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ABSTRACT

THE TEMPERATURE DATA LOGGER WAS DESIGNED BY USING MICRO
CONTROLLOR (8051) WHICH WILL.CONTROL TEMPERATURE SENSOR AND ALL PARTS
OF DATA LOGGER. A-D CONVERTOR USED FOR CONVERSING DIGITAL DATA OF
TEMPERATURE MEASUREMENT AND THE SUCH CONVERTED TEMPERATURE DATA COULD
BE DISPLAY ON PC. THE SERIAL PORT (COM1) CAN ALSO USE FOR COMMUNICATE
BETWEEN DATA LOGGER AND PC. THIS PROJECT HAS MANY DETAILS THAT

EXPLAIN ABOUT TEMPERATURE DATA LOGGER AND SEQUENCE OF WORK

=,

THE QUALITY OF TEMPERATURE DATA LOGGER. CAN MEASURE AND

RECORD AMBIENT TEMPERATURE BY READ FROM PANAL AND DISPLAY ON PC.
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AEIATEIN  BO51  Izntvuiuas Tndawlyiaaeiniy 8051 Fanrgadmdndmy
¥ ] (Y ﬁl N L
TUTunTay 1 70Laantal1 st uuu1an71uawnagnﬁa1u 8051 w3antauan 8051
' . ) <4 I v € a4 o v ' . :
nuaan11n3151n1una§an 8051 1ﬂﬁ1u1utnuu:awnnagawsuvﬁqn11nweﬂu 23
] .gd
MUEAIMNIUY 2wyl

o4 4 ]
- uUUﬂ“uﬂﬁﬂuqﬁ 128 lun agnﬁﬂ1u 8051

o { 1 ! S »
- WUUNAaINiIuIA 64 K fun ﬁaoaatﬁunnutn11ﬂnwauan 8051
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:4 ' . - : ' '
T 19 tiumiagaaawdanaatu 8051 Feiouna 128 byte Tasididumispasmiog

1
A2 BeUA OOH §v TFH Temuteaaniiu 3 nan &
L]

AP MHNHIVEIN

MAUNUINUIY  —————
° ° L
AT NI

v
-uau”amu'lu 8051

RAM
BYTE (MSB) (LSB)
7FH
= =
2FH | 7F | 76 | D | 1¢ | B 7A 79 78
26H | 77 | 78 75 74 73 72 n 70
2DH | 6F | 6E | 6D | 6Cc |.6B | 6A | 690 | 68
2CH| 67 | 66 | 65 | 64 | 63 | 62 61 80
2BH | sF | 58 | s | 5¢ | 5B | 5A | 59 | 58
2AH | 57 | s8 | 55 | 54 | 53 | s2 51 50
200 | 4F | 4E | 4D | 4C | 4B | 4A | 40 | 48
28H | 47 | 46 | 45 | 44 | 43 | a2 a1 40
zv ]| 3F |"3e | 30 | 3c | 3B | 3a | 39 | 38
26 ) 37 | 38 | 35 | 38 | 33 | 32 31 30
2sH | 2F | 26 | 20 | 2¢ | 2B | 2A | 290 | 28
28| 27 | 26 | 25 | 24 | 23 | 22 21 20
238 | of | 1 | D | 1c | 1B | 1A 19 18
20| W 16 15 14 13 12 1 10
2tH | oF | ot | op | oc- | oB | oA | 00 | o8
20H | o7 06 -[* 05 04 03 02 o1 00
o

1FH

Bank 3
18H
TH

. Bank 2

10H -
OFH

Bank 1
08H
OTH

Bank O
00H




1.Register bank 0, bank 1, bank 2

uaz bank 3
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129RUNES TR NI

. <~ ' . . ﬂ '
A3 00H 09 1FH  Taanuaaa2uuituvaantdu 4 qa qaaz 8 byte umar

4 1 . da . '
Qaliunvw BANK umar byte 1w 1 BANK 3sunanay Register 11 RO, R1, R2, R3

. ] H [ . ()
R4, R5, R6 UA® R7 Register (mamazL 78019 TEnI 19N T e TUTUn TR A

) . . I d#”u 1 wod o, ’ '
agNdA¥AIN  URY Register tmanulzy aﬁ1nuqn BANK TRBAIINUN AUNUSITAINUIE

A27037 U1 T109 s AATIAE1 BANK thaiin Taan1Tnmuan1in Register PSW

4 . ' ‘. ' ‘ .
zun 20 tﬂu Register UARZ BANK UARZAIRIUNUITBINUIAADIININ

AUV NUIEA NG
- SRawmes
BANK 0 BANK 1 BANK 2 BANK 3
RO 0 8 10 18
R1 1 9 11 19
R2 2 A 12 1A
R3 3 B 13 1B
R4 4 C 14 1C
RS 5 D 15 1D
R6 6 E 16 1E
R7 7 F 17 IF

<4
Jin 20
9
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2. Bit Address Area tdumi1ga11nd1Tug 96 UM 200 9 2FH Wi78874

. 1 - gdg ::I
uAaruNTuwuny azﬂwu11nn11a1daun?aa4ﬁ1 1 nia 0 1ﬁ1aﬂn171u7un1u nastu

] 2 [] - [] . 1 e 4
unas?mna\1na;.la'luvmaﬂ')'ma'nsﬁn'm'nmuem‘lu Memory Map zﬂn 20

3. Scratched Pod Area tiufr9miz8A29m3 6 umee 300 Ry TFH Wi8R7N

. -1 » e w o
awTuﬂueudwu11n1HQﬂu1un11Lnunagan11ﬂ idu Stact Pointer

. R o [ o X ' .
Flag Register (i Register M¥ifugn1eiiindussninentiduin winse

3 A
1f17an Bank 389 8051 Register uAa PSW Program Status Word Nmude 8 bit

(MSB) (LSB)
ey ac fro st Rso-[iov [~ [T R
Symbol Position Name and Significance Symbol Position Name and Significance
cY PSW.7  Carryflag. ov PSW.2  Overflow flag.
AC PSW.6  Auxiliary Carry flag. (For - PSW.1  User definable flag.
BED oPeriq ey P PSW.0  Parityflag.
FO PSW.5  Flag O (Available to the Set/cleared by hardware
user for general purposes). ga%qh {nstructlon (cj:)écl:le to
RS1 PSW.4  Register bank select geapale  an  oadieven
RSO PSW.3  control bits 1 & 0. Set/ number of *one” bits in the

cleared by software to
determine working register
bank (see Note).

Accumulator, ie., even
parity.
Note: .
The contents of (RS1, RSO) enable the working
register banks as follows :

(0.0)-Bank 0 (OOH-O7H)
(0.1)—Bank 1 (08H-OFH)
(1.0)-Bark2  (10H-17H)
(1.1)-Bank3  (18H-1FH)
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PSW.0 iin 0 A@ Parity bit Tam3az1fuaninlu Register Accumulator &
ﬁ. g, o
1t mugndaduang

- o d, v v
PSW.1 un 1 O NCYE RN

s

. 4 . ¥, - 2
PSW.2 tin 2 Aa Overflow Flag iiulinfiuannisdiuaativ $115 Aed e suly
J . o H‘Q 4\4 IIQJ
TENIIN NTAMIBRIMNAULRAIAA UNn 6 ugeunn 7

o < g L 1] ~ 4 a ! 3 .
PSW.3, PSW.4 &mTu 2 unu ns?ﬁequ11unutwatﬁun1uan1wnmsu1¥ Register

RO fiv R7 11 BANK 1a AYR1919819879

fin 4 (RB1) Infl 3 (RBO) Register bank address
0 0 0 00H-07H
0 1 ; 1 08H-0FH
1 oy, 2 10H-17H
1 1 3 18H-1FH
1uﬁ 22
L]
- PSW.5 tﬁutaunﬂisﬁqé
- PSW.6 A2 Auxiliary Flag

- PSW.7 A8 Carry Flag
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.- Spectial Funtion Register,SFR

- ) dy o 4 '
M 8051 § Register ndw¥uldemiawrs AadanafanittUifutiiu  Register
b | L |
lﬂ « - ]
IMATUIBAAVINNNIALAWILRAIBAY Register TAaUARE Register eNAUMUNTAIRINY
w » ' 3 '
189 AYUAAITURITINIINATNY TIRINAITIVIBURRY Symbol uasﬂanaa Register uge

v < . "
ﬂacqanﬂnaa ATUNUNTAY Register

Symbol Name Address
*ACC Accululator OECH
) B Register OFOH
*PSW Program Status Word ODOH
SP Stack Pointer 81H
DPTR Data Pointer 2 Bytes
DPL Low Byte 82H
DPH High Byte 83H
*PO Port O 80H
*P1 Port 1 90H
P2 Port 2 OAOH
*P3 Port 3 OBOH
P Interrupt Priority Control OB8H
*IE Interrupt Enable Control OA8H
TMOD Timer/Counter Mode Contro 89H
*TCON Timer/Counter Control 88H
*+T2CON Timer/Counter 2 Control 0C8H
THO Timer/Counter O High Byte 8CH
TLO Timer/Counter O Low Byte 8AH
TH1 Timer/Counter 1 High Byte 8DH
T Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 1 High Byte OCDH
+TL2 Timer/Counter 2 Low Byte OCCH
+RCAPZH T/C 2 Capture Reg. High Byte 0CBH
+RCAP2L , T/C Capture Reg. Low Byte OCAH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
PCON Power Control 87H
*IOCON (1) 10 Control F8H
+80C52 and 83C154 only * bit addressable
(1) 83C154 only

o
Tin 23
:
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UAzTTUN 24. UHAVATAIUWLINEIBAI WA WAALLN
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[v) | Y e . ' ]
aﬂnzﬂnwvawquaztuuqﬂ Register SFR as1d9miawizag1eTandnn SFR #1877011°

P, 4 N ) -4
fiNlyy BIT ADDRESS luﬂqﬁ1u01Tﬂ113“3"“ﬂ113n11"7ﬁ131ﬂ779lé?ﬂ“

Direct
Byte

Address

OF8H
OFOH
OEOH

0DOH

OCDH
OCCH
0CBH
) 0CAH

0C8H

0B8H
0BOH

*  0A8H
0AOH
99H

98H
90H

8DH
8CH
88H
8AH
89H

88H
87H

83H
82H
81H
80H

Special
Function
Register
Bit Address Symboi
(MSB) (LSB)
WDT T32 SERR 12C P3HZ P2HZ PIHZ ALF
|FF[FE|FD|FC[FB[FA|F9|F8JIOCON
LF7LF6[F5|F4|F3|F2|F1lFOlB
[E77€p [E5 [E4a [E3 [ E2 [ E1 | EO | ACC
CY AC FO RSt RSO OV H1 P
D7 [ o6 J o5 [Da D3 [ D2 D1 T DO | Psw
Not Bit Addressable TH2
Not Bit Addressable TL2
Not Bit Addressable RCAP2H
Not Bit Addressable RCAP2L
TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CPRL2Z
[CFTCEJcDJccJcB]cafcofca ] T2cON
PCT PT2 PS PT1 PXt PTO PXO
B[ - [eofBcC BB [BA[BI[BE] IP
[B7[B6 [ B5 | Ba B3 [B2]B1 [BO]| P3
EA ET2 ES ET1 EX1 ETO EXO
[AFT - [AJAacTA[AmTAITA] E
[AMTAs [AS | A2 [A3] A2 AT TA | P2
{ Not Bit Addressable ] SBUF
SMO SM1 SM2 REN TB8 RB8 TI Rl
[9F[9E|90190|98|9A[99[98] SCON
[o7 196 [95 [ 94 [ 83 [ 92 [ 81 [ 90 | Pi
Not Bit Addressable” TH1
Not Bit Addtessable THO
Not Bit Addressable TL1
Not Bit Addressable TLO
Not Bit Addressable TMOD
TF1 TR1 TFO TRO [E1 m TIE0 MO
8F|8E|80|8C]88]8A|¢89[88 TCON
Not Bit Addressable PCON
Not Bit Addressable DPH
Not Bit Addressable DPL
Not Bit Addressabie SP
67 | 86 | 85 | 84 | 83 | B2 | 81 | 80 | PO

Py
Tin 24
k]



N171147un8Y Special Function Register

. : . | o . L] .
Accunulater Register imu1e 8 bit n1?d1n1un1131u1uuazLnunwgwaaeuaz

V4 ' v y ¥ ' . 4
1uawun1naqna§aawnnwauan BenavHn Register U

“ . <4 o .
. B.Register 30kﬂu Register n1§ﬁ1u1uﬂﬂ1gu uaen1TMI17T TR8 Register B

‘u u( o’ L e -
LN IANLATHRHUT in 8 iy 15 1unﬂ§¢n11gu fMTun117 Register B av

€ o a
LAY RIMITUALHANTITAIT

o 4
Programs status word RINNANIHIAD

Y v & ' ' . o
Stack Pointer Register uasTdinuainuInaInUiIga118310181% 8051 n

2 ., " A 198053 ofl oy
L nudumiet RurasTUTUN THAAURIS LAY CALL uas PUSH

¢ ) S (N4 9% § « .
Data Pointer-Register Taa Register unzuIe 12 Bit ninnag Register

2 u”; [] t .
w1 mFudatuniyluminaaTanin

<o 4 < I e W -~ Y]
PORT 0 nv 3 tflun'm‘!ifaaﬂ-amnaga'nnmauannu 8051

4

Serial Data Buffer
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Serial Data Buffer

ala (Na - v v da (¥ ud"# N
TINLARTUNIUIA "8 UNUASTRATIZTINAI1ATUURITINIABTUN 2 ANNTaLRE IRy
uQ! u‘v 4 dul\'; v o v
aduu0ﬁ1u1utnunaganasdquuuagn7uaann1n 8051 uasanavnu¢51n1u1unagauuu
) v ¥ . @ o 1 = .
BURTHLDINT AIUY Serial Port ma¢ 8051 3N178NIMNITAINMULY Full Duplex
o O LY du“ of o o e «r -
squsawuw1n#auassuna§a1a1ux1a1taa1nu1uaqawnu1aﬁtaaiﬁ1n1udcuasiuuanaan
o o < o { y
L Haganﬁaen17aquaann1ﬁtﬁauTUEq?3ﬁtnaw SBUF uﬁuﬁquu1ﬁd¢ﬁagaaanu1
v ~a I'4 < Py a « e o VW Qv »
naga1uwaﬂlnav z(THAvaaNTRELTHRINUN 0 DY 7 RINAI8Y 01TBURNTANALAINN
< 1 v ala It a ¢ w» a 4 v a4
Nn1981 RED nasgnLnu1ﬂ111u13ﬂtaa1uTaana11na§aunu1nntnwuwnaun 0
Serial Port  3¢AMATOAIMUATANITHNNN -4 Eagauuuagn1u1$ 4 Tua
f S 4 o . '
(MODE) TaEn1iimualuiadiaaT SCON (Serial Port Control Register )udas

4 - -~ H
e naTH99uaa9 Serial Port HavW

x-ﬂ'ud »
MODE 0 : 1u1uauasun117uu1adqnagauuuaqnwuannw RXD Uaz11 TXD 3
o4 v v 4 4 [
aedgan  Clock nIfd mTuiAaau(Shift) ﬁaga 1 qanaqﬁagawsﬂ1znauavaﬁa§a 8
Qtz Q' o v 73 L) < ¢ W w
untnwuuuasas11un111udqna§a—dqnagaawnun 0 SuDIUN 7 AINATIAL BATINAITAY

!

L2 I ar 3 4 J o«
nax'lauuumén'maztn'mu 1712 Lmuaxmﬂunﬁmm'lmu'lan'm‘lffnu 8051

Least Significant bit Most significant bit
{ t

: 0 1 2 3 4 5 6 7

1 — ,

Start bit DATA Stop bit

R »
'3“" 25 qanagaaqn1n1u1ua 1
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*» Au H o LY [)
MODE 1: nagan1u—do 1 qa1uTuauazu 10 Un wun19a1 RXD uay TXD
awuéﬁﬁuL?uﬁun17¥ué45aqa31a Start bit 1 1in (aa3ntiu 0),§aga 8 ln (17

o . - o v -’1‘ Py
MUNn 0), STop bit 1 un (aa’n 1) n1d¢naga1nauﬁaqzu 25

d o v v [ . - w L L § .
Luaiunagaagn7u1n1u1na§a 8 unazgntnu1u7ﬂﬁtaa7 SBUF uar Stop Bit

I < ¢ - <
asaninuluniin RB8 TuIIALA8T SCON 1unw1€a§a§aaann astﬁauiaganﬁaonﬂvﬁa1u

o ¢ o ¥ .
aa??dtaa1 SBUF aa71n11d¢ﬁaga?uTuauﬁwuw1nn1uua1§nﬂu§aanﬁ11naaz

eaje

ufiun7iin Overflow 1% Timer 1

- : ] o v ]
MODE 2: n171u-dqna§ana¢1un 2 1 qaazu 11 un uagaasdqaanuwunﬁenw
(Y. v ] ‘;’U!I . - v o,
TXD URLTULIININTINAT RXD nagaunasqaaxtiuaua1a Start bit 1 un, naga Bin
- ) .4 o o . n oy, a v o
(LFHIUN 0),na§aunn 9 [ 1 unuaz Stop Bit an 1 unaayaunn 9

4 X \ .
NrdeaanudmrTaimuatad13sMte 1 uia o

Least significant bit _ Most significant bit

t ¥

0 1 2 3 4 5 6 7 8

. i
Start bit un Stop bit

9
k»— 1 dnzasdiana %
. L] L]

<4
Tin 26 qaﬁagaa@nvuﬁuTua 2

(Y » . L ] 4 l‘
an1wnw1ﬁqna§aqsnﬁuuﬂ1utﬁu 1/32 ﬂ?ﬂ 1/64 tnﬂﬂﬂﬂﬂ1ﬂuﬂﬁmﬂﬁﬂu1ﬁﬂ1n1#

iiu 8051
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¥ 3 - [ [ [y
MODE 3: n11dqna§a1uau 1 qaﬁ 11 tin (miaufiuTue 2 nnlTEN TUANAT 9L

- a lz 4 o ¥ 5 » L
a1¢aa11n11denagatnﬁuu aaaa1ﬁn11dqnaga1uTua 3 udwrIian s lay

E Y g [y ~ . <4 o
RAINTT TaALIUNUNITINR Overflow ‘v Timer 1 twuaufuiue 1

SCON (Serial Port Control Register)

alay s «f Y » o - ]
TINLRAT SCON suR 8 un 'lﬂd'\mua'xugnnwd\masmnagamunw

. IH A ar 4
Serial Port udasﬁnnaqﬁagaﬁu?aﬂtna1u ﬂﬁ11uuuwatawnzaqzﬂn 27

SCON : SERIAL PORT CONTROL. REGISTER. BIT ADDRESSABLE.

