010110B). The instruction sequence,
JBC ACC.3, LABEL 1
JBC ACC.2, LABEL 2
will cause program execution to continue at the instruction identified by the labet LABEL2, with
the Accumulator modified to 52H (010100108B).
Bytes: 3
Cycles: 2
Encoding: 00010000 | bitaddess | [ rel address
Operation: JBC
(PC) &~ (PC)+3
IF (bit) = 1
TH
(bit) <0
(PC) « (PC) +rel
JC rel
Function:  Jump if Cany is set
Description:  Ifthe carry flag is set, branch to the address indicated ; otherwise proceed with the next instruc-
tion. The branch destination is computed by adding the signed relative-displacement in the se-
cond instruction byte to the PC, after incrementing the PC twice. No flags are affected.
Example:  The camy flag is cleared. The instruction sequence,
JC LABEL 1
cPL C
JC LABEL 2
will set the carry and cause program execution to continue at the instruction identified by the
label LABEL2.
Bytes: 2
Cycles: 2
Encoding: |01 00[0000 [ rel address
Operation: JC
(PC) «~(PC) + 2
IF(C)=1
THEN
(PC) « (PC) +rel
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JMP @A + DPTR

Function:  Jump indirect
Description:  Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and
foad the resulting sum to the program countar. Thnsmllbetheaddresforsubsequemlnstmcbon
fetches. Sixteen-bit addition is performed (modulo 2'%) : a carry-out from the low-order eight bits
propagates through the higher-order bits. Neither the Accumulator nor the Data Pointer is alte-
red. No flags are affected.
Example:  An even number from 0 to 6 is in the Accumulator. The following sequance of instructions wil
branch to one of four AJMP instructions in a jump table starting at JMP-TBL :
MOV  DPTR, #JMP_TBL
JMP @ A+DPTR
JMP_TBL : AJMP LABELO
AJMP LABEL1
AJMP LABEL2
AJMP LABEL3
it the Accumulator equals 04H when starting this sequence, execution will jump to label LABEL2,
Remembers that AIMP is a two-byte instruction, so the jump instructions start at every other
address.
Bytes: 1
Cycles: 2
Sty
Operation: JMP
(PC) « (A) + (DPTR)
JNB blt, re!
Function:  Jump if Bit not set
Description:  If the indicated bit is a zero, branch to the indicated address ; otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relative-displacement in
the third instruction byte to the PC, after incrementing the PC to the first byte of the next instruc-
tion. The bit tested is not modified. No flags are affected.
Example:  The data present at input port 1 is 110010108, The Accumulator holds 56H (01010110B). The
instruction sequence,
JNB P1.3, LABEL1
JNB ACC3, LABEL2
will cause program execution to continue at the instruction at label LABEL2.
Bytes: 3
Cycles: 2
Encoding: 10 0 1 1J0 0 00| [ bitaddress | [ reladdress
Operation:  JNB
(PC) & (PC) +3
IF (bit) =0
THEN (PC) « (PC) + rel
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JINC rel
Function:  Jump if Canry not set
Description :  If the camy flag is a zero, branch to the addresg indicated : otherwise proceed with the next ins-
truction. The branch destination is computed by adding the signed relative-displacement in the
second instruction byte to the PC, after incrementing the PC twica to point to the next instruction.
The camy flag is not modified.
' Example:  The carry flag is set. The instruction sequenca,
JNC LABEL1
CPLC
JNC LABEL2
will clear the carry and cause program execution to continue at the instruction identified by the
label LABEL2,
Bytes: 2
Cycles: 2
Encoding: 01010000 [ rel address |
Operation: JNC
(PC) &« (PC)+2
IF(C)=0
THEN (PC) « (PC) +rel
JNZ re!
Function  Jump if Accumutator Not Zero
Description:  If any bit of the Accumulator is a one, branch to the indicated address ; otherwise proceed with
the next instruction. The branch destination is computed by adding the signed relative-displa-
cementin the second instruction byte to the PC, after incrementing the PC twice. The Accumu-
fator is not modified. No flags are affected.
Example:  The Accumulator originally holds 0OH. The instruction sequence,
JNZ LABEL1
INCA
JNZ LABEL2
will set the Accumulator to 01H and continue at label LABEL2.
Bytes: 2
Cycles: 2
Encoding: jo111/0000 [ rel address |
Operation: JNZ
(PC)~ (PC)+2
IF(A)=0
THEN (PC) « (PC) + rel
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JZ rel
Function:  Jump if Accumulator Zero
Description :  If all bits of the Accumutator are zero, branch to the address indicated ; otherwise proceed with
the next instruction. The branch destination is computed by adding the signed relative-displa-
camentin the second instruction byte to the PC, after incrementing the PC twice. The Accumu-
lator is not modified. No flags are affected.
Example :  The Accumulator originally contains 01H. The instruction sequence.
Jz LABEL1
DEC A
JZ LABEL2
will change the Accumulator to 00H and cause program execution at the instruction identified
by the label LABEL 2,
Bytes: 2
Cycles: 2
Encoding: o 11 0/0000] [ reladdress ]
Operation: JZ
(PC)« (PC) +2
IF(A)=0
THEN (PC) « (PC) + rel
LCALL addris
Function: Long call
'Descrlpﬂon ¢ LCALL calls a subroutine located at the indicated address. The instruction adds three to the
’ program counter to generate the address of the naxtinstruction and then pushes the 16-bit result
onto the stack (low byte first), incrementing the Stack Pointer by two. The high-order and low-
order bytes of the PC are then loaded, respectively, with the second and third bytes of the LCALL
instruction. Program execution continues with the instruction at this address. The subroutine
may therefore begin anywhere in the full 64K-byte program memory address space. No flags
are affected.
Example :  Initially the Stack Painter equals 07H. The label * SUBRTN * is assigned to-program memory
location 1234H. After exacuting the instruction,
LCALL SUBRTN
at location 0123H, the Stack Pointer will contain 09H, intemal RAM locations 08H and 09H will
contain 26H and 01H, and the PC will contain 1235H.
Bytes: 3
Cycles: 2
Encoding: 1000 1/0 010 [ addisadd® | [ add7-addo
Operation: LCALL
(PC)«~ (PC)+3
(SP) « (SP) + 1
((SP)) « (PCr.0)
(SP) « (SP) + 1

((SP)) « (SP15.¢)
(PC) « addr15.¢

—
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LJMP addr16
Function: Long Jump
Description:  LJMP causes an unconditional branch to the indicated address, by loading the high-order and
low-order bytes of the PC (respactively) with the second and third instruction bytes. The desti-
nation may therefore be anywhere in the full 64K program memory address space. No flags
are affected.
Example: The label * JMPADR " is assigned to the instruction at program memory location 1234H. The
instruction,
LJMP JMPADR
at location 0123H will load the program counter with 1234H,
Bytes: 3
Cycles: 2
Encoding: [0000[0 010 [ addrisadds | [ addr7-addo
Operation: LJMP
(PC) « addriso

MOV <dest-byte>, <src-byte>

Function :
Description :

Example :

MOV A, Rn
Bytes :
Cycles :
Encoding :

Operation :

*MOV A direct
Bytes :
Cycles :
Encoding :

Operation :

Move byte variable

The byte variable indicated the second operand is copied into the location specified by the first
operand. The source byte is not affected. No other register or flag is affected.

This is by far the most flexible operation. Fifteen combinaisons of source and destination ad-
dressing modes are allowed.

Intemal RAM location 30H holds 40H. The value of RAM location 40H is 10H.
The data present at input port 1 is 110010108 (OCAH).

MOV RO, #30H : RO <=30h

MOV A, @RO ;A <= 40H

MOV R1,A : R1 <=40h

MOV R, @R1 1B <=10h

MOV @ R1,P1 ; RAM (40H) <= OCAH
MOV P2, P1 , P2 #0CAH

leaves the value 30H in register 0,40H in both the Accumulator and register 1,10H in register
B, and OCAH (110010108) both in RAM location 40H and output on port 2.

1rr.

MOV
(A) & (Rn)

2

1
t110010 1| | directaddress |

MOV
(A) « (direct)

*MOV A, ACC is not vafid instruction.
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MOV A,@ RI

Bytes :
Cycles:

1
1

e

Operation :

MOV A, #data

Bytes :
Cycles :
Encoding :

Operation :

MOV Rn, A

Bytes :
Cycles :
Encoding :
Operation :

MOV Rn, direct

Bytes :
Cycles :
Encoding :
Operation :

MOV Rn, # data

Bytes :
Cycles :
Encoding :

Operation :

MOV direct, A

Bytes :
Cycles :
Encoding :

Operatlon :

MOV direct, Rn

Bytes :
Cycles :
Encoding :

Operation :

Mov
(A) & (Ri)

2
1

, MHS C51

{0 1110100

[ immediate dataJ

MOV
(A) « #data

1
1

MoV
(Rn) « (A)

2

2
|L010I1rrr]

[ direct addr. J

MoV
(Rn) & (direct)

2

1
|o11111rrj

| immediate data

MOV
(Rn) « # data

2
1

(11110107

[ direct address

MOV
(direct) « (A)

2
2

[toooltrrd

[ direct addresJ

MOV
(direct) « (Rn)

106
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—

MOV direct, direct
Bytes: 3
Cycles: 2
Encoding: 19 0 0[0 1 0 1] | dir. addr, (src) | | . addr. (dest) |
Operation: MOV
(direct) & (direct)
MOV direct, @ RI
Bytes: 2
Cycles: 2
Encoding: 1 0 0 olo 114 [ direct addr. |
Operation: MOV
(direct) « (Ri)
MOV direct, # data
Bytes: 3
Cycles: 2
Encoding: 0 11 1J0 101 [ drect address | | immediato data |
Operation: MOV
(direct) « # data
MOV @ Ri, A
Bytes: 1
Cycles: 1
Operation: MOV
{(R)) « (A)
MOV @ Ri, direct
Bytes: 2
Cycles: 2
Encoding: 1 ¢ 1 ofo 11 ] | directadar. |
Operation: MOV
((R) « (direct)
MOV @ RI*, data
Bytes: 2
Cycles: 1
Encoding: 10 1 1 1[0 1 1| | immediate data |
Operation: MOV
((Ri) « # data
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MOV <dest-bit>, <src-blit>

Function :
Description :

Example :

MOV C, bit
’ Bytes :
Cycles:
Encoding :

Operation :

MOV bit, C
Bytes :
Cycles:
Encoding :

Operation :

More bit data

The Boolean variable indicated by the setond operand is copied into the location specified by
the first operand. One of the operands must be the camy flag ; the other may be any directly
addressable bit. No other register or flag is affected.

The carry flag is originally set. The data present at input Port 3 is 11000101B.
The data previously written to output Port 1 is 35H (00110101B).

Mov P1.3,C
MOV C, P33
MOV P1.2,C

wilt leave the carry cleared and change Port 1 to 39H (00111001B).

2
1

fPot1ojoo1q |

MoV
(C) & (bit)

bit address

2
2

[foo1oo1q |

MoV
(bit) « (C)

bit address J

MOV DPTR, # data 16

Function :
Description :

Example :

Bytes :
Cycles :
Encoding :

Operation :

Load Data Pointer with a 16-bit constant

The Data Pointer is loaded with the 16-bit constant indicated. the 16-bit constant is loaded into
the second and third bytes of the instruction. The second byte (DPH) is the high-order byte, while
the third byte (OPL) holds the low-order byte. No flags are affected.

This is the only instruction which moves 16-bits of data at once.

The instruction,

MOV DPTR, 1234H

will load the value 1234H into the Data Pointer : DPH will hold 12H and DPL will hold 34H.
3

2
[1 001/00 00| [immed.data15—8] [ immed.datam
MOV

(DPTR) « # dataiso

DPH DPL « # datasss # datazo
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MOVC A, @ A + <base-reg>

Function:  Move Code byte
Description:  The MOVC instructions load the Accumulator with a code byte, or constant from program me-
mory. The address of the byte fetched is the sum of the original unsigned eight-bit. Accumulator
contents and the contents of a sixteen-bit base register, which may be either the Data Pointer
orthe PC. Inthe latter casa, PC is incremented to the address of the following instruction before
being added with the Accumulator ; otherwise the base register is not altered. Sixteen-bit ad-
dition is performed so a carry-out from the low-order eight bits may propagate through higher-
order bits. No flags are affected.
Example:  Avalue between 0 and 3 s in the Accumulator, The following instructions will translate the value
in the Accumutator to one of four values defined by the DB (define byte) directive.
RELPC: INC A
MOvVC A @A+PC
RET
DB 66H
cB 77H
cB 88H
DB 99H
if the subroutine is called with the Accumulator equal to 01H, it will retumn with 77H in the Ac-
cumulator. The INC A before the MOVC instruction is needed to * get around * the RET instruc-
tion above the table. If several bytes of code separated the MOVC from the table, the
commesponding number would be added to the Accumulator instead.
MOVC A, @ A+ DPTR
Bytes: 1
Cycles: 2
Operation: MOVC
(A) « ((A) + (OPTR))
MOVC A, @ A+ PC
Bytes: 1
Cycles: 2
Operation: MOVC
(PC) « (PC) +1
(A) « ((A) + (PCY)
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MOVX <dest-byte>, <src-byte>

Function :
Description :

MOVXA, @RI
Bytes :
Cycies :

Encoding :
Operation :

MOVX @RI, A
Bytes :
Cycles :
Encoding :

Operation :

MOVX A, 0 DPTR
Bytes :
Cycles :

Encoding :

Operation :
MOVX @ DPTR, A

Bytes :

Cycles :

Encoding :

Operation :

Move Extemnal

The MOVX instructions transfer data between the Accumulator and a byte of éxtemal data me-
mory, hencethe * X * appended to MOV. There are two types of instructions, ditfering in whather
they provide an eight-bit or sixteen-bit indirect address to the extemnal data RAM.

In the first type, the contents of RO or R1 in the cument register bank provide an eight-bit address
muttiplaxed with data on PQ. Eight bits are sufficient for extemal O expansion decoding or for
a relatively small RAM amray. For somewhat larger arays, any output port pins can be used to
output higher-order address bits. These pins would be controlled by an output instruction pre-
cading the MOVX

In the second type of MOVX instruction, the Data Pointer generates a sixteen-bit address. P2
outputs the high-order eight address bits (the contents of DPH) while PO multiplexes the low-
order eight bits (DPL) with data. The P2 Special Function Register retains its previous contents
while the P2 output buffers are emitting the contents of DPH. This form is faster and more ef-
ficiant when accessing very large data anrays (up to 64K bytes), since no additional instructions
are neaded to set up the output ports.

ltis possible in soma situation to mix the two MOVX types. A large RAM array with its high-order
address lines driven by P2 can be addressed via the Data Pointer, or with code to output high-
order address bits to P2 followed by a MOVX instruction using RO or R1.

