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LAMPIRAN III : LISTING PROGRAM 

1. LAMPIRAN PROGRAM UT AMA DALAM BAHASA ASEMBLER. 

PA EQU 4000H 
PB EQU 400lH 
PC EQU 4002H 
pcw EQU 4003H 
cw EQU 0090H 

DPA DATA 002lH 
DPB DATA 0022H 
DPC DATA 0022H 
I DATA 0023H 
SENSOR DATA 0024H 

;----------------------------
PROGRAM MEMORY 

"----------------------------, 

Dell 

Init 

.CODE 
ORG 2000H 

MOV R2,#OFFH 
MOV R3,#OFFH 
DJNZ R3,$ 
DJNZ R2, Dell 

AJMP Start 

ORG 2l00H 

Initialization Proc. 

Init. Timer 

MOV TMOD,#OOlOOOlOB 
MOV TLl,#OFAH 
MOV THl,#OFAH 
MOV TCON,#OlOOOOOOB 

Init. Serial 

MOV SCON,#OlOlOOOOB 
MOV PCON,#80H 

Init Interrupt 

MOV IE,#OOOOOOOOB 
RET 

;T1 mode2, TO mode2 
;T1 mode2 generate BR=9600 Bps 

;T1 on,TO off 

;Mode1,REN 
;SMOD=O 



sclk 
MOV 
DJNZ 
RET 

R2,#80H 
R2,$ 

;--------------------------------
MAIN PROGRAM LOCATION 

i--------------------------------
Start 

MOV 
MOV 
MOV 
ACALL 

PI,#OOH 
SP,#40H 
IE,#OOH 
Init 

;--------------------------------
INISIALISASI PPI 

;--------------------------------

MOV 
MOV 
MOVX 

DPTR,#PCW 
A, #CW 
@DPTR,A 

"------------------------------, 
ULANG 

;------------------------------
MOV A, #OOH 
MOV PI,A 
MOV DPA,#OOH 
MOV DPC,#OOH 

ULANG 
MOV A,#255 
MOV SBUF,A 
JNB TI,$ 
CLR TI 

kondisi awal 
Kondisi awal 

MOV DPB,#8FH AKTIFKAN CHENEL 0 
MOV DPTR,#PB 
MOV A,DPB 
MOVX @DPTR,A 

ACALL CLKADC 
JNB TI,$ 
CLR TI 

MOV DPB,#OCFH 
MOV DPTR,#PB 
MOV A,DPB ; AKTIFKAN CHENEL I 
MOVX @DPTR,A 

ACALL CLKADC 
JNB TI, $ 
CLR TI 

CLR Pl.l 
MOV A, SBUF 

3-2 
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JNB A.O,HIDUP 
CLR P1.1 
AJMP MATI 

HIDUP SETB P1.1 
CLR RI 
AJMP ULANG 

MATI CLR RI 

AJMP ULANG 

CLKADC MOV DPTR,#PC 
MOV A,#OOH ; PL 0 
MOVX @DPTR,A 
MOV DPTR,#PC 
MOV A, #OlH PL 1 
MOVX @DPTR,A 

MOV I,#08H CLOCK 8 KALI 
CLOCKl CLR P1.0 

ACALL SCLK 
SETB P1.0 

ACALL SCLK 
DJNZ I,CLOCKl 

MOV DPTR,#PA 
MOVX A, @DPTR 
MOV DPA,A 
MOV SBUF,DPA 

MOV I,#02H CLOCK 2 KALI 
CLOCK2 CLR P1.0 

ACALL SCLK 
SETB P1. 0 

ACALL SCLK 
DJNZ I,CLOCK2 
RET 

ENDD 
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2. PROGRAM PENGOLAHAN DATA DAN TAMPILAN SUHU DALAM 

BAHASA PASCAL 

PROGRAM TAMPILAN SURU; 
uses crt, dos, GRAPH; 
const RX Buffer 

TX Buffer 
Int_Enbl_Reg 
Int_Iden_Reg 

Register } 

$2F8; 
$2F8; 
$2F9; 
$3FA; 

Line_Cont_Reg $2FB; 
Modem_Cont_Reg $2FC; 
Line_Stat_Reg $2FD; 
Modem_Stat_Reg $2FE; 
Gray10 : FillPatternType 

$M, $M); 
type 

complex record 
a,b real; 
c, d byte; 

end; 