[ smo | smt | sm2 | ReN [ TB8 [ RB8B | T [ A |
SMO SCON.7  Serial Port mode specifier.(NOTE 1).
SM1 SCON.6  Serial Port mode specifier. (NOTE 1).
SM2 SCON.5  Enables the multiprocessor communication feature in mode 2 &3.In mode 2 or 3.if SM2 is set to
1 then Rl will not be activated ifthe received 9th data bit (RB8) is 0.In mode 1.if SM2=1 then R}
will not be activated ifa valid stop bit was not received.In mode 0,SM2 should be 0.(See Table 9).
REN SCON.4  Set/Cleared by software to Enable/Disable reception.
TB8  SCON.3  The 9th bit that wili be transmitted in modes 2 & 3. Set/Cleared by software.
RB8 SCON.2  Inmodes 2&3,is the 9th data bit that was received.In mode 1,if SM2=0,RB8is the stop bit that
was received. In mode 0, RB8 is not used.
T SCON:1 - Transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the
beginning of the stop bit in the other modes. Must be cleared by software.
RI SCON.0  Receiveinterruptflag.Set byhardware at the end ofthe 8th bittime inmode 0.orhalfwaythrough
the stop bit time in the other modes (except see SM2). Must be cleared by software.
NOTE 1:
SMO SM1 Mode Descriptlop, Baud Rate
0] 0 0 SHIFT REGISTER Fosc./12
0 1 1 8-Bit UART Variable
1 0 2 9-Bit UART Fosc./64 OR
Fosc./32
1 1 3 9-Bit UART Variable
SERIAL PORT SET-UP: Table'9
MODE SCON SM2 VARIATION
? ’ ;8::: Single Processor
2 90H Environment
3 DOH (SM2=0)
? 7%?_{ Multiprocessor
2 BOH Environment
3 FOH (SM2=1)

< . . ’
zﬂn 27 Serial Port Control Register (SCON)
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E a o a d - {
1“2”" 27 un RI qzlﬁugﬂﬂﬂQun 0 uar SMO QSLﬁuunn 7 ﬂaﬂ;Qﬁlﬁﬂ7

d < . ' e a0 N
SCON ?Qﬁ?qu“uqS“TﬂannqQquﬂﬂQuﬁasunuﬂﬁu

RI Receive Interrupt Flag
- ¥ . 4 {. wal s ﬁ a < v 4
ununvgnnwuuaTaa Fr7au0299nua11du 0 nTa 1 Taﬂn1un117unaga1ua 0 uw
' 4 A - 4
in RB8 asdidniu 1 (iaNFanatiwratudie 8 On dautuTuaiuin RB8 sty 1

€1 4 w [V P @ o« N
NABLUBEANALEWIAILIAIATINENEAY Stop Bit

TI Transmit Interrupt Flag
] o . e I's
A17uun  TI ﬁzgnn1uua1ﬁtﬁu 1 17a 0 ST TRE T TL] Taa?unw7d0¥agauuu
' ~ Y ﬁ 4 ' Y PPS ¢ ¢
agnsuTua 0 unu sstdu 1 LwaazuanqwnWT#qna¥a1u1aﬁlaa7 SBUF aan{uniewain
Y - (1) ﬁ [y 4 % [YIY) a ﬂ
aanuﬁ1unq 8 uUn umnItL un1id¢uagauuuaqn1u?u1unau aznw1unaga1uun TI 1duy

4
1 LuBLINNITRY Stop Bit

RB8
4‘ IS Yo v ll‘\a v ® w QJ
tuaunw1nwuua1n1uua§a1u1ua 2 ugs 3 qz?ﬁunud1u1u1nuna§aunn 9
<4 ¢ H -1 & . J ) o
ntiwuwnﬁwua1nagn1u dmluTne 1 fHulindaziiu Stop bit FeiA1tiy 1 fucas

¥ N\ 7
muia o ﬁnuqs1ugn1ﬁaﬁu

TB8
v a 2 o o o 4 .
1““17d0ﬂﬂ§auﬂuaqﬂ7u1uﬂ 2 Uae 3 Q51§Unulnﬂﬂﬂ§aunn 9 d1u1uﬁauﬁs1u

- ¥
169 ming

REN Receive Enable
ﬁ a o [TIR [V -~ W v I's o v oo Y ﬁ
ttuunnasinnanua 1unwn111unagalnﬁu111nn1owa1nagn1u nraflunqunutdu

< - v ) ' ﬁ [ Ter W - »
1 ﬂ331ﬂﬂa§alﬂqﬂq uani1iu 0 ﬂ?31ﬂ7ﬂﬂﬂﬂﬂnﬂﬁ RXD 121701
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SN2 °

tﬁuﬁnﬁwu?unvugunﬂwﬁﬂq1unaqﬂ1§au1§#asﬁ11ﬁﬁn RI «iu 1 wiatd tuntd
in sz uiu 0 @tuiin R1 faschotewitEaiurauaud M Taslin RI udfiadn
sM2 = 1

Tue 2 uax 3 UnAuhaln RI sziilu 1 oite sMz ifw 1 wde RI aeiiiu 1§

4 w o o 4 v q:ﬂ v v P | v ﬁ t e oMo
alua ﬂﬂeaﬂnn 9 nimuetie 1 daradaunn 9 taaNttdu o ztan1inun RI

Aty 1

=2

t 4 0 o ( 1]
WTua 1 tn RI waatie 1 Luaiaga Stop Bit Lﬁwnﬂaqwa1na§n1ugnﬁaeun

LY . [ v ‘ w a 1Y) Vv a
7 Stop bit i1 Fwdwainaunty auawn1naa1nﬂmn1%un11dqnagaua1un RI a3z

: o e
daaui o MTna 0 Nniasiaity o tdna

SHMO, SH1

ﬁ a d_ ' o do, - » { ' - ¥
LUy 2 unn‘le\nu‘r'mnulwan'mua‘manaemwu-a‘enaganawa'malén'm A8 2 unuly

A Tua 185
SMO SM1 MODE Description
0 0 0 Shift register
0 1 1 & -bit UART
1 0 2 9 -bit UART
1 I 3 9 -bit UART
W,

. , 4 as i 24
nINIuAaNURARs TuaItUAvTLIa 28



40

TIMER Register

14 8051 39437 Timer aé 2 qﬂ Aa Timer 0 Ua¥ Timer 1 T4 Timer

] ] [} 4 “ ' ] . <p

uﬂasqn i Register aum 8 1in ag 2 RILWALAUAINTITUUEAY Timer 13§0§nn¢
By . aa (Ya R < on (4

16 un 1w Timer 0 9J3diRaTuURa THO, TLO  uaszlu Timer 1 ABTAXLAAT TH1

< ) ' < ar
TL1 TLx ¢ inUAHAINITUY 8 ?"mq‘luab' THx W LAUAITIAINITUY 8 ?Jmm

TMOD Timer/Counter mode register

{GaE [ o [-"M1 [ Mo [GAE | o | M1 | ™o |
‘\_’\'\/‘\/W‘
TIMER 1 TIMER 0 I

GATE  WhenTRx (inTCON) is set and GATE = 1, TIMER/COUNTERx will run onlywhile INTx pin is high (hardware
contiol). When GATE =0, TIMER/COUNTERX will run only while TRx== 1 (software control).

ci Timer or Counter selector. Cleared for Timer operation (input from intemal system clock). Set for Counter
operation (input from Tx input pin). -

M1 Mode selector bit. (NOTE 1)
MO Mode selector bit. (NOTE 1)

NOTE1:

M1 M0 Operating Mode
0 0 0  13-bitTimer
0 1 1°  16-bit Timer/Counter
1 0 2 B-bit Auto-Reload Timer/Counter
1 1 3 (Timer 0) TLO is an 8-bit Timer/Counter controlled by the standard Timer 0 control

bits, THO is an 8-bit Timer and is controlled byTimer 1 control bits.

1 1 3 (Timer 1) Timer/Counter 1 stopped.

<
zﬂn 29 TMOD Timer/counter Mode Register



41

a o v . 1 y H]
GATE lﬁuunn1ﬁﬂ1uqu1u Timer f141unialy falnizas Timer x nnﬂetﬂu 1
A ]

o v . o 3 4 d o a 2y ada £
NN Timer N9 UARALNANEY INTX uﬁn11zaaﬂntﬁu 1 uazun TRx TUuTIdLAaY

TCON tilu 1 #na
- g g - 4 . . ) [ v L
C/T unulfdmTuLaann1Tn19eay Timer 1was1ﬁlﬁu Timer #78 Counter

qduvudd . .
M1, MO il 2 UNNTETIMARLUBLABNTUANITHINILEAY Timer 1719 UTHR

0, 1 uae 2 189 Timer O Az inilauiy Timer 1 uAluiue 3

Ml MO 1SN

0 0 Tum 0 S3awmes THx wuas TLx vantuwaviu 13 dn swiinnswu 8 dnuwn
xann 8 Tnwes THx wazdn 5 Gnasnane 5 Indveaediames TLx neft 3
Snuw 89 TLx 9 lfasanlaae

0 1 Tum 153685 THx was TLx ¥aatueu 16 GnaAinnswy 8 ﬁﬂ‘umgﬂu

FFamad THx uazranmsws 8 dndweglwidames TLx

0 Tum 2 Tumshuzesifaimas TLx owm 8 dniflaviuforngugnia FFH iayinis
viuslUeziAans Overflow uiifiaz “Reload” tonfayaain THx (dlés TLx
] o v ar T

e BwAnSasiuluwnanuasoss (U

1| Tum 3 msvinoweas Timer 0 uas Timer 1 esvnuaefiasnatse W




TCON Timer Control Register

. ' a a ¢y . ] v o
Timer 1 UR Unna@"%ﬂlﬂi]'fu'ign']\r\ua'\"ﬂuﬁ\i'fﬂﬁ 31
*

7/ J TRt [ TF0 | TRO | IET | 1M [ €0 | mo |

TF1  TCON.7  Timer1 overflowflag. Set by hardware whenthe Timer/Counter 1 overflows.Cleared by hardware
as processor vectors to the interrupt service routine.

TR1 TCON.6  Timer 1 run control bit. Set/cleared by software to turn Timer/Counter 1ONOFF.

TFO TCON.5  TimerOoverflowflag.Set byhardware whenthe Timer/CounterO overflows.Cleared by hardware
as processor vectors to the service routine.

TRO TCON.4  TimerO run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF.

IE1 TCON.3  External Interrupt 1 edge flag. Set by hardware when External interrupt edge is detected.
Cleared by hardware when interrupt is processed.

m1 TCON.2 Interrupt 1 type control bit. Set/cleared by software to specify failling edge/flow level triggered
External Interrupt.

IEO TCON.1 External Interrupt O edge flag. Set by hardware when External Interrupt edge detected. Cleared
by hardware when interrupt is processed.

[TO TCON.O Interrupt O type control bit. Set/cleared by software to specify failling edge/low level triggered

External Interrupt.

o
;IIJYI 31 TCON Timer Control register
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IE Interrupt Enable Register
o e . ﬁ dd ﬁl:d.'ql;dd » o ¥ -
117EAIIMIENITHIN R LIUN T TR TG TaA 19NN NILN 1 TNNITRYeIuNT
UnRnas Tu1un1ugnia50nus1u 8051 zdmrTaialienararadggiain 6 unéqﬁqzu

<4
n 32

INTERRUPT

SOURCES
TF = L
n
A >
TF2
EXF2

(80C52 AND 83C154 ONLY)

4 ] . - e e
TN 32 umasinidaifgnraiaionas

< v

o e o . o o 4,
Hgraiadenoen 5 it 32 azdwaTaiticiantiaiomets 2 3 Aedl

<

I} » ¢ < 1dala I's P )
ﬂaﬂalﬂ']u']n']*’mﬂ'fnalén'”llnuagn'x’idlﬂﬂf SBUF llﬂgn':mnnﬂﬂa.lu SBUF d"ﬂan\tunﬁ\i

I's v t - d <, [T IS v o 4
wa7nagn1nnnnua1 TuaninanTala 9 MMAITMLNANITIRIINIEHY
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PCON (Power Control Register)

Symbol  Position Name and Function
SMOD PCON.7 Double Baud rate bit. When set to a 1,the baud rate is doubled when the serial
port is being used in either modes 1,2 or 3.
HPD PCON.6 Hard Power Down bit. Setting this bit allows CPUto enterin Power Down state on
(83C154 an external event (1 toOtransition) on bit T1 (p.3-5) the CPU quitthe Hard Power
only) Down mode when bit T1 (p. 3-5) go high or when reset is activated.
RPD PCON.5 . Recover from idle or Power Down bit. When 0 RPD has no effect. When 1,RPD
(83C154 permits to exit from idle or Power Down with any non enabled interrupt source
only) (except timex 2). In this case the program start at the next address. When
interrupt Is enabled the appropriate interrupt routine is serviced.
- PCON.4 (Reserved)
GFi PCON.3 General-purpose flag bit.
GFO PCON.2 General-purpose flag bit.
. PD PCON.1 Power Down bit. Setting this bit activates power down operation.
IDL PCON.O Ide mode bit. Setting this bit activates idle mode operation.

4
TUn 33 PCON : Power Control Register

8051 LIWINTATTITAATNTARKF 19 UG8 nATWTARAUYY CHMOS uay HMOS
Touuy CHMOS AEaAnTeR1FANFemENIMUY KOS  #eimAelUluautARIeIETUe
LawIEdu CHNOS Linfiu uanaIniuEY 8051 BeNBananRTeRdwAT0AANTIH AT
avldTAEnTinemln  Idle Mode uar Power Down Mode 7u Idle Mode i
dagnamafniaaniatnaadtatatratastautfiawasdin  Interrupt, Serial  Port
war Timer Tugauiussliidgyrautdnaliifeg udﬁ1dt§$q Tfunndulueag
a111¥inReWTeanaeu1n  daulu  Power Down Mode i aaﬁ%atataa%aanaﬁ1q1u

. [ 1 ] 4 ar ’
nﬂ1ﬁ1uﬁimmwmu1ﬁnw1ﬂtaaqd1u1a 9 1u1431taaunﬁagan1a1u?§dtnaTasBQRq CE:|

1ﬁ§mnﬂﬂ1ﬂ 188z L daaTauRaL TR ANa2RE T
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4 t ] o ]
SMOD 1tin 7 tﬁuﬁnn1ﬁ11u1un11nwuuaaa11nw1#4§ﬂ¥a (Baud Rate) #1uns
: - ¥ ] s -
Laun TN 9177 u-d BAYANIUNINWA TNAUNTH Tua 1 uag 3 ILAIWVTANIMUAR
o » v o LY . v o ¥ ﬂ . oV
aa1ﬂnwwdena§a1a AaaTINITIine  Overflow U Timer 1 fqunutdu 1 3=n1n

" » < X ' < ) ' ¢
EﬂT'Iﬂ'\Td\!ﬂﬂEﬂlWﬂﬂu 2 1m 'I'mazlaaamﬁwagamuwmnmgnw



46

n11ﬁquas¥u;agauuuagn1ud1u 8051
AMTu MCS 8051 ﬁﬂu11néquas¥u§agaagn1uuuu Universal Asynchrnous
- - 4 ar
Receive Transmitter (UART) uuu Full duplex ndquwwntﬁanzﬂuuu1un111udq
1809 4 uuu

dwn?u1u1a1q¢1u13t5aniﬁn11deuas?uﬁaga1u MODE 1

Least Significant bit Most Significant bit

v v

a DATA A

sturt bit Stop bit

"
Tan ﬁaﬂanwudq 1 1 dau7e 10 Bit
Start bit 1 1lin (Logic 0)

DATA bit 8 1uUn

Stop bit 1 un (Logic 1)

[ ] ol 1 ﬂ
uasam'lm'mt11‘1um1ﬁ~1na§aumt 1 9600 b/s.

[ [ - [} 3 . ;%)
Taaan11ﬁ1wut111un111uﬁ¢na§a AR INHUNT

Boud rate = 2°7°° X oscillator Frequency

32 12 x [256 -(TH1)1]
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. a2 . . 4‘ [
1ﬁﬂ1ﬂ7€01u1;ﬂﬁﬂuﬁ1ﬁ timer 1 n U Mode 2  UazAIMAISUUININY 11.059

MHZ ln SHOD = O uaw Register TH1 = FDH. (253) D

[+

Baud rate = 2 X 11.059 M
32 12 x [£256 - 2531
Baud rate = 9600 b/s

. o~ v - < v
1unﬁ?ﬂﬂﬁ1u1un11dﬂua81unn§a ua#ﬂﬂ71ﬂ11ﬂl111““11&Qﬂﬂﬂﬂ

t 4 . ¥ 1 Y H
EABININITINIM SFR RIY ] AU

-~ SCON (Serial Port Control Register)
4 \ L
Scon tﬂu register tuaavuqun11ﬂ¢uas1u§a§auuu Serial Port
JH TS v ar [ . v L ]
Tuny 1anwnua?unw71udqnagaanwu1u MODE 1 1aana§a 1 Qa u
#u1R 10 bit TFvTvnavRas  Start bit 1 Un (Logic 0), DAta
bit 8 bit uwaz Stop bit 1 Un (Logic 1)

n . 4 _va o~ )
navidu Register lua'l“un']"‘unﬂ’.laln']u']n']‘l RXD.

- TMOD (Timer/Counter Mode Register)
ﬁ = 4, w d . . -
TMOD 114 register NNIMUINAIUANRT TN IUIEY Timer W38 Coun-
¥ v, [ vy . < .
ter Tun1TdemwianmuatdemInlE  Timer 1 uasirann1TiNeIu
nay Timer 1 1u Mode 2 TaEn19MUUYN "Reload"

. 4 d o v o ot .
was L Register s i muati 293 7TTun 1 TIUFININ N

- TCON (Timer Control Register)
ﬂ . 4 [ o 4#
TCON tiUu register twaldRT23d8udn19201 719189 Tiner Tulu

i 7] . s r o [
1a1f Register u1un11n11aﬂau11u5agatﬁwuwnﬂq RXD niald uav
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1ﬁﬂ1vwdau1unw1ﬁq§aga

-~ IE (Inbterrupt Enable Register)

4 .
1E lﬁu register n1§ﬁ1uqu1un11 Interrupt

- PCON (Power Control Register)
ﬂ - 4 i 74 . ws
PCON 11U register nn1uqun111ﬁq1u 1u3dnaon11aan1acq1u Uay

o [3 ¢ W
aa11t111un11dqnmga

4 & 4 ¥y o 3 ) v o . ) o
Register NIMUANNATINTIUILABINIIIUNABAARBINUNNA 938 N1TIUNT1TTY
4 .
ﬁenagauuu Universal Asynchonous Receive Transmitter (UART) nuiu

o o 4.
ARTIAIMLTY (Baud Rabte) nnanua
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4 ) . d.
1uzun 34 tﬁu Diagram 7299937 Timer 1 14 8051 nn1v1uiu Mode 2
J . o 4 - W . v R
Z93£ 1 TUn 1T MUA an11a11ut1u1unw1dqua=1unaga TaanrnIuaaIn Uty
Register SFR.
. - v, . | .
n1TnIMA  Baud Rate uw lannuaAIn TH1 uaz93in19uiu Mode
. . 4 4 d
Timer 1 Taanuanat C/T Tapal1un 0SC asgn1¢a1nﬁ1 12 uwvaagn Control
v U [ Y T eX tas d .
ANUUAIT  START  Ina93Tnieu nauagny output mds AND gate n¥ Logic "1"

Tnagnﬂvuquﬁva TR1 uay gate wia INT

osc =1 + 12 /——\
C/T=0

< /l ys =1 TF1 = INTERRUPT
AaL | (8 Bits) b
I CONTROL
T1 PIN
e
RELOAD
TRY
TH1
GATE (8 Bits)
iINTO PIN
Timer mode 2

<4
7in 34
L |



<4 . ") < o ) v
zun 35 Lﬁu Diagram 7297A794719n871 8051 n1un111uuazﬁqna§a wiay

Timming Diagranm

TIMER t TIMER 2 we
OVERFLOW OVERFLOW

ZERO DETECTOR

@D
MHS CETH TERHAL BUS
™

0oy A U W R S | 2 [ | 2 %
LD, hd ) AR
DATA 51P | NN g YY"V
k- $al L | s | & A A 1 A | 1 A
10 s e sTPHT
hil

STOP 07 OEN | — J

AX

3 Q00K 4 Pl il A 2 N A A A A S X
RXD BITOETECTOR \LI2oLf

RECEIVE
n

A A A ) | | N | A, A A
p————

Serial Por{ mode |
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1171019 THe 1

w
n11§¢na§a

4 [ ¢ . 4
AN 35 in sMop aziiluiaidandn  Hgga Timer 1 Overflow 0
dofifieIeImnT 16 wWINMT 2 fawmiald B SMOD iiu 1 Ry Timer 1
EI N
' Y @ . '
Overflow 1z1ugnnw1 URn1 SMOD lﬁ%;ﬁ daq e Timer Overflow 3LANU1T 2 nay
4, ! ot . o o~ 4 ¢
NITLT1I93TNT 16 nw1do§a§aasL?uawnnwvnuaqﬁqtnau§ﬂ§a1ﬂﬂq1aatna1 SBUF
o . a X 4 0w " g o
wndggna Write to SBUF (NAIKLWATUTANAIMN Internal Bus aiuuwldinuas
daf I's p [Y] I's 'Y q-ﬁ
F3d1AaT SBUF uaznw1WLa1nqnnaq D FLIP FLOP navidnasa SBUF #R1LUN 1 uUae
4 . (Y3 o 3‘
Viuding 9 uﬂqn11#¢§a§a§wqwm Write to SBUF HedeMilfiy TX control A28 masu
v dl‘j ' Y . Y v o X
naga1u1¢a1ww1 16 uAL uas111nn1wunqaswaaunqﬂnaga1u14a1nw1 16 wulwuay
s v un 4 A e oW a v v <
aunqaﬂgﬂqaua11unau1 w 0 natnanw11unaun11ut1un11ﬁvna§ant1a1 S1P1 ma9
- 4 0% ") e a
1giRataTavna il (nwwdqnagaaanazﬁuwuﬁnunﬂ1tna Overflow 1Tu93T117 16)
< «j v - » Jﬁ
ﬁwq1m SEND 310 TX Control tidaausnirlzaas’ntiu 0 ua111udqnagant u Start
. 4 I v “ R V)
bit (0) aanfd iua’e Start Bit aanlUua22937 Tx Control A3z InHgy
ﬁ 4 4 v - a P | » y
DATA iy 1 Luataauna§a1u SBUF aantyd t3u31aun 0 uasunn 7 nwiﬁanagauaz
X 4 4 . 4 4
Lﬁaﬁutuaﬁmmﬁm Tx Clock wUagugnus’an 0 Lﬁu 1 ae1uzﬂn 386 nmsnﬁagagn
4 H o4 4 v Y aday ¢ 4 w <4 ¥
tRavaaniuuy =8 0 Qntaautnwuwnwaﬁﬂﬂnaq1aﬂtﬂa1 SBUF tuanagataauaan1Uno
- v o o 'ﬁ v f v 4 ' R ' »