An extemal 256 byts RAM using muttiplexed address/data fines is connected to the 80CS51
Port 0. Port 3 provides control lines for the extemal RAM. Ports 0 and 2 are used for normal
0. Registars 0 and 1 contain 12H and 34H. Location 34H of the extemal RAM hoids the value
§6H. The instruction sequence
MOVX A @Rt

MOVX @R0,A

copies the value 56H into both the Accumulator and external RAM location 12H.

r
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MUL AB
Function:  Multiply
Description:  MUL AB muttiplies the unsigned eight-bit integers in the Accumulator and register B. The low-
order byte of the sixteen-bit product is left in the Accumulator, and the high-order byte in B. If
the product is greater than 255 (OFFH) the overflow fiag is set ; otherwise itis dleared: The cany
flag is always cleared.

Example:  Originally the Accumulator hokds the value 80 (50H). Register B holds the value 160 (OACH).

The instruction,
MUL AB
will give the product 12,800 (3200H), so Bis changed to 32H (001100108) and the Accumutator
is cleared. The overflow flag is set, carry is cleared. ’
Bytes: 1
Cycles: 4
Encoding
Operation:  MUL
(A7 -0 (A) X (B)
(Bhrs-s
NOP
Function:  No Operation
Description:  Execution continue at the following instruction. Other than the PC, no registers or flags are ef-
fected. ’

Example: It is desired to produce a low-going output puise on bit 7 of Port 2 lasting exactly 5 cycles. A
simple SETB/CLR sequence would generate a one-cycle pulse, sa four additional cycles must
be inserted. This may be done (assuming no interrupts are enable) with tha instruction sequence.
CLR P2.7
NOP
NOP
NOP
NOP
SETP P2.7

Bytes: 1
Cycles: 1
Encoding: 10 00 0[0 000
Operation: NOP
(PC) &« (PC) + 1
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ORL <dest-byte> <src-bytes

Function :
Description :

Example :

ORL A, Rn
Bytes :
Cycles :
Encoding :

Operation

ORL A, direct
Bytes ;
Cycles :
Encoding :

Operation :

ORL A, @ Ri
Bytes :
Cycles :
Encoding :

Operation :

ORL A, # data
Bytes :
Cycles :
Encoding :

Operation

ORL direct, A
Bytes :
Cycles :
Encoding :

Operation :

Logical-OR for byte variables

ORL performs the bitwise logical-OR oparation between the indicated variables, storing the re-
sults in the destination byte, No flags are affected.

The two operands aflow six addressing mede combinaisons. When the destination is the Ac-
cumutator, the source can use register, direct, register-indirect, or immediate addressing ; when
the destination is a direct address, the source can ba the Accumutator or immediate data.
Note : When this instruction is used to modify an output port, the value used as the original port
data will be read from the output data latch, not the input pins.

1 the Accumulator holds 0C3H (110000118) and RO holds 55H (01010101B) then the instruc-
tion,

ORLA, RO

will leave the Accumulator holding the value 0D7H (110101118).

When the destination is a directly addressed byte, the instruction can set combinations of bits
in any RAM location or hardware register. The pattem of bits to be set is determined by a mask
byte, which may be either a constant data vaiue in the instruction or a variable computed in the
Accumutator at run-time. The Instruction.,

ORL P1, #00110010b ’

will set bits 5, 4, and 1 of output Port 1.

1
1

EEXREE,

ORL
(A) = (A)V (Rn)

2
1

E1 0 OIO 1 Oﬂ [jrectaddressj

ORL
(A) « (A) V (direct)

1
1

K CKEN

ORL
(A) (A} V (RD)

2
1 .

E1 0 0fo 1 0 0] unmediatedata
ORL

(A) — (A) V # data

2

<

1
lo1o o[o 010 | direct address |

ORL
(direct) « (direct) V (A)

wa IMHS
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ORL direct, # data
Bytes: 3
Cycles: 2 .
Encoding: [0 1 0 0[0 0 1 1| | directaddress | [ immediate data |
Operation:  ORL
(direct) « (direct) V # data
ORL C, <src-bit>
Function:  Logical-OR for bit variable

Description:  Setthe carry flag if the Boolean value is a logical 1 ; leave the camyin its current state otherwise.
A slash (" /%) preceding the operand in the assembly language indicates that the logical com-
plement of the addressed bitis used as the source valus, but the source bit it self is not affected.
No other flags are affected.

Example : Set the carry flag it and onlyif P1.0=1,ACC.7=1,0rOV=0:
MOV C, P10 ; LOAD CARRY WITH INPUT PIN P10
ORL ¢, ACC.7 : OR CARRY WITH THE ACC. BIT7
ORL cC/ov : OR CARRY WITH THE INVERSE OF OV
ORL C, bit
Bytes: 2
Cycles: 2
Encoding: |0 1 1 1[0 0 1 0] | bitaddress |
Operation:  ORL
(C) « (C) V (bit)
ORL C, it
Bytes: 2
Cycles: 2
Encoding: |1 0 1 0[0 0 0 o] | btaddress |
Operation: ORL .
C) «(©)V (bi)
POP direct
Function: Pop from stack.

Description:  The contents of interal RAM location addressed by the Stack Pointer is read, and the Stack
Pointeris decremented by one. The value read is then transferred to the directly addressed byte
indicated. No flags are affected.

Example: The Stack Pointer originally contains the value 32H, and intemal RAM locations 30H through
32H contain the values 20H, 23H, and 01H, respectively. The instruction sequence,
POP DPH
POP DPL
will feave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this
point the instruction,
POP SP
will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was de-
cremented to 2FH before being loaded with the value popped (20H)
Bytes: 2
Cycles: 2
Encoding: |11 0 10 0 00 [ directaddress |
Operation: POP
(direct) « ((SP))
(SP) « (SP) - 1
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Function:  push onto stack.'
Description:  The Stack Pointer is incremented by one. The contents fo the indicated variable is then copied
into the intemal RAM location addressed by the Stack Pointer. Otherwise no flags are affected,
Example :  On entering interrupt routine the Stack Pointer contains 0SH. The Data Pointer holds the value
0123H. The instruction sequencs,:
PUSH DPL
PUSH DPH
will leave the Stack Pointer set to 0BH and store 23H and 01H in intemal RAM location 0AH
and 0BH, respectively.
Bytes: 2
Cycles: 2
Encoding : E 0 0[ 00 (ﬁl [ direct address ]
Operation: PUSH
(SP) « (SP) + 1
((SP)) « (direct)
RET
Function:  Retum from subroutine
Description :  RET pops the high-and low-order bytes of the PC successively from the stack, decrementing
the Stack Pointer by two. Program execution continues at the resulting address, generally the
instruction immadiately following en ACALL or LCALL. No flags are affected.
Example:  The Stack Pointer originally contains the value OBH. Intemal RAM locations 0AH and 0BH
contain the values 23H, and 01H, respectively. The instruction,
RET
will leave the Stack Pointer equal to the value 09H. Program execution will continue at location
0123H.
Bytes: 1
Cycles: 2
Encoding : 0 010
Operation: RET
(PCis-8) « ((SP))
(SP) &« (SP) -1
(PC7-0) « ((SP))
(SP) « (SP) -1
RETI
Function:  Retum from interrupt
Description :  RET! pops the high-and low-order bytes of the PC successively from the stack, and restores
the interrupt logic to accept additional interrupts at the same priority level as the one just pro-
cessed. The Stack Pointer is left decremented by two. No other registers are affected ;the PSW
is not automatically restored to its pre-interrupt status. Program execution continues at the re-
sulting address, which is generally the instruction immediately after the point at which the inter-
rupt request was detected. If a lower-or-same-level interrupt had been pending when the RETI
Instruction is executed, that one instruction will be executed before the pending interrupt is pro-
cassed.
Example :  The Stack Pointer originally contains the value 0BH. An interrupt was detected during the ins-

truction ending at location 0122H. Internal RAM locations 0AH and 0BH contain the values 23H
and 01H, respectively. The instruction,

RETI
will leave the Stack Pointer equal to 03H and retum program execution to location 0123H.

L

114 Prog. Guide/Rev.1.0



MHS C51

Bytes: 1
Cycles: 2
Encoding : m 0010 .
Operation: RETI
(PCis-8) « ((SP))
(SP) &« (SP) -1
(PCrz-0) « ((SP))
(SP) « (SP) - 1
RLA
"Function:  Rotate Accumulator Left
Description:  The eight bits in the Accumutator are rotated one bitto the left. Bit 7 rotated into the bit 0 positicn.
No flags are affected.
Example: The Accurulator holds the value OCSH (11000101B). The instruction,
RLA
leaves the Accumnulator holding the value 88H (100001011B) with the carry unaffected.
Bytes: 1
Cycles: 1
Encoding: [0 1000 11
Operation: RL
(An+ 1)« (An)n=0-6
(A0) + (A7)
RLCA
Function:  Rotate Accumulator Left through the Canry flag
Description:  The eight bits in the Accumulator and the canry flag are together rotated one bit to the left. Bit
7 moves into the carry flag ; the original state of the carry flag moves into the bit 0 position. No
other flags are affected.
Example: The Accumulator hokds the value 0CSH (11000101B), and the carry is zero. The instruction,
RCLA
leaves the Accumulator holding the value 8BH (100010108} with the canry set.”
Bytes: 1
Cycles: 1
Encoding:
Opergtion: RLC
(An+1)~(An)n=0-6
{A0) « (C)
(C) « (A7)

Prog. Guide/Rev.1.0
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"RRA
Function:  Rotate Accumulator Right
Description:  The eight bits in the Accumulator are rotated one bit to the right. Bit 0 is rotated into the bit 7
position. No flags are affected. .
Example:  The Accumulator holds the value OCSH (110001018B). The instruction,
RRA
leaves the Accumutlator holding the value 0E2H (11100010B) with the carry unaffected.
Bytes: 1
Cycles: 1
Encodng:  [000 0[0 0 11
Operation: RR
A)e(An+1)n=0-6
(A7) « (AQ)
RRC A
Function:  Rotate Accumulator Right through Carty flag
Description:  The eight bits in the Accumulator and the cany flag are together rotated one bit 1o the right. Bit
0 moves into the cary flag ; the original value of the carry flag moves into the bit 7 position. No
other flags are affacted.
Example: The Accumwdator holds the value OCSH (11000101B), and the carry is zero. The instruction,
RRC A
leaves the Accumulator holding the value 62 (01100010B) with the carry set.
Bytes: 1
Cycles: 1
St
Operation: RRC
(An) ¢~ {Aa+1)n=0-6
(A1) (O
(C) « (A0}
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SETB <bit>
Function:  Setbit
Description :  SETB sets the indicated bit to one. SETB can pperate on the carry flag or any direct addressable
bit. No other flags are affected.
Example:  The carmyflagis deared. Output Port 1 has been written with the value 34H (001101008). The
instructions,
SETB Cc
SETB P1.0
will leave the carry flag set to 1 and change the data output on Port 1 to 35H (00110101B).
SETBC .
Bytes: 1
Cycles: 1
Encoding: (11010011
Operation: SETB
C) 1
SETB bit
Bytes: 2
Cycles: 1
Encoding : [1 10 1] 001 Cﬂ l bit address
Operation: SETB
{bit) « 1
SJMP rel
Function:  Short Jump
Description :  Program control branches unconditionally to the address indicated. The branch destination is
computed by adding the signed displacement in the second instruction byte to the PC, after in-
crementing the PC twice. Therefore, the range of destinations allowed is from 128 bytes pre-
ceding this instruction to 127 bytes following it
Example :  The label "RELADR’ is assigned to an instruction at program memory location 0123H. The in-
struction,
SJMP RELADR
will assemble into location 0100H. After the instruction is executed, the PC will contain the value
0123H.
(Note : Under the above conditions the instruction following SIMP will be at 102H. therefore,
the displacement byte of the instruction will be the relative offset (0123H - C102H) = 21H. Put
another way, an SIMP with a displacement of OFEH wouid be an one-instruction infinite ioop).
Bytes: 2
Cycles: 2
Encoding: |1 00 0[0000| | reladdress
Operation: SJMP
(PC) &« (PC) +2
(PC) & (PC) + rel

Prog. Guide/Rev.1.0
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SUBB A, <src-byte>

Functlon :
Description :

Example :

SUBB A, Rn
Bytes :
Cycles :
Encoding :

Operation :

SUBB A, direct
Bytes :
Cycles :
Encoding :

Operation :

SUBBA, @ Ri
Bytes :
Cycles :
Encoding :

Operation ;
SUBB A, # data
Bytes :

Cycles :
Encoding :

Operation :

Subtract with borrow

SUBB subtracts the indicated variable and the carry flag together from the Accumutator, leaving
the resutt in the Accumulator. SUBB sets the camy (borrow) flag if a borrow is needed for bit7,
and clears C otherwise. (if C was set before executing a SUBB instruction, this indicates that
a borrow was needed for the previous step in a muttiple precision substraction so the cany is
subtracted from the Accumudator along with the source operand). AC is set if a borrow is needed
for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit 6, but not into bit 7, or
into bit 7, but not bit 6.

When subtracting signed integers OV indicates a negative number produced when a negative
value is subtracted from a positive value, or a positive result when a positive number is sub-
tracted from a negative number.

The source operand allows four addressing modes : register, direct, register-indirect, or imme-
diate.

The Accumulator holds 0C9H (11001001B), register 2 holds 54H (01010100B), and the canry
flag is set. the instruction,

SUBB'A, R2

will leave the value 74H (01110100B) in the accumulator, with the camy flag and AC cleared
but OV set.

Notica that 0C9H minus 54H is 75H. The difference between this and the above result is due
to the cany (borrow) flag being set before the operation. if the state of the carry is not known
before starting a single or multiple-precision substraction, it should not be explicity cleared by
a CLRC instruction.

1
1

(EKKI KR,

suBB
(A) < (A) - (C) - (Bn)

2
1

[1 00 1]0 10 1] [ direct address

SuUBB
(A) « (A) - (C) - (direct)

1
1

(EERICKEN

SuBB
(A) < (A) -(C)-(R)

2

1
10010100 | immedatedata |

SuBB
(A) « (A) - (C)—# data
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SWAP A
Function:  Swap nibbles within the Accumulator
Description :  SWAP A interchanges the low-and high-order nibbles (four-bit fields) of the Accumulator (bits
3 - 0 and bits 7 - 4). The operation can also be thought of a four-bit rotate instruction. No flag
are affected.
Example : The Accumulator holds the value 0CSH (1 1000101B). The instruction,
SWAP A
leave the Accumulator holding the value SCH (010111008).
Bytes: 1
Cycles: 1
Operation: SWAP

XCH A, <byte>

(Aa-0) 2 (A7-9)

Function :
Description :

Example :

XCHA, Rn
Bytes :
Cycles :
Encoding :

Operation :

XCH A, direct
Bytes:
Cycles :
Encoding :

Operation :
XCHA, @RI
Bytes :

Cycles :
Encoding :

Operation :

Exchange Accumulator with byte variable
XCH loads the Accumulator with the contents of the indicated variable, at the same time writing

- the original Accumulator contents to the indicated variable. The source/destination operand can

use register, direct, or register-indirect addressing.