RX Buffer COM2 } 
TX Buffer COM2 } 
Interrupt Enable Register 
Interrupt Indentification 

Line Control Register } 
Modem Control Register } 
Line status Register } 

{ Modem Status Register } 
= ($M, $M, $M, $M, $M, $M, 

var data10,input : array [0 .. 1023] of integer; 
T,L array [0 .. 550] of REAL; 
vT,vL : array [0 .. 550] of byte; 
gain : array [0 .. 99] of word; 
IntOC_Save : pointer; {interrupt service routine IRQ3 ) 
i,data,S : byte; 
regs: registers; 
Grdriver,Grmode: integer; 
dummy : byte; 
TERMO,LM,LM1,M: real; 
tegangan:real; 
DATAO,DATA1,FLAG:BYTE; 
fil : file of complex; 
dat : complex; 
n,x: word; 
tempx, tempy: word; 

procedure Intr_Com; interrupt; 
begin 

data:=port[RX_Buffer]; 
port[$20] :=$20; 
IF DATA=255 THEN FLAG:=O; 
CASE FLAG OF 
o FLAG:=l; 
1 : BEGIN 

FLAG:=2; 
DATAO : =DATA; 

baca buffer RX ) 
End Of Interrupt 8259 } 

TERMO := ( dataO*0.595041)+28; 
END; 

2 BEGIN 
FLAG :=0; 



END; 

end; 

DATA1:=DATA; 
LM .= (DATAl*0.6603) - 55.849057; 
END; 

Procedure Open_Com; 
var dummy: byte; 
begin 

GetIntVec{$OB,IntOC_save); 
SetIntVec{$OB,Addr(Intr com)); 

port[Line Cont_Reg ] :=$80; {D7=1 set baud rate 9600 bps) 
port [TX_Buffer ]:=$OB; {divisor LSB $2F8=$OB) 
port[Int Enbl_Reg ]:=0; { divisor MSB $2F9=0) 
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port[Line Cont_Reg 1 :=$03; {8 bit data, 1 stop bit, no parity 
port[Int Enb1 Reg ] :=$01; {enable interrupt saat ada data RX 
port[Modem_Co~t_Reg]:=$09; {DO = DTR = 0 => 89C51= Reset ) 
dummy:=port[RX_Buffer]; { kosongkan RX buffer 
port[$21] :=port[$21] and $F7; { Enable IRQ3 ) 
end; 

Procedure Close Com; 
begin 

end; 

port[$21] :=port[$21] or $08; {Disable IRQ3 } 
SetIntvec {$OB, IntOC_save) ; 

procedure Area; 
var x,y:integer; 
begin 

SetFillPattern(Grayl0,black); {rectangle} 
Bar(50,60,570,360); 
setcolor(yellow); 
line(50,40,50,437); {sb y} 
line(50,437,480,437); {sb x} 
setcolor{yellow); 
for y:=Oto24 do line(51,53+(y*16),55,53+(y*16)); {grs kcl sb y) 
for y:=Oto20do line{50+(y*20),432,50+(y*20),437); {grs kcl sb 

x} 
setcolor(darkgray); 
for x:=O to 11 do line(55,53+(x*32),480,53+(x*32)); {hor line} 
for x:=O to 9 do line(90+(x*40),55,90+(x*40),437); {ver line} 
outtextxy{150,15 " GRAFIK PENGUKURAN TEGANGAN - SUHU'); 
setcolor{white) ; 
outtextxy{12,26 " Volt'); 
outtextxy(10,50 " 4.00'); 
outtextxy(10,82 " 3.66'); 
outtextxy(10,114,' 3.33'); 
outtextxy{10,146,' 3.00'); 
outtextxy(10,178,' 2.67'); 
outtextxy{10,210,' 2.33'); 
outtextxy{10,242,' 2.00'); 
outtextxy(10,274,' 1.67'); 
outtextxy(10,306,' 1.33'); 



outtextxy(10,338,' 1.00'): 
outtextxy(10,370,' 0.67'): 
outtextxy(10,402,' 0.33'): 
outtextxy(20,434,' 0'); 