8 Un ualunm 9 Fuuu 1 uasﬁaunuaganﬁwﬂqaazgntaauuﬂa§1ua1unucqan1ﬂn1q
jaf '3 u v ¥ a 1 o . %)
121289 73dLAAT  SBUF Uasn19aasaynanu’lzy 0 BENY 8 un 1w SBUF n1Iu Zero

, un‘jv - v v o 4oy o~
Detector 311t unagaunganﬁauaanﬁqaanTaﬂasudmmwmuﬂuannu1¢a1 Tx Control
v 4 . . [ v v - » -
A78 M2 TX Control Fedgmya Shift aan1dmﬂun11ﬁqna§aunqanﬁa (un 7) aan
3 P 3 . )
MU nazTaan 1 TX Clock (Bit Clock) naznaluan TXD ﬁquaga Stop Bit (1)
g H4 | - [ o
aANNT  Wogw DATA  Iidatzasinciu 1 u1aquat1ud¢ﬁa§aﬁn 0 haznRuiiu o
. 4 Y Y X 4
waslin TI azity 1 tuauann11§uqanﬂTdoﬁaganqnuaasauqnaqtuaﬁmqwm TX Clock

QJ ug 3 l‘ -~
161aan 10 BuRvuARgy ™ SEND tuaauﬁn1vsaannlﬁu 0
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n11?uiaga

v v guv < . » L. ]
N1TTUIBNAITIUNUARTINITLNA overflow 14 Timer 1 wUa 17 2 Nia
X oo - - v ﬁu. ™ v v
Yyaufua1sadun SMOD Hygramas lig1993TM1T 16 ULt WRINTHUABRTINITTUBANR
- w o . ' 4
nﬁ11unagaast1uaﬂn1vav 1-T0-0 Transition Detector wul1dgyransn RXD
<4 : . Y .
viRasuaan 1 s 0 ﬂeuuﬂaﬁﬁﬁﬁaga Start bit 1¥M1 N1TRTIARBURILNTEHRIE
- o e Jll 4 4 o d (=4 q'
BATILRBINUAGYINNL T1993TM1T 16 Llawun TLdRaudnIuERa3Innet RXD NagLINNT
PYY) ¥ a ¢ uq-ﬁ 4 v v W
1una§a PHEUITTLENINAINIT 16 Tnda L 0 twadT19dgp e RX Clock ninn
o “ v 4 w 1(] 4 o
39172 (Synchronous) nunagantnﬂuanuﬁmmwm RX Clock a3zt 1 tdan1Tuuaa
d'ﬁ 4 o @ o (74 4
293117 16 HR1LHUY 15 meena4’TmaT 16 uuns 7,8 URY 9 asun11a11adaunagan
-3 e 5 1 A L] t e o B
t§1u1tﬁua1uu 011un1TaT937au Start Bit uRIMUINANATR ﬁa1utﬁu 0 n3gTLEn
. ‘ 4 ﬂ v 4 1 [} ')
arineuiwaldge TasdaunaTidasudnaussan 1 Ll 0 naspayana RXD Tuu uann
. 4 2 w g 4w 4 o v o .
wu Start bit nastnunaganqnuﬂntnwuwTaaLaaunagatandaq Input Shift
. dq 4 ) [
Register nuiqmwmﬂuuqunwwtaauﬁaga (Shift) dww13an RX control Tumau
< v o v ] 4w 3 . A <4
LINRMAITILTANAIZNNITLHEUTANA 1FFH  ‘tdinudu Input Shift Register nasn
» 4 o 9 . ¢ o 4 )
nagagntaautn11uann1ﬁnaq Input Shift Register nisu 1 Qntaauaan1ﬂn1q
Y duw 4 N 4
%waqnaquunagatn1u1 t4a Start bit n1ut§1u1gntaau1uﬁqﬁwaqanaq Input
. . L - « a
shift Register n3asNAgyamiuen RX Control Block naqa1n§a§aunqaﬁﬂuxﬁwu1
v . < { v ’
URINIETNAR  (Load) gaﬂﬁaga 8 tn Mt nuluiIdtRaT SBUF wianufy Set A11luin
LY 4 ' ¢ Y 4 ¢ 4
RI UA* RBB ma97T3&LART SCON uanw11naaﬁaga1ﬂtnuuastﬁaiu13nnatua
1. RI = 0 use
2. SM2 = 0 wian1 SM2 = 1 3zAaslaiuy stop bit tﬁu 1
1ad ® ot do (3 X '
1 NI TRAN1 I MRIRINAT A D ﬁagan1ULEwuwnasgnnq1uﬁa1u1uaa
4 ' o 1 . 4 r'd
i nuluiidiaaT SBUF ﬁwﬂdnw1za¢na11gn5aq stop bit asgnu11utnu1u?3ﬁtaa1

RB8 uax in RI 3siiu 1
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R af P X3 o o
walyaang 2 n1masLnnu?a1unasnau1ﬂ§n11n173ﬁn11=tﬂaﬂuawn 1 tﬂu
4 4.’” )
0 na1 RXD twa1una§aaa1u
v W Hu [ 74 T
1un111una§auuuaqn1u1ua 14 nnwwn11ﬁenagauﬂasun (Baud Rate)
guu < . [
SsEUNUAATINATLINAR overflow I Timer 1 a3duN"T
Baud rate = ESMOD x (Timer 1 Overflow Rate)
32
4w . ﬁvo ¥ v . v
Tuaaesnld Timer 1 tduRINIMuA Baud Rate uv@ay Disable Tuin
- [ d hd 1
(AN TERTINIE LBaNI31Mn1T  Overflow Timer 1 213191uinenay Timer wia
[ 5 4 o < fo o a1 [y R [
Counter nin iqLuanﬂiuu1u?ﬂﬂtna1a1uuﬁnw§qqaua1nauuﬂLﬁu 0 NasLne
- 4 e ' . -1 )\ da .
overflow tdutandiu udTasnAua’3=1d Tiner 1 WIUTNAZAY Timer NUNITHININ
4 4 o fa é @ [
Wyy Auto Reload Tua 2 twal21inaA1TunITRUIRETIRIAAT TL1 nqnwgqqanazTuaa
] 'y o { ) PR : ]
AN1TWIAALAAT TH1 7178 TL1 dﬂﬂ1ﬂtﬁunwt?unun11uuna1ﬂie Baud rate iR

Baud reat = gsnon x Oscillator frequency

32 12 x [ 256 - (TH1) 1
< ﬁ o g {
Taan SHOD tiunuuItuTIgiaas PCON

< & 1 < o 'y
(HUA2 NN TBYAARTALALAATINAGY  11.059 MHz 1n SMOD = 0 JFAXLABT

o s . . LY v
TH1 %A1 EB8H, Timer 1 nqvuluium 2 as1a1waa11n11dq—1unaqauuua§n1u

= 2° x 11.059 x 10°

32 12x[256 - 2321

1 x 11.059 x 10°

32 12 x 24

1200 1n/7uan

‘£
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PORT 8255

8255 1duia? LST mu1a 40 74 Wagll 87 ZIFRIAMMUITASTIAY ] N9

ar 4 Lod
40 a1 ﬁ1u1uzﬂn 36 udAvHUEIN18TUTaY 8255

J Hd £ “ o v 19 Y] A d# -~ ﬂ ¢
i@ 8255 uuua1nd1u7u1udﬂna§aaga1anu 3 waTn HuAAdIY waTn A, B UaY

'3 Y [ ’ - { '
C Tasguwasn C uﬁzuUQﬂaﬂlﬂu 2 ﬁQu aﬂ watn C uw (CLO) auwatn C a19 (CHI)

- ¢ g . v & o { v e a
URegINaNUa TNNUN iﬁnW“uﬁﬂﬁ?ﬂQuﬂﬁTﬂqﬂquﬁﬂQWﬁTn A, B uge C TQHTUHTaQNW

¢ 4 ' ¢ ' R I
31N CPU  wainu l?an1ﬁwﬂ1nnuuqu (Control port) at1TnI9mBAYWATN asgn

. ' [ - T ¢
nnuaias CPU Taa CPU nqu1uﬁn1uquuwnw¢aﬁﬁwuﬁ (Data Bus) 1ﬁunwa1nn1u§u

w '
MUINTBIAIRIN 1

CS (Chip Select)
111 R0 1TeAan 13 8255 Faunnsmmiat TeantaFuaain 0 aw
7110 8255 1daunaiiiutsuuligane 9 mae  CPU uah1tduaain 1 3w
aéﬂnﬂvs Eigg " Impedance -

RD (Read Enable) ;
2918Tuaa3n 0 uax CS TATUAAIN O LHUAL UdA4I1 8255 NIn1TdY
Eagaawnwaénﬁ CPU hasnTaanan miuliud CPU n1ea1dnii

~ WR (Write Enable)

f118Tuaa3n 0 w7asiiu CS ua2 8255 aquﬁagaawnaﬁﬁﬂﬁﬁnaq CPU
aantuiswaini CPU fmuat’

RESET
i1n17 Reset 8255 LﬁﬂéTnuaauqn m A wadn URTLARATAANERTY 1
183 8255

DO-D7

" d v 1+ W -~
L1y Data Bus n?ﬁvuaqnaganu CPU
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AD-A1

a d4_ v < ¢ q 2 - 1
AanuanlaTANIdTun1T1aanwainn CPU Aadn1TARAR

¢
00 = wain A
s
01 = wain B
¢
10 = wain C
‘
11 = WE]‘TYIH']UF!N

PAD-PA7
I's
tﬁunwﬁmmwmnaqwa1n A
PBO-PBY
't
tﬁunﬁﬁmmﬁmnaqwawn B
PCO-PC7
'
tﬂunwﬁwmwmnaqwa1n C Tnauantﬂu PCO-PC3 UAa¥ PC4-PCT7 Taad1uqgn

uannITiN IR Tanad TE
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- — o+ 4Y
weeLn s o s vo
R = L T o KD wiee
- .
CONTRCL (L)
OADUP
L wo
*ORT C PCy-PCq
[P, U] .
S-0MEC TioNM. DaATA BUS
oats A Y
. "
e ) oo K >
[E 1) I
.eTEReeay QRO
oata U 'o:vc vo
t : Lowta #Cy-rCe
[L})
B e O
] g
L ] et cu:v ,?,
CONTROL vo
S O Yy =4 T o K= i
8 ———eee ] "
ot e —
e ____—j
3,8
=
un 36

PIN CONFIGURATION
ra3(] NS @[] ras
raz(]2 »n]ras
ras (13 n[Jeas
rar (e n{ear
s x[J WA
T » [ neser
owo [} LJuls
a(le 1o,
sl a2[]o,
rcr (0 nDo,
rceCIn Q288A y[o,
rcs (]2 »{Jo,
rce(n n[)o,
ece e o,
rer e N g™
3 In k] nlire
rca(f? 164 res
[ Jull] n{Jm
[ ite i) 12{] e
re2(l0 nfl7jre

PIN NAMES
0,04 DATA BUS (B).DIRECTIONAL)
RESET RESET INPUY
a CHIP SELECT
RD READ INPUT
(1) WRITE INPUT
AD,_ A1 PORY ADORESS
PAIPAD PORT A (BIT)
P87.r80 PORT B (BIT)
PC7-PCO PORT C (BIY)
Ve +$ VOL1$
GND ¢ VOLTS
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4 . . o
lﬁu“ﬂ'n\n']Tﬂ'\“uﬁﬂ'\‘l'n']\l']unﬂ\l 8255 Tﬂﬂﬁ')ﬂquqqﬂ CPU a8 CPU nIn7
ar [ ¥ e ar { [ 34 ¢
d*l"“dﬂ'n]%u HIUNIN ﬂ'lﬂ"lllﬂu'lﬂ\luﬂ'fﬂﬂ'lllﬂ‘ullﬂ\l 8255 T“ﬁﬂ'n.lf!uuuﬂu'lﬂ 1 1un

- t ] o o Y
158021 Control byte HALTULAASIANA I TUNHIBLAWIEAI LAY aqzu 38

\ VN co~6n0L hri?no ) | I

D; | Og§ Og | ©o | O3 | Dy | Dy | O

L

GROUP B

PORT C (LOWER)
1 = INPUT
0= OUTPUT

PORT 8
1= INPUT
0= OUTPUT

MODE SELECTION
A IGLIAV AV ERNAL 0 « MODE 0
1« MODE

GROUP A

PORT C {UPPER)
1= INPUT
0 =0UTPUT

PORT A
1= INPUT
0= OUTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1V
1X = MODE 2

MOOE SET FLAG
1« ACTIVE

4 ] o ar
zﬂn 38 uﬁaqn11uuuﬁnnaeuﬂasunnaq1udn1uQu
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[ 74
n171891u 8255
L] . ﬁ ar g
8255 wudn1INIduaanily 3 TR /9L
ﬂ . Y L ] { 's ) 1 -~ J L [ .
uie 0 uTnuaauqnnwaLawnqnwavnaawq1naﬂﬁquu¢ 9178070 Simple

. vl [ 4
I/0 Port UazdM1Tan19 ARy 3 wWaTn Ra A, B, WAy C

< ' ' 1 : L
Tnus 1 tﬂuTuuaﬁuqnu1atawnqnaawq?naaquﬁq 919y handshak-
. ] . ¢ .
ing F9dwT0n 19 IR LawIEWATN A WRE B NI TN YUY
. e ' o < ¢ ] <4
Handshaking naagen119 CPU nuwainuazqﬂnTmnwnuanuu mEn
-~ v ar o Y w VY o v o« -
1udqna§anu uannwnasiunaganuuaa geRasuFguatun1TRauTull
] A o~ Iy Ve o W v o o deo
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CPU "8051.TBL"
HOF "INT8"
SRR

ORG 0000H
PO: EQU  80H
SPs EQU 81H

DPTR: EQU 82H
DPL: EQU  82H
DPH: EQU  B3H

P1: EQU  90H
p2: EQU  OAOH
P3: EQU  OBOH
PSW: EQU  ODOH
ACC: EQU  OEOH
B: EQU  OFOH
RO: EQU  O0O0H
R1: EQU 01H
R2: EQU  02H \
R3: EQU  03H
Ré4: EQU  04H
R5: EQU  O5H
RB: EQU OBH
R7: EQU O7H

PORTA: EQU  OEOOOH
PORTB: EQU  OED001H
PORTC: EQU OEO002H
PORTCON: EQU OEOO3H

TLO: EQU  8AH
THO: EQU  8CH
TL1: EQU 8BH

TH1: EQU  8DH
TMOD: EQU  89H
TCON: EQU  88H
SCON: EQU  98H
SBUF: EQU  99H
PCON: EQU 87H
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IE: EQU  0A8H
IP: EQU  OB8H
TR1: EQU  BEH
TI: EQU  99H
RI: EQU  98H
RB8: EQU  9AH
REN: EQU  9CH

skkkkkkk USE P1 CHECK SW.¥kkkkik
sP1.0 CONNECT SW.0 <DELAY 1 MINUTE)

sP1.1 . s¥W.1 < ,, 2 4, ?

sP1.2 . swW.2 < ,, 3 5,

3P1.3 ’s SW.3 < START SW. >

sP1.4 § 4 S¥.4 < STOP SW. >

3P1.5 ’s SW.5 < SET HOUR > .
sP1.6 ’s SW.6 < SET MINUET >

sP1.7 . SW.7 ¢ "ON" SERIAL TRANSFER DATA)

MOV PSY, #00H
MOV R1, #00H
DD1: MOV RO, #00H
bD: DJNZ RO,DD
DJNZ R1,DD1
MOV 20H,P1
JB 7,8T
EJHP RX s <RECEIVE DATA FORM SERIAL PORT>

skdkkk SET TIME *¥¥k

ST: MOV DPTR, #PORTCON
MOV A, #0FOH
MOVX @DPTR,A
MOV 49H, #00H
MOV 4AH,#00H

Y4: MOV RO, #0FH



Y2z

X1z,

MOV 20H,P1
JB 5,Y1
SJMP X1

JB 8,Y2
SJHP Y5

DJNZ RO,Y3
SJMP M1

INC 48H

MOV A, 48H

ANL A, #0FH

CJNE A, #04H,B1 -
MOV A, 49H

ADD A, #06H

SJIMP X2

MOV A, 491

CJNE A, #60H,B2
MOV 48H, #00H
SJMP M1

MOV 49H,A
SJHP M1

INC 4AH

MOV A, 4AH

ANL A, #0FH
CJNE A, #0AH,B3
MOV A,4AH

ADD A,#06H
SJHP X3

MOV A, 4AH
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X3:

B4:

CJNE A, #24H,B4
MOV 4AH, #00H
SJMP M1

MOV 4AH,A
SJMP M1

33k DT SPLA Yok

Mis

M2:

JJ1z

JJa2:

JJ3:

MOV R1,#30H

MOV DPTR, #PORTB
HOV A, 49H

SWAP A

ANL A, #0FOH
ORL A,#04H

MOV RO, #OFFH

MOVX @DPTR,A
DJNZ RO, JJ1
MOV A,49H
ANL A, #0FOH
ORL A, #03H
MOV RO, #O0FFH

MOVX @DPTR, A
DJNZ RO, JJ2
MOV A, 4AH
SWAP A

ANL A, #0FOH
ORL A, #02H
MOV RO, #OFFH

MOVX @DPTR,A
DJNZ RO,dJ3
MOV A, 4AH
ANL A, #0FOH
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ORL A, #01H
HOV RO, #OFFH

JJ4: MOVX @DPTR,A
DJNZ RO,JJ4
DJNZ R1,M2

R iy

;  CHECK START SW.

3 Jk R Rk
MOV RO, $0FH

START: MOV 20H,P1

JINB 3,80
DJINZ RO,START
LIMP Y4

3 Feolkopsioiokolok kol lokskok okl ok
5 PROGRAM CHECK DIP SW.
3 3ok kool dololloklook ok ok okok
S0: HOV 20H,P1

JNB 0,51

JNB 1,82

JNB 2,83

SJHP SO0

5 kdslkdokdolkkoklokololloloiaiol ok ook
H PROGRAM SET TIME
5 Fobkklolkloaclobokbklok kR ¥
S1: MOV R5, #1CH
MOV 4BH, #01H
SJMP RAM

S2: MOV RS5,#34AH
MOV 4BH, #02H
SJMP RAM

sTEST SW1
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S3:

4

MOV RS, #59H
MOV 4BH, #03H
SIMP RAM

skEkkkSAVE TINERedkk

RAM:

MOV DPL, #00H
MOV DPH, #20H
MOV A, 4AH
MOVX 6DPTR,A
INC DPL

HOV A, 49H
MOVX @DPTR, A
MOV A, 4BH
INC DPL

MOVX @DPTR,A

sDATA DELAY

3 kRl k ook ks k
H SET STACK AND ADD. DATA RAM OF TEM.
3 B RBoob R OsooRoooo ROk OOk

MOV 5P, #07TH
MOV 43H, #02H
MOV 44H, #20H
PUSH 43H
PUSH 44H

3 kool
H PROGRAMNE CHECK RAM
3 dolklosklok ook ok gk

LOOP:

MOV 45H, #0FOH

MOV 46H, #07H

MOV DPL, 45H

MOV DPH, 46H

MOV RO,DPH

CJNE RO, #00H, CHECK1
MOV RO,DPL

CJNE RO, #00H,SUB3
LJMP STOP

sINITION ADDRESS OF RAM

sAREA DATA RAM FOR SAVE
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CHECK1:

SUB1:

SUB2:

SAVE:

SUB3:

MOV RO,DPL
CJNE RO, #00H, SUB1
DEC DPH

DEC DPL
MOV RO,DPL

CJNE RO, #00H, SUB2
DEC DPH

DEC DPL

MOV 45H,DPL
MOV 46H,DPH
PUSH 45H
PUSH 46H
SJHP DELAY

DEC DPL

MOV RO,DPL

CJNE RO, #00H, SUB2
LJMP STOP

3 Fkdoleleielok ok kol ok
3 PROGRAME DELAY

3 kel okl okokokok
DELAY: MOV R7,05H
L1: DEC R7
MOV A,RT7
JNZ DIS1

LJMP SAVEDATA

s#kkkkCHECK STOP SW. dkkkk

DIS1:

MOV 20H,P1
JB 4,V1
LJMP STOP
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3 koo o oo ROk ok
5 PROGRAME SELEC DEVICE AND READ DATA OF TEHM.