RO contains the addres 20H. The Accumulator holds the value 3FH (00111111B). internal RAM
focation 20H holds the value 75H (01110101B). The instruction,

XCHA, @Ro

will leave RAM location 20H holding the values 3FH (00111111B) and 75H (01110101B) in the
Accumulator,

1
1

XCH
(A) & (Rn)

2
1

1o 0{0 1M [ directaddressJ

XCH
(A) 2 (direct)

1
1

XCH
(A) 2 (Ri)

Prog. Guide/Rev.1.0
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XCHD A, @ RI

Function: Exchange Digit

Description :  XCHD exchanges the low-order nibble of the Accumulator (bits 3 - 0), generally representing
a hexadecimal or BCD digit, with that of the internal RAM location indirectly addressed by the
specified register. The high-order nibbles (7 - 4) of each register are not affected. No flags are
affected.

Example : RO contains the address 20H. The Accumulator holds the value 36H (001 10110B). Intemal RAM
location 20H holds the value 75H (01110101B). The instruction,

XCHD A, @ RO
will leave RAM location 20H holding the value 76H (011101108) and 35H (001101018) in the
Accumulator.
Bytes: 1
Cycles: 1

Encoding:

Operation: XCHD .
(A3-0) 2 ((Ria- 0)

XRL <dest-byte>, <src-byte>

Function:  Logital Exclusive-OR for byte variable

Description:  XRL performs the bitwise logical Exclusive- OR operation between the indicated variables, sto-
ring the results in the destination. No flags are affected.
The two operands allow six addressing mode combinations. When the destination is the Accu-
mulator, the source can use register, direct, register-indirect, or inmediate addressing ; when
the destination is a direct address, the source can be the accumulator or immediate data.
(Nots : When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins).

Example :  If the Accumulator holds OC3H (110000118) and register 0 holds 0AAH (10101010B) then the

instruction,

XRLA, RO

will leave the Accumulator holding the value 69H (01101001B).

When the destination is a directly addressed byte, this instruction can complement combinations
of bits in any RAM location or hardware register. The pattem of bits to be complemented is then
determined by a mask byte, either a constant contained in the instruction or a variable computed
in the Accumulator at run-time. The instruction,

XRL P1, #00110001B
will complement bits 5, 4, and 0 of output Port 1.

XRL A, Rn
Bytes: 1
Cycles: 1
erodi
Operation: XAL
(A) « (A V (Rn)
XRL A, direct
Bytes: 2
Cycles: 1
Encoding: [0 1 1°0[0 1 01| | directaddress
Operation: XRL
(A) « (A) V (direct)
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XRLA, @RI
Bytes: 1
Cycles: 1 .
e
Operation:  XAL
(A) « (A) V ((R))
XRL A, #data
Bytes: 2
Cycles: 1

Encoding : E1 10{010 0| | immediate data
Operation: XRL

(A) « (A) V #data
XRL dlrect, A
Bytes: 2
Cycles: 1
Encoding: 10 1 1 0/0 010 [ directaddress
Operation: XRL
(direct) « (direct) V (A)
XRL direct, # data
Bytes: 3
Cycles: 2

Encoding : [0 11 0]0 01 1] I direct addressj [ immediate data

Operstion:  XRL
(direct) « (direct) V # data
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DATA SHEET

October 1992

' 80C31/80C51

CMOS SINGLE-CHIP
8 BIT MICROCONTROLLER

« B80C31/80CS1:0TO 12 Mtz
80C31/80C51-1: 0 TO 16 MHz
80C31-S/80CS1-S : 0 TO 20 MHz

80C31BOCS1L : 0 TO6 MHZWITH27 V<Vec <6V
B80CS1F : 80CS1 WITH PROTECTED ROM

FEATURES
« POWER CONTROL MODES « BOOLEAN PROCESSOR
« 128x 8 BIT RAM » SINTERRUPT SOURCES
« 4 KBYTES OF ROM (80C51) « PROGRAMMABLE SERIAL PORT
» 32 PROGRAMMABLE /O LINES « 64 KDATA MEMORY SPACE
» TWO 16 BIT TIMER/COUNTER « TEMPERATURE RANGE : COMMERCIAL,
« 64 K PROGRAM MEMORY SPACE INDUSTRIAL, AUTOMOTIVE AND MILITARY
s FULLY STATIC DESIGN

INTRODUCTION

MHS's 80C31 and 80C51 are high performance CMOS
versions of the 8031/8051 NMOS single chip 8 bit uC
and are manufactured using a self-aligned silicon gate
CMOS process (SAJI VI).

The fully static design of the MHS 80C31/80CS51 allows
to reduce system power consumption by bringing the
clock frequency down to any value, even DC, without
loss of data.

The 80CS1 retains all the features of the 8051 : 4 K
bytes of ROM ; 128 bytas of RAM ; 32 VO kines ; two 16
bit timers ; a S-source, 2-level interupt structure ; a full

-

duplex serial port ; and on-chip oscillator and clock
circuits.

In addition, the B80C51 has two software-
selectable modes of reduced activity for further
reduction in power consumption. in the kdle Mode the
CPU is frozen while the RAM, the timers, the serial port,
and the interrupt system continue to function. In the
Power Down Mode the RAM is saved and all other
functions are inoperative.

The 80C31 is identcal to the 80CS1 except that it has
no on-chyp ROM.

T{n information contained herein is subject to change withou! notice. No responsibilily is assumed by MATRA MHS SA for using this pubbcation andfor
circults described herein : nor for any possidie infringements of patents or other ights of Chwrd parties which may resuft from fs use, '

80C31/Rev.1.0
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INTERFACE
PIN CONFIGURATION
~ INDEX savzc.88558
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Rat Pack
Diagrams are for reference only. Package tizes are not to scale.

Figure 1.

i1 IMHED

124

80C31/Rev.1.0



PIN DESCRIPTION
Vss
Clrcult ground potential

Vee

Supply voltage dunng nommal, Idle, and Power Down
operabon.

Port 0

Port O is an 8 bt open dran de-cirectional VO port. Port 0
pins that have 1's wntien 10 them float, and in that state
" “can be used as high-impedance inputs.

Port 0 is also the mutiplexed low-order address and
data bus during accssses 10 extemnal Program and Data
Memory. In this appiication & uses strong intemal
puliups when emstting 1's. Port 0 also outputs the code
bytes during program verification in the 80CS1. Extemnal
pullups are required during program verification. Port 0
can sink eight LS TTL inputs.

Port 1

Port 1 is an 8 bit bi-directional YO port with internal
pullups. Port 1 pins that have 1°s written to them are
pulled high by the intemal puliups, and in that state can
be used as inputs. As inputs, Porl 1 pins that are
extemally being putled low will source current (ilL, on
the data sheet) because of the intema! pullups.

Port 1 also receives the low-order address byte during
program vexification. in the B0CS1, Port 1 can sink/
sourca three LS TTL inputs. it can drive CMOS inputs
without extemal pullups.

Port 2

Port 2 is an 8 bit bi-directional YO port with intemal
puliups. Port 2 pins that have 1's written to them are
putied high by the intemal pullups, and in that state can
be used as inputs. As inputs, Port 2 pins that are
extemally being pufied low will source current (L, on
the data sheet} because of the intemal puliups. Port 2
emits the high-order address byte during fetches lrom
extemal Progam Memory and during accesses 10
extomal Data Memory that use 16-bR addressas (MOVX
CQOPTR). In this appication, R uses strang intemal pukups
when emitting 1's. During accesses o extemal Data
Memoxy that use 8 bit addresses (MOVX @Ri), Port 2
emits tha contents of the P2 Special Function Register.
it also receives the high-order address bits and control
signals during program verification in the 80C51. Port 2
can sink/source three LS TTL inputs. it can drive CMOS
inputs without extemal putlups.

Port3

Port 3 is an 8 bit bi-directional VO port with intemal
puliups. Port 3 pins that have 1's writtan to them are
pullad high by tha intemal pullups, and in that state can
be used as Inputs. As inputs, Port 3 pins that are
extemally being pulled low will source current (lIL, on
thedata sheet) becausae of the pullups. it also serves the

Bocai/socsi

function of various special features of the MHS 51
Family, as listed below.

Port Pin Alternate Function

P3.0 RXD (serial input port)

P31 TXD (serial output port)

P32 INTO (extemnal interrupt 0)

P3.3 INT1 (extemal interrupt 1)

P3.4 TO (Timer 0 external input)

P35 T1 (Timer 1 extemnal input)

P3.6 WR (extemal Data Memory write strobe)
P3.7 RD {external Data Memory read strobe)

Port 3 can sink/source three LS TTL inputs. it can drive
CMOS inputs without extemal pullups.

RST

A high level on this for two machine cycles while the
oscillator is running resets the device. An intemal
pull-down resistor permits Power-On reset using only a
capacitor connected 1o Vec.

ALE

Address Latch Enable output for latching the low byte
of tha address during accesses to extemal memory.
ALE is activated as though for this purpose at & constant
rate of 1/6 the oscillator frequency except during an
external data memory access at which time on ALE
pulse is skipped. ALE can sink/source 8 LS TTL inputs.
tt can drive CMOS inputs without an extemal puiup.

PSEN

Program Store Enable output is the read strobe to
extemal Program Memory. PSEN is activated twice
each machine cyde during fetches from extemal
Program Memory. (However, when executing out of
extemal Program Memory, two activations of PSEN are
skipped during each access to external Data Memory).
PSEN is not activated during fetches from intemal
Program . PSEN carr sink/source 8 LS TTL inputs.
& can drive CMOS inputs without en extemal pufiup.
EA

Whan EA s held high, the CPU executed out of intemal
Program Memory (unless the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of extemal Program Memory. EA
must not be floated.

XTAL1

Input to the inverting amplifier that forms the oscillator.
Receives the external osdillator signal when an extema!
oscillator is used.

XTAL2

Output of the inverting ampiifier that forms the oscillator,
and input to the intemal clock generator. This pin should
be floated when an extemal osdillator is used.

80C31/Rev.1.0
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FUNCTIONAL DESCRIPTION

BLOCK DIAGRAM
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Figure 2.

IDLE AND POWER DOWN OPERATION

Figure 3 shows the intemal Idle and Power Down clock
configuration. As illustrated, Power Down operation
stops the oscillator. idle mode operabon aflows the
interrupt, serdal port, and timer blocks to continue to
function whila the clock to the CPU is gated of!.

(MS8)

PCON : Power Control Register

iss)

[smoo] - | - |

- JGFi]Gro] Po | iDL |

Symbol Position

Name and Function

SMOO PCON.7

GF1
GFo

oL

Figure 3 : idle and Power Down Hardware.

Double Baud mte bit. When set
1o a 1, the baud rate Is doubled
when the serial port Is being
used in either modes 1,2 or 3.

(Reserved)

(Reserved)

General-purposs flag bit.
General-purpose flag bit.
Powar Down bit. Satting this bkt
activates power down operation,
Idie modae bit. Setting this bit ac-
tivates idle mode operation.

i IS
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These special modes are activated by software via the
Special Function Ragister, its hardware address is 87H.
PCON is not bit addressable.

¥ 1's are written to PD and IDOL at the same time. PO
takes precedence. The reset valva of PCON is
{0XXX0000).

IDLE MODE

Thae instruction that sets PCON.Q is the last instructon
axecutad before the idla mode s activated. Once in the
idle mode the CPU status is presecved in its entirety :
the Stack Pointer, Program Counter, Program Status
Word, Accumulator, RAM, and all other register
maintain their data during idle. Table 1 describes the
status of the extemal pins during kdle mode.

There are two ways o leminate the ldle mode.
Activation of any enabled interrupt will cause PCON.0
10 be deared by hardware, terminating ldle mode. The
interupt Is serviced, and following RETI, the next
Instruction 1o be executed will be the one following the
instruction that wrote 1 to PCON.O.

The flag bits GFO and GF 1 may be used to detemine
whether the interrut was received during nomal
execution or during the idle mode. For example, the
instruction that writes to PCON.0 can also set or clear
one or both flag bits. When Idle mode is terminated by
an enabled interrupt, the service routing can examine
the status of the flag tets.

The second way of terminating the kile is with a
hardware resst. Since the oscilator is stil running, the
hardware reset needs 10 be active for only 2 machine
cycles (24 oscillator pernods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sats PCON.1 is the last executed
prior (o entering power down. Once in power down, the
oscillator is stopped. The contents of the onchip RAM
and the Special Function Register is saved during
power down mode. A hardware reset is the only way of
exiting the power-down mode. The hardware reset
Initiates the Special Function Register (see Table 7).
In the Power Down mode, Vcc may be lowered to
minimize circult power consumption. Care must be
taken 10 ensure the voltage is not reduced until the
power down mode is entsred, and that the voltage is
restored before the hariware reset is applied which
frees tha osciltator. Resat shoukd not be released until
the oscillator has restarted and stabllized.

80C31/80CS1

Table 1 describes the status of the extemnal pins while
in the power down moda. It should be noted that if the
powefdownmodalsaaivntodwfﬂohexlemal
prdgram memory, the port data that is held In the
Spedial Function Register P2 is restored to Port 2. i the
data is a 1, the port pin is held high during the power
down mode by the strong pubp, T1, shown in Figure 4.

e e we
20C PEROCS
) )
'g‘
romr (O t
LATOH ‘}
NPT
ATA
READ
PORT POV

Figure 4 : VO Butters In the 80CS1 (Ports 1, 2, 3).

STOP CLOCK MODE

Due o static design, the MHS 80C31/C51 clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode aliows step by step
utiization, and permits to reduce system power
oconsumption by bringing the clock frequency down to
any value. At 0 MHz, the power consumption is the
same as in the Power Down Mode.

/0 PORTS

The VO port drive of the 80CS1 ks similar to the 8051.
The VO butfers for Ports 1, 2 and 3 are implemented as
shown in figure 4.

When the port latch contains a 0, el pFETS in figure 4
are off while the nFET Is tumed on. When the port latch
makes a 0-{0-1 transition, the nFET tums off. The strong
pulp pFET, T1, tums on for two oscillator pariods,
puling the output high very rapidly. As the output line is
drawn high, pFET T3 tums on through the Inverter to
supply the low sourca cumrent. This inverter and T3 form
& fatch which holds the 1 and is supported by T2

When Port 2 is used a3 an address port, for access to
extemal program of data memory, any address bit that
contains a 1 will have his strong putiup tumed on for the
entire duration of the extemal memory access.