outtextxy(40 ,440,' '): 
outtextxy(80 ,440, '10'): 
outtextxy(120,440, '20'); 
outtextxy(160,440,'30'): 
outtextxy(200,440, '40'): 
outtextxy(245,440, '50'): 
outtextxy(285,440,'60'): 
outtextxy(325,440, '70'): 
outtextxy(365,440, '80'): 
outtextxy(405,440,'90'): 
outtextxy(445,440,'100 0C'): 

setcolor(7) : 
line (50, 457,80,457): 
outtextxy(100,455, 'Termokopel'): 

setcolor (10) : 
line(200,457,230,457): 
outtextxy(250,455, 'LM 335'): 

end: 

procedure InisialisasiGraph: 
begin 

end: 

grdriver:= detect: 
grmode := VGAHi: 
Initgraph(grDriver,grMode,'c:\tp\bgi'): 

procedure Capture: 
begin 

assign(fil, 'SUHU.dat'): 
rewrite (fil) ; 

end: 

{Program Utama} 
begin 

clrscr: 
wr i te (' MASUKAN SUHU MAX: '): READLN (S) : 
CLRSCR: 
TEXTCOLOR(7): 
n:=O: 
writeln(' DATA PENGUKURAN SURU '): 
capture: 
Open_com: 

REPEAT 
IF LM>S THEN 

PORT [TX_BUFFERj :=$0 
ELSE 
BEGIN 
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PORT [TX_BUFFER] :=$1: 
GOTOXY(10,8); WRITELN('DATA 0 =',DATAO:3); 
GOTOXY(lO,10); WRITELN('TERMOKOPEL =',TERMO:3:0); 
GOTOXY(lO,12); WRITELN('DATA 1 =',DATA1:3); 
GOTOXY(lO,14): WRITELN('LM335 =',LM:3:0); 
1 [n] : =lm; 
t[n] :=termo; 
vl[n] :=datal; 
vt [n] : =dataO; 
with dat do 
begin 

a:=lm; 
b:=termo; 
c:=datal; 
d:=dataO; 

end; 
write(fi1, dat); 
delay(lOOO) ; 
inc (n) ; 

END; 
UNTIL (KEYPRESSED); 
Close com; 
inisialisasigraph; 
area; 
x:=l; 
repeat 

setcolor (10) ; 
if x=l then 
begin 

tempx:=52+round(4*1[x]): 
tempy:=502-round(1.84*vl[x]) ; 
moveto(tempx,tempy) ; 

end 
else 

lineto(52+round(4*1[x]),502-round(1.84*vl[x])); 
inc (x) ; 

until x=n; 
x:=l; 
repeat 

setcolor(7) ; 
if x=l then 
begin 

tempx:=52+round(4*t[x]); 
tempy:=427-round(1.43*vt[x]) ; 
moveto(tempx,tempy); 

end 
else 

lineto(52+round(4*t[x]),427-round(1.43*vt[x])); 
inc (x) ; 

until x=n; 
readln; 
close(fil): 
closegraph; 

end. 
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LAMPIRAN IV: DATA SHEET ADC MAXl1l2 

~~I~JXI~~I 
+5V, LOIN.PolNer, Multi.Channel, 

Serial B·Sit ADCs 
_______ General Description 
The MAXll12/MAXl113 are low-power, 8-bit, 8-chan­
nel analog-to-digital converters (ADCs) that feature an 
internal track/hold, VOltage reference, clock, and serial 
interface. They operate from a single ,4.SV to +S.SV 
supply and consume only 135~A while sampling at 
rates up to 50ksps. The MAXll12's 8 analog inputs 
and the MAXl -I 1 3's 4 analog Inputs are software-con­
figurable, allowing unipolar/bipolar and smgle­
ended/differential operation. 

Successive-apprOXimation converSions are performed 
using either the Internal clock or an external serial-Inter­
face clock. The full-scale analog input range is deter­
mined by the 4.096V internal reference, or by an 
externally applied reference ranging from 1 V to VOD. 
The 4-wire serial interface is compatible with the SPI'M, 
QSPI"", and MICROWIREIM serial-interface standards. 
A serial-strobe output provides the end-of -conversion 
signal for Interrupt-driven processors. 

The MAX1112JMAX1113 have a software-program­
mable, 2~A automatic power-down mode to minimize 
power consumption. USing power-down. the supply 
current is reduced to 13~A at 1 ksps, and only 82~A at 
10ksps. Power-down can also be controlled using the 
SHDN Input pin. Accessing the serial interface automat­
ically powers up the device. 