SRR RO R AR OR K
Vi: MOV DPTR, #PORTCON

MOV A, #94H

MOVX @DPTR,A $SET CONTROL WORD
MOV A, #00H

MOV DPTR, #PORTB

HOVX @DPTR,A 3SELECE DEVICE

_ MOVX @DPTR,A
TEST1: HOV DPTR, $PORTC -
HOVX A,@DPTR
HOV 20H, A
JNB 1,TEST1 STEST BIT /OBF OF 8255
HOV RO, ¥05H
HOV &, %08H
MOV DPTR, #PORTB

OE: MOVX @DPTR,A $SEND "1" TO OE<o/p enabel)
DJNZ RO,OE
MOV DPTR, #PORTA sREAD DATA OF TEM.
MOVX A,@DPTR.
MOV B, #05H
DIV AB
LJHP BCD

NEXT: MOV 47H,A
MOV A,B
RL A
SWAP A
MOV 48H,A

$SET HIGH Impedance DATA O/P OF ADC
MOV DPTR, #PORTB
MOV A, #00H
MOVX @DPTR,A



80
3¥kkkCHECK STOP SW.¥kdkdkk
MOV 20H,P1

JB 4,Vv2
LJHP STOP

3 kol sloolsioloiokolol ok ko ok dok d ok
5 FOR SHOW DATA TEM. AT DISPLAY 7-SEGMENT

3 HbbbbERbobsoboRsok ook oo oo ok
sSET PORT 8255

sPORT A,B AND C IS O/P PORT

va: MOV DPTR, #PORTCON
MOV A, #0F0H sset control wowd
MOVX @DPTR,A '
MOV R2,#1CH ;1001; 2 sec for display

S01: MOV R3, #0FFH
S500: MOV A, 48H
MOV RG6,A
SWAP A
ANL A, #00H
ORL A, #0A4H sSET DISPLAY O
MOV DPTR, #PORTB
MOV RO, #0EH

SHOW1: MOVX @DPTR, A
DJNZ RO,S5HOW1
MOV A,RSB
ANL A, #0F0H
ORL A, #03H 3SET DISPLAY 1
MOV RO, #0FH

SHOW2: MOVX @DPTR,A
DJNZ RO, SHOWZ2
MOV A4,47H
MOV R6,A



SHOW3:

SHOW4:

s¥¥kkECHECK STOP

V3:

5 RO

; PROGRAME SAVE

sk
SAVEDATA:

SWAP A

ANL A, #0FOH
ORL A, #02H

HOV DPTR, #PORTB
HOV RO, #0EH

MOVX @DPTR,A
DJNZ RO,SHOW3
NOV A,RE

ANL A, #0FOH
ORL A,#01H
HOV RO, #0EH

MOVX @DPTR, A
DJNZ RO, SHOW4

SW. k¥
MOV 20H,P1
JB 4,V3
LJMP STOP

DJNZ R3,S500
DJNZ R2,S01
LJMP L1

ok ok
-DATATO RAM

ook

POP 4BH

POP 45H

POP 44H

POP 43H

MOV DPL,43H

MOV DPH, 44H

MOV RO,DPL

CJNE RO, #0FFH,ATT1

INC DPH

5SET DISPLAY 2

sDISPLAY 3

3sDATA OF RAM

3SET @DPL=00

$SET 8DPH=23H
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ATT1: INC DPL ‘
MOV A,47H
HOVX @DPTR, A
MOV RO,DPL
CJNE RO, #0FFH,ATT2
INC DPH

ATT2: INC DPL
MOV A, 48H
MOVX @DPTR,A
MOV 43H,DPL
MOV 44H,DPH
PUSH 43H
PUSH 44H

sFINISHE SAVE DATA OF TEM.

"

LJMP LOOP ~3REPEAT UNTILL FULL RAM

5 Fokdlokdelololokkokokokok

5 BINARY TO BCD

s skl okokok

BCD: MOV R1,A

ANL A, #0FOH
CJNE A, #00H,W1
MOV A,R1
ANL A, #0FH
MOV 21H, #0AH
MOV RO, #06H

LP1: CJNE A,21H,¥W2
MOV A,R1
ADD A, #06H
SJHP RUN



W3:

¥WE1:

LP2:

G1:

CK1:

LP3:

INC 21H
DJNZ RO,LP1
SJMP RUN

CJNE A,#10H,W3
SJMP WE1

CJNE A, #20H,¥4
SJMP WEZ2

CJNE A,#30H, RUN
SJMP WE3

MOV 21H, #0AH
MOV RO, #06H
HOV A,R1

ANL A, 8#0FH

CJNE 4,21H,G1
MOV A,R1 5
ADD &, #06H
SJMP CK1.

INC 21H
DJNZ 'RO,LP2
HOV 4,R1

ADD A, %08H
MOV 21H, #0AH
MOV RO, #06H
MOV 4AH,A
ANL A, %0FH

CJNE 4,21H,G2
MOV A, 4AH
ADD A, #O06H
SJMP RUN
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G2 INC 21H
DJNZ RO,LP3
HOV 4, 4AH
SJMP RUN

WE2: MOV 21H, #0EH
MOV A,R1
ANL A, #0FH
MOV RO, #02H

LP4: CJNE A,21H,CK2

WE3: MOV A,R1
ADD A, #06H
SJMP G3

Ck2: INC 21H
DINZ RO,LP4
MOV A,R1

G3: ADD A, #06H
ADD A, #06H
SJMP CK1

RUN: LJMP NEXT

5 dcibibbok koo OOk
STOP: MOV DPL,43H
MOV DPH, 44H
MOV RO,DPL
CJNE RO, #0FFH,ATT3
INC DPH

ATT3: INC DPL
MOV A, #0FEH
MOVX @DPTR,A
MOV RO,DPL



CJNE RO, #0FFH,ATT4
INC DPH

ATT4: INC DPL
MOV A, #0FFH
MOVX @DPTR,A

LAST: MOV DPTR, #PORTCON
MOV A, #0FOH
HOVX @DPTR,A
MOV DPTR, #PORTB
HOV A, #00H
MOVX @DPTR, A
SJMP FINISH

s bk kRO ok

5 LINK PC

5 Rk ookl okk

RX: MOV DPTR, #PORTCON

HOV A, #0FOH
HOVX‘@DPTR,A
MOV DPTR, #PORTB
MOV RO, #0FH

RE1: MOV A, #52H
MOVX @DPTR,A
DJNZ RO,RE1
MOV TMOD, #20H
MOV SCON, #50H
MOV PCON, #00H
MOV IE, #00H
MOV TH1, #0FDH ;SET BAUD RATE 9600b/s
SETB TR1

TIMER 1 MODE 2
SERIAL PORT MODE 1

we

e

RX1: JNB RI,RX1
CLR RI
MOV A, SBUF



CJNE A, #0AH,RX1
CLR REN

s¥kkdkkk TRANSFER DATA kk¥

TX1:

TX2:

TX3:

TX4:

FINISH:

MOV DPL, #00H
MOV DPH, #20H

MOVX A,8DPTR
CJNE A, #0FFH,TX2
LJMP LAST

MOV SBUF,A

JNB TI,TX3

CLR TI

MOV RO, DPL

CJNE RO, #0FFH,TX4
INC DPH

INC DPL
SJHP TX1
END
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© typedef struc£ tagTEMPLOG
{
~ BYTE Hours
BYTE Minutes;
BYTE ‘ Period; '
TEMP  DatalMAX_DATAl;
UINT Counts
} TEMPLOG;
typedef TEMPLOG #PTEMPLOG 3
typedef‘struct_tagFILELOG
{
UINT Signatures
TEMPLOG tmpLogs;
} FILELOG;

UINT abs2bour (¢ UINT abs )
{

return ( abs % 1440 ) / 603

UINT abs2min ( UINT abs )
€

return ( abs % 60 )3

¥

UINT bcd2bin ( UINT v )
{

return (v /7 168) % 10 + (v % '18);

101



102

void beep ( int freq, int dura )

{
sound(freq)s;
delay(dura);
nosound();

}

void StatusLine ( char #%sline )

¢ \
int is
char sbuf[811;
Vputs( 0, _screen_hight - 1, COLOR_STATUS, sbuf )3
if ( sline != NULL ) Vputs( 2, _screen_hight - 1, COLOR_STATUS, sline

v

void About ( void )
{
PYINDOW pwins
RECT rc = { 20, 8, 40, 12 };
pwin = Open¥Window( rec, "About" );
Wputs( pwin, 2, 1, COLOR_DLG_TEXT, "Temperatures data logger" )3
¥puts( pwin, 2, 2, COLOR_DLG_TEXT, "Version 1.0" )3

wputs( pwin, 2, 4, COLOR_DLG_TEXT, "Project by" );

Wputs( pwin, 2, 6, COLOR_DLG.TEXT, "Mr.Wasu Nurak 35103116")3;
Wputs( pwin, 2, 7, COLOR_DLG_TEXT, "Hr;Anon Akbus 35103127");
GetXey()s;

CloseWindow( pwin )3

delay( 300 );

- o



void beep ( int freq, int dura )

{
sound(freq);
delay(dyra);

nosoundi);

void StatusLine ( char #sline )

{

int is

char sbuf811;

Vputs( 0, _screen_hight - 1, COLOR_STATUS, sbuf );

102

i

if ( sline != NULL )  Vputs( 2, _screen_hight - 1, COLOR_STATUS, sline )

void About . ( void )

{
PWINDOW pwin;
RECT re

{20,

pwin = OpenWindow(

Wpuﬁs( pwin,
Wputs( pwin, .
Wputs( pwin,
¥Wputs( pwin,
Wputs( pwin,
GetXey();

L1,

2y
4,
6,
T,

8, 40, 12 };

rc, "About® );
COLOR.DLG.TEXT,
COLOR_DLG_TEXT,
COLOR_DLG_TEXT,
COLOR_DLG_TEXT,
COLOR_DLG._TEXT,

CloseWindow( pwin )3

delay( 300 );

v

"Temperatures data logger" );

"Version 1.0" )3
"Project by" );
"Mr.Wasu- Nurak

"Mr.Anon Akbus

35103116");
35103127")3;
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int MainMenu ¢ int a )
{

-
-
P

PWINDOW pwins

RECT rc = { 15, 5, 50, 18 };

static char *sButtonl] = { "Open file from disk",
"Save file to disk®, ‘.
"Get data from COM port",
"Display data",
"Line graph", \
"Bar graph",

"Exit to DOS" 3; |

pwin = OpenWindow( ro, "Main menu" )j

L 4

StatusLine( "ESC-to Exit" )3
do
{
for (i =105 1i¢7; i++4 )
{

¥orintf¢ puin, 4, 1 % 2 + 2, ( sel == i) ? COLOR_BTN_SEL : COLOR
} \

switch ( GetStanKey())
{_,

case KEY.UP: if ( =-sel < 0 ) sel » g3 break;

case KEY_ESC:  result = CMD.EXIT} ‘ breaks
case KEY_END: sel = 63 break;
case KEY_ENTER:
if ( fHaveData == FALSE ).
~if ( sel == CMD_SAVE i1 sel == CMD_SHOWLIST !!

oty vy 3] -;9»‘ Y
break;
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result = sels;
}

} while ( result == -1 );

return result;

void InitScreen ( void )

{

int is

char sbufC811; v

mnemset ( sbuf, ’\x20°, _screen_width );

sbhuf(81) = *\0';

}

Vputs( 0, 0, COLOR_CAPTION, buf );

Vputs( 0, _screen.hight - 1, COLOR'STATUS, sbuf );

Vputs( 28, 0, COLOR_CAPTION, "Temperatures data logger" );
}

Y

BOOL GetData. ¢ PTEMPLOG pTmplog )
{

UINT -datas
BYTE *pTip;' ‘ g,Jﬂwfﬁﬁ



0\>]

int i, count = o3

PWINDOW pwins

RECT  rc = { 20, 10, 40, 8 73
BOOL result = TRUES
PTEMPLOG pTmplog2;

SerialEmpty();
delay( 10 )3

' {
SerialSend( START_CODE )3

PTap = (BYTE #)pTmplog2;

n

pvwin ‘= OpenWindow( re, "Get Data form COM port" )3

Wputs( pwin, 2, 3, COLOR_DLG.TEXT, "Byte count : 0" );

»

do !
if ( HitXey() == TRUE )

if ( GetScanKey() == KEY_ESC )
{
result = FALBEj

break;

if (¢ data = SerialRead()) != —SERTAL_EMPTY )
{

~~Wprintf( pwin, 15, 3,&COLOR_DLG_TEXT, "%d", count );

) , e A
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if ( count > MAX_DATA ) break;
} while ( data != END_CODE )3

pTeplog2->Count = (count - 3) / sizeof( TEMP );
CloseWindow( pwin ); \

if ¢ result == TRUE ) )

{ /7 Convert BCD value to BIN value \
pTeplog2->Hour = bchbin('pTlplogz—)Hqur H
pTaplog2->Minute = bed2bin( pTmplog2->Ninute );

for ( i = 05 i ¢ pTaplog2->Count; i++ )
{ [ v

pTaplogl-)Datacil.Fix = bed2bin( pTaplog2->Datalil.Fix );
pTaplog2->Datalil.Float = bed2bin( pTmplog2->Datalil.Float )3

fHaveData = TRUE; ;
beep( 2000, 200 )3
delay( 60 )3
beep( 2000, 200 )3
}
else
beep( 2000, 200 )}

MessageBox( "Tranfer", ( result == TRUE ) ? "Data tranferred complete."”

"Interrupted by user” );
free( pTuplog?2 )3

. - B3 e
return result; _



H

}
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void ShowList ( PTEMPLOG pTmplog )

{

PWINDOW pwins
RECT re = { 20, 3, 40, B4 )} .
int i, maxRow, hlist = 0;

UINT skey, absTime, startH, starti;

{
maxRow = ( pTeplog->Count > MAX_LIST_ROW ) ? MAX_LIST_ROW : pTmplog->Cou

pwin = OpenWindow( rc, "Temperatures" ); ‘

L3

StatusLine( "ESC-to main menu, /, Home, End, PgUp, Pghn® );

Wputs( pwin, 5, 1, COLOR_DLG_TEXT, "No." )
Wputs( pwin, 11, 1, COLOR_DLG_TEXT, "Time" )3
Wputs( pwin, 27, 1, COLOR_DLG.TEXT, "Temp C" );

Hprintf( pwin, 8, 18, COLOR_DLG_TEXT, "Start $2d=$62d", starti, start]

Wprintf( pwin, 3, 18, COLOR_DLG_TEXT, " End : %2d:%02d",
aszhour(absTT;e + (pTlplOQ-)?Briod ¥. (pTmplog->Count - 1))),
absZmin( absTime + (pTmplog->Period ¥ (pTmplog->Count - 1))))3;

Wprintf( pwin, 20, 19, COLOR_DLG_TEXT, ?Totdl : %42d Rec", pTmplog->Cou

do
{

for ( § =05 1¢ MAX_LIST_ROW; i++ )
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}
} while ( skey != KEY_ESC && skey != KEY_ENTER );

CloseWindow( pwin )3

fdefine LG_START_X 30 v
#define LG_START.Y 20

tdefine LG_WIDTH 530

%define LO_HEIGHT 290 ‘ \

void LineGraph ( PTEMPLOG pTaplog )

¢
PWINDOW pwins
RECT" re = { 2,'2, 74, 25 }3
iat 4 & %, ¥, Ox = <1, oy = -1;
UINT step0fvalue, stepofGrid, count;
UINT absTime, startH, start;

startH

pTonplog->Hours;
starty

pTeplog->Minute;
absTige = timo2abs( startH, start¥ );

pwin = OpenWindow( re, "Temperatures" );

StatusLine( "ESC-to main menu" )3

Wprintf( pwin, 3, 21, COLOR_DLG.TEXT, "Start : 12d:402d", starth, start¥ )s
Wprintf( pwin, 8, 22, COLOR.DLG.TEXT, " EKnd : 42d:%024",
abs2hour(absTine + (pTaplog->Period * (pTmplog->Count - 1)),
abs2min¢ absTime + (pTmaplog->Period # (pTmplog->Count - 1))));
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¥
3

Wprintf( pwin, 20, 21, COLOR.DLG_TEXT, "Period : %2d Min", pTmplog->Peri
Wprintf( pwin, 20, 22, COLOR_DLG_TEXT, "Total : %2d Rec", pTaplog->Coun

WHline( pwin, LG_START.X, LG_END_X, LG_END.Y, YELLOW ); /! drav x
WVline( pwin, LG_START_X, LG-START.Y, LG_END_Y, YELLOW )3 // draw y

A \
WCputs( pwin, LOLEND.X = 0, LO_RND.Y + 8, WHITE, "Tine" )3

WCprintf( pwin, LG_START_X + 12, LG_END_Y + 14, YELLOW, "w%2d:x02d",
startH, startM );
abs2min( absTire + (p;iplog-)Period ¥ (pTmplog->Count - 1))))3;
for (i =1, 3 =503 i ¢ 125 i++ )
{ :
WHline( pwin, ( 1 % 2 == 1) ? LG_START_X - 4 : LG_START.X - 2, LG_S
WHline( pwin, LG_START_X + 1, LG_END_X, LG_START_Y + i % (LG_GRID_Y/:

if (i%2=21)

{

| WOPrintf( pwif, LOSTARTX = 17, LO_START.Y + {1 # (L4_GRID_Y/2),
i<= 105 "

/! pTaplog~>Count = 800;
if ¢ pTmplog->Count » 500 )
{

stepOfvalue = ((long)pTmplog~>Count. # 100L) / 500L;

i A ,“ B
.
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stepofarid = 13
count = 5003

}

else

{ .
stepOfvalue = 1003
stepofGrid = 500 / pTaplog->Count;
count = pTmplog->Count;

}

for ( i = 05 -1 < counts i+ ),

E.2
"
]

LG_START_X + 12 + i #% stepofarids

<
1]

LG_START_Y + LG_GRIDTY / 2 + 250 -

WVline¢ pwin, x, LG_END_Y + 1, LG_END_Y + 7, COtOR_Ld_SCALE )5

if ( ox != -1 L& oy != -1)

{ . -

Wline¢ pwin, ox, oy, Xy ¥y COLOR.LOU.LINE )}

‘

if ( pTmplog->Count ¢ 200 )

{ “
Wrectangle( pwin, x - 2,.y - 2, x + 2, y + 2, COLOR_LG_MARK );
, .
0X = X3
oy = ¥5



111

‘ 3
GetKey();

CloseWindow( pwin );

tdefine BG_START_X 30
tdefine BG_START_Y 20 x
#define BG.END.Y (BA.START.Y ¢ BG_HEIGKT)
#define BG_GRID_Y 50 '

. tdefine BG_MAX_COL 20 - | \
#define BG_MODE_FIT 1

$define BG_MODE_PAGE 2

void BarGraph ( PTEMPLOG pTmplog )
{ C ' ;
PWINDOV pwing

| 4

RECT rc'=4 2, 2, 74, 25 };
UINT absTime, startH, startM, zoom = 0, skey;
static UINT zoomTblC1l = { 1, 2, 5, 10, 20, 50, 100, 200 );

startﬁ

pTaplog->Hours;
startd

pTaplog->Hinutes;

pwin = Opemﬁfﬁdow( rc¢, "Temperatures™ )3
StatgsLine('"Esc-to main menu, PGUP-Prev, PGDN-Next, +/- Zoom In/Out” );

Wprintf( pwin, 3, 21, COLOR.DLG_TEXT, "Start

%2d:%02d", startH, startd );

Wprintf( pwin, 3, 22, COLOR_DLG_TEXT, " End %2d:%02d",

abs2hour(absTime + (pTHDlog=>Period » (pTaplog=>Qount = 1))),
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. ‘ \
abs2min( absTime + (pTmplog-d>Period * (pTeplog-)Count - 1))));

Wprintf( pwin, 20, 21, COLOR_DLG_TEXT, "Period : %2d Min", pTmplog->Period
Wprintf ¢ pwin, 20, 22, COLOR_DLG..TEXT, "Total : %2d Rec", pTeplog=>Count )

WHline( pwin, BG.START.X, BA.END.X, BG.END.Y, YELLOW )3;. /! drav x
WVline( pwin, BG_START_X, BG_START_Y, BG_END.Y, YELLOW );  // draw y

WCputs( pwin, LG_START_X + 2, LG_START.Y - 10, WHITE, "Temp ( C)" )3

¥Cputs( pwin, LG_END_X - 0, LG_END_Y + 8, WHITE, "Time" ); \

for ¢ i =1, j. =505 1 ¢ 125 i++ )

{

do

WHline( pwin, ( i % 2 == 1 ) ? BG_START.X - 4 : BG_START.X - 2, BG.STAR
WHline( pwin, BG:=START_X + 1, BG_END_X, BG_START.Y + i * (BG_QBID_YIZ),

if(i%2==1)

( .
WCprintf¢ pwin, BG_START_X - 17, BG.START.Y + i ¥ (BG_GRID_Y/2), WH
i -= 103

Wbox( pwin,-BG_START_X + 1, BG_START_Y + 1, BG_END_X - 1, BG_END.Y - 1,
Wbox( pwin, BG_START.X - 10, BG_END_Y + 1, BG_END_X - 18, BG_END_Y # 25

for ¢ i=1, =503 i¢ 123 i+ )
. .