MOOE | PROGRAM MEMORY | ALE PSEN | PORTO | PORT1 | PORT2 | PORT3
idie Internal 1 1 Port Data | Port Data | Port Data | Port Data
ke External 1 1 Floating | Port Data | Address | Port Data

1 Bower Intemal 0 0 Port Data | Port Data | PotData | Port Data

'l’)o“’m“ Extemal 0 0 Floating | Port Data | Port Data | Port Deta

Tabie 1 : Status of the external pins during idie and Power Down modes.

80C31/Rev.1.0
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When an VO pin on Ports 1, 2 or 3 is used as an input,
the user should be aware that the extemal circuit must
sink current during the logical 1-to-0 transition. The
maximum sink current is specified as {TL underthe D.C.
Specifications. When the input goes below
approximately 2 V, T3 tums off to save ICC cument.
Note, when retuming to a logical 1, T2 isthe onlyinternal
pulkip that is on. This will result in a slow risa time if the
user's circult doas not force the input line high.

OSCILLATOR CHARACTERISTICS

XTAL!MXTALZarethohpmandoutput
respectively, ol an inverting amplifier which is
configured for use as an on-chip oscillator, as shown in
figure 5. Either a quartz crystal or ceramic resonator
may be used. To drive the devica from an external clock
source, XTAL1 should be driven while XTAL2 is left
unconnected as shown in figure 6. There are no
requirements on the duty cydle of the extemal clock
limaLshcomoimwmememaldoddngdmﬂryis
through a divide-by-two fiip-flop, but minimum and
maximum high and low times specified on the Data
Sheet must be cbserved.

XTAL2: 18
,—I XTALT: 19
1

VSS: 20

Figure 5 : Crystal Osclilator.

NC ——{xTAL2: 18

EXTERNAL
OSCILLATOR
SIGNAL

XTAL1:19

hvss:zo

Figure 6 : Extemal Drive Configuration.

80C51 WITH PROTECTED ROM

MHS provides a new member in the 80CS51 Family
named ‘80CS1F which penmits full protection of the
internal ROM contents.
WManmproteaedBOCSLnisverymytoreadout
the contents of the intemal 4 K bytes of ROM.

Three methods exist, two of them e spedial tast modes

and the last one Is by means of MOVC instructions.

* Testmode "VER"® : Using this special test mode, the
mnmlHOMeomemsaraoutpmmponPo:m
address being applied on ports P2 (AD15...AD8) and
P1 (AD7...ADQ).

' 8oc31/80C51

+ Test modae "TMB* : With this second test mods, the
contents of the 80CS1 intemnal bus is presented on

port P1 during the PH2 clock phases.

* Using MOVC Instructions : If EA =0, and foflowing
a reset, the 80CS1 fetches its instructions from
external program memory. It is then possible to write
a small program whose purpose is {o dump the
internal ROM contents by means of MOVC A, @A +
DPTR and MOVC A, €A + PC instructions.

80CS1F with program protection features
This version adds ROM protection features in some
strategic poirts of the B0C51F in order o eiminate the
possbéty of reading the ROM contants (once the protection
has been programmed) by one i the three forementionad
methods (VER and TMB test modes, or MOVC
instructions).
Nevartheless the customer must note the following :
— Once the protection has besen programymed, the 80CS 1F
program always starts at address 0 in the intermal ROM.
- The application program must be self contained in the
intemal 4 K of ROM, otherwise it would be possible
fo trap the program counter address in the extemal
PROM/EPROM (beyond 4 K) and then to dump the
intemal ROM contents by means of a patch using
MOVC instructions.

Thus, if an extra EPROM is necessary, It is advised to
ensure that it will contain only constants or tables.

Test of the on-chip progrem memory

* Before protection is activated : The B0CS1F can
betested as any normal 80CS 1 (using test equipment
or any other methods).

* After protection Is activated : It is then no longer
possible to dump the internal ROM contents.

How to program the protection mechanism
* To bum correctly the fuse a specific configuration of
inputs must be settled as below :
~RST=ALE = 1
~P27=1
Furthermore PSEN signal must be tied at + 9 V¢ § %
lavel voltage and a puise must be applied on P2.6 input
Port. The timing on P2.6 is shown balow :

P2.6

Time Rise and Fall Rise < 100 ps.

* The electrical schematic shows a typical application
to daliver P2.6 signal.

trat IMHES
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS®
Ambiant Tomporuurv Uncer Bas *

0°'Cw70°C

. ~40'Cw0 +85C

- . -65Cw «150°C
VoltageonVocloVs cww. =0SVWeTV
VoﬂageonAnyPntoVss -0S5VioVec+05V
Power DISSIDAtON ........c.cvevveere coeeeeerrrsrensinnns twe

** This value I8 based on the manimym asllowsdle die
temperature and the thermal resistance of the pacuage

DC CHARACTERISTICS

* Notice

Stressas at or above those listed under * Absolute
Maximum Ralings® may cause permanent damage lo
the device. This i g stress ratng only and functonal
operation of the de at these or any other conditons
above thase indicated in the operational sections of this
specification is not impbed. Exposure to absokfte
maximum rating conditions may aflect device rexabiry.

Ta=010+70°C; VacaS5V220%;Vss=0V:F=0to16 MHz.
Vec=SV210%;:Vss=x0V:F = 1610 20 MHz
TA=-40toBSC Vec=SV210%;Vss=0V:Fx0to 16 MHZ

SYMBOL PARAMETER MIN MAX UNIT 1+ TEST CONDITIONS
VIL | Input Low Vohage -05V | 02vCC v |
-0.1 '
VIH Input High Votage 0.2VCC |VCC +0.5 \ ;
{Except XTAL and RST) +0.9
VIH1 | Input High Votage 0.7VCE [VCC+05] V
(RST and XTAL1)
vou Output Low Volage 0.3 v 10U = 100 uA
(Ports 1,2, and 3) 0.45 v i IOL = 1.6 mA (note 3)
1.0 Vv 1 IOL = 3.5 mA
VOL1 | Output Low Voliage 0.3 v IOL = 200 uA
(Port 0, ALE, PSER) 0.45 \ 0L « 3.2 mA (note 3)
1.0 \ 0L =« 7.0mA
VOH | Output High Vohaga Ports 1, 2, 3 Ve - 0.3 v IOH = — 10 pA
Vee - 0.7 v 1OH = - 30 pA
Ve~ 1.5 v IOH = - 60
VCC=5V+10%
VOH1 | Output High Vohage Vec - 0.3 vV TiOH=-200pA
\, | (Port0. ALE, PSEN) Vec - 0.7 v IOH = -32 mA
' Vec- 1,5 v IOH = - 7.0 mA
: VCC=xSV2:10%
liL Logical 0 input Curtent (Ports 1, 2, 3) C |-50] pA Vin= 045V
| {-60
iU Input Leakage Current (Port 0, EA) +10 HA 0.45 <Vin<VCC
m Logical 1 10 0 Transition Current ~ 650 pA Vine20V
(Ports 1, 2, 3)
IPD | Power Down Current 50 pA VCC=20Vw6V
(note 2)
RRST | RST Pulidown Resistor 50 150 kQ
CIO | Capacttance of VO Bufler 10 pF fc= 1 MHz, Ta = 25°C
ICC | Power Supply Current (notes 1, 2)
Active Mode 12 MHz 20 mA
16 MHz 26 mA
20 MHz 32 mA
Ide Mode 12 MHz 5 mA
16 MHz 6 mA
20 MHz 8 mA
80C31/Rev.1.0 129 Eﬁ “B



ABSOLUTE MAXIMUM RATINGS®

80C31/80CS51

* Notice

Amblant Temperature.Under Bias : Stresses above thase ksted under ° Absolute Maximum
A w AUOMOVE ...c.ccoeeemerenrnraenene -40Cto+ 125°C Ratings® may cause permanent damage (o the device.
Storage Temperature...................... -65'Cto+ 150°C This is & stress ratng only and functional operation of
Vokage on Any Pin to Vss .. 0S5VioVCC +05V the device &t these or any other conditions sOOVE thase
Vokage on Voo 10 Vss ... -05V6eSYV indicated in the cperatonal sections of this specificaton
Power Dissipation 1w s not implied. to absolute maximum ratng
condtons for ext panods may affect devce
refiability.
DC CHARACTERISTICS
Ta=~40°0125°C;Vec =5V 10%;Vss= OV Fu0to 12 MHz
SYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS
viL lnpout Low Volage -05V |02VCC v
~0.1
VIH Input High Vokage (Except XTAL Y, RST) 02VCC [VCC+05 v
+0.9
VIH1 _ | lnput High Voltage (XTAL1, RST) 0.7 VCC |VCC+05 \
VOL | Output Low Voltage 0.3 \ IOL = 100 pA
(Ports 1,2, and 3) 0.45 \ {OL = 1.6 mA (note 3)
1.0 \'4 IOL = 3.5 mA
VOL1 | Output Low Votage 0.3 v IOL = 200 pA
(Port 0, ALE, PSER] 0.45 IOL = 3.2 mA (note 3)
B 1.0 IOL=7.0 mA
VOH | Ouput High Vottage (Ports 1, 2, 3) Vee-0.3 \ IOH =~ 10 pA
Vee-0.7 v IOH = — 30 pA
Vec~1.5 \4 IOH = — 60 uA
VOH1 | Output High Votage Vec-0.3 \i IOH = = 200 yA
(Port 0 in Exdermal Bus Mode, ALE, PSEN) Vee—-0.7 v IOH= =32 mA
Vee-1,5 v IOH=-7.0mA
119 Logical 0 Input Current Ports 1, 2, 3 ~75 pA Vin=0.45V
m Lxgical 1 1o 0 Trensition Curreat -750 pA Vine 20V
(Ports 1,2, 3)
(9] nput Leakage Current (Port 0, EX) +10 PA 0.45 < Vin< VCC
RRST | RST Pulidown Rasistor 50 150 K
CiO | Pin Capacitance 10 pF Test Freq = 1 MHz,
Ta=25C
PO Power Down Current 75 pA VCCw2Vio55V
(note 2)
IcC Power supply current
Active mode 12 MHz 21 mA VCC =55V (notes 1, 2)
e mode 12 MHz 7 mA VCC=5.5V {notes 1, 2)
5& “B 130 80C31/Rev.1.0
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ABSOLUTE MAXIMUM RATINGS*

80CJ31/80C51

* Notlce

Ambiamt Temperature Under Bias : Strassas above those listed undar * Absolute Maximum
M =MIRRIY ..cccrcreessrecsrasecsssnnses -55°'Cto+125°C Ratings® may causa permanent damage to the davice.
Storage Temperature ........ -65Cto+150°C This is a stress rating only and functional operation of
Vokage on Any Pinto Vss. 0.5VIoVCC +05V the device at thesae or any other conditions above those
Voltage on Voo 10 VES eeeececrnesescsenes -05Vtio65V indicated in the operational sections of this specification
Power Dissipation 1w Is not implied. Exposure to absolute maximum rating
conditions for extended period may affect device
reliability.
OC CHARACTERISTICS
Tauw-55"10125°C;VSS=0V ;VCC=5V+10%;:F=01t0 12 MHz
SYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS
VIL | input Low Vottage -05V [ 02vcC v
-0.1
VIH | Input High Votage (Except XTAL1, RST) | 02VCC [VCC+05|  V
+0.9
ViH1 | Input High Votage ( XTAL1, RST) 07VCC [vcC+05] v
VOL | Output Low Voltage (Ports 1, 2, 3) 0.45 v 10L = 1.6 mA (note 3)
VOUL1 | Output Low Voltage (Port 0, ALE, PSEN) 0.45 \ 10L = 3.2 mA (note 3)
VOH | Output High Vottage (Ports 1, 2, 3) 24 v IOH = - 60 pA
VCC=5V10%
0.75 VCC \ IOH = - 25 pA
0.9 VCC v 1OH =~ 10 pA
VOH1 | Output High Vottage 24 v 1OH = = 800 pA
(Port 0 in Extemnal Bus Mode, ALE, PEN) VCC=5V10%
0.75 VCC \J IOH = - 300 pA
0.9VvCC \ 4 IOH = ~ 80 pA
w Logical 0 input Current Ports 1, 2, 3 -75 HA Vin=0.45V
m Logical 1 to 0 Transition Current -750 BA Vine2V
(Ports 1,2, 3)
18] Input Leakage Current (Port 0, EX) £10 pA 0.45< Vin< VCC
RRST | RST Pulidown Rasistor 50 150 kQ
cio Pin Capacitance 10 pF Test Freq = 1 MHZ,
Ta=25°C
PO Power Down Curment 75 pA VCC=2VW55V
(note 2)
IcC Power supply current
Active mode 12 MHz 21 mA VCC = 5.5V (notes 1, 2)
ifle mode 12 MHz 7 mA VCC = 5.5V (notes 1, 2)
s0ca1Rev19 131 SENS
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ABSOLUTE MAXIMUM RATINGS*
Ambiant Temperature Under Bias :

C = commercial 0°Cto70°C
I=industnal .........cceoovverreecrennnee -40'Cl0o+85°C
Stornge Temperature ... -65'Ctwo + 150°C
Vouage on Vce 10 Vss . -05Vio+7V
Vokage on Ay Pn 10 Vss -05VwoVec+05V
Power Dessipaton., LW

TNs vealue 18 DeseC 0r e maswmum cl!ouunlc die
Wmpersture and the Nermai ressstance of the pachage

80C31/80CS51

* Notice

Stressss at or above thase listed under * Absolute
Maximum Ratings® may causs permanent damage (o
the dsvice. This is a stress rating only and functional
operation of the Jevice at these or any othar conditions
above thosa indicated in the operatonal sections of this
specification is nok_imgled. Expasure to absolute
maximum rating condtons may affect davice reliabiity.