The MAX1112 is available In 20-pln SSOP and DIP 
packages. Tile MAX11,3 is available in smail 16-pin 
QSOP and DIP packages. 

_________ ~Applications 

Portable Data Logging 

Hand-Held Measurement Devices 

Medical Instruments 

System Diagnostics 

Solar -Powered Remote Systems 

4-20mA-Powered Remote 
Data-Acquisition Systems 

Pin Configurations appear at end of data sheet 

SPI end QSPI are trademarks of Motorola, Inc, 
MICRO WIRE is a trademark of National Semiconductor Corp 

________________________ Features 

• +4.5V to +5.5V Single Supply 

• low Power: 13511A at SOksps 
1311A at 1 ksps 

• a-Channel Single-Ended or 4-Channel Differential 
Inputs (MAX1112) 

• 4-Channel Single-Ended or 2-Channel Differential 
Inputs (MAX1113) 

• Internal TrackIHold; 50kHz Sampling Rate 

• Internal 4.096V Reference 

• SPIIQSPIIMICROWIRE-Compatible Serial Interface 

• Software-Configurable Unipolar or Bipolar Inputs 

• Total Unadjusted Error: ±1lSB (max) 
±O.3lSB (typ) 

Ordering Information 
PART TEMP. RANGE PIN-PACKAGE 

MAX1112CPP O'C to + 70'C ZO Plastic 01 P 

MAXll1ZCAP O'C to +70'C ZD SSOP 

MAXl112C/D O'C to + 70'C Dice-

"Dice are speCified at TA .= +25~C- DC parameters only 

Ordering Information continued at end of data sheet 

Functional Diagram 

cs~~--~-------------------, 

SCIK ~+-..... +-------~---, 

DIN 

SHDN --.f.-:===-,..j 
CHO __ +-r---.... --.J 
CHl 

CH2 
CH3 

CH4* 
CH'.' 
CH6' 
CHr 

COM _1--' 

REFOU] -t----j 

IN 8-BIT 
SAR ADC 

OUT 
R£F 

REflN __ ~-----------------' 

DGND 

AGND 

AIIAXIAII __________________________________________ Maxim Integrated Products 

For free samples & the latest literature: http://www.maxim-ic.com. or phone 1-800-998-8800. 
For small orders, phone 1-800-835-8769. 



+5V, Low.Power, Multi.Channel, 
Serial B-Bit ADCs 

ABSOLUTE MAXIMUM RATINGS 
Voo to AGND .............. ............... . ................... ·O.3V to 6V 20 Plastic DIP (derate' 1.11 mWrC above + 70'C) ..... 889mW 
AGNDtoDGND. 
CHO-CH7. COM REFIN. 

................................... ·O.3V to O.3V 20 SSOP (derate 8.llOrnW/·C above ~ 70'C) .... 640mW 
20 CERDIP (derate 11. i lmWrC above + 70'C). . .. 889mW 

REFOUT to A.GND. . ....................... ·0.3V to (V DO + 0.3V) 
Digital Inputs to DGND. . ................... ·O.3V to 6V 
Digital Outputs to DGND ... . . ... ·0.3'1 to ('100 + 0.3V) 
Continuous Power Dissipation (T A ~ + 70'C) 

16 Plastic DIP (clerate 1 O.S3mWI'C above + 70'C) ..... B42mW 

Operating Temperature Ranges 
MAX111ZC_PIMAX1113C_E .. 
MAX1112E_P/MAX11i :leE 
MAX1112MJPIMAX1113MJE ..... . 

Storage Temperature Range .. 

. ................ O·C to + 70'C 

16 QSOP (derate 8.30mVWC above + 70'C) . 
16 CERDIP (dprate 10.00mWI'C above + 70T) 

.".667mW 
.8()()mW 

lead T empcrature (soldering. 10sec) . 