WHline( pwin, BG.START_X + 1, BG_END.X, BG_START.Y + i * (BG..GRID.Y

i IR Iql' vk
ol 1



}
countPage = pTmplog->Count / zoomTblC[zooml:
nurOfpage =

startOfpage = countPage # page;

"Wprintf( pwin, 55, 1, COLOR_DLG_TEXT, "Page : %2d of %-3d", page +
Wprintf( pwin, 40, 22, COLOR_DLG_TEXT, "Zoom : %-3d", zoomTbl[zoom] )3
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zoonTblCzooml + ((( pTmplog->Count % zoorTbl[zoom] ) == 0 ) 7 0

WCprintf ( pwin, BG.START_X + 12, BG_END.Y + 14, YELLOW, "#2d:%024",

abs2hour(absTime + (pTmplog-dPeriod % (startOfpage))),

abs2min( absTime + (pTmplog->Period * (startOfpage))));

WCprintf¢ pwin, BG_END_X ~ 40, BG_END.Y + 14, YELLOW, “"%2d:%02d",

abs2hour(absTime + (pTmplog->Period ¥ (startOfpage + countPage - 1

abs2min( absTime + (pTmplog->Period ¥ (startOfpage + countPage - 1

if ( countPage > 500 )

{
stepOfvalue = ((long)pTmplog->Count % 100L) / 500L;
stepofdrid = 1;

{ !
steﬁOfValue = 1003 .
stepofarid = 500 / cquhﬁPages
bgWidth = ( stepofdrid <= 28 ) ? 0 s stepofarid / 2;
count = countPage; “

}

for ¢ i = 03 i < counbs i+s )

if ( starfofpage + i 5 pTmplog->Count - 1 ) break;

L
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BG.START_X + 12 + i # stepofarid;

<
H

BG_START_Y + BG_GRID.Y / 2 + 250 -

(pTmplog->Datal (((long)i + startofpage) ¥ (long)stepOfvalue) / 1001
(pTmplog->Datal(((long)i + startOfpage) * (long)stepOfvalue) /7 1001

WVline( pwin, x, BG_END_Y + 1, BG_END_Y + 7, COLOR_BG_SCALE )3

if ¢ bgWidth != 0 )

Wbox( pwin, x, BG_END_Y - 2, X + bgWidth, y, LIGHTCYAN ); \

else

Wline( pwin, x, BG-END.Y - 2, %, y, LIGHTCYAN );

switch ( skey ='GetScanKey())
{

pcase KEY_PGUP: 1if ( page > 0 )

pa‘o-- ’

break;

case KEY.PGDN: if ¢ page < numOfpage - 1 )

paget+;
breaks.-
case Ox4E: if ¢ zoom < sizeof( zoomlLl ) / sizeof( UINT ) - 1)
{ . .

S

it ( pTeplog->Count 7 zooaTbllzooml ) 5 )

ZOOR++3
page = 03 .
) )

break; \
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case Ox4A: if ¢ zoom > 0 )

{

*®
Z00R~-~3

page = 03
}
breaks;

}

} vhile ¢ skey != KEY_ESC L& .skey I= KEY.ENTER );

CloseWindow( pwin )3
}

void SetCOM ( void )
{
UINT numOfCon;
PWINDOW pwin;
RECT  rc = { 25, 8, 30, ‘18 };
int iy 1, 80l = 0, result = -1;
static char #scoMCl = { ® Serial port COM 1: "

Serial port CON 2: ",
" Serial port COM 3: *,
" Serial.port COM 4: ‘",
Serial port COM 5: *,
Serial port COM 6: *,
Serial port COM 7: ",
Serial por} COM 8: " )3
1f ¢ numOfCom == 1 ) |
{

comPort = 03

return;

} -

. -t ag v wwa.' 1o
rc.botton = numOfCom + 5; LN L

opit e



pvwin = OpenWindow( re, "Select COX port" );

do
{

for ( i =03 i ¢ nurOfCom; i++ )

{

16

Wputs( pwin, 38, i + 2, ( sel == 1) ? COLOR_BTN.SEL : COLOR_BTN_NO

}
switch ¢ GetScanKey())

breaks; \

{
case KEY_UP: if ¢ =-sel ¢ 0 ) sel = nunOfCom - 13 breaks
case KEY_DOWN: if ( ++sel > numOfCom - 1) se] = 03
case KEY.ENTER: result = sel; ;
}
} while ( result == 1 )3

comPort = result;

CloseWindow( pwin )3

PWINDOW pwin;

RECT  rc = { 20, 8, 40, 8-);
char s[2561;

UINT  key, skey, ckey;

int result = FALSE, len = 0;

pwin = OpenWindow( re¢, Title )3
len = strlen( string );
strepy( s, string );

do st

L1011 LELLE

[ 24
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Wprintf( pwin, 2, 2, COLOR_LST_TEXT, "1-318"! 8)s

key = GetKey()s;
skey = key >> 83
ckey = key & OxO00FF;

(%

switeh ( skey )
{
case KEY_ENTER:

sClienl ’\0’;

TRUE;

result

breaks

ease KEY_BACESPACE:
if (‘len >0)
{
sClenl = ’\07;
sC--lenl = ’\xDB’;
¥

breal;

default:
if ¢ len ¢ 30 )
{
sClenl = ckeys

* sC++lenl = *\xDB’;

sClen+1] = "\0’;

}
} while { skey != KEY_ESC )3



void OpenFile ( PTEMPLOG pTaplog )

{
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PFILELOG pfileLogs;

char sfileC801 = { "\0" )3
int hfile;
char sbufCs0l;

pfileLog = malloc( sizeof( FILELOG ))3

\
if ¢ GetString( "Open file", sfile ) == TRUE )
{

if (( hfile = opent sfile; O-RDONLY { O_BINARY )) == -1 ) !

{
sprintf( sbuf, "Can’t open file ’%s’", strupr( sfile ));
MessageBox( "ERROR", sbuf ); v
returns

}

read( hfile, pfileLog, sizeof( FILELOG N3

if ( pfileLog->Signature != FILE_SIGNATURE )

{ v
sprintf( sbuf, "’«4s? is“not”té;perature log file.", strupr( sfile )
MessageBox{ "ERROR", sbuf );
frgut prizetey )i ‘
return; -
}

#pTeplog = pfileLog->tmpLog;
fHaveData = TRUE;

-’
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} B
void SaveFile ( PTEMPLOG pTaplog )
{

PFILELOG  pfileLog;

char 8fileC801 a { "\0" )3

int hfiles ,

pfileLog = malloc( sizeof( FILELOG ));

if ( GetString( "Save data", sfile ) == TRUE: )

{
if (( hfile = creat( sfile, S_IREAD | S_IWRITE )) == -1 )
{
char sbuf[801; .
sprintf( sbuf, "Can’t create file ’%s’", strupr( sfile ));v
. MessageBox( “ERROR", sbuf );
free( pfileLog )3
return;
}
close( hfile )3
free( pfileLog )3
3

}

void BarGraph ( PTEMPLOG-pTmplog );
int main ( void )~

{

int menit = 03
Initvedio( _MODE.AUTO. );

InitScreen(); _..



/%

*/
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About();
Set.COM() 3

InitSerial( comPort, _BUAD_9600 )3

_fmode = O_BINARY;

pTmplog = malloe( sizeof( TEMPLOG ))j
nemset ( pTaplog, 0, sizeof( TEMPLOG ))3

int i, j, 1 = 03

randonize();

for ( i = 03 i < 10003 i++ )
for ¢ § =03 § ¢ 33 i+=B, lé¢+ )

{ v
pTmplog->DataCll.Float = j3 .
pTmplog->Datalll.Fix = random( 10 ) + 40;
if ¢ 1> 700 ) pTmplog->Datalll.Fix = 303
if ¢ 1> 000 ) pTaplog->Datalll.Fix = 10;
)
pTaplog=-YHour = 143
pTaplog->Ninute = 353
pTlplbg-)Period = B3
pTaplog->Count =”1;

do

switch ( menu = MainMenu( menu ))
{

case CMD_OPEN: OpenFile( pTaplog )3 break;



case CMD.SAVE:

case CMD_BARGRAPH: BarGraph( pTamplog );

}

} while ( menu != CMD_EXIT );

free( pTaplog )3
RestoreSerial();
DoneVedio();

return 03

SaveFile( leﬁlog )s
case CMD_GETDATA: GetData( pTlplég )3
case CMD_SHOWLIST: ShowList( pTeplog );
case CMD_LINEGRAPH: LineGraph( pTmplog )3

breaks
break;
break;
breaks

breaks;
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4 Semlconductor

: AtoD,Dto A

ADCO0808, ADC0809 8- Bit uP Cqmpatlble AID Converters

With 8-Channel Multiplexer.

General Description

The!ADC0808, ADC0809 data acquisition component is a
monelithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel multiplexer and microprocaessor
compatible control logic. The 8-bit A/D converter uses suc.
cessive approximation as the conversion technique. The
converter features a high impedance chopper stabilized
comparator, a 256R voltage divider with analog swilch tree
and a successive approximation reglster. The B-channel

multipiexer can directly access any of 8-single-ended ana-
log signals. ?

The device eliminates the need for external 2ero and full-
scale adjustments. Easy interfacing to microprocessors
is provided by the latched and dacoded multiplexer ad:
dress inputs and latehed TTL TRI.STATES outputs.

The design of the ADCO808, ADC0B09 has been optimized
by Incorporating the most desirable aspects of several
A/D conversion technigues. The ADCOBOS. ADC0309 qf-
ters high speed, high accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabi
lity, and consumes minimal power. These features make
this device ideally sulted to applications from process and
machine control to consumer énd automotive applica.
tions. For 18-channel multiplexer with common output
(sample/hold port) see ADC0818 data sheet. (See AN-247
for more information.

Features

B Rasolution = 8:bits

2 Total unadjusted error — = 1/2 I.SB and =1L88

B No missing codes

8 Convergion time — 100 48

B Single supply — 5 Vp¢

B Operates ratiometrically or with § Vpc or analog span
‘adjusted voltage reference

8 8-.channe! muitiplexer with latched control logic

B Easy interface to all microprocessors, or operates
“gtand alone"”

8 Outputs maet T2L voitage leve! specifications

B OV to 8V analog input voltage range with single BV
supply

® No'zero or full-scale ad)ust required

B Standard hermetic or molded 28-pin DIP package

B Tomperature range =40°C to +85°C or =55°C 1o
+125°C

B Low power consumption — 15 mwW
B Latched TRI-STATE® output

Block Diagram CsaAr ook
< B
o= CONTADL & TIMING l
o } |
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3 ANALOG INPUTS = MU b T - L
O——{ SWITCHES SAR {
o " o
ll COMPARATOR || . pommQ
° ’ state® o
L % oureut L ST OUTIUTS
Lann LATCH
] | srsn 9
hee)
o L ol
SHITEH INLE : \
[- % ‘
‘LAIT ADDRESS .
{ ADDAESS ——— --I ﬂ 1
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Absolute Maxlmum Ratings (Notes 1 and )

Operating Ratings otes 1 snd

Jupply Voltage(Vog)Noted ,° o 88V .* . . Temperature Range(Note 1) +TMINSTASTIMAY
foltage at Any Pin . -0.3Vto(Veg +0.3V) QDCOOCBCJ -85'CsTas +125°C
Except Centrol Inputs ADCO808CCJ, ADCOSCACCN,
voltage at Controf Inputs - - - =03Vto +15v ADCOS0SCCN ~40'C5Tpr < +85°C
(8TART, OF, CLOCK, ALE, ADD A, ADD 8, ADD C) . Rangeof Van{Note 1) 43Vpgtasovpg
Miorege Temparature Range ~88°Cto +180°C : a
Packags Dissipation at Tp = 28°C_ . ..., emsmw .
Lsad Temperature (Soldering, 10 saconds) 30°C
zlectrical Characteristics - .
Sonverter Speclfications: Voo =5 Vo= Vagr(s) Vagr(~)® GND, Ty S Tax Tiuax 8nd for = 840 kHz
uniess otherwise stated.
B Parameter Conditions Min Typ | . Max |Units
ADCO0808 - . - :
Total Unadjusted Error 25°C =112 LS8
(Nota §) Tain 20 Trax = 34 Lse
ADCO0809 o
Total Unadjusted Error 0°C to 70°C =1 LSB
(Note &) Train 10 Tiax w114 |LBB
1Nt Mesistance grom Rat(«) (6 Rel(=) 1.0 ¥ k!
Analog Input Voltages Range | (Notsd)V(+)or V(=) GND-0.10 Veg+0.10 | Vpe
T
Vrer(+) Voitage, Top of Ladder Measured at Ref{+) Vee Vee+0.1 v
Y.ﬂ’(_ﬂgy_ﬂﬂ’(_:’ Voltage, Center of Ladder Veel2-01 | Vegl2 1 VeelR+04) v
Vaer(-) Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 V'
Comparator Input Current fe =640 kHz, (Note 6) -2 =05 2 pA

Electrical Characteristics

Digital Levels and DC Specifications: ADC0808CJ 4.5V sVc%5.5V, ~53°C 5Ty s + 125°C unless otherwise noted
ADC0808CCJ, ADCOS0SCCN, and ADCOB0SCCN 4.75 5V £5.28V, = 40°C T, s +85°C unless otherwise noted’

Parametar ] Condltlons . | Min | Typ l Max I Units
ANALOG MULTIPLEXER . ‘
loFF(+) OFF Channel Leakage Current | Vce® 8V, Viy= 5V, ;
Tom25°C 10 | 200 | naA
ThiN 1 Thax 10 | A
lorri-) OFF Channel Leakage Current | Voo =5V, Viy=0,
Ta=25°C =200 | -10 nA
T to Tvax -1.0 aA
CONTROL INPUTS
Vinm Logical 1" Input Voltage Vee-1.5 v
Ving ‘Logical 0" Input Voltage 1.5 v
Ity ‘Logica!l “1” Input Current V= 15V 1.0 sA
- {The Control Inputs) * ,
vy Logleal 0" Input Currgnt Vin=90 . =10 pA
(The Control Inputs)’ . .
leg .+ Supply Current | Jcix =640 kHz 0.3 30| mA T

(¥4

608000V ‘60803AY



Functional Description

Multiplexsr: The do\;lce contains an 8-channel single-

ended analog signal multiplexer. A particular input chan-
"nel Is selected by using the address decodar. Table |
shows the input states for the addrass lines to select any
shannal, The address s latahed Into the decoder on the
low-lo-high transition of the address latch enable'signal.

TABLEL - ' -

SELECTED ADDRESS LINE
. ANALOG CHANNEL C 8 A

INO
INY
IN2
IN3
IN4
INS
ING
IN7

X r r L X rr

X XTI X XTrrer crr
X e X+ ITr I

x

CONVERTER CHARACTERISTICS
The Converter

The heart of this singla chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed

- N ¢ 4 e
to glve fast, accurate, and repeatable conversions over a
wide range of temperaturas. The converter Is partitionéd
into 3 major sections: the 256R ladder network, the suc.
cessive approximation registar, and the somparater. The
converter's digital outputs are positive true. .

The 256R ladder network approach (Figure 1) was chosen -

ovar the conventional R/2R ladder bacause of Its inherant
maonotonicity, which guarantees no missing digital codes.
Monotonlcity is particularly important in closed loop teed-
back control systems. A non-monotonic retationship can
cause oscillations that will be catastrophic for the
system. Additionally, the 256R network. doss not cause
load variations on the reference voltaga, . -

The bottom rasistor and the top resistor of the ladder
network In Figure 1 are not the same value as the
remainder of the netwaork. The differance In thess
tesistors causes the output characteristic to be sym-
metrical with the zere and full-acale points of the transter
curve, The first output transition occurs-when the analog
signal has reached +1/2 L8B and succeeding eutput
transitions occur svery 1 LSB later up to full-scale.

The successive approximation register (SAR) performs 8

.Iterations to approximate the input voltage. For any SAR

type converter, n-iterations are required for an n-bit con-

verter. Figure 2 shows a typical example of a 3-bit con-

verter. In the ADC0808, ADCO0809, the approximation

technique is extended to 8 bits using the 258R network.
o

CONTROLS FROM S.AR.
. 1
REF(4) O " * ‘ ;
>
1.
A e
L]
] o
R
® [ \_—
. 10
28R o . . » COMPARATOR
° INPUT
~ P -l
]
° .
. n [ ] L ]
¢
. %R ¥
' —
REF(w) Orvmend

FIQURE 1. Reslstor Ladder and Switch Tree
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Connection Diagram

Dualln-Line Package
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- we L B’ m
m—y S e \
° s =Y 28 a00a
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? 22
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ayTIuY 8
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8RO =4 1S, merts)
Tl " LY
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Timing Diagram
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Electrical Characteristics (continueq) . _ ] ‘
Digital Levels and DC Speciiications: ADC0808CJ 4.5V5Vgos55YV, - 55°CsTis + 125°C unless otherwlse noted
ADCOB0BCCJ, ADCO8OBCCN, and ADCOBO9ICCN 4.76 5V s8.25V, = 40°C s Tas + 85°C unless otherwise noted

" Parameter l Conditions l Min l Typ I Max ] Units
DATA OUTPUTS AND EOC (NTRERRUPT) . '
Vour) Logical 1" Qutput Voltage lo= - 360 uA Vee-0.4 v ‘

.

Voutiay - Logical 0" Output Voltage lo=18mA 0.45 v
Vourm Logical “0" Output Voltage EOC | Ig=1.2mA 045 | "V
lout TRI-STATE?® Output Current Vo=5V 3 uA

Vo=0 -3 pA

Electrical Characteristics ‘ \
Timing Specifications: Vagm Varp(+)® BY, Vres(.)= GND, {, @ {y= 20 ne and T, = 28°C unleas otherwise noted.

Symbol Paramater Conditions Min, Typ Max | Units
twa Minimur Start Pulse Width | (Figure 5) 100 200 | ns
twaLe Minimum ALE Pulse Width (Flgure &) 100 200 ns
ty Minimum Address Set-Up Time | (Figure 5) 25 50 ns
tu Minimum Address Hold Time | (Figure 5) ' 25 50 ns
to Anaiog MUX Delay Time Rg =00 (Figure 5) 1 25 I

From ALE
th tho OE Control to Q Logic State | C =50 pF, Ry = 10k (Figure §) 125 250 ns
tars tomn QE Control to Hi:Z CiL= 10 pF, R = 10k (Figure &) 128 250 ns
te Conversion Time 1= 840 kH2, (Figure 5) (Note 7) 90 100 18 | us
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 842 us| Clock
) Periods
Cin Input Capacitance At Control Inputs 10 15 - pF
Cour TRI-STATE? Output At TRI-STATE® Outputs, (Note 12) 10 18 pF
Capacitance
Nots 1: Absolute maximum ratings are those values beyond which.the-{If¥of the device may be impaired. \
Note 2 All voitages are measured with respect to GND, ’u,nl-!u otherwise apacified. ’
Note 3: A zener diode exlsts, Internally, from Vo }oaﬂo and has a typlcal breskdown voltage of 7 Vo, )
Note 4; Two on-chip diodes are tied to each ang!of input which will forward conduct for ansiog Input voltages one diode drop below ground or ons diode drop
greater than the Vo supply. The spec Jow$ 100 mV forward blas of either dicds, Thig means that a3 iong a3 the analog V) doss not excesd the supply
veltage by more than 100 mV, the autpuleode will ba sarreat. To achiava an sbaciute 0 V@ 16 8 Vg Input vollage ringe will tharatary fequlre & riinimum sups
By veliage o1 4,800 Vg sver lanipatatura variatlons, Iniial tolarange and iosging,
Nete 8 Tolat unadjustad srrdrinsiudug oifast, full-sesly, lInaarity, 4ad sulllplagd? &ttora. See Bigure 3. None of these AIDs raquires azero or tulkscale adjust.
Howaever, It an all 2erq code Is desired for an analog input otherthan 0.0V, orlf a narraw fulkacale span exists (for sxampls: 0.8V to 4.8V {ull-acale) the reference
voltages can be adjusted to schisve this. See Figure 13,
Note 8: Comparator input current is a bias current into or out of the chopper stabillzed comparator. The blas current varies directly with clock frequency and
has littie tempersture dependance (Figure 6). See peragraph 4.0.. . .
Note 7: The cutputs of the data register are updated one clock cycle before the rising sdge of EOC.
% Nt g 24 ¥ R vl o 1y Tvi
N . 1 _ﬂ} i”‘
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- Functional Description continueq)

The A/D converter's successive approximation register
(SAR) Is reset on the positive edge of the start conversion.

(SC) puise. The tonversion Is begun on the falling edge of

the start conversion pulse. A conversion in process wlilibe

interrupted by receipt of a new start conversion pulse,
Continuous convérsion may be accomplished by tying tha
end-of-conversion (EOC) output to the SC Input. If used In
this mode, an external start conversion puise should be
applied atter powsr up. End-of-conversion will 90 low be

twean O and § clock pulses atier the tlsing edge of stan
conversion.

The most important section of the A/D Eonvmer is the
comparator. it Is this section which is responsibie for the

ultimate accuracy of the entire convertsr. It Is also the:

111
‘= FULLSCALE

19 IDEAL CURVE - ERROR=1/2158
5
(-] -
[*}
- 100
=2
&
5 m :
5 b NONLINEARITY » 172 LS8
2 oo o ]
< NONLINEARITY = ~172 LS8

oot

2000 tAmon« -1 188

) Vin
R R TR
VIN AS FRACTION OF FULL-SCALE

FIGURE 2. 3-BIt AID Transier Curve

‘e e

comparator drift which has the greatest Influence on the
repeatabllity of the device. A chopper-stabllized com-

parator provides the most effective mathod of satisfying
all the converter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the armplifiar since
the drift is 8 DS compenent whieh I8 figt pldssed By tha AC
amplifier. This makes the entire A/D converter extremely

insensitive to temperature, long tarm drift and Input offset
errors.