DC CHARACTERISTICS
Ta=-40°1085'C;Vec=2.7VIO6V:VSS=0V;F=0106 MHz
SYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS
Vit Input Low Vohage -05V | 02V '
- 0.1 -
VIH | input Hen Volage 02Vec | Voc+05| v
(Except XTALs and RST) +09
ViH1 Input High Vokage 1o RST for Rasat 0.7Vee | Voo +05 \';
VIH2 input High'Volage to XTAL1 0.7Vec | Vec +0.5 \
VPO | Power Down Votage to Vcc in PD Mode 2.0 - 6.0 v
VOL | Output Low Vonage 0.45 IOL = 800 pA (note 3)
(Ports 1, 2, and 3)
VOL1 | Output Low Vohage 0.45 v 10L = 1.6 mA (note 3)
(Port 0, ALE, PSER)
VOH | Output Hoh Votage Ports 1, 2, 3 0.9 Ve \ OH= - 10 gA
VOH1 | Output High Vonage (Port 0 in Extemal | 0.9 Ve v JOH.= - 80 pA
Bus Mode), ALE, PEN
i Logical 0 input Current Ports 1,2, 3 C |-50 HA
| |-60 Vinm 045V
i input Leakage Curment £10 pA 0.45 < Vin < VCC
m Logical 1 10 0 Transition Current - 650 HA Vine20V
(Ports 1, 2, 3)
iPD | Power Down Curment 50 pA Veex20Vio6V
(note 2)
RRST | RST Pulidown Rasistor 50 150 Q
Cio Capactance of O Buter 10 pF fe= {1 MHz, Ta « 25°C
MAXIMUM Icc (mA)’
OPERATING (NOTE 3) IDLE (NOTE 4)
FREQ. VCC 27V 5V 6V 27V SV 6V
1 MHz 0.8 mA 1.5mA 1.8 mA 400 pA 800 pA 1mA
6 MHz 4 mA 8 mA 10 mA 1.2 mA 3.5 mA 3.8 mA
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vee
- 1cc‘
veeH |
PO
LT B
(NC)—XTAL2 '
% glLGOI&i—. XTAL1
vSs
30 k3
/ MAX Figure 12 : ICC Test Condition, idle Mode.
ACTIVE All other pins are disconnected.
25 A— MODE
vee
|ccﬂ'
20 . vee
<
E vee Po
g 15 4 T _|rst &4
- / (NC)—XTAL2
CLOCK ‘
.10, 4 SIGNAL !
/ =g ’
[ IDL Figure 13 : ICC Test Condition, Active Mode. All
L/ MODE other pins are disconnected.
0 "4 MHz 8 MHz 12 MHz 16 MHz 20 MHz Icci’cc
FREQAT XTAL 1 vee ..]—
k _—RsT EA
(NC—IxTAL2
XTAL1
i
Figure 1: ICC vs. Frequency. Valid only within =

frequency specifications of the device Figure 15 : ICC Test Condition, Power Down
under test. Mode. All other pins are disconnected.
Vo e —
ea~ 05V 0.7 Ve
045V 0.2 V- 0,1
TCHCL W  je———TCLCX.
-t TCLCL-

Figure 14 : Clock Signal Waveform for ICC Tests in Active and Idle Modes. TCLCH = TCHCL = 5 ns.
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Note 1 : ICC max s given by :
Active Mode : ICCMAX = 1.47 x FREQ + 2.35
Idle Mode : ICCMAX = 0.33 x FREQ + 1.05

where FREQ is the external oscillator frequency in
MHz. ICCMAX is given in mA._ See figures 1 through 5
for ICC test conditions.

Note 2: ICC is measured with all output pins
disconnected ; XTAL1 driven with TCLCH, TCHCL =5
ns,VIL=VSS +.5V,VIH=VCC - .5V ; XTAL2 N.C.
; EA=RST =Port0 = VCC. ICC would be slightly higher
if a crystal oscillator used.

Idle ICC is measured with all output pins disconnected :
XTAL1 driven with TCLCH, TCHCL=5ns, VIL=VSS +

EXPLANATION OF THE AC SYMBOL

Each timing symbol has 5 characters. The first
character Is always a "T* (stands for time). The other
characters, depending on their positions, stand for the
nama of a signal or the logica! status of that signal. The
following Is a list of all the characters and what thay
stand for.

80C31/80C51

SV,VIH=VCC-5V; XTM2N.C; Port0=VCC;
EA =RST = VSS.

Power Down ICC is measured with all output pins
disconnected ; EA=PORT 0=VCC ; XTAL2N.C. ; RST
=VSS,

Notae 3 : Capacitance loading on Ports 0 and 2 may
cause spurious noise pulses to be superimposed onthe
Vous of ALE and Ports 1 and 3. The noise is due to
extermnal bus capacitance discharging into the Port 0
and Port 2 pins when thess pins make 1 to 0 transitions
during bus operations. in the worst cases (capacitive
loading 100 pF), the noise pulse on the ALE line may
exceed 0.45 V may exceed 0,45 V with maxi VOL peak
0.6 V. A Schmitt Trigger use Is not necessary.

Example :
TAVLL = Time for Address Valid to ALE low.
TLLPL = Time for ALE low to PSEN low.

A : Address. Q: Output data.

C:Clock. R : READ signal.

D : Input data. T: Time.

H : Logic level HIGH. V: Vaiid.

1 Instruction (program memory contents). W : WRITE signal.

L : Logic level LOW, or ALE. X: No longer a valid logic level.
P : PSEN. Z: Float,

AC PARAMETERS

Ta=010+70°C;VSS=0V;VCC=5V+20%; 01016 MHz
TA=0t+70°C;VSS=0V;VCC=5V+10%; 16 to 20 MHz
Ta=-40t0+85°C;VSS=0V;VCC=5V+ 10% ;010 16 MHz

Ta=—55t0+125°C;VSS=0V;VCC=5V+10% ;010 12 MHz
(Load Capacitance for PORTOQ, ALE and PSEN = 100 p!; Load Capacitance for aii other outputs = 80 p.)

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

0TO 12 MHz ’, 16 MHz 20 MHz

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX

TLHLL JALE pulse width 2TCLCL-40 110 70

TAVLL |Address Valiid to ALE TCLCL-40 30 25

TLLAX |Address Hold After ALE TCLCL-30 35 25

TLLIV ALE to Valid Instr In 4TCLCL-100 185 140

TLLPL JALE to PSEN TCLCL-30 45 30

TPLPH [PSEN Pulse Width 3TCLCL-45 165 130

TPLIV_|PSEN to Valid Instr IN 3TCLCL-105 125 80

TPXIX |[Input Instr Hold After PSEN 0 0 0

TPXIZ |Input Instr Float After PSEN TCLCL-25 2 10

TPXAV_|PSEN to Address Valid TCLCL-8 55 45

TAVIV _|Address to Valid Instr In S5TCLCL-105 230 180

TPLAZ |PSEN Low to Address Float 10 10 10
m 134 "80C31/Rev.1.0
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EXTERNAL PROGRAM MEMORY READ CYCLE

12TCLCL

ALE

PSEN

S, TR

[ TPLIV 3]

"< TPLAZ

o>
PORT 0

AQ-A7

D—<

TAVIV

7

ADDRESS >'
OR SFR-P2
PORT 2

ADDRESS A8-A15

EXTERNAL DATA MEMORY CHARACTERISTICS

0TO 12 MHz 16 MHz 20 MHz
SymBoL PARAMETER MIN MAX MIN MAX MIN MAX
TRLRH |RD Pulse Width 6TCLCL-100 340 260
TWLWH |WR Pulse Width 6TCLCL-100 340 260
TRLDV |RD to Valid Data In STCLCL-165 240 180
TRHDX |Data Hold After RD 0 0 0
TRHDZ |Data Float After RD 2TCLCL-60 90 70
TLLDV [ALE to Valid Data In 8TCLCL-150 435 360
TAVDV |Address to Valid Data in . 9TCLCL-165 480 400
TLLWL |ALE to WR or RD 3TCLCL-50 3TCLCL+50 150 250 125 185
TAVWL |Address to WR or RD 4TCLCL-130 180 170
TQVWX [Data Valid to WR Transition | TCLCL-50 15 10
TQVWH |Data Set-Up to WR High 7TCLCL-150 380 310
TWHQX |Data Hold After WR TCLCL-50 40 30
TRLAZ |RD Low to Address Float 0 0 0
TWHLH |RD or WR High to ALE High| TCLCL-40 TCLCL+40 35 90 30 85

EXTERNAL DATA MEMORY WRITE CYCLE

ALE
5
— S U p—
WA TWLWH
TOWWL H /]
FETLLAX — > ~—TDVWX___ TOVWH rt TWHOX.

PORTO > AO-A7 DATAOUT [

RS, ADDRESS AB-A15 OR SFR-P2 D
PORT
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EXTERNAL DATA MEMORY READ CYCLE

TWHLH »
TuoV l:__
TN
ALE __/ N
o A
0 LWL
TRLAH
ik ATHOZ
TAVOV ‘— TLLAX —= [~ TRLDV—= TRHDX wl  juc
PORT 0 ¢ 4 DATAIN
ol TRLAZ
poRT21  oamess, M ADDRESS AS-A15 OR SFR-P2 >
SERIAL PORT TIMING ~ SHIFT REGISTER MODE
TA=0t0+70°C;VSS=0V;VCC=5V+20%:0to 16 MHz
TA=0t0+70°C;VSS=0V;VCC=5V+10%; 16 to 20 MHz
TA=-40t0+85°C;VSS=0V;VCC=5V+ 20% :0t0 16 MHz
Ta=—-551t0+125°C;VSS=0V;VCC=5V £10%;0to0 12 MHz
0TO 12 MHz 16 MHz 20 MHz
SYMBOL PARAMETER MIN MAX MIN | MAX | MIN | MAX
TXLXL |[Serial port clock cycle time 12TCLCL 750 600
TQVHX |Output data setup to clock rising edge | 10TCLCL-133 563 450
TXHQX |Output data hold after clock rising edge | 2TCLCL-117 63 50
TXHDX |input data hold after clock rising edge 0 0 0
TXHDV_[Clock rising edge to input data valid 10TCLCL-133 563 450
SHIFT REGISTER TIMING WAVEFORMS
INSTRUCTION
Lol v | 2 | 3 | .« | s | 6 | 7 | 8 |

e TXLXL

L
e o

outpuToAaTA N0 X 1 X 2

—x
WRITETO SBUF  1xHov |< TXHDX

INPUT DATA Qo X X o) Xuwo X XumoX XXX s Yo X Xoos)

—
A
CLEARRI

CLOCK

e r

X 3 X 4 X5 X &8 X 71/

A
SETT

A
SETRI
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL1)

SYMBOL PARAMETER MIN MAX UNIT
TCLCL |Oscillator Period 50 (5) ns
TCHCX [High Time 20 (5) ns
TCLCX |iLow Time 20 (5) ns
TCLCH [Rise Time 20 (5) ns
TCHCL |[Fall Time 20 (5) ns

(5) AT 20 MHz
EXTERNAL CLOCK DRIVE WAVEFORMS
Ve~ 05 V— —
o= 05 0.7 Vee
045V 0.2 Ve 0.1 \ TCHCX N
TCHCL tg———TCLCX TCLCH
- n TCLCL- -

AC TESTING INPUT/OUTPUT WAVEFORMS

INPUT/OUTPUT
Vec-0,5V

0,2 Vec +0,9 X
2 Vee = 0,1
045V 02 Voo
AC inputs during testing are driven at Vec - 0.5 for a logic *1* and 0.45 V for a logic “0°. Timing measurements are
mada at VIH min for a logic "1* and VIL max for a logic *0".

FLOAT WAVEFORMS
FLOAT fatt—————————— FLOAT —————{
ﬂ VOH-0,1V o A
N\ VLOAD ] VLOAD +0,1V
J/VOH+0,1 \ &‘ VLOAD +0,1V

For timing purposes as port pin is no longer floating when a 100 mV change from load vottage occurs and begins to
float when a 100 mV change from the loaded VOHVOL level occurs. loVioH > + 20 mA.
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CLOCK WAVEFORMS

STATE4  STATES = STATE6 STATE STATE2  STATES STATE4 STATES

Lor L ealon Loelor [selon T2l on 1) o0 1 oe | or ] oalon | ol

awe 4 LT UL LML UL UL LU
e —J L N T 1

ACTIVATED DURNG.THE
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
PSEN
PO DATA PCLOUT DATA PCLOUT DATA .PCLOUT
SAMPLED SAMPLED | | SAMPLED |
. FLOAT FLOAT FLOAT
P2 (EXT) INDICATES ADDRESS TRANSITIONS_ f
READ CYCLE
RO 1 |
O0H IS EMITTED PCL OUT (IF PROGRAM
DURING THIS PERIOD MEMORY IS EXTERNAL)
Po [ orL ormi ] | [oaTal
o \j ! FLOAT _SAMPLED ]
P — INDICATES DPH OR P2 SFR TO PCH TRANSITION ]
WRITE CYCLE
WR [ PCLOUT (EVEN IF PROGRAM

MEMORY IS INTERNAL)

oo r_o,,,&% A AN T._‘:;L

- DATA OUT } PCL OUT (IF PROGRAM
P2 — | INDICATES DPH OR P2 SFR TO PCH TRANSITIONS [MEMORY IS EXTERNAL)
PORT OPERATION '
MOV PORT SAC OLD DATA { NEw DATA PO PINS SAMPLED
MOV DEST Po 1
MOV DEST PORT (P1. P2 P3 PO PINS SAMPLED
(NCLUDES INTD, INTH. 70, 1)
A 5 - ‘91 P2.P3
SERIAL PORT SHIFT CLOCK I P1. P2 P3 PINS SAMPLED PINS SAMPLED
TXD * 1 k
(MOOE 0) o0 SAMPLED RXD SAMPLED

This diagram indicates when signals are clocked intemally. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temparature and pin
loading. Propagation also varies from output to output and component. Typically though (Ta = 25°C fully loaded) RD
and WR propagation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays are
incorporated in the AC specifications.