...... ·40·C to ,8S'C 

. ... ·55·C to + 125'C 
.·65'C to + 150'C 

. ..... +300T 

Stresses beyond those listed undtY ·'JI.bso/ute Maximum Ratings" may CEuse permanel1l damage to the del/Ice. These are stress ratings onJy, and funcfioni:/ 
operation of the device at these or any atilt..'( conditions beyond those indicated in the opt-vational sectivns of ti7e specifications i5 not impiied. Exposure to 
absofute m.:lX1mum ratllig conditJOns {or extended periods may aff~~ct device rc!mbiflty 

ELECTRICAL CHARACTERISTICS 
(VDD ~ +4.5V to +5.5V: unipolar input mode: COM ~ 0'1: fSCLK = 500kHz. external clock (50% duty cycle): 10 clocks/conversion 
cycle (50ksps): 1).1F capacitor at REFOUT; TI\ ~ 'MIN to TMAX; unless oti1crwise noted.) 

PARAMETER ~SYMBOL.[U CONDITIONS MIN TYp
U 

nmMAXT UNITS 

DCACCURACY 

Resolution 8 Bits 

Relative Accuracy (Note 1) INL ±O.l ±O.5 LSB 

Differential Nonlinearity DNL No missing codes over temperature ±1 LSB 

Off sci Error ,,0.3 ±1 LSB 

Gain Error (Note 2) Internal or eXlernal reference ±1 LSB 

Gain Temperature Coefficient Externa1 reference, 4.096V ,,0.8 . ppmrC 

: otal Unadjusted Error TUE MAX1;1 _CIE 

• 

±O.3 ±1 LSB 

Chi~ tl nel-to-Cha nnel · ,,0.1 LSB 
Offset Matching 

~ DYNAMIC SPECIFICATIONS (10 034kHz slne·wave Input 4096Vp·p 50ksps 500Kdz eXlerrai clock) . .. 
Sigral-to·Noise dB SINAD 49 
and Distortion R3tio · 

· 
! otal Harmonic DIstortion 

· 

THD ·70 dB 
. (up to the 5th harmonic) · 

Spurious· Free Dynamic Range 
• 

SFDR 68 dB 

Channel·to·Channel Crosstalk '1efL ~ 4.096Vp·p 25KHz (Note 3) · ·75 dB 
-

Small·Signal Bandwidth ·3dB rolloff · 
1.5 MHz 

Full-Power Bandwidth 800 kHz 
._------- - ----- ------- -- -----

2 AIIAXIAII 
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+511, Low-Power, Multi-Channel, 
Serial B-Bit ADCs 

ELECTRICAL CHARACTERISTICS (continued) 
(VDD ~ +4.5V to +5.5V: unipol8r input mode: COM ~ av: t:;elK ~ 500KHz p.xternal clocK (,,0% duty cycle): 10 clocks1conversion 
cycle (50ksps): 1pF capacitor at REFOUT: T 1\ ~ TMIN to TMAX: unless otherwise no~ed.) 

...... -'-"-iiARAMETER . -----. SYMBOl..r------CONDITIONS MIN TYP MAX TUNiTS" 
CONVERSION RATE 

Conversion Time (Nole 4) 

Track/Hold Acquisition Time 

• Arerture Delay 

· Aperture Jitter . 

· Internal Clock Frequency 

: 
E<lernal Clock-Frequency Range 

- .. : 

ANALOG INPUT 

Input Voll8ge Range. Single­
Ended and Differential (Note 6) 

Multiplexer Leakage CUffent 

Input Capacitance 

INTERNAL REFERENCE 

r,EFOUT Voltage 

REcOUT SI,ort-Cireliit Current 

REFOUT Temperature eoemeiert 

Load Regulation (Nolo 7) 

Capac.itive Bypass at R[FOUT 

EXTERNAL REFERENCE AT REFIN 

Input Voltage Range 

· Input Current 

POWER REQUIREMENTS 

Supply Current 

Power-Supply Rejection 
(Note 9) 

• 

tCONV 

tj'l.'cQ 

100 

PSR 

.... 

Internal clock 
-

External clock. 500kHz, 10 clocks/conversion 20 

External clock, 2MHz 1 

(Note 5J 50 
-------- -- -- ------------------ -------~----------

Used for data transfer only 

Unipolar input. COM ~ OV o 
----

Bipolar input. COM ~ VREFI1'11 2 

On/off leakage current. VCH. ~ OV or VDD 

3.936 

DmA to O.SmA output load 

(Note 8) 

4.5 

25 

10 

<50 

400 

±O.Ol 

18 

55 

500 
-------------

2 

VREFIN 

COM ± 

VRt~ iN.I 2 

±1 

I 

I 
I's 

1" 
ns 

ps 

kHz 

kHz 
-----

MHz 

fJA 

pF 

4.096 4.256 I V 

6 

±so 
4.5 

I rnA 
ppmiCC 

VDD T 

50mV 

20 

5.5 I 

mV 

V 

fJA 

v 

. 

cull-scale irput 
CLOAO ~ lDpF 

__ ,.cc3c5 ____ 25_0_~ 
... __ . _______ 9;5 ---- .1 

Operating mode 

Reference disabled 

Power-down 
SHDN at DGND 

VDD = 4.SV Lo 5,5V' external reference 
4.096V; full·scale input 

3.2 10 I 

±4 I 
1... .................. . 