Figure 4 shows a typical error curve for the ADC0B08 as
measurad using the proceduras outlined in AN-179.

INFINITE RESOLUTION
" PERFECT CONVERTER

M- aR1LsE IDEAL 3-8IT CONVERTER
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m |
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g
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(] -12L8
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000 Vin
08 1A 21 38 4N SR EA N .
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FIGURE 3. 3-BIt A/D Absoiute Accurscy Curve
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Typlcal Performance Characteristics -~
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Applications Information
OPERATION
1.0 Ratlometric Conversion

The ADC0808, ADCO0809 is designad as a complete Data
Acquisition System (DAS) for ratiometric conversion
systems. In tatiometric systems, the physical varlable
being measured is expressed as a percentage of full-scale
which 1a not necessarily related to an absolute standard,

The voltage Input to the ADCO0808 is expressed by the
equation ey e e s o

s

Vin . Dx ‘
Vis—Vz  Duax— Dy
Vin = Input voltage Into the ADC080S
Vis = Full-scale voltage

Vz& Zero voltage

Dy = Data point being measured
Duax = Maximum data timit

Duin= Minimum data limit

m

A good example of a ratiometric transducer is a potan-
tiometar used as a position sensor. The position of the
wiper is directly proportional to the output voitage which
Is a ratio of the full-scale voltage across It. Since the data
Is represented as a propartion of full-scale, reference
fequirements are greatly reduced, eliminating a largs
source of error and cost for many applications. A major
advantage of the ADC0808, ADCO0809 is that the input
voitage range 18 equal to the supply range so the
transducers can be connected directly across the supply
and thelr outputs connected directly Into the multiplexer
inputs, (Figure ).

Ratlomstric transducers such as potentiomaetars, straln
gauges, thermistor bridges, pressure transducers, etc.,
are sultable for measuring proportional relationships;
however, many types of measurements must be referred
to an absolute standard such as voitage or current, This
means a system referance must be used which relates
the full-scale voltage to the standard voit, For example, if

Vco s Vrer=5.12V, then the full-scale range is divided In.

to 256 standard steps. The smallest standard step is 1
LSB which is then 20 mV. - :

2.0 Resistor Ladder Limitations

The voltages from the resistor ladder are compared té the
sslsoted Input 8 times In a oonversien, These voltages are
coupled to the comparatorvia an analog switch tree which
18 referenced to the supply. The voltages at the top, center
and bottom of the ladder must be cantrolled to maintain
proper opsration.

The top of the ladder, Ref( + ), should not be more positive
* than the supply, and the bottom of the ladder, Ref(-),
should not be more negative than ground. The center of
.. the ladder voltage must also be near the center of the
supply because the analog switch tree changes from
N-channel switches to P-channel switches. These limita.

tions are.automatically satisfied in ratiometric systems )

and can ba easily met In ground referenced systems.

P L o
Figure 10 shows a ground referenced system with a
$eparate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. For in-
stancs, If a £.12V is used, the supply should be adjusted to
the same voltage within 0.1V. :

T 4:.““ )
REF(+) Ms8
z: ta? :
3 ° DIGITAL
. X 2 ouTPUT
. 7 * Qour PROPORTIONAL
Y T0 ANALOG
' . INPUT
" - (Y] s
T REF(-] Lee Qour= ‘722'? - v"(':% :
& * t_ GNo 4.78V 5Vge = VRgr 2825V
= ADCO808 * Ratlometric transducars
I} ' '
FIGURE 9. Ratiometric Conversion System -
C -
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‘Applications Information continuea

The ADCO0808 needs less than a milllamp of supply current
8o developing the supply from the reference is readity
accomplished. In Figure 11 a ground referenced system s
shown which gensratés the aupply from the reference. The
buffer shown car be an op amp of sufflelent drive to
supply the milllamp of supply current and the desired bus
drive, or If & capacitive bus Is driven by the outputs a large
capacitor will supply the transient supply current as seen
In Figure 12. The LM301 is overcompensated to insure
stability when loaded by the 10 xF output capacitor.

-

]

D T S )

The top end bottom ladddrf voltages cannot exceed Vee
and ground, respagtively, but they can be symmetrically
lass than Ve and greater than ground. The conter of the
iadder voltage should alwaya be near tha canter of the
supply. The sensitivity of the converter ean be increassd,
(l.e., size of the LSB steps decreased) by using a sym.
metrical referencs system. In Figure 13, a 2.5V reference
Is symmetrically cantered about Voo/2 since the same
current flows In identical resistors. This aystem with a

2.5V reterence atlows the LSB bit to bs half the size of a
5V reference system.

veg
surpLY Vee
MSB
Vaer REF(s) DIGITAL
, : ouTPUT
out REFERENCED
Omead lpy T0
Vigd{O=d ¢ GROUND
L ]
Ot 'ng
j ALF{-) L8
GND Q N
OUT= Tner .
ADCOS0S 478V sVoo = VRer £8.25V

FIGURE 10. Ground Retersnced

-

Conversion System Using Trimmed Supply

Vee
VT‘ mss '
v o DIGITAL OUTPUY
i VRER( REFA Qpyr REFERENCED TO
- R N e ki GROUND
Vin § Ot E
O==4 1.9 .
' E REF(-) 188
GND Oau VIN
OUT= Vher
ADCOB08

4.75V sVec = VRep<5.25V

PIQURNE 11, Qround Relersnced Conversion System with

Relerence Gensrating Ve 8upply




Applications Information (continueq) 18-15vpe

LM3298

Vee
AEFY)

+ 10uF
== soLg

TANTALUM
GNOD
REF(-)

FIGURE 12. Typical Refersnce and Supply Clrcuit

sV
Ra
"VCC
317 P Mss
Iy
<
e
L DIGITAL OUTPUT
PROPORTIONAL TO
3 Sour ANALOG INPUT
- 125V ViNS 7SV
Ing
1.28V
- LA P
REFERENCE Rg Lss
MN\-T GND Ra=Rg

* Ratiometric transducars

FIGURE 13. Symmetrically Cantered Refersnce

3.0 Converter Equations

The transition between adjacent codes N and N +1 is
given by:

Viy= 2

' N
(VRer(+) = Vagr=)| 522 * 175 |8 Viue)+ Vaer<j
288 " 512 .

o
The center of an output code N is given by?

Vin=

The output code N for uﬁ arbitrary Input are the integers
within the range: ) .

Vin= Vrep|-)

Nw
Vaer(+) = Vaer(-)

where: Vi = Voltage at comparator Input
Vneri+)= Voitage at Ref(+)
VRer(-)= Voltage at Ref(<}

Viye = Total unadjusted error voltage (typlcally
UVRE';“,) - 512) '

-

4.0 Analeg Comparator Inputs

. The dynamic comparator input current is caused by the

-
-

@

N|.
(Vagr(+)= Vaer(-)) Lﬁ] = Vme] + VReF(-) Q@

x 258 :Absglutc Accuracy (4)

.

periadic"switching of on-chip stray capacitances. These
are connected aiternately to the output of the resistor
ladder/switch tree network and to the comparator Input as
part of the oparation of the chopper stabilized comparator,

The average value of the comparator input current varies

directly with clock frequency and with Vin 88 shown in
Figure 6, .

I no filter capacitors are used attheanalog inputs and the
signal source lmpodancgs are low, the comparator input
current should not introduce converter errors, as the tran.

slent created by the capacitance discharge will die out

befora the comparator output Is strebed.

It Input filter capacitors are desired for noise reduction
.and signal conditioning they will tend to average out the
dynamie camparator input current. it will then take on the
tharacteristics of a DC bias current whose affect can be
predicted conventionatly.

608a23aV ‘80800AY
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Typical Application

ADCO0808, ADC0809

DECODE

ADDRESS
{AD&-AD15)*

START
RS - ALE
WRITE

S5V SUPPLY T

GROUND "=

™
500 ?— 414
~ S00V—]VREF)

0.500V —=AVREeE(-)

ADO—{A

ADCO30A
AD1——1B  apcos0g
ADZ——{C

vee
GND

_l WTERACPT
013 -
E0C INTERRUPT
.
2~ p——p D87 MS8
-2 }——> 086
2= 085
74— 08¢
-5 p——> D83
7-6 > 082
-7 p—P DB}
28— 030 LS8
PO} aund Vi 8
L ]
0-5V
. ANALOG
INPUT RANGE
*
lagp—Vin!

* Address Iatches needad for 8085 and SC/MP interfacing the ADC0808 to a microprocessor

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMA MEMW INTR (Thru RST Circult)
8085 RD' WR' INTR (Tnru RST Cireuit)
2-80 . RO WA INT (Thru RST Circuit, Mode 0)
SCIMP NADS NWDS SA (Thru Sense A)
6800 VMA-e2RW | vmas2TW | iRGE or TRGB (Thru PIA)

Ordering Information

3]

TEMPERATURE RANGE —~40°Cto +85°C -55"C to +125°C
Error ‘+1/2 Bit Unadjustved ADCO0BOSCCN ADCOBOBCCJ ADC0808CS
+ 1 Bit Unadjusted ADCOB0OSCCN
Package Oqtllne N28A Molded Dl_P J25A Hermetic DIP | J28A Hermetic DIP

Sre e e




PRELIMINARY

AUGUST 1988

DATA SHEET 80CS1-L/ 80C31-L
CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

* 80C51-L- CMOS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmabile ROM
¢ 80C31-L- CMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED CPU with RAM and 170
* 80C51-L/C31-L: 0TO 6 MHz,VCC=2.7VTO 6V

) FEATURES
 POWER CONTROL MODES * BOOLEAN PROCESSOR
*128 x 8 BIT RAM ‘ » 5 INTERRUPT SOURCES
* 32 PROGRAMMABLE 1/O LINES » PROGRAMMABLE SERIAL PORT
* TWO 16-BIT TIMER/COUNTERS » 64K DATA MEMORY SPACE
* 64K PROGRAM MEMORY SPACE * TEMPERATURE RANGE: 0TO 70°C
* FULLY STATIC DESIGN
* HIGH PERFORMANCE SAJI VI CMOS
PROCESS
DESCRIPTION v

MHS's 80C51 and 80C31 are high
performance CMOS versions of
the 8051/8031 NMOS singie chip
8bitu Candis manufactured usinga
self-aligned  silicon gate CMOS
process (SAJIVI).

The fully static design of the MHS
80C51/80C31 allows to reduce
system power consumption by
bringing the clock frequency down
to any value, even DC, without loss
of data,

The 80C51 retains all the features
of the 8051: 4K bytes of ROM;
128 bytes of RAM; 32 I/O lines; two
16 bit timers; a 5-source 2-level
interrupt structure; a full duplex serial
port; and on-chip oscillator and
-clock circuits.

In addition, the 80C51 has two
software-selectable modes of

" reduced activity for further reduction
in power consumption. In the idle
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 identical to the 80C51
- except that it has no on-chip ROM.

S . A R - w " «
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80C51-L./80C31-L

Figure 2. Configurations
ProdT \_J 40 ‘
P11 42 39
P12 E 3 a8 o ...
P1.3 44 37 13§ Pos
P14 45 36 '8 ros
P15 6 35 o
P16 47 34 137 Pos
P17 8 ° 33 136 ror
RST 49 § 32 .er :
P3OMXD 10 £ 31 80CITL/B0CSIL d
P3.1/TXD d 11 g 30 13 ne
P32iNTOd12 g 29 -
P33/NT1. 413 F 28 ] S
P3.41T0 14 27 1a2Q peey
P35M1 15 26
P36/WR d 16 25 R Sy
P3.7/RD (17 24 ] )
XTAL2 18 23 ies
x-rAL1 E 19 22 =9 F"9 Frey r=9 "9 Preq P9 P9 P=9 *°9 L Al ] ..g m
VSS {20 21 18] t13 1200 217 223 1230 24y 125) 126; 1270 (26
Pin g 8 3 2 g2 28§48 8¢
Diagrams are for pin refetence only. = Pad
Package sizes are not fo scale.
IDLE AND POWER DOWN PCON: Power Contro! Register
OPERATION (MSB) (LSB)

Figure 3 shows the internal Idle and Power Down dock
configuration. As illustrated, Power Down operation
stops the oscillator. idle mode operation allows the
interrupt, serial port, and timer blocks to continue to
function while the clock to the CPU is gated oft

These special modes ase activated by software viathe

Special Function Regster, Its hardware address is 87H.

PCON is not bit addressable.

D -
" ¥

XTAL2 XTAL1

= |
CLOCK INTERRFT.
G T T
Q o
B
Figure 3. Idle and Power Down Hardware

e - | - |GF1|GFO{ PD | IDL

Symbol Position Name and Function

SMOD PCON.7 Double Baud rate bit. When set
to a 1, the baud rate is doubled

when the serial port is being
used in either modes 1,2 or 3.

= PCON.6 (Reserved)

- PCON.5 (Reserved)

= PCON.4 (Reserved) _

GF1 PCON.3 General-purpose flag bit.
GFO  PCON.2 General-purpose flag bit.

PD  PCON.1 Power Down bit Setting this
bit activates power down
operation.

IDL PCON.0 ide mode bitSetting this bit
activates idle mode operation.

IFT's are written to PD and IDL at the same time.
PD takes precedence. The reset value of PCON is
(OXX{X0000).

s S



80C51-L/80C31-L

Table 1. Status of the external pins during idle and Power Down modes

Mode Program Memory ALE PSEN PORTO PORTH PORT2 PORT3
idle Internal 1 1 Port Data Port Data Port Data Port Data
idle External 1 1 Floating Port Data Address Port Data

‘B%‘(,Vv‘;’ ' Internal 0 0o | PotData | PortData | PortData | PortData

mer External 0 0 Floating | PortData | PortData | PortData

n
IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.O is the last instruction
executed before the Idle mode'is activated: Once in
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator, RAM,and all other registers
maintain their data during !dle. Table 7 describes the
status of the external pins during Idie mode.

There are two ways to terminate the ldie mode.
Activation of any enabled interrupt will cause PCON.O
to be cleared by hardware, terminating Idie mode.
The interrupt is serviced, and following RETI, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.O.

The flag bits GF0 and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to PCON.O can also set or clear
one or both flag bits. When Idle mode is terminated by
an enabled interrupt, the service routine can examine

the status of the flag bits.

The second way of terminating the Idle mode is witha
hardware reset. Since the oscillator s still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to comiplete the reset
operation.

POWER DOWN MODE

The instruction that $ets PCON.1 is the lvag, exetuted
priorto entesing power down.Onceinpo ertown,the
oscillator is stopped. Thé 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 7able 1).

in’ the Power Down mode. VCC may be lowered to
minimize circuit power consumptign. Care must be
taken to ensure the voltage is not reduced until the
power down mode is entered, and that the voltage is
restored before the hardware reset is applied which
frees the oscillator. Reset should not be released until
the oscillator has restarted and stabilized.

Table 1describes the status ofthe external pins while in
the power down mode. It should be noted that if the
power down mode is activated while in external
program memory, the port data that is held in the
Special Function Register P2 isrestored to Port 2.1fthe
data is a 1, the port pin is held high during the power
down mode by the strong pullup,T1,shownin Figure 4.

Due to static design,the MHS 80C31/C51clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step
utilization, and permits to reduce system power
consumption by bringing the clock frequency down to
any value. At 0 MHz, the power consumption is the
same as in the Power Down Mode.

80C511/0 PORTS

The I/ port drive of the 80C51 is similarto the 8051.
The I/Q buffers for Ports 1,2,and 3 are implemented as
shown in figure 4.

When the port latch contains a 0, all pFETS in figure 4
are off while the nFETisturned on.When the port latch
makes a 0-to-1transition, the nFETturns ol The strong
pullup pFET, T1, tums on for two osciliater periods,
puliing the output high very rapidly.As theoutputline is
drawn high, pFET T3 tumns on through the inverter to
supply the IoH source current. This inverter and T3
form a latch which holds the 1 and is supported by T2.
When Port 2 is used as an address port, foraccess t0
éxternal program of data memory, any address bit
that contains a 1 will have his strong pullupturned on
for the entire duration ofthe external memory access.

When an /O pin on Ports 1,2, 0r 3 is usedas an input,
the user should be aware that the externalcircuit must
sink current during the logical 1-to-0 transition.
The maximum sink current is specified as ITL under
the D.C.Specifications. When the input goes below
approximately 2V, T3 tums offto save ICC current. Note,
when returning to a logical 1, T2 is the only internal
pullup that is on. This will result in a slow rise time if
the user's circuit does not force the input line high.

.- 208C PEROCOS

PORIPIN

Fig. 4.0 Buffers in the 80C51 (Ports1,2,3) |
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80C51 PIN DESCRIPTIONS

vss
Circuit ground potential

vcc
Supply voltage during normal, Idle, and Power Down
operation.

Port 0

Port O is an 8-bit open drain bi-directional /O port.
Port O pins that have 1's writtento them float,andin that
state can be used as high-impedance inputs.

Poit O is also the muttiplexed low-order address and
data bus during accesses to external Program and
Data Memory.In this application it uses strong internal
pullups when emitting 1's. Port O also outputs the
code bytes during program venfication in the 80C51.
External pullups are required during program
verification. Port O can sink eight LS TTL inputs.

Port 1

Port 1is an 8-bit bi-directional VO port with internal
pullups. Port 1 pins that have 1's written to them are
pulled high bythe intemal pullups,andinthat state can
be used as inputs. As inputs, Port 1 pins that are
extermnally being pulled fow will source curtent (lIL,
on the data sheet) because of the internal pullups.

Port 1also receives thelow-orderaddress bytes during
program verification. in the 80C51, Port 1 can sink/
source three LS TTLmputs. It can drive CMOS inputs
without external pullups.

Port 2

Port 2 is an 8-bit bi-dwectional VO port with internal
pullups. Port 2 pins that have 1's written to them are
pulied high bythe intemal pullups,andinthat statecan
be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (lIL,on
the data sheet) because of the internal pullups. Port-2
emils the high-order address byte during fetches from
external Program Memory and during-accesses to
external Data Memory that use- 16-bit addresses
(MOVX @ DPTR). In this application, it uses strong
internal puliups when emitting 1's.During accesses to
external Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emits the contents of the P2
Special Function Register.

it also receives the high-order address bits and control
signals during progam verification in the 80C51.
Port 2 can sink/source three LS TTCinputs. It can drive
CMOS inputs without external pullups.

Port3 .

Port 3 is an 8-bit bi-directional VO port with intemal
pullups. Port 3 pins that have 1's written to them are
pulled high by theintemal pullups,andinthat state can
be used as inputs. As inputs, Port 3 pins that are
extemally being pulled low will source current (lIL,on
the data sheet) because of the pullups. It also serves
the functions of various special features of the MCS-51
Family, as listed below.

80C51-L/80C31-L

Port Pin Altemate Function

P3.0  RXD (serial input port)

P3.1  TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1(external interrupt 1)

P3.4 TO (Timer O external input)

P35 Ti(Timer1extemal input)

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

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

RST

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

ALE

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

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each machine cycle during fetches from external
Program Memory. (However, when executing out of
Sxternal Program Memory, two activations of PSEN are
skipped during each access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory.PSEN can sink/source 8 LS
TTL inputs. t can drive CMOS inputs without an
external puliup.

EA

When EAiis held high,the CPU executes out ofinternal
Program Memory (unless the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EA must not be floated.

XTAL1

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

XTAL2

Output of the inverting amplifier that™ forms. the
oscillator, and input to the internal clock generator.
This pig should be floated when an external oscillator
is used.

s VTR



OSCILLATOR CHARACTERISTICS

XTAL1and XTAL2 are theinput and output respectively,
of an inverting amplifierwhich is configured foruse as
an on-chip oscillator, 2s shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an external clock source,
XTAL1 should be diiven while XTAL2 is left

l_'_%l__i— XTAL2
'[ I a XTALY

vss

e————

Figure 5. Crystal Osclllator

=

80CS51-L./80C31-L )

unconnected as shown in figure 6. There are no
requirements on the duty cyde of the external Clock
signal,sincethe input to the intenal clocking circuitryis
through a divide-by-two flip-fiop, but-munimum and
maximum high and low times specified on the Data
Sheet must be observed:

NC——— XTAL2
OSCILLATOR
XTAL1
SIGNAL A
1=

Flgqre 6. External Drive Configuration
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:
Commercial .................. 0°Cto70°C
ndustrial ............oeees -40°Cto 85°C
Storage Temperature ............ -65°Cto+150°C
Voitage onVCCtoVSS ...oeenennnne -0.5Vto+7V
Voitage on Any PintoV SS..... -0.5V toVce +0.5v
Power Dissipation ............oiiiiiiiieentn iw

*This value is based on the maximum allowable die
temperature and the thermal resistance of the
package.