53 “ 138 80C31/Rev.1.0



80C31/80C51

INSTRUCTION OPCODES

MHS C51 INSTRUCTION SET DESCRIPTION

ARITHMETIC OPERATIONS
MNEMONIC
ADD A, Rn
ADD A, direct
ADD A, @Ri
ADD A, #data
ADDC A, Rn
ADDC A, direct
ADDC A, @Ri
ADDC A, #data
SUBB A, Rn
SUBB A, direct
SuBB A, @Ri
suss A, data
INC A
INC Rn
INC direct
INC @Ri
INC DPTR
DEC A
DEC Rn
DEC direct
DEC @Ri
MUL AR
Div AB
DA A
LOGICAL OPERATIONS

. MNEMONIC
ANL A, Rn
ANL A, direct
ANL A, @Ri
ANL A, #data
ANL direct, A
ANL direct, #data
ORL A, Rn
ORL A, direct
ORL A, @RI
ORL A, #idata
ORL direct A
ORL direct, #data
XRL A, Rn
XRL A, direct
XRL A, @RI
XRL A, #data
XRL direct, A
XRL direct, #data
CLR A
CPL A
RL A
RLC A
RR A
RRC A
SWAP A

DESCRIPTION

Add registrer to Accumulator

Add direct bytes to Accumulator

Add indirect RAM to Accumulator

Add immediate data ot Accumulator
Add register to Accumutator with Carry
Add direct byte-to A with Carry flag

Add indirect RAM to A with Carry flag
Add immediate data to A with Carry flag
Subtract register from A with borrow
Subtract direct byte from A with Borrow
Subtract indirect RAM from A with Borrow
Subtract immed. data from A with Borrow
Increment Accumulator

Increment register

Increment direct byte

Increment indirect RAM

Increment Data Pointer

Decrement Accumulator

Decrement register

Decrement direct byte

Decrement indirect RAM

Multiply A& B

Divide A by B

Decimal Adjust Accumulator

DESTINATION

AND register to Accumulator

AND direct byte to Accumulator

AND indirect RAM to Accumulator
AND immediate data to Accumulator
AND Accumultaor to direct byte

AND immediate data to direct byte
OR register to Accumulator

OR direct byte to Accumulator

OR indirect RAM to Accumulator

OR immediate data to Accumulator
OR Accumulator to direct byte

OR immediate data to direct byte
Exclusive-OR register to Accumulator
Exclusive-OR direct byte to Accumulator
Exclusive-OR indirect RAM to A
Exclusive-OR immediate data to A
Exclusive-OR Accumulator to direct byte
Exclusive-OR immediate data to direct
Clear Accumulator

Complement Accumutator

Rotate Accumulator Left

Rotate A Left through the Carry flag
Rotate Accumutator Right

Rotate A Flight through Carry flag
Swap nibbles within the Accumulator

cyc

A&&-A-A....N...a..-a..-a.a-a_._._a_.-a_.-a_n

CyYC

2] o
SRS S AL S WO AN AW SN S WA N - A a el L % C R U X S RN R ST SO a

e R N B X I S | S
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ARITHMETIC TRANSFER
MNEMONIC DESCRIPTION . BYTE CYC
MOV A, Rn Move register to Accumulator 1 1
Mov A, direct Move direct byte to Accumulator 2 1
MoV A, @Ri Move indirect RAM to Accumulator 1 1
Mov A, #data Move immediate data to Accumulator 2 1
Mov Rn, A Move Accumulator to register 1 1
MoV Rn, direct Move direct byte to register 2 2
Mov Rn, #data Move immediate data to register 2 1
Mov direct, A Move Accumulator to direct byte 2 1
MOV direct, Rn Move register to direct byte 2 2
MOV direct, direct Move direct byte to direct 3 2
MoV direct, @Ri Move indirect RAM to direct byte 2 2
MoV direct, #data Move immediate data to direct byte 3 2
MOV @Ri, A Move Accumulator to indirect RAM 1 1
MOV @RI, direct Move direct byte to indirect RAM 2 2
MOV @R, #data Move immediate data to indirect RAM 2 1
Mov DPTR, #data16  Load Data Pointer with a 16-bit constant 3 2
MOvVC A, @A + DPTR Move Code byte relative to DPTR to A 1 2
MOVC A @A+PC Move Code byte relative to PC to A 1 2
MOVX A, @Ri Move External RAM (8-bit addr) to A 1 2
MOVX A, @DPTR Move external RAM (16-bit addr) to A 1 2
MOVX @R, A Move A to External RAM (8-bit addr) 1 2
MOVX @DPTR, A Move A io External RAM (16-bit addr) 1 .2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A Rn Exchange register with Accumulator 1 1
XCH A, direct Exchange direct byte with Accumulator 2 1
XCH A, @Ri Exchange indirect RAM with A 1 1
XCHD A, @Ri Exchange low-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION
MNEMONIC DESCRIPTION BYTE CYC
CLR C Clear Cary flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Cany flag 1 1
SETB bit Set direct Bit 2 1
CPL Cc Complement Carry flag 1 1
CPL bit Complament dirsct bit 2 1
ANL C, bit AND direct bit to Camry flag 2 2
ANL C.bit AND complement of direct bit to Carry 2 2
ORL C.bit OR direct bit to Carry flag 2 2
ORL C it OR complement of direct bit to Carry 2 2
MOV C.bit Move direct bit to Carry flag 2 1
MOV bit, C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
MNEMONIC DESCRIPTION BYTE cCYC
ACALL addr 11 Absolute subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Retumn from subroutine 1 2
RET Retum from interrupt 1 2
AJMP addr 11 Absolute Jump 2 2
LIMP addr 16 Long Jump 3 2
SIMP rel Short Jump (relative addr) 2 2
JMP Q@A +DPTR Jump indiract relative to the DPTR 1 2
JZ rel Jump if Accumulator is Zero 2 2
JNZ rel Jump if Accumulator is Not Zero 2 2
JC ref Jump if Carry flag is set 2 2
JNC rel Jump if No Carry flag 2 2
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PROGRAM AND MACHINE CONTROL (cont.)

MNEMONIC DESCRIPTION BYTE CYC
"JB bit, rel Jump if direct Bit set 3 2
~JNB bit, ret Jump if direct Bit Not sef 3 2

JBC bit, rel Jump if direct Bit is set & Clear bit 3 2

CJNE A, direct, rel Compare direct to A & Jump if Not Equal 3 2

CJNE A, #data, ref Comp. immed. to A & Jump if Not Equal 3 2

CJNE Rn, #data, rel Comp. immed. to reg & Jump if Not Equal 3 2

CJNE @R, #data, rel Comp. immed. to ind. & jump if Not Equal 3 2

DJNZ Rn, rel Decrement register & Jump if Not Zero 2 2

DJNZ direct, rel Decrement direct & Jump it Not Zero 3 2

NOP No operation 1 1
Notes on data addressing modes :

An ~ Working register RO-R7

direct - 128 intemal RAM locations, any VO port, control or status register

@Ri ~ Indirect intemnal RAM location addressed by register RO or R1

#data - 8-bit constant included in instruction

#data 16 - 16-bit constant included as bytes 2 & 3 of instruction

bit - 128 software flags, any VO pin, control or status bit

Notes on program addressing modes :

addr 16 ~ Destination address for LCALL & LUMP may be anywhere within the 64-k program memory
address space

Addr11 - - Destination address for ACALL & AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction

rel - SUMP and all conditional jumps include an 8-bit offset byte. Range is + 127 — 128 bytes

relative to the first byte of the following instruction.
All mnemonics copyrighted® Intel Corporation 1979
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INSTRUCTION OPCODES IN HEXADECIMAL ORDER

HEX  NUMB. MNEM. OPERANDS HEX NUMB. MNEM. OPERANDS
CODE OF CODE OF
BYTES BYTES

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A #data

02 3 LIMP code addr 35 2 ADDC A data addr
03 1 RR A 36 1 ADDC A @RD

04 1 INC A 37 1 ADDC A @Rt

05 2 INC data addr 38 1 ADDC A, RO

06 1 INC @RO 39 1 ADDC A, R1

07 1 INC @R1 3A 1 ADDC A R2

08 1 INC RO 3B 1 ADDC A R3

09 1 INC Ri1 ac 1 ADDC A R4

0A 1 INC R2 kin) 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC A R6

oC 1 INC R4 3F 1 ADDC A R7

oD 1 INC RS 40 2 JC code addr
OE 1 INC R6 41 2 AIMP code addr
OF 1 INC R7 42 2 ORL data addr A
10 3 JBC bit addr, code addr 43 3 ORL data addr, #data
11 2 ACALL  code addr 44 2 ORL A, #data

12 3 LCALLR code addr 45 - 2 ORL A, data addr
13 1 RC A 46 1 ORL A, @RO

14 1 DEC A 47 1 ORL A, @R1

15 2 DEC data addr 48 1 ORL A, RO

16 1 DEC @RO 49 1 ORL A, R1

17 1 DEC @R1 4A 1 ORL A R2

18 1 DEC RO 4B 1 ORL A R3

19 1 DEC R1 4C 1 ORL A R4

1A 1 DEC R2 4D 1 ORL A RS

1B 1 DEC R3 4E 1 ORL A, R6

1C 1 DEC R4 4F 1 ORL A R7

1D 1 DEC RS 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL  code addr
1F, 1 DEC R7 52 2 ANL data addr, A
20 3 JB bit addr, code addr 53 3 ANL data addr, #data
21 2 AJMP code addr 54 2 ANL A, #data

22 1 RET 55 2 ANL A, data addr
23 1 RL A 56 1 ANL A @RO

24 2 ADD A, data 57 1 ANL A @R1

25 2 ADD A, data addr 58 1 ANL A RO

26. 1 ADD A, @RO 59 1 ANL A R1

27 1 ADD A, @R1 5A 1 ANL A R2

28 1 ADD A, RO 5B 1 ANL A R3

29: 1 ADD A Rt 5C 1 ANL A R4

2A 1 ADD A R2 5D 1 ANL A RS

2B 1 ADD A R3 5E 1 ANL A, R6

2C 1 ADD A R4 SF 1 ANL A, R7

20 1 ADD A RS 60 2 JZ code addr
2E 1 ADD A R6 61 2 AJMP code addr
2F 1 ADD A R7 62 2 XRL data addr A
30 3 JNB bit, addr, code 63 3 XRL data addr, #data
k)| 2 ACALL  addr 64 2 XRL A, #data

32 1 RETI code addr 65 2 XRL A, data addr

142
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HEX NUMB. MNEM. OPERANDS HEX » NUMB. MNEM. OPERANDS
CODE OF CCDE OF
BYTES BYTES

66 1 XAL A, @RO 99 1 suBB A, R1

67 1 XRL A, @R1 9A 1 susB A, R2

68 1 XAL A, RO 98 1 suBsB A R3

69 1 XRL A, R1 9C 1 suBB A, R4

6A 1 XRL A, R2 9D 1 sueB A, R5

68 1 XRL A, R3 9E 1 suBB A, R6

6C 1 XRL A, R4 oF 1 suBeB A, R7

6D 1 XRL A, R5 A0 2 ORL C, bit addr

6E 1 XRL A, R6 Al 2 AJMP code addr

6F 1 XRL A, R7 A2 2 MOV C, bit addr

70 2 JINZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C, bit addr A5 reserved

73 1 JMP @A+ DPTR A6 2 MOV @RO0, data addr

74 2 MOV A, #data A7 2 MOV @R1, data addr

75 3 MOV data addr, #data A8 2 MOV RO, data addr

76 2 MOV @RO, #data A9 2 MOV R1, data addr

77 2 MOV QR1, #data AA 2 MOV  ° R2, data addr

78.- 2 MOV RO, #data AB 2 MOV R3, data addr

79 2 MoV R1, #data AC 2 MOV R4, data addr

7A 2 MOV R2, #data AD 2 MOV RS, data addr

B 2 MOV R3, #data AE 2 MOV R6, data addr

7C 2 MOV R4, #data AF 2 MOV R7, data addr

7D 2 MOV RS, #data BO 2 ANL C, bit addr

7E 2 MOV R6, #data B1 2 ACALL code addr

7F 2 MOV R7, #data B2 2 CPL Bit addr

80 2 SUMP code addr B3 1 CPL C

81 2 AJMP code addr B4 3 CJINE A, #data, code addr
82 2 ANL C, bit addr 85 3 CJUNE A, data addr, code addr
83 1 MOVC A @A+PC B6 3 CJUNE @RO, #data, code addr
84 1 DIV AB B7 3 CJUNE @R, #data, code addr
85 3 MOV data addr, data addr B8 3 CJINE RO, #data, code addr
86 2 MOV data addr, @R0 B9 3 CJUNE R1, #data, code addr
87 2 MOV data addr, @R1 BA 3 CJUNE R2, #data, code addr
88 2 MOV data addr, RO BB 3 CJINE R3, #data, code addr
89 2 MOV data addr, R1 BC 3 CJUNE R5, #data, code addr
8A 2 MOV data addr, R2 8D 3 CJUNE R4, #data, code addr
8B 2 MOV data addr, R3 BE 3 CJNE R6, #data, code addr
8C 2 MOV data addr, R4 BF 3 CJUNE R7, #data, code addr
8D 2 MOV data addr, RS co 2 PUSH data addr

8E 2 MOV data addr, R6 C1 2 AJMP code addr

8F 2 MoV data addr, R7 c2 2 CLR bit addr

90 3 MOV DPTR, #data Cc3 1 CLR C

91 2 ACALL  code adddr C4 1 SWAP A

92 2 MOV bit addr, C C5 2 XCH A, data addr

93 1 MOVC A @A +DPTR cé 1 XCH A, @RO

94 2 susB A, #data c7 1 XCH A, @R1

95 2 suBB A, data addr cs 1 XCH A, RO

96 1 suBB A, @RO Cc9 1 XCH A, R1

g7 1 suBB A, @R1 CA 1 XCH A, R2

98 1 suBB A, RO CB 1 XCH A R3

80C31/Rev.1.0

143

a IVHS



Features
Complete OTMF Recaiver
- Low power consumption
- Intarnal gain setting amplifier
+ Adjustable guard time
+  Central office quality
Power-down mode
Inhioit mode

+ Backward compatible with
MT8870C/MT8870C-1

Applications

. - Recsiver system for British Telecom (8T) or

ZPT Spec (MT38700-1)
- Paging systems
+ Repeater systems/mabile radio
«  Credit card systems
+  Remote control
Personal computars
- Telephone answering machine

1502-cMOS MT8870D/MT8870D-1

Integrated DTMF Receiver

1SSUE 3 May 1993

Ordearing Information
MT387005/0E-1 18 Pin Plastic DIP
MTE8700C/0OC-1 18 Pin Ceramic DIP
MTS8700S/0S-1 18 Pin SQIC
MTS8700M/DM-1 20 Pin SSOP
MTE8700T/OT-1 20 Pin TSSOP

-40 °C to +85 °C

Description

The MT38700/MT38700-1 is a complete DTMF
recewver integrating both the pandsplit filtar and
digital decoder functions. The fiter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techmiques 1o detect and decode all 16 OTMF tone-
pairs into a 4-bit coge. External component count is
minimized by on chip grovision of a diferential input
amplifier, clock oscillator and latched three-state bus
intarfacea.

VOO0 VvSS VRal INH
y
pwon ——] s
Circunt vRet
Butler
N u o
Chip Chip ‘
Powar Bias rugh Group Oigal Code
Filter Ceteciion Convertor . 5
Algoritum and Latch | a2
- Ciat
Tona Zarg Crossing
o - Filter Datactors l— - Q3
a3 Low Group 1
. Filtar — omm C4
DO :—?n?g 3t Steenng Zk‘
- Clocxs aT Laqic
~ANAA- i
-~ ’
230 0SsC2 SuGT =3t STO TOE

Figure 1 - Functlonal Slock Diagram
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IN» 1 = 18] vDoD NSt =l 20[] vDO
lN-E 2 17{] SvGT iN-(C) 2 191] SUGT
as(] 3 16 est Gs{} 3 18] ES
vRet (] 4 15E71 s VRel [ 4 7] sto
INH] S 1477 Qa INH(] 5 18] NC
PWON(] 6 131 o3 PWODIN (] 6 15175 ¢4
osci(] 7 127 o2 NCC) 7 14112
oscz2(’] 8 ] o osci{ls 13 02
vss(] 9 1017 TOE osc2( ]9 2e)ar
vssi]to tJroE
18 PIN CERDIP/PLASTIC RIP/SOIC . 20PN SSQPISSQP

Pin Description

Figure 2 - Pin Connections

Pin # l-‘
18 | 20 Name Description
1 1 IN+ Non-Inverting Op-Amp (Input).