±O.4 mV 

At.AlXIAt ____ ~ ____ ~_______________________________________ 3 



+5\1, Low.Power, Multi.Channel, 
Serial B·Sit ADCs 

ELECTRICAL CHARACTERISTICS (continued) 
(Voo = +4.5V to +5.5V; unipolar input mode; COM = OV; fSClK = 500kHz, external clock (50% duty cycle); 10 clocks1conversion 
cycle (50ksps); 1 fJF capacitor at REFOUT;!A = !MIN to TMAX: unless otherwise no:ed.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

DIGITAL INPUTS: DIN, SCLK, CS 

DIN, SCLK, CS Input High Voltage VIH 3 V 

DIN, SCLK, CS Input Low Vo~agc 'Ill 0,8 V 

DIN, SCLK CS Input Hysteresis VHYST 0.2 V 

DIN, SCLK CS Input Leakage liN Digital inputs = OV or Voo ±1 fJA 

DIN, SCLK CS Input Capacitance C'N (Note S) 15 pF 

SHDNINPUT 

SHDN Input High vo~age VSH VDD - 0.4 V 

SHDN Input Mid-Voltage VSM 1.1 VDD- 1,1 V 

SHDN Voltage, Floating VFLT SHDN = open VDoi 2 V 

SHDN Input Low Voltage VSL 0.4 V 

SHDN Input Current SHDN = OV or Voo ±4 fJA 

SHDN Maximum Allowed Leakage 
SHDN = open ±100 nA 

for Mid-Input 

DIGITAL OUTPUTS; DOUT, SSTRB 

ISINK = SmA 0.4 
Output Low Voltage Val V 

ISINK = 16rnA 0.8 

Output High Voltage VOH ISOURCE = O.SmA VDD- 0.5 V 

Till88-State Leakage Current Il CS = VDD ±0.01 ±10 fJA 

Tnree-Slar.e Output Capacitance COUT CS = VDD (Nole 0) 15 pF 

4 __________ ~~~ __ ~_~~~_~ ________ ~ ___ ~ __ ~~~~_~~ __ ~~ __ ~ __ ~~~_ AIIAXlhI 
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+511, Low-Power, Multi-Channel, 
Serial 8-Bit ADCs 

TIMING CHARACTERISTICS (Figures 8 and 9) 
(VDl) ~ +4.5V 10 +5.5\'. TA ~ Tf-!'N to TMAX. unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