*NOTICE:

Stresses at orabovethose listed under "Absolute Maxi-
mum Ratings" may cause permanent damage 10 the,
device. This is a stress rating only and functional opera-
tion ofthe device atthese orany otherconditions above
those indicated in the operational sections of this spe-
cification is not implied. Exposure to absolute maxi-
mum rating oonditions may affect device reliabiltty.

DC CHARACTERISTICS )
TA=-40°C to 85°C;VCc=2.7Vto 6V;VSS=0V; F=0to 6 MHz
Symbol Parameter Min | Max | Unit Test Conditions
viL Input Low Voltage =05 0-2(\)/CC v
-0.1
VIH Input High Voltage 0.2vee vce \
(Except XTALs and RST) +0.9 +05
VIH1 Input High Voltage to RST for Reset 0.7vee V8% \
+0. ]
VIH2 Input High Voltage To XTAL: 1 0.7Vee vce v
+0.5
VPD Power Down Voltage ToVcc in PDMode| 2.0 80 \
VOL Output Low Voitage (Ports 1,2, 3) 0.45 \' IOL=1.6mA (note 1)
VOL1 Output Low Voltage Port 0, ALE, PSEN 045 \) IOL=3.2mA (note™1)
VOH Output High Voltage Ports 1,2, 3 1.09vVee A IOH=-10:a
24 v IOH=-60pA |
Vee=5v+£10%
VOH1 Output High Voltage (Port O in External | 0.9VCC Vv IOH=~-40uA
in External Bus Mode), ALE, PSEN , ;o
24 Vv IOH==400pA
) ) Vee=5v+10%
L Logical O input Cutrent Ports 1,2,3 -50 pA Vin=0.45V
iLl Input Leakage Current +10 pA 0.45 <Vin<Vce
ITL Logicat 1to O Transition Current - 500 pA Vin=2.0V
(Ports 1,2,3) s
ICCPD | Power Supply Current” 50 10 pA vee=20Vto 5.5V
(Power Down4vode) (note 2)
RRST RST Pulldown Resistor 50 150 kQ ‘
CiO Capacitance of /O Buffer 10 pF fe=1MHz, TA=25°C
Note 1: o

Capacitive loading on Ports 0 and 2 may cause
spurious noise pulses to be superimposed on the
VoLs of ALE and Ports 1 and 3. The noise is due to
external bus capacitance discharging into the Port 0
and Port 2 pins when these pins make 1-to-0

transitions during bus operations. In the worst cases
(capacitive load ng 100 pF),the noise pulse onthe ALE
line may exceed 045V with maxi VoL peak 0.6V.
A Schmitt Trigger use is not necessary.

e MHS
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EXTERNAL CLOCK DRNWE CHARACTERISTICS (XTAL 1)

80C51-L./80C31-L

Variable Clock
freq=0 to 6 MHz
Symbol Parameter Min Max Unit
TCLCL Oscilistor Period . 166 ns
TCHCX HighTame 20 ns
TCLCX LowTme 20 ns
TCLCH' Rise Time 20 ns
TCHCL Fall Teme 20 ns
p————qw : TOHL
Vu::ﬁ:‘:-/ 0.7vee *r
045V RO2vee-o! N
-3 TQULX |
A(eTo ¥ L=

AC CHARACTERISTICS

(TA=-40°C to 85°C,Vcg=2.7Vto 6V,VsS=0V)
(Load Capacitance for Pot®, ALE, and PSEN = 100pf; Load Capacitance for All Other Outputs = 80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symbol Parameter Min Max Units
TLHLL ALE Paise Width 2TCLCL- 40 ns
TAVLL | Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLIV ALEtoValidinstrin =~ _-— 4TCLCL-170 ns
TLLPL ALE toPSEN _ TCLCL- 25 ns
TPLPH PSEN N Pulsé Width JICLCL-35 ns
TPLIV PSEN®Valid Instr In 3TCLCL-220 ns
TPXIX Input lastr Hold After PSEN 0 ns
TPXiZ _} input Instr Float After PSEN TCLCL-20 ns
TPXAV PSEN toAddress Valid TELCL-8 ns
TAVV Addressto Valid Instr In S5TCLCL-220 ns
TPLAZ . | PSENLeow to'Address Float 0 ns |

See next page for External Bata Memory Characteristics.

B
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EXTERNAL DATA MEMORY CHARACTERISTICS

80C51-L/80C31-L

[ Symbol Parameter Min - Max Units
— TRLRH RD Puise Width 6TCLCL-100 ns
TWLWH “WR Puise Width 6TCLCL-100 ' ns
TLLAX | Data Address Hold After ALE TCLCL-35 ns
TRLDV | RD to Valid Data In ' 5TCLCL~165 ns
TRHDX Data Hoid After RD 0 . ns
TRHDZ Data Float After RD ZTCLCL-70 ns
TLLDV ALE to\alid Data In 8TCLCL-150 ns
TAVDV Address to Valid Data in gTCLCL-165 ns
TLIWL ALEtoWR orRD 3TCLCL-50 3TCLCL+ 50 ns
TAVWL Address to'WR or RD 4TCLCL-130 ns
TQVWX Data Vaid to WR Transition TCLCL-60 : ns
TQVWH Data Setup to WR High 7TCLCL- 150 ns
TWHQOX Data Hold Aftert WR TCLCL=-50 ns
TRLAZ RD Lowto Address Float 0 ns
TWHLH RD or WR High to ALE High TCLCL-40 TCLCL+40 ns
MAXIMUM icc (mA) '
Operating (Note 3) idle (Note 4)
Freq.VCC 2.7V 5V eV 2.7V 5V v
1 MHz 08 mA 1.5 mA 1.8 mA 400 pA 800 uA TmA
6 MHz 4 mA 8mA 10 mA 1.2 mA 3.5mA 38mA
Note 2: Note 4:
Power Down ICC is measwed will all output pins idle Icc is measured with all oufput pins

disconnected; EA=Port 0=¥CC: XTAL2 N.C; RST=
vss

Note 3:

Icc is measured with all oufput pins disconnected:
XTAL1 driven with TCLCH, TCHCL = 5'ns, VIL=V§S =
0.5V; ViHVCC ~0.5V; XTALZN.C: EA=RST=Port 0=
Vce. loc would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The first
character is always a ‘T’ (stands for time). The cther
characters, depending on theif positions, stand forthe
name of a signal or the logical status of that signal.
The following is a list all the characters and what they

disconnected; XTAL1 driven TCLCH, TCHCL=5 ns,VIL
=Vgs +0.5V; ViH=VcC —0.5V: XTAL2 NC;Port0=
Vcc: EA=RST=VsS.

EXAMPLE:

JAVLL=Time for Address Valid to ALE low.
TLLPL=Time for ALE low to N low.

stand for. .

A: Address. Q: Output data.

C: Clock. R: READ signal.

D: Input data. T: Time.

H: Logic level HIGH. . V:valid.

I: Instruction (program memosy contents). W: WRITE signal

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

e MHS
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AC TINING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE
| 12 TCLCL o

T e

INSTR IN AN NSRN N-'M'l

PORTO
— —— TAVV——— )}\f
ADDRESS >
S, : ADDRESS AB-ATS ADDRESS AB-ATS >
eorr2 ORSFRF —

® TRURH el —
] . ez
.\ » | ct——TLLAX—  o— TRLDV— X >
PORTO AD-K # DATANS
> TRLAZ
PORT2 oﬁmﬁn >< ADDRESS A8-A15 OR SFR-P2 J‘
- /
— : = TWLWH —
e megmine TAVWL I\L TOVWR J
o~ Laa=TLLAX Ly = TV TWHOX.
POATO P = AO-AT DATA OUT
- il 6
e ADDRESS AB-A15 ORSFR-PZ ;
PORT2
AC TESTING INPUT/ OUTPUT, FLOAT WAVEFORMS
INFRST/OUTPUT ¢ v L.
vee-asv ' - e
02VCC-09 { ’\von-o.w T VLOAD +0.1V
TESTPOINTS oo
oy pavee-01 | - ,F VOL+01V \N VLOAD - 0.1V

AC inpusts during testing are driven atvVcc -0.5 fora logic *1"and 0.45Viora logic *0".Timing measurements are
made at VIH min for a fogic *1*and ViLnaxfora logic 0" Fortiming purposes a port pin is no longer floating when
a 100V change from load voltage occurs and begins to floatwhena 100 mV change fromthe loaded VOH/VOL
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SERIAL PORT TIMING - SHIFT REGISTER MODE

' AC.CHARACTERISTICS:
fA=0°Cto 70°C;Vss =0V: VCC = 2.7V to 6V; Loadt Capacitance =80 pF)

Symbol ] Parameter Min Max Units

TXLXL Serial Port Clock Cycle Time 12TCLCL BS

TQVXH Output Data Setup to Clock 10TCLCL-133 , ns
Rising Edge

TXHQX Output Data Hold After Clock ZICLCL-117 ns
Rising Edge

TXHDX input Data Hold After Clock Rising Edge 0 ns

TXHDV Clock Rising Edge to Input DataValid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

T T S Bt S A R A B

“«ronnnnnonnnonannnnng
"-YXLXL'—I

oo 1T _PVAEP AT B M ENTETING T T AN |
F-w—um'*

— W o AT AN = =y OCW ) G 4

A
_ WL_A me stn
o CO,E8,CH @ O @ O @ I @, D @ I @ D
A

SETR

[ SRS |
A

QEARR

el

| o]
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CLOCK WAVEFORMS
MERNALI SIATE 4 | STATE 5 | STATE 6 I STATE 1 l sm;z | STATE 3 l STATE 4 l STAIES |
m'n P1IP2 nlpz m'pz mlpz PlIP2 mlpz m'pz
XTALZ
)
v — T 1 My 1 }
gww EXECUTION OF A MOVX INSTRUCTION )
PSEN '
o’ DATA PCLOUT | DATA “peL out CATA poLOUT
| SAMPLED | | SAMPLED |
FLOAT »= N FLOAT bl | N FLOAT hl
P2 (EXT) ___—-——-'7 NDCATESAMESSTRANSTGIS I
READ CYCLE
2:0]
l i
D PCL OUT (F PROGRAM
) DURING THiS PERIOD MEMORY 15 EXTERNAL) )
R Dp'bxor?ﬁ 1 1 FLOAT —SAMPLE - J}
el D=L 27 INOACATES DPH OR P2SER TO PCH TRANSITIONS I, :
WRITE CYQLE s
WR
[P out (EVeN i PROGRAM
I MEMORY(ISNTERMJ }
0 DPLOR R \&—T—"L__ A
il b o s i >~} PCL OUT (FF PROGRAM
U | W W INDICATES DPH OR P2 SFRTO PCH TRANSTTIONS | MEMORY IS EXTERNALY |
MOV PORT SRC OLD DATA | NEW DATA e o !
MOV DEST PO I i us | _
MOV DEST, PORT (P1 P2P3) A PO PINS SAMPLED
mmom"fo'ﬂ) p ) ‘m— 1
SEFAL PORT SHIFT QLOCK “P1.P2 P3 PINS SAMPLED %wm
(MODE 0) - ?F l f"_ll’
IRXD SAMPLED

This- diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the gins
however,ranges from 25 to 125 ns.This propagation delay isdependent on variables such as temperature andpn.
{oading. Propagation also varies from output to output and component. Typically though (TA=25°C fully loaded)

RD and WR propagation delays ate approximatety 50 ns.The other signals are typically 85 ns. Propagation deiss-
. aré incorporated in the AC specifications.
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“Table 1. (Cont.)
DATATRANSFER
Mnemonic Descriptiom Byte Cyc
MOV ARn Move registe- 12 Accumulatar 1 1
MoV Adrect Move direct ine to Accumulator * 2 1
MOV AQGRI Move indirezst RAM to Accumnutator 1 1
MOV Addata Move immexsli=ie data to Accumustator 2 1
MOV RnA Move Accurmusztor to register 1 1
MOV Rngdirect Move direct tby'e to register 2 2
MOV Rn#data Move immezizte data to register 2 1
MOV direct A Move Accurmegztor to direct byte 2 1
MOV direct,Rn Move registeer 12 direct byte 2 2
MOV direct direct Move direct:!by:e to direct . 3 2
MOV - direct @Ri Move indirez=t RAM to direct byte 2 2
MOV direct#data  Move immeziat= data to direct byte 3 2
MOV QRA- Move Accurmutzior to indirect RAM 1 1
MOV @Ridirect Move direct: twe to indirect RAM 2 2
MOV @Ri#data Move immeziete data toindiect RAM 2 1
MOV DPTR#date 16 Load Data Roirter with a 16-bit constant 3 2
MOVC A@A+DPTR  MoveCodettyiz relative to DPTRto A 1 2
MOVC ABA+PC Move Code e relative to PCI10 A 1 2
MOVX AGRI Move Exterrad RAM (8-bit addr) to A 1 2
MOVX AGDPTR Move Exterma! RAM (16-bit addr) 10 A 1 2
MOVX QRIA Move Ato Exdermal RAM (8-bit addr) 1 2
MOVX @DPTRA Move A to External RAM (16-bit addr) 1 2
PUSH direct - Push direct thyte onto stack 2 2
POP direct Pop direct twyte form stack 2 2
XCH ARn Exchange rexrster with Accumutator 1 1
XCH A direct Exchange difect byte with Accumultator 2 1
XCH AGRi Exchange imediirect RAM with A 1 1
XCHD AGRi Exchange kow-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION .
Mnemonic Description Byte Cyc
CLR C Clear Canyfliag 1 1
CLR bit Clear direct:tbit 2 1
SETB c Set Canry flxg 1 1
SETB bit Set direct Bift 2 -1
cPL C Complemertt Cary flag 1 1
CPL bit Complementtdsect bit 2 1
ANL Cbi AND direct Bitt to Carry flag 2 2
ANL Cibd AND compliemetof direct bit to Carry 2 2
ORL C/bi OR direct bit:do Carry flag 2 2
ORL cipa OR complenment of direct bit to Canry 2 2
MOV Cibt Move direct tbr: 1o Carry flag 2 1
MOV bit,C Move Carmyfliag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
Mnemonic Descriptiom: , . Byte Cyc
ACALL addr 1t Absolute Suthmuine Call 2 2
LCALL adari6 Long Subrouttine Call 3 2
RET Return fronr subrautine 1 2
RETI _Return fromniinemapt 1 2
AJMP addr 11 « Absolute Jummp - 2 2
LIMP addr16 Long Jurmgr 3 2
SIMP rel Short Jum:(freiztive addr) 2 2
JMP @A+DPTR Jump indirect retztive to the DPTR 1 2
J2 rel Jump if Accusmesietor is Zero -, 2 2
JNZ tel Jump if Accwmastor is Not Zera— 2 2
Jc rel Jump if CamyTeg is set 2 2
JINC rel Jump if No Carry fiag 2 2

g

-
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Tadle £.MCS®-51 Instruction Set Description

ARSTHMETIC OPERATICER
Mnemonic Diescription Byte Cyc
ADD ARn £dd segister to Accumnulator 1 1
ADD Adirect Add direct byte to Accumulator 2 1
ADD A@Ri Add indirect RAM 0 Accumulator 1 1
ADD Afidata Kddimmediate data to Accumulator 2 1
ADDC ARn Kddegister to Accumulator with Carry 1 1
ADDC Adirect Rdd direct byte to Awith Carry flag 2 1
ADDC A @RI &ad indirect RAM to A with Carry flag 1 1
‘| ADDC Afdata Addinmediale data to Awith Carry flag 2 1
SUEB ARn Sutiact segister from A with Borrow 1 1
SueEB Adirect Suthact diect byle trom Awith Borrow 2 1
SueEB A@GRi Sitiact indirect RAM from A with Bormow 1 1
SUEB Atdata Sitract immed. data from A with Bo 2 1
INC A hoement Accumutator i 1 1
INC Rn frement register 1 1
INC direct mcrement direct byte 2 1
INC @Ri Boiment indirect RAM. 1 1
INC DPTR foement Data Pointer 1 2
DEC A Begement Accumulator 1 1
DEC RAn Beoement register 1 1
DEC " direct Beoement direct byte 2 1
DEC @Ri Beaerment indirect RAM 1 1
MUL AB #utiply A8.B 1 4
Div AB Biide AbyB 1 4
DA A ~ Becmal Adjust Accumutator 1 1
LOGICAL OPERATIONS
Mnemonic Bestination Byte Cyc
ANL ARn KD register to Accumulator 1 1
ANL Adirect AND direct byte to Accumulator 2 1
ANL AQRI D indirect RAM to Accumulator 1 1
ANL Afdata ANDimmediate data to Accumulator 2 1
ANE directA KD Accumulator to direct byte 2 1
ANL direct #data  SNDimmediate data to direct byte 3 2
ORL ARn @R register to Accumulator 1 1
oRL Adirect @R disect byte to Accumutator 2 1
ORL A@Ri @R incfrect RAM to Accumulator 1 1
ORL Afidata R mmediate data to Accumulator 2 1
ORL directA R Accumulator to direct byte 2 1
ORL direct #data @R immediate data to direct byte 3 2
XRL ARn Bchsive-OR register to Accumulator 1 1
XRL Adirect Exclusive-OR direct byte to Accumulator 2 1
XRL A@Ri Bdusive-OR indirect RAM to A 1 1
XRL Agdata Bchsive-OR immediate data to A 2 1
XRL direct, A Eachsive-OR Accurnulator to direct byte 2 1
XRL ditect#data  Eachusive-OR immediate data to dJirect 3 2
CR A . @earAcasnwlator 1 1
Ch A ment Accumutator 1 1
RL A Bntate Accumutator Left 1 1
RLC A Bhtate A Left through the Carry flag 1 1
RR A * #ntate Accumulator Right 1 1
RRC A Rutate A Right through Cany flag 1 1
SWAP A Swap nibbles within the Accumulator 1 1

-3




P 80C51-L/80C31-L
Table 1. (Cont.)

—
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Description Byte Cyc
JB bit,rel Jump if direct Bit sel 3 2
JNB bit,rel -Jump if direct Bit Not set « 3 2
JBC bitrel Jump if direct Bit is set & Clear bit 3 2
CJINE Adirect re! Compare direct to A&Jump if Not Equal 3 2-
CJINE Afidata rel Comp.immed.to A&Jump if Net Equal 3 2
CJINE Rn#daterel  Comp.immed.to reg &Jump if Not Equal 3 2

J CINE @Rigdata.1e} Comp.immed.to ind.&Jump if Not Equal 3 2
DINZ Rn,rel Decrement register & Jump if Not Zero 2 2
DINZ direct rel Decrement direct & JJump if Not Zero 3 2
NOP No operation 1 1
Notes on data addressing modes:
Rn - Working register RO-R7 ) ‘
direct - 128 internal RAM locations, any I/O port, control or status register .
@R’ - Indect internal RAM location addressed by register RO or R1
#data - 8-bit eonstant included in instruction
#data 16 - 16-bit constant included as bytes 2 & 3 of instruction
bit - 128 software flags, any /O pin, control of status bit
Notes on program addressing modes:
addr 16 — Destination address for LCALL & LIMP may be anywhere within the 64-k program memory

addwess space
Addr 11 — Destination address for ACALL & AJMP will be within the same 2-k page of program
as the first byte of the foliowing instruction ¥
rel - SIMP and all conditiona! jumps inclsde an 8-bit offset byte. Range is-+127-128 byles
relasiue to first byle of the following instruction.
| Al mnemonics copyrighted * Intel Corporation 1879 .
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Table 2. Instruction Opcodes in Hexadecimal Order

Hex Number Mnemonic O 4

Hex Number
Code of Bytes Mnemonic Operands Code of Bytes

00, 1 NOP 33 1 RLC A
01 2  AMP code addr 34 2 ADDC Afdata
02 3 LMP  codeaddr 35 2 ADOC  Addaaadd
03 1 RR A 36 1 ADDC AEGRO

04 1 INC A 37 1 ADDC AGR1

05 2 INC data addr 38 1 ADDC ARO

06 1 INC €RO 39 1 ADDC ARl
o7 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC [21] 3C 1 ADDC ARS

OA 1 INC R2 3D 1 ADDC ARS

0B 1 INC R3 3E 1 ADDC ARB

0C 1 INC R4 3F 1 ADDC AR7

oD 1 INC R5 40 2 JC code addr
OE 1 NC R6 41 2 ASMP code addr
OF 1 INC A7 42 2 ORL data adxA
10 3 JsC bit addr,code addr 43 .3 ORL data sdds#data
1 2 ACALL code addr 44 2 ORL Agdta .
12 3 [CAlt  codeaddr 45 2 ORL A data eddr
13 1 RRC A 46 1 ORL AGRO

14 1 DEC A 47 1 ORL AQ

15 2 DeC data 20dr 48 1. ORL ARD

16 1 DeC @R0 49 1 ORL ARl
17 1 DEC @R1 4A 1 ORL AR2

18 1 DEC RO 48 1 ORL AR3

19. 1 DEC R1 4C 1 ORL AR4

1A 1 DEC R2 4D 1 ORL ARS

18 1 DEC /3 4E 1  ORL ARS

iC 1 DEC R4 4F 1 ORL AR7

D 1 DeEC RS 50 2 JNC code eddr
1E 1 DEC R6 51 2 ACALL code adds
tF- 1 DEC 7 5 52 2 ANL data aodrA
20 3 B bit addk.code addr 53 3 ANL data agdedidata
21 2 AWP 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 Adata 57 1 ANL AGR1