2|2 IN- Inverting Op-Amp (Input).

313 GS Gain Select. Gives access to output of front end differential amplifier for connection of
leedback resistor.

4 | 4 Vret |Reference Voitage (Output). Nominally Vg/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

515 INH  |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C

) and D. This pin‘input is internally pulled down.

6 | 6 | PWON [Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This

v pin input is internally pulled down. ' .

718 OSC1  [Clock (Input).

8 ' OSC2 |[Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

10 Vss Ground (Input). OV typical.

10| 11 TOE |{Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-]12-]  Q1-Q4 |Three State Data {Qutput). When enabled by TOE, provide the code corresponding to the

14 | 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15 (17 StD  |Delayed Steering (Qutput).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on SUGT falls
below VTS(‘

16} 18 ESt Early Steering (Output). Presents a logic high once the digitai algorithm has detected a
valid torie pair {signal condition). Any momentary Toss of signal condition will cause ESt to
return to a logic low.

17 119} SUGT |Steering Input/Guard time (Output) Bldirectional. A voitage greater than Vg, detected at
Stcauses the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts lo
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

1820/ Vop  [Positive power supply (input). +5V typical.

7, NC No Connection.
16




1ISO%-cMOS  MT8870D/MT8870D-1

Functional Description

The MT8870D/MT8870D0-1 monolthic  DTMF
receiver ofiers small size, low power consumption
and hign performance. lts architecture consists of a
tandsplit filter secucn, which separates the high and
low grcup tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the cutput bus. '

A}
.

Filter Section

Separation cf the low-group and high group tones is.,

achieved by applying the DTMF signal to the inputs
of two sixth-order switcned capacitor bandpass
filters, the bandwidths of which correspond to the low
and high grcup frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smeoths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with nysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide futl rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Sectlon

Following the filter secticn is a decoder employing
digital courting techniques to determine the
frequencies of the incoming tones and lo verify that
they correspond to standard DTMF frequencies. A
compiex averaging algorithm protects against téne
simulation by extrarieous signais such as voice while

Voo

C
Voo

SUGT Ve
ESt

2
Sto
MT88700/
tgra=(RC)INIV oV rs)
MT88700-1 lg rem(RCNO[Voc/ VooV rsl

Figure ¢ - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations, This averaging algorithm_has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signak condition” in
some industry specifications) the “Early Steering”
(EStH output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive siate (see “Steering Circuit").

Steering Circult

Before registraticn of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v¢ (see Figure 4) to
rise as the capacitor discharges. Provided signal

0 PRECISE
[ \ § CIAL TCNES
il N
o ‘ \/ N s
. ] OTMF TONES
20 : .
ATTEI(\éLé?TION [ § l Al E:
o ] 7 e
] I S
o / 7 i o
S H=1 z ]
I f’ \g ™
§
" s &‘} RN
tromtt
X v a8 C O EF G H
FREQUENCY {Hz)

Figure 3 - Filter Response



MT8870D/MT8870D-1

ISO%-CMOS

condition is maintained (ESt remains high) for the
validation period (tgre). v, reaches the threshoid
(Vys:) of the steering logic to register the 'ore pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
.activated and drives v to Vog. GT continues to drive
high as long as ESt remains high. Finally, alter a
short delay to allow the output latch lo settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the 4-bit output bus by raising the three
state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variely of system
requirements.

Guard Time Ad|Justment

In many situations not requiring selection of tone
duration and interdigital pause, the simpie steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

trec=top+tgra
lio=lpa+lGTa
The value of tpp is a device parameter (see Figure

11) and tgec is the minimum signal duration to be
recognized by the receiver. A vaiue for C of 0.1 yF is

tere=(ReCIn(Vop(Vop-Vrs)]

\
e O [ tGra=(R,Crlin(Vop/Vrsy
Cy

Rpm(A Ryj/(R, +A)
suGTO)

Ry

ESt O

8) decreasing tqyp: (tgrp<igral

torp=(R,CJIn(Vpo/(Vog-Vrsdl

Voo ( )——_[
00 . (Gra~(ReCJin(Vpp/Vrsy)
1

Rpm(R\Rg)/(R +Ay)

b) decreasing tgra;: (tgre>tgTa)

Figure 5 - Guard Time Adjustment

D.ig:: TOE | NH | &St | Q. | Oy | Q; | @
ANY L X H | Z Z Z P4
t H X H 0 0 0 '
2 H X H 0 0 [ 0
2 H X H 0 0 1 1
¢ H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X | H 0 1 t 0
7 M X H 0 1 ! !
8 H X H 1 0 0 0
) H X H i 0 0 1
0 H X H 1 0 1 0
: H X H ] 0 1 1
[ ¢ H X H | 1 0 0
A H L H 1 1 0 1
8 H L H 1 i 1 0
< C | H L H 1 1 i 1
\0 | H L H c 0 0 0
A H H |t
R B B e
c H H L |previous detscted coda
0 H H | L

Table 1. Functional Decode Table

L=LCGIC LOW, H«LOGIC HIGH, Z=HIGH IMPEDANCE
X » DON'T CARE

recommended for most applications, leaving R to be

selected by the designer. \

Different steering arrangements may be used to
select independently the guard times for tone
present (lgp) and tone absent (tgya). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgge  with
a long tog would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to ‘tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhlbit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minmizs the power consumption in a
standby mcde. It stops the oscillator and the
functions of the filtars.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, 8, C, and D. The output
code will remain the same as the previous detected
code (see Tabie 1).

.
9

Differential Input Configuration

The input arrangement of the MT88700/MT88700-1
provides a differantial-input operational amplifier as
weilas a bias source (Vge) which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor 10 the op-amp output (GS) for
adjustment of gain. In a single-anded configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vg
biasing the input at '/,Vpg. Figure 6 shows the
differential  configuration, which permits  the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circyit is com gted with the
addition of an externar@m;ﬂ;l-éecrystal and is
normally connected as ‘shown—TA Figure 10 (Single-
Ended Input Configuration). However, it is possible
to configure several MT88700/MT88700-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupied through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are eonnected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e.. precision balancing
capacitors are not required.

O F—~AAA— MT387007
C, R, 1M~ MT88700-1
S

Olftarantlal input Amplitler
Cy=Cy=10nF
Ry=R;=Rs=100 kQ
Ry=30x0), Ry=37.5 k2

All resistors are =1% tolerance.
All capacitors are £3% tolerance.

R,Rs

Ra=
AR,

R
VOLTAGE GAIN (A, dilf)m ﬁ_s
1

INPUT IMPEDAMNCE

]
(Zwowe) =2/ R,2. <EE’>

Figure 6 - Differentlal Input Configuration

,__,. To OSCt1 of next
o] l MT88700/MT38700-1

QsC2

Qsc

&
osc2 _I_i !._ 0sC1
c
S

C-30 pF
X-tala3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH .432
C1 pF 4.984
co pF 37.915
Qm . 896.37
al % +0.2%

Table 2. Recommended Resonator Specifications
Mote: Qmaquality factor of RLC modal, i.a., 1/2MTfR1CH.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown-in Fig. 9 illustrates the use of
MT8870D-1 device in a lypical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and R,
to provide 3 dB attenuation, such that -34 dB8m input
signal will correspond to -37 d8m at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Ry and C, are the guard lime
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the non-symmetric guard time circuit in Fig. 8.

tgra=(ReC)in[Vop Voo-Vrsdl
tgra~(A, CinVoe/Vrsi)

Rpe (R AR +R7)
Cy

SUGT

e O]
F{I

Ay Notes:
R, =168K 0 + 1%
ESt Ry=22MQ % 1%
C:=100nF £ 5%

Figure 8 - Non-Symmetric Guard Time Clrcult

/47—': Vss TOE [}—

Voo .
Cy
orme O— c
input R MT88700-1 2 <
;—C IN+ U Voo {—1
—{] IN- SUGT {J—
—{]GS Est[J— A,
, 2 Cvae s10[F———0
O—"———1{} A 0t 0
O———{ pwoN 3 3———0
0SC 1 [ —+—-<C NOTES: Y
X LI_II'—C 0sc2 ot —F—0 R =102k 1% 7
Rz «71.5KQ %1% ~
R - 390KQ £1 %

Ci.Cy » 100 nF £5%
X, = 3.579545 MHz £ 0.1%
Vpp = 5.0V £5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings'

Parameter Symbol ! Min Max ‘ Units
1 | OC Power Sl:poiy Voltage Voo 7 Y
2 | Voltage on any pin Vi Vg5-0.3 Vpp+0.3 v
3 | Current at any pin {(other than supply) 10 mA
4 | Storage temperaturé TsTG -85 +150 °C
5 | Package power dissipaton Py 500 mw

Derata above 75 °C at 16 mW / °C. Al leads soldared to board.

\
.

T Exceeding thasa values may causa parmanent damage. Functional operation uncer thess conditions 1s not implied.

Recommended Operating Conditions - vaitages ara win raspact to ground (Vgg) unless otherwise stated.

Parameter Sym | Min Typ® Max | Units Test Conditlons
1 { DC Power Supply Voltage \300 4.75 5.0 5.25 v
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 1.579545 MHz
4 | Crystal/Clock Freq.Tolerance afc *0.1 % .
t Typical figures are at 25°C and ara for design aid only: not guaranteed ana not suoject to proauction tasting.

DC Electrical Characteristics - vgg=5.0Vs 5%, Vsgu0V, -40°C § Tg § -85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Unlits Test Conditions

1 | S |Standby supply current looa 10 25 rA  |PWON=Vpp

g Operating supply current loo 3.0 9.0 mA
3 t Power consumption Po 15 mwW |fc=3.579545 MHz

Y
4 High level input Vi 35 ] vV |Vpp=5.0V
5 Low level input voltage Vi | 15 vV |Vpp=5.0V
6 | , {Input leakage current I/l 0.1 1A |Vin=Vssor Voo
7 N | Pull up (source) current lso 7.5 20 #A | TOE (pin 10)=0,

U Vpp=5.0V
8 ; Pull down (sink) current I3 15 15 nA l\/NHisstc))\;// PWDN=5.0V,

00=2-

9 Input impedance {IN+, IN-) Rip 10 MQ (@ 1kHz
10 Steering threshold voltage Vist 2.2 2.4 2.5 ‘ Vpo = 5.0V
1 Low level output voltage Vou Vg5+0.03 No load
12 8 High level output voltage Von |Vop-0.03 No load
13| 7 Out;;ut low (sink) current oL 1.0 2.5 mA |Vour=0.4V
14 8 Qutput high {source) current loH 0.4 0.8 mA {Vgour=46V
15 ; Ve OULPUL vOltage Vg 2.3 2.5 2.7 v |Noload, Vgg = 5.0V
16 Vgt Output resistance Rona 1 kQ

t Typical figures are at 25°C and are for design aid only: not guaranteed and nat subject t0 production testing.
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Operating Charac!erlstics - vgg=5 avi5%, Vg0V, -40°C < To § +85°C .uniass otharwiss stated.

Galn Setting Amplifler
Characterist.cs ! Sym Min | Typ® | Max | Units Test Conditions
1 | Input leakage current hN 100 nA Vss < Vin$ Voo
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mv
4 | Power supply rejection PSRR | 50 d8 | 1kHz
5 | Common mode rejection CMRR | 40 ds | 0.75V <V ,y<4.25V biased
) at Vggr=2.5V
6 | DC open loop voltage gain AyoL 32 das
7 | Unity gain bandwidth fe 0.30 MHz
8 | Output voltage swing Vo 40 | V,, | Load2100kQt0 Vgs @ GS
9 | Maximum capacitive load (GS) C 100 pF
10 | Resistive load (GS) R ‘| 50 k2
1t | Common mode range Veum 25 Voo | No Load

MTB8870D AC Electrical Characteristics - vgg-5.0v £5%. Vsg-0V. -40°C $ Tg § +85°C , using Test Clrcult shown In _

Figure 10.
Characteristics Sym Min Typ* l Max Units Notes* __
Valid input signal leyels (each -29 +1 d8m 1,2,3,5,6,9
1 ite.
tone of composite-signal) 275 869 mVaus | 1,2,3.5.6,9
2 | Negative twist accept 8 ds 2,3,6,9,12
3 | Positive twist accept 8 ds 2,3,6,9,12
4 | Frequency deviation accept *1.5% + 2 Hz 2,359
5 | Frequency deviation reject +3.5% 2,359
6 | Third tone tolerance -16 ds 2,3,4,5,9,10
7 | Noise tolerance -12 ds8 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 ds 2,3,4,58,9,11
t Typical figures are at 25 °C and are lor design aid only: not guaranteed and not subject to production testing.
*NOTES .
1. dBm'= decibels above or below a referance power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all OTMF tones.
3. Tone duration= 40 ms3, tone pauses 40 ms.
4, Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair Is deviated by 1.5 %t 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The pracise dial tona raquencies are (350 Hz and 440 Hz) * 2 %.
9. For an arror rate of batter than 1 in 10,000.
?. Raferanced to lowast level frequency componant in DTMF signal.

. Referanced to tha minimum valid accept level,
2. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characte ristlcs - Vop=5.0V25%, Vgg=0V, -40°C S Tg S +85°C, using Tast Clrcult shown in

Figure 10.
Characteristics Sym Min ' Typ* | Max Unlits Notes*
; Valid input signal levels (each -31 | +1 d8m Te;‘;‘g%‘ ;DD:S'OV
tone of composite signal) . 218 869 | MVams 1SS
.37 dBm Tested at Vpp=5.0V
2 | Input Signal Level Reject 0.9 Vrs 1,2,3,5,8,9
3 | Negative twist accept . 8 ds 2,3,69,13
4 | Positive twist accept - 8 as 2,3,6,9,13
5 | Frequency daviation accept +1.5%% 2 Hz . 2,3.5.9
6 | Frequency deviation reject: £3.5% 2,3,5.9
7 | Third zone tolerance ’ -18.5 aB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3.4,5,79,10
9 | Dial tone tolerance +22 dB 2.3,4.5,8,9.ﬁ

t Typical figuras are at 25 *C ana are for design aid only: not guaranteed and not subject to production testing.