TrackiHold Acquisition Time tACO 1 ~s 

DIN to SCLK Setup IDS 100 ns 

DIN to SCLK Hold IDH 0 ns 

Figure 1. MAXlll_C/E 20 200 
SCLK Fall Lo OuLput Data Valid tDO os 

CLOAD ~ 1 OOpF MAX1,1 M 20 240 -

CS Fall to Output Enable LDV Figure 1. CLOAD ~ 100pF 240 ns 

CS Rise to Output Disable tTR Figure 2. CLOAD ~ 100pF 240 ns 

CS to SCLK Rise Setup tess 100 ns 

CS to SCLK Rise Hold tCSH () ns 
SCLK Pulse Width High tCH 200 ns 

SCLK Pulse Width Low teL zoo ns 

SCLK Failla SSTRB ISSTR8 CLOfl[) ~ lOOpF 240 ns 

CS Fall 10 SSTRB Output Enable 
tSDV 

Figure 1. external clock Glode only 
240 ns (Nole 5) CLOAD ~ lOOpF 

CS Rise to SSTRB Output 
lsm 

Figure 2. external clock mode only 
240 [is 

Disable (Note 5) CLOAD ~ lOOpF 

SSTRB Rise to SCLK Rise 
tSCK Figure 1·" internal clock mode only 0 (Nole 5) ns 

External reference 20 ~s 
Wakeup Time tWAKE 

Internal reference (Note 10) 24 ms 

Note 1: Relative accuracy is the analog value's deviation (at any code) from its theoretical value after the full-scale range is calibrated. 
Note 2: VREFIN ~ 4.096V, offset nulled. 
Note 3: On-channel grounded: sine wave applied to aU off-channels. 
Note 4: Conversion time is defined as the number of clock cycles multiplied by the clock period: clock has 50% duty cycle. 
Note 5: C;uaranteed by desian. Not subject to production testina. 
Note 6: Common-mode range for tile analog inputs is froOl AGND to VDD. 
Note 7: External load should not cllange during the conversion for specified accuracy. 
Note 8: External reference at4.096V, full-scale input, 500kHz external clock. 
Note 9: Measured as \ VFS (4.5\')· VFS (5.5V) \. 
Note 10: 1 ~F aL REFOUT: internal reference seWing to 0.5LSB. 

AtAXIAt _________________________________________ 5 



+5V, Low-Power, Multi-Channel, 
Serial 8-Sit ADCs 

_________________ Typical Operating Characteristics 
(Voo ~ +O.(lV; fSCLK ~ 500kHz: external clock (50% duty cycle); Rl ~ =; TA ~ +25'C. unless olherwise noted.) 

SUPPLY CURRENT vs. TEMPERATURE 
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PIN 
NAME 

MAX1112 MAX1113 

'i-4 1-4 CHO-CI-I3 

5-8 - C114-CH7 

9 5 COM 

10 6 SHDN 

11 7 R£FIN 

12 8 REF OUT 

13 9 AGND 

14 10 DGND 

15 11 DOUT 

16 12 SSTRB 

17 13 DIN 

18 14 CS 

19 15 SCLK 

20 16 VDD 

+511, Low-Power, Multi-Channel, 
Serial B-Bit ADCs 

Pin Description 

FUNCTION 

Sampling Analog Inputs 

Sampling Analog Inputs 

Ground Reference for Analog Inputs. Sets zero-cJde vOltage in single-ended mode. 
Must be stable to ±O.5LSB. 

Three-Level Shutdown Input. Normally floms. Pulling SHDN low shuts the MAXl1121 
MAX1113 down to 1 O~A (max) supply current: otherwise, the devices are fully opera-
tional. Pulling SHDN high SllutS down the internal reference. 

Reference Voltage Input for Analog,to-Digital Conversion. Connecl to REFOUT to use 
the internal reference. 

Internal Reference Generator Output. Bypass Wit!l a 1 ~F capacitor to AGND. 

Analog Ground 

Digital Ground 

Serial-Data Output. Data is clockeel out on SCLK's falling edge. Higil impedance when 
CS is higl1. 

Serial-Strobe Output. In internal clock mode, SSTRB goes low when the MAXll12! 
MAX 1113 begin the NO conversion and goes hi9h when the conversion is complete. 
In external clock mode. SSTRB pulses high for l'AD clock periods before the MSEi is 
shifted out. High impedance when CS is higr. (ex~ernal clOCk malie only). 

Serial-Data Input. Data is clocked in at SCLK's rising edge. 

Active-LOW Chip Select. Dms is not clocked into DIN unless CS is low. When CS is 
high, DOUT is high impedance. 

Serial-Clock Input. Clocks data in and out of serial interface. In external clock mode, 
SCLK also selS the conversion speed (duty cycle must bo 45% to 55%). 

Positive Supply Vo~age, +4.5V to +S.5V 

+5V 

0001 

3kI 1 
Icw'D 

~+-
I CWAD 

-=- DGND 

~ 3' 

~~7 

-=- DGND 

b) H!gh-Z to VOl aoo VCH to VOL 

Figure 7. Load Circu;ts for Enable Time Figure 2 Load Circuits for Dlsabfe Tl!ne 

I CiGAD 

-=- CG(I.;D 

b) VOL to Hlghl 

AIIAXI.NI ____________ ~ _________________ ._________________ 7 



+511, Low.Power, Multi.Channel, 
Serial B-Sit ADCs 

______ Detai'ed Description 
The MAX1112!MAX1113 analog-lo-digital converters 
(ADCs) use a successive-approximation conversion 
technique and Input track/hold (T/H) circuitry to convert 
an analog Signal to an 8-bit digital output. A fleXible seri­
a. Interface provides easy interface to microprocessors 
{fJPs}. Figure 3 shows the Typical Operating Circuit. 