25 2 ADD Adata addr 58 1 ANL: ARO

26 1 ADD A€RO 59 1 ANL ARt
7 1 ADD AEGR1 5A 1 ANL AR2

28 1 .ADD ARO 5B 1 ANL AR3

29 1 ADD AR1 5C 1 ANL AR4

2A 1  ADD AR2 5D 1 ANL AR5

2B 1 ADD AR3 L+ 5E 1 ANL AR6

2C 1 ADD AR4 5F 1 ANL AR7

12D 1 ADD AR5 60 2 JZ code addr

2E 1 ADD ARG 61 2 AP code addr
2F 1 ADD AR7 62 2 XRL data addr A
30 3 JINB bit add:,code addr 63 3 XRL data adde#data
A 2 ACALL code addr 64 2 XRL A#data

32 .1 RET! 65 2 XRL A.data addr

pis




rn s st

80C51-L/80C31-L

Table 2. {Cont.)
Hex Number Hex Number -
Code ofawwww Code O'Bytesﬂnemor-co;)erands

66 1 bt N A@RO 99 1 SuUBB AR

67 1 YL AGR1 gA . 1 SuBB AR2

68 1 XRE ARO 9B 1 SuBB < AR3

69 1 YL AR1 aC 1 SuBB AR4

6A 1 YRE AR2 aD 1 SUBB - ARS
6B 1 XHL AR3 SE 1 suBB AR6

6C 1 YR AR4 9F 1 SUBB AR7

6D 1 XRL ARS AQ 2 ORL Cbit addr

6E 1 YR ARS Al 2 AP code addr

6F 1 b3 N AR7 A2 2 ROV Cbit addr

70 2 Nz code addt A3 1 ®WC DPTR

" 2 ACALL code addr A4 1 UL AB

72 2 O C.bit addr A5 reserved

73 1 P @A+DPTR A6 2 MOV @R0 data addr

74 2 NV Addata A7 2 MOV @R1.data addr

75 3 NV data adc:.#data AB 2 MOV RO.data addr

76 2 MOV @R0#d2ta A9 2 BV R1.data addr

77 2 MOV @R1#asta AA 2 MOV R2.data addr

78 2 MOV RO #dzta AB 2 MOV R3.data addf

79 2 NOv Ri#data AC 2 MOV R4 data addr

7A 2 NV R2#data AD 2 MOV R5.data addr

78 2 MOV R3 #data A\ AE 2 MOV R6,data addr

- 7C 2 NV R4 #dzta AF 2 MOV R7data addr

70, 2 MV R5#data BO 2 ANL Cbit addr

7E 2 MOV R6#dzta B1 2 ACALL code addr

7F 2 N0V R7#data B2 2 CPL bit addr .
80 2 sme code addr B3 1 CPL C

81 2 AP code addr . B4 3 CINE . Adfdatacode addr
82 2 AL Cbit addr B5 3  CINE Adata addr.code addr
83 1 MOVC A@A+PC - 86 . 3 CINE @R0 #data,code add
84 1 DV AB B7 3 CINE @R1 #data,code addr
85 3 MOV - dataaddidata addr B8 3 CINE RO #data,code addr
86 2 NV data addt@RO B9 3 CINE R1.#data,code addr
87 2 NV data add: @Rt BA 3 CINE R2.#data,code addr
88 2 NV data addt.RO BB 3 CINE 3 #data,code addr
89 -2 MOV data addr.R1 BC 3 COINE R4 #data,code addr
8A 2 NV data addtR2 ° BD 3 CINE R5.#data,code addr
8B 2 NV data addr,R3 BE 3 CINE R6.#data,code addr
8C 2 MOV data agdtR4 BF 3 CINE R74data,code addr
8D 2 NV data addtR5 Cco 2 PUSH data addr

8E 2 MOV data addiR6 3 2 AP code addr

8F 2 WDV data adxR7 c2 2 GR bit addr

90 3 MV DPTR#date C3 1 QR C

91 2  ACALL codé addr C4 1 SWAP A

92 2 MOV . bitadkC C5 2 XCH Adata addr

a3 1 NOVC A@A+DPTR Ccé 1~ XCH A€R0

94 2 SusB Addata c7 1 XH AGRI1

95 2 SuBB Adata &ddr Cc8 1 XCH ARO

96 1 SuBs A@RO ce 1 XCH AR1

97 1 SusB A@R1 CA 1. XMCH AR2

98 1 sus8 ARO CcB 1 XH AR3

N
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e —
Table 2.(Cont.)
Hex Number Hex Number T
Code dan“Mnemonlc Operands Code dBw”Mnemonlc Operands
CcC 1 XCH AR4 E6 1 MOV A@RO ]
CD 1 XCH AR5 E7 1 MOV A@R1
CE 1 XCH ARG E8 1 MOV ARO
CF 1 XCH: AR7 £9 1 MOV AR1
DO 2 POP° data addr EA 1 MOV AR2
D1 2 ACALL  codeaddr EB 1 MOV AR3
D2 2 SETB bit addr EC 1 MOV AR4
D3 1 SETB Cc ED 1 MOV ARS
D4 1 DA A EE 1 MOV AR6
D5 3 DINZ data addr.code addr EF 1 MOV AR7
D6 1 XCHD A@RO FO 1 MOVX @DPTRA
D7 1 . XCHD A@R1 F 2 ACALL code addr
D8 2 DINZ RO,code addr F2 1 MOVX @ROA
D9 2 DINZ R1,code addr F3 1 MOVX @R1A
DA 2 DINZ ‘R2.code addr F4 1. CPL A
D8 2 DINZ R3,code addr FS 2 MOV data addrA
DC 2 DINZ R4,code addr Fé 1 MOV @ROA
DD 2 DINZ R5,code addr F7 1 MOV @R1A
DE 2 DINZ R6.code addr F8 1 MOV ROA
DF 2 DINZ R7,code addr F9 1 MOV R1.A
EO 1 MOVX A@DPIR FA 1 MOV R2,A
E1 2 AP code addr FB 1 MOV R3A
E2 1 MOVX  A@RO: FC 1 MOV R4A
E3 1 MOVX  AGRt FD 1 MOV R5.A
E4 1 ClR A FE 1 MOV R6A
ES 2 MOV Adata addr - FF 1 MOV R7A
R
P
S
D 80C31
4 J 80C51 XXX L
Temperature Range Part Number Customer Rom Code Low Power
blank: Commercial 80C51 Rom 4Kx 8 (80C510nly) Supplv Version
I: Industrial BOC31 External Rom
Package Type
P: Plastic
S:PLCC
D: Cerdip
R LCC
J: Jleaded LCC
¢
€

[
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National Industrial/Automiotive/ Functional
Semiconductor Blocks/Telecommunications

LM135/LM235/LM335, LM13$AILM235AILM335A
Precision Temperature Sensors :

General Description

The LM135 series are precision, easily-calibrated, e’ o +125°C tempera .

_grated circuit tempersture gensors. Operating s &~ from —10°C 1o +100°C. The LM135/LM235/LAI5 are

I 2terminal zener, the LM135 has a breakdown voltage available packaged in hermetic TO-46 transistar pack-
directly proportional to sbsolute temperature at +10mV/ ages while the LM235 and LM335 are also amailable

*K. With leés than 180 dynamic impedance the device -7 .in Plastic TO-92 packanas. - o

.operates over 3 current range o_f 400 pA to b mA with

_virtually no change _in':gerfognmcé: When c:librmd

g 26°C the  LM135 has typically less thin 1°C emvor [

. over 2-100°C temperature range. Unlike- other sensors Eeamms

¢he LM135 has a linear output. * S ® Directly calibrated in, “Kelvin

. * O s ter : -

Applications for the LM135 include almost any type of ® 1°C initial accuracy available .

témperature sensing over ‘s ~55°C to +150°C temper-, . . 099""-" from 400 pA to 5.mA

sture range. The fow impedance, and linear output » ‘Less than 1§2 dynamic impedance

make inte_rf-cing to readout.or control ci.rcuitry espe- - -m Easily calibrated ‘ .

cially easy. . : “ ® Wide operating temperature range

S

ture range. Tho'.L'M335 ‘eperates °

: The LM135 opemjes over' s -55';: 1o f1$O°C temper- ®.200°Coverrange. . ‘- °
_ sture range while the LM235 operates over 8 - ¢ = Low cost o .
-Schematic Diagram - -
a A A T8
..
]
Typical Applications: . . LN '
" Basic Temperature Sen! Calibrated Sensor T T Wide Operating Supply
. v ’ sv-aev
) A |
I ; ]
!
oFeT
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r N .
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i
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LM335A

LM135A/LM235A/

A

L'M135/LM235/LM335;

Py
\

L

freme
Absolute, Maxlmum Ratings:: -~ .
Reverse Current 0mA
Forwsrd Current . 10mA ;°
Storage Temperature
TO-46 Package ,~—ao Cto nao‘c'
TO-92 Package —sq’c:mso ¢
| Specified Operating Temperature Range G R T
Continuous lntummnt
LM135, LM135A _=55°Cto +150°C 150°C t0 200°C . .
;. LM235, LM235A _-40°C1to +125°c L 125’cto150 C
LM335,LM335A ... ~10°Cto +100°C .. 100 "Cto 125°C
Lead Temperature (Soldenng, ‘IO seconds) PRI 300 °C =\
e

Temporature Accuracy LM135/LM23S Lmasm.masA (Notei) e

e

~ |- LMI35A/LMZI5A - LM135/LM235 :.,
PARAMETER CONDITIONS ol = - -z
, el e win | Tye | max | min| Tve | mak
QOperating Output \Ioltaqo e TC™ 25°C,Ig = 1mA. ) 2.9:.‘ 298 2991{.295 2.98 | .-3.01.
Unealibrated Tempersture Error | Tc = 25°C.1g = 1mA wl - Joos | 1. ot B
- B . 4. .1 = v L. el
Uncalibrated Temperature Error T’MlN <TC<TM’AX.'R =jmA | & *137] 27 I _’.S F
Temparaturs Error with 25°C TM|N<Tc<TMAx.IR- A | . olros | il | o8 [ b
Calibration 2L | .o DN\ . .
Calibrated Error st Extended Tc= TMAX (lmermmtnt) =4 o] 2 KRS 2tk ot
Temperstures .. j. . EIN SERERSAN B LAY P
“NomUnsaely = 7 Jag=1ma " SRR oiater B - I N S
- i R PP N
Temperature Accuracy LM335, LM335A (Nowe 1l " i :
PARAMETER . . g, counmons A L AL o
¢ KW kD H MIN | TYP | MAX | MIN TYP | MAX
Operating Outpit Voltage - | TC=25°C, ln‘ vk . 1| 295| 208| 301 282 298 304
- S - .- PR B BRI 3
Uncalibeated Temperature Error | TC = 25 C, IR -1 mA ot 1.1 3 -2
. ) - o B T . X
Uncalibrated Temperature Error 'l’um < TC<TMAX. IR=1md’ 2%-.| 6 Hos
Temperaturs Error with 25°C | Tmu <Te< TMAX. In =1 -A J; -as |1 1
Calibration J = 7% & |.. (2
.Calibrated Error st Exténded “'TC"TMAX (lntermltlcm) g DR TR RS I 2
Temparatures raltfl 7 4] oo ZHR P ¥ ,
Noa-Lineaity In=1 mA e S | os s J o] 03 ) 18
Electrical Characteristics (note1) .- P PV R\
1. i iz | - tmaasnm2ss - .- - LM335
PARAMETER CONDITIONS LM13SA/LM235A LM335A
. wmin | Tep | Mmax | mIN | TYP | MAX
Optrating!)u:gputVo_lpge o 400uA<lR<SmA e s 25 |.,10-},., .3, .| 14
Change with Current =~ T At Constant Temperature : - co. .
Dynamic lmpodmci e _: IR=1mA ) [113 .| os
Output Voltage Tcmpentun N Y +10 T o[, +10
e $
Drift . P i of e
. M . o
Time Constant Sl Air T . H H IS 80 . 80
. i . b 100 f/Min Air : 0 ' 1 w0
P . Stirred Oil . K N 1 ]
Time Subilay - T B . 0.2
_ st 1: Accuracy messursments are made in a wallstirred oif bath. For owes conditions, eeif heat b must be considered.
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LM135/LM235/LM335
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. Application Hints

CALIBRATING THE LM135

Included on the LM135 <hip is an easy method of
calibrating the device for higher accuracies. A pot
connected across the LM135 with the arm tied to the

sdjustment termina! allows a 1-point célibration of the -, i ! :
_ To insufe good sensimg accuracy several precay....

““fnust be taken. Like any temperature sensing deyj

sensor that corrects “for inaccuracy over the full tem-
perature range. © i ;. .. -

et R - . L
This single point calibration works because the output
of the LM135 is’ préportional to sbsolute temperature
with the extrapolated output of sensor going to ov
output at 0°K -(~273.15°C). Errors in output voltage

. versus temperature are only siope (or’ scale factor)

so » slope calibration at one temperature corrects at
#ll temperatures. :

The output of the device {calibrated or uncalibrated)

csn be expressed as: | | )

To

* Typical Applications (continued
e ‘i'.“:‘r .‘;"".‘ ing g : 9 ‘Tcmﬁ‘cjum.ie.m. ing

or

Mini

o

v - ., portional to zener v

- where T is the unknown temperature and To nj',”.{- )

. -.erence temperature, both expressed in degrees'KJ,ﬁ

By calibrating the ewtput to, read correctiy'.' Lot

temperature the outpst at all temperatures is AT ]
Nominally the output i calibrated at 10 mV/ K.

b

-sélf heating can reduce accuraty. The LMI3S 4 ou

* be operated at the lomest current suitable for the i

plication. Sufficient owrent, of course, must

TR g
be v

sble to drive both the sensor and the calibration’p

" | at the maximum operating temperature,

Py

i

I the senso; is used in an ambient where the thema

_pesistance is constant, self heating errors can buail
ibrated out. This is possible if the device is run with

‘s temperature stable aurrent. Heating wil

“This makes the self

-
.
- RS

Remote 'Timpcnlu..m

1l then be’pre

olage and therefore _temperaturs,
hesting error proportional bﬁ
solute temperature the ssme as scale factor erro'rg.

Su_uing !

b, el

2. L

' - Wire tengss for 1° C error due to wire drop .

o et

). . lg=1mA Ip=05m)
. AwG - Upeet T ° ¢ FEET
. s ;. 4000 8000
B .. 2500 ..5000
- : 5t NO ’ e '
Y 18 - - 3200
¢ 20 -72000
. : G107 - . a 1250
T 24 800
’ . "Iiomed:[cmpcl:a'gurg_&mév 2 : ’

- o i




" petformance Characteristics

‘Reverse Vaitage Change

ERCI Cllibu;nd Ermror

Reverse Cl';ar)cumbcs' o

SEEINIVSEZINTVSELNT ‘SEEINT/SEZINT/SEHAT

A')

»
1113 1 ; -
Jununnnn: - -3 EZ
4 T} * o -
‘: j’ s’ ] d "k
€ B N H e
i Heae S q T £ ==
f] -g sl o
3 N o V ! E . - i E
/ 5 8 €, ;
- p. Ty $35°C— 2 2 _ - & '
,_" 11 3 b ".‘ A - Y‘fﬂ;‘__
% I — w211 1
Sy 2 & & T T sy mew W s ws T A T T s
¢ ° eFvERRCURRENT A} . TOeATVRECD L REVERSE YOLTAGE (V5
y R, Dynamic Impedance “."f - Noise Voltage ~* °
- e — » T -
4 o ] o . cimA
R . . r l-.B't
w 8 - -, e — L.
g " ol -
i —".MV = g
. 2 e usc v -
Y g 1 k) SRR AT B
> i . A Ld
. -
T s t—
[ 8] - ¢ . ™ -
T I N - w o n - wa
- FREQUERCY (itr) FREQUENCY (i)
Lot L . e ---—-..: A, RS W W
Yhermal Resistance : " ‘ e - Thermal Responss . ~.~
;- Juncion toRir - -~ Thermal Time Constant inSultAIr ..
L. . - ) . -
-1 A ¥ 1 S va-iVa
» 8% Z w4
F ) ;g » s ),
= g B i
. To48] | E N >
b A ;
yi ] ‘2 o8 »
-
N s } i n AN > g .
BN s [oe =
., 0y [ N
5 e WS 100 WK 3 v, - 90 W e e . 2 4 s s
AIR VERQCITY (FRR " mviworermn THE QUNUTES
. 1 . k — - i
Thermat Response in R _
. Stirred Oil Bath  Forward Characteristics
TT : ‘ U
PR w = R
s 7 £ 5 ; ]
” 13 --$6°C
E e, ‘,_‘ - E 1], i T 1 L f
-;' ] - : 5 of > ] :
N > i T 15°C L
E “. . g.": 1 -~
En E
H . . £ i T yeese S
g - 4.1 g . i
& - el e .
. i I . B 5531 .. —a
s 2 jia $8 T (1] o "
- T imigeecanod < FORWARD CURRENT bni)




LM135A/LM235A/LM335A
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LM135/LM235/LM335;

—_~
Typical Applicatlons (Continued) e e
H
THERMOCOUPLE COLD JUNCTION COMPENSATION
rd
e {ation for Grounded Thermocotiple
8y . .-
*Satsct A3 for proper (hcrmocwplc type o .
\ THERMO- e =g’ SEERECKS
o COUPLE - ' A3 COEFEICIENT,
vl .. . J 5 ane 623 ,v,-c-
[ 3 PPVVE AAA—1 .. (I ‘ : e
o 3 2™ A I S i e ey - 4580 6AuvrC
- =, Adjustments: Compentates for both sensor and resistor .p.
° ! ances ‘ 3 r.‘
= Sm ! .. Short LM3298 . Lo
L r 3 L 2. Adjust A1 for Seebeck Coefficient imes smbient Mlp. {
. ne N g a @ K ? gwure (in degrees K) scross R3 . hEN
AN ETER .. .. 3. shon LM335 snd_sdjust R2 for voltage crost R3 eorn Q
THEAMOCOUPLE gondifig to thermocoupls type . ' e
> J 1432mvV K. 11I37mV ST
* _' r s17amV S 1768mV
' =
v .
. . ° :
r it unﬁl'; Power Sunnlv Cold Junctien Camoensation -
\ t
X A 3 o
L
*Select R3 snd R4 for thermocouple type -
THERMO- - "R SEEIECK 4
OOU{LE COEFFICIENT,
3 1.05K 523V C.
- T 560 3150 4284VrC:
X 8169 . 36082 408 VI C-
S 1280 ®3n 64 uV/C
Adjustments: | . .
1. Adjust R1 'olthovolugc-cvou H!oqudtowm
G fent times ambi greesKelvin. 5
2. Adjust R2 for voltage -cnm A4 cormpomﬁng mm Y.
couple 7
J 14.32mV X 1% mv’ B
T NPmv s 1T mV’ F
A ‘-.‘_. » . -
. 1 R : .
. : ‘Centigrade Calibrated Thenmocouple Thermometer -
. BT T ST B LA ’ e i
3 e .
—e XS - !
W VWA AA = WY . "
- [ P R . X -
--1, "sazn T 1, +h 4 & ! in close pr ,i"_,l ¥
. to LM335, -
“ = Adjustments: R
1 Apply signsl in place of thermocouple and sdjust R:b::.
. i ' gein of 245.7. .
- -
2 Short nondnverting lnput of LM308A and oumt 4,_‘-,
- LMZIZ?B i gro\md.
-3 Mlun R1 so that VouT = 2982V exs'C.
--4, Rbmove short across 1LM3298 snd adjust R2wtﬁnVM,,
246 mV @ 25'6.
- . 5. Remqv-_mqn scross thermocobple,
- ) - L T L A E
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EX 135IEM235IEM335;'E'LM135'A‘ILM23.5A'I LM33

A

£

Definition of Terms o

Operating Qutput Voltage: The voltage sppearing across
the positive and negative terminals of the device at spec-

" ified condigons of opermng tempernure and current

’

Uncalibrated Temperature Error: The error between
the operaulg output voltage at 10 mV/K and case
temperature at specified conditions of current ‘and

CGSC tempmre. N

Connecﬁon Dlagrams
. .- 1082
‘ . Plastic Package

2
Ordee Number LM235Z, LM3352
or LM335AZ .
See NS Package Z03A

— . B 4

i..

s

_Colibrated Tempermu Error: The error between opg(
ating output voltage and case temperature at 10 mw‘

‘over a temperaturc range at a specified operating um-.,g
with the 25°C error adjusted to zero, - = -~ -5

SOTToN ViEW

P ~ "Cate is connected to negative pin"
Order Number LMI35H, LM235H,
i © LM335H, LM135AH, LM235AH
~I1 or LM335AH
: See NS Packsge HO3H