*NOTES

1. dBma= decibals above or below a rafarance power ol 1 mW intc a 600 ohm load.
2. Digit saquenca consists of all OTMF tones.

. Tona duration« 40 ms, tone pause= 40 ms.

. Signal condition consists of nominal DTMF Irequencies.

5. Both tones in composite signal have an aqual amplitude.

?. Tone pair is deviated by £1.5 %z 2 Hz.
8

&

. Banawidth limited (3 kHz ) Gaussian noise.

. The pracise dial tone Irequancies ara (350 Hz and 340 Hz) £ 2 %.

. For an arror rate of batter than 1 in 10,000,

10. Referencad to iowast lavel [raquency component tn DTMF signal.

11. Referanced to the mimmum valid accept level.

12. Referancec o Fig. 10 input DTMF tone lavel at -25d8m (-28dBm at GS Pin) intertarence frequancy range batween 480-3400Hz.

13. Guaranteed by design and characterization.

0w
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AC Electrical CharacteristiCs - vy,-5.0vs5%, Vg0V, -40°C s To s +85°C, using Tast Circuit showa i Figure 10.

X Characteristics Sym l Min ' Typ* | Max | Units Condltlons
1 ‘| Tone present detect time top 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time toa 0.5 4 8.5 ms |Note 1
3 ,1,' Tone duration accept trec 40 ms |Note 2,
4 |\ |Tone duration reject tee | 20 ms [Note 2
5 | G |Interdigit pause accept Yo 40 ms [Note 2
6 Interdigit pause reject too 20 ms |Note 2
7 Propagation delay (St to Q) trq 8 11 us |TOE=Vgp
8 | o |Propagation delay (St to StD) tesio 2 16 us |TOE=Vpp
9 $ Output data set up (Q to StD) lasio 3.4 us [TOE=Vpp
10 | ¢ [Propagation delay (TOEto Q ENABLE) | tpre 50 ns |load of 10 k.
T 50 pF
-11— S Propagation delay (TOE to Q DISABLE)| tprp 300 ns jload of 10 k.
50 pF
12 g Power-up lime oy 30 ms |Note 3
13 \:‘I Power-down time teo 20 ms
14 Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz
15 CL3 Clock input rise time YHoL 110 ns |Ext. clock
16 | O {Clock input fall time thLeL 110 ns |Ext. clock
17 g Clock input duty cycle DCcr 40 50 60 % |Ext. clock
18 Capacitive load (0SC2) Clo 30 pF
t Typleal figures are at 25°C and ara for dasign aid only: not guaranieed and not subject to production testing.
*NOTES: '
;: ?::ge’,ot:sqeuraa{gfg:::b?:'g:‘raatrl::k5fl:.p:rs:rsmootn<'1);vice specifications. The ad|ustable settings of these minimums and maximums

are recommendations based upon natwork raquireaments.
3. With valid tane present at Input, lpy equals time from POWN going low until ESt going high.

» Voo

T

o O—by e
MTE8700/MT38700-1
. IN« u Voo 4
Eg IN- SVGT A,
~ —{] GS ESt
2 ] Vax s [F—r———0O
INH [ F———C0
PDWN o }——0
TC 0sC' 1 o[ F—t—0 NOTES:
e i—Joscz  alp———0 R1.Ry=100KQ £ 1%
=
1.C2=100 nF £ 5%

X-tat=3.579545 MHz +0.1%

Figure 10 - Single-Ended Input Configuration
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EVENTS A l 8 ] c [ E [ F | G
e — e mo e =l o
[} - o | [ rone

ESt

SVGT

Q,-Q,

Sto

TOE

EXPLANATION OF EVENTS

A)
8)-
)

0)
£)

F)
G)

EXPLANATION OF SYMBOLS

Vln
ESt
SVGT
Q:-Qq
S0

TOE
fREC
tRgec
lio
oo
top
toa
lgre
lG1A

[}
tOP——-I ;—o—- 1 i e loa

I B T s s Bl e W e I
: lcrp-—-i Al -: ;*- lara f—\f———\ V;SK
1A 4 T T

lpg ——-l [

1.{ I-.T osi0 HIGH IMPEDANCE
DECODEDTONE#(n-1) | Y| *  #n >_____<E
- N |
! tPStO"‘"! Lo— | |
| !
! I-.-‘Pre

- L -
t

TONE BURSTS DETECTED, TONE DURATION INVALID, QUTPUTS NOT UPDATED.

TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALIO
TONE.

OQUTPUTS SWITCHED TO HIGH IMPEDAMCE STATE.

TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

END OF TONE #n « 1 DETECTED. TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

DTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

STEERING INPUT/GUARD TIME QUTPUT, DRIVES EXTERNAL RC TIMING CIRCUIT.

4-81T DECODED TONE OUTPUT.

DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TONE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-O, TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID :

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM AZLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALIO DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT. ",
GUARD TIME, TONE ABSENT. .

Figure 11 - Timing Diagram
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UM95087

Tone Dialer

Features

®w  QOperating voltage range: 3.5 to 10.0 Volts

m Uses 3.68 MHz TV crystal to derive all frequencies,
providing high accuracy and stability

® On-chip regulation of dual and singfe-tone amplitudes

General Description

The UM9I5087 is a monolithic CMOS integrated circuit
designed for Dual-Tone-Multi-Frequency (DTMF) tele-
phone dialing.

Pin Configuration & Keyboard Assignments

® Built-in auxiliary switching functions

® Built-in mute driver

B Minimum external parts count

B Muitiple key entry is pin selectable for either single
tone or no tone

Its features include single contact static keyboard input;
single-tone inhibit {ST1) option; wide supply voltage opera-
tion with regulated output. The UM95087 provides high
performance with low output tone distortion: THD <
—20d8.

Block Diagram

—o—1 R Voo
VDD E 1 16 jTONE KR ‘Y
—_— LJ
XMUTE []2 15 )T > "
M ,
c1 s 14 Ta7 T
- "y
c2[ 14 13 ]R2
E § j _ sing vea ——-Do_lﬁ- auTe
c3 E 5 3 12 : R3 :;uv:rl ::I:vennn ve
VSS E 8 1 j R4 Vner
osar [ 17 10 [_] MUTE “’“’,“.T__
o counre we || I8 voms
osco []s of Jca comeren] | ookt 'i ]
KCYBQARD LOGIC i 4]
Ac - v L
i
1|2 3| aAl—& e i _"L;v.-“
R * .-
7|18| 9| c}—FR3 4 o ¢ ]
*lol #/ ol—Ra a Q2o Ves
RN
C1 c2c3 c4
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UM95087

Absolute Maximum Ratings *

Power Supply Voltage
tnput Voltage

Maximum Power Dissipation . . . ............ 500 mwW
Operating Temperature
Storage Temperature

*Comments

S(ress;s above those listed under “Absolute Maximum
Ratings’* may cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied and exposure 10 absolute maximum rating
conditions for extended periods may affect device re-
fiability.

DC Electrical Characteristics (Top = 25°C, Fggc = 3.579 MHz)

Parameter Symbol  |Min. | Typ. |Max. | Unit Conditions Tt
Operating Voltage Voo 35 10 v B
Supply Operating oot 10 | 20 { mA | Vpg =35V | All outputs unloaded 8
Current lob2 13 20 | mA | Vpp =100V | Oscillator running

| 02 |[100 Vpp = 3.5V | All outputs unloaded
Standby Current SO1 rA o0 outP A
lsn2 03 [200 | pA | Vpp =10.0V | Oscillator not running
XMUTE Output lon1 -15| =25 mA | Vpg =35V, Vo = 2.5V, No key entry c
Current lonz -20 | -3t mA | Vpg = 10.0V, Vg = 8.0V, No key entry
XMTR Output I 0 = = i
Leakage Current oLt .1 100 | pA Vpg = 10.0V, Vg = 0.0V, with key entry [0}
MUTE Qutput lonH1 —05| 0.8 mA | Vgp = 3.5V, Vgy = 3V, with key entry c
Drive Current loH2 -1 | —45 mA | Vpp = 10.0V, Vo = 9.5V, with key entry
MUTE OQutput oLy 3.0 mA | Vpp =35V, Vg = 0.5V, No key entry c
Sink Current loL2 75 mA | Vgg =10.0V, Vg =05V, No key entry
Row Input Current In 100 | 175 MA Vin = 0V, All outputs unloaded -
Column Input Current le 100 | 140 MA Vin = 3.5V, All outputs unloaded -
’ \ 0.8 | V, V
Input Voltage Range Lal 0o 0D | . -
Vi 0 [02] v
Single Column Tone 396 | 500 | 630 Ry = 1KQ, Vpp =35V
, Voc Ves 8
. Output Amplitude 396 | 500 | 630 R_=1KQ, Vpp =100V
Single Row Tone 317 | 400 | 504 RL = 1KQ, Vgp =35V
, Vor mVpp 8
Output Amplitude 3}7 400 | 504 Ry =1KQ, Vpp = 10.0V
Pre-Emphasis Twist 10| 20 |30 a8 8
Valtey of Single Tone Vy 0.23]| 30 Voo . 8
Distortion DIS% 10 % Vpp =5 * Note 8
Tone Qutput External A 620 Q Vpp = 3.5V
Load Impedance £ 330 Q@ [ Vpp=V -
'STT input Resistance Rin 20 | 40 |100{ kKQ | 25°C -

100{V, 2 +v,* +., + V)%
v P+ v

*Note: DIS({%) =

{a} V, ...V, are the intermodulation or harmonic frequencies in the 500 Hz to 3400 Hz band.

(b) Vy_ and Vyy are the individual frequency components of the DTMF signal.

3-1
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UM9S5087
AC Characteristics
Parameter Symbol Min. Typ. Max. Unit Conditions
Tone Output Rise Time TR 8.5 ms
OSC Startup Timing TSTART 8 ms
Predigital Pause TrroP 5 ms
Mute Delay TmoT 5 ms
R/C Spec. Actual Error (%) Unit Conditions
R1 697 7013 +0.62 Hz
R2 770 771.4 +0.19 Hz
R3 852 857.2 +0.61 Hz
R4 941 " 935.1 ~0.63 Hz
FOSC = 3,679 MHz
(o] 1,209 12159 +0.57 Hz
c2 1,336 1331.7 -0.32 Hz .
c3 1,477 14719 -0.35 Hz
c4 1,633 1,645.0 +0.73 Hz
Note: % Error does not include oscillator drift.
Pin Description
Pin No. Designation Description
1 Voo Power supply.
Vss These are the power supply input pins. The UM95087 is designed to operate from 3.5
10 10.0 volts.
2 XMUTE XMUTE switch output.
This pin is connected to the emitter of an on-chip bipolar transistor whosse collector
is connected to Vop- With no keyboard input, this transistor is turned on and pulls
the pin up to within Vge of the Vo supply. When a keyboard entry is sensed, this
output goes open circuit (high impedance). The XMTR switch output switches re-
gardless of the state of the STI pin input.
3 C1 Keyboard inputs.
4 c2 The UMO5087 features inputs compatible with the standard 2-0f-8 keyboard (the in-
5 C3 expensive singlecontact Form A keyboard), No noise is generated by scanned or
9= g dynamic input. Normal operation with a keyboard produces dual tone generation
14 R1 when a single button is pushed. A single tone is generated when two or more buttons
13 _FE in the same row are pushed. Pushing two buttons diagonal to each other will resuit
12 R3 in no tone being generated. When the push of a button produces input to a single
1" R4 row and column, the tone for a digit is generated. Input to two buttons in a single
column will produce a column tone. Input to more than one column will not produce
any tone. The internal circuit of the UMS5087 will not sense the activation of a single
row. 1f a single-row tone is desired, two columns in the desired row must be activated.

312
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Pin Description {Continued)

Pin No. Designation Description
7 OSCl Oscillator input/output.
8 QSco The UM95087 contains an on-chip inverter with sufficient loop gain to provide oscilia-

tion when working with a low cost television color-burst crystal. The circuit is designed
to work with a 3.579 MHz crystal. The oscillator is disabled whenever a keyboard input
is absent. Any crystal frequency deviation from 3.579 MHz will be reflected in the tone
output frequency. Most crystals do not vary more than £0.02%.

10 MUTE MUTE output.
The MUTE output is a conventional CMOS gate that pulls to Vgg with no keyboard

input and pulls to V5 supply when a keyboard entry is sensed. This output is used

to control auxiliary switching functions that are required to actuate upon keyboard
input. The MUTE output switches regardless of the state of ST/ pin input.

15 STI " Single tone inhibit input.

The ST1 input is used to inhibit the generation of other than dual tones. It has a puil-
up to Vpp and when left floating or tied to Vpp, single or dual tones may be
generated. When forced to Vgg, any input situation that would result in a single tone
will now resuit in no tone, but all other chip functions will operate normally.

16 TONE DTMF signal output.
The TONE OUT is connected internally in the UMS5087 to the emitter of an NPN
transistor and is the on-chip operational amplifier which mixes the row and column

tones together, 3
Functional Description
1. Keyboard
. Vi e
coL 4 A AOW
SINGLE CONTACT KEYBOARD V- coL
4_E =eucOL ve Fow
4 » RoW Vo mmeem-
20F8  KEYBOARD

Figure 1 Keyboard Configurations Figure 2 Electrical Inputs
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800 — rYPICAL COLUMN -10 -9 -8 -7 -6 -5 -4 -3 -2 -
PERFORMANCE <7 T T T T T T
< TYPICAL ROW
1 600 —
- PERFORMANCE o0 <
z a
£ 2
T 400 — o
Q — -400 Jx
2 3
Z 200 |- s
—_— - a.
600 g
| I N N N IO B
1 2 3 4 5 6 7 8 9 10 J 800

INPUT VOLTS INPUT VOLTS

Figure 3 Typical Input Operating Conditions for Pins 3, 4, Figure 4 Typical Input Operating Conditions for Pins 11,
5 and 9 with Voltage Reference V¢g @ 25°C. 12, 13, & 14 with Voltage Reference V, @ 25°C.

2. Crystal Specification
A standard television color burst crystal is specified to have much tighter tolerance than necessary for the generation of

tones. The tolerance specification can be relaxed as follows:

Frequency: 3.58 MHz £ 0.02%.

Rg < 100 R, Lyy =96mH, Cy =0.25pF, Cyy=5pF, C; = 18pF,

3.  The DTMF Generator

The Row and Column output waveforms are shown in Figures 5 and 6 below. In the UMI5087, these waveforms are digitally
synthesized using on<hip D to A converters, and are provided with output level regulation. The maximum THD of the
dual tone'is ~20dB.

-V - v
) - O
U T T - en |- U =
e 133502250 33 aaa =Y
TIME — 44.7 us/div. TIME - 19 us/div.
Figure 5 Single Row Output Waveform Figure 6 Single Column Output Waveform
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