Pseudo-DiHerentiallnput 
The sampling architecture of the ADC's analog com­
parator IS illustrated In Figure 4. the equivalent input Cir­

cuit. In single-ended mode, IN + is internally switched to 
the selected input channel, CH_, and IN- is switched to 
COM. In differential mode, INt and IN- are selected 
from the following pairs: CHOICH1, CH2/CH3, 
CH4/CH5, and CH6iCH7. Configure the MAXll12 
channels with Table 1 and the MAXll13 channels with 
Table 2. 

In differential mOlie, IN- and IN+ are internally switched 
to either of the analog inputs. This configuration is 
pseudo-differentral to the effect that only the signal at 
IN I is sampled. The return side (IN-) must remain sta­
ble Within ",0.5LSB (±0.1 LSB for best results) With 
respect to AGND during a conversion. To accomplish 
thiS, connect a 0.1 fJF capacitor from IN- (the selected 
analog input) to AGND If necessary. 

During the acquiSition interval, the channel selected as 
the positive input (IN+) charges capacitor CHOLD. The 

Vcn t--_..---i Voo 

I\G~D f--+---1 
DCND 

COM 
MAXIM 

MAXI 112 
MAXI 113 

cs t-------i ilO 

CPU 

SCLK SCK (SK) 
Ol~ MOSI (SO) 

l~f ::r:: 00111 MISO (SI) 

Vss 

Figure 3. TypicaJ Operating Circuir 

8 

acquisition interval spans two SCLK cycles and ends 
on the faliing SCLK edge after the last bit of the input 
control word has been entered. At the end of the acqui­
s!tion interval, the TIH switch opens, retaining charge 
on CHOLD as a sample of the Signal at IN>. 

The conversion Interval begins With the Input multiplex­
er switching CHOLO from the positive input (IN+) to the 
negative input (IN-). In Single-ended mode, IN- is sim­
ply COM. This unbalances node ZERO at the input of 
the compacator. Tile ::apaCitive DAC adjusts during the 
remainder of the conversion cycle to restore node 
ZERO to OV Within the limits of 8-bit resolution. This 
action is eqUivalent to transferring a charge of 18pF x 
(VIN+ - VIN-) from CHOLD to the binary-weighted capac­
itive DAC, which in turn forms a digital representation of 
the analog input Signal. 

TraclciHold 
The T/H enters itS tracking mode on the falling clock 
edge after the sixth bit of the 8-blt contro byte has 
been shifted In. It enters its hold mode on the falling 
clock edge after the eighth bit of tile control byte has 
been shifted in. If the converter is set up for single­
ended Inputs, IN- IS connected to COM, and the con­
verter samples the" +" Input: if it IS set up for differential 
inputs, IN- connects to the "-" input, and the difference 
(IN+ - IN-) is sampled. At the end of the conversion, the 
positive input connects back to INt, and CHOLD 
charges to the input signa i 

c'4P!,CITNE o"e 
REFiN - - --j 

COMPAR.\ lOR 

::~::lr 
CH2 --0 

CH3 --0 CSWll CH 

ZlRO 

CH4"--O -, 

CliS' -0 Ai THE SAMPLING INSTANI 
CHB· --0 THE. MUX INPlJ: SW,TCHES 

f ROM I HE SELt.e] E.D INt 
CH7" ---0 CJ-JANNlL TO THE SELECTED 
COM --~e----_--' 'N CHMJNEL 

SINCLl[NDLD MODl· IN- ~ UIO-CH), IN ~ COM 
DlffER£NlIAl MOot: IN· (,NO IN SElECTto fRW PAIRS OF 

CHO/CHi, CH2iCH3. CH4~!CH5·, CHfi k /CH7' 

Figure 4. Equivalent input Circuit 



+511, Low-Power, Multi.Channel, 
Serial B-Bit ADCs 

Table 1a. MAX1112 Channel Selection in Single-Ended Mode (SGLIDIF = 1) 

SEL2 SELl SELO CHO CHl CH2 CH3 CH4 CH5 CH6 CH7 COM 

0 0 0 + -

1 0 0 T -

0 0 1 + -

1 0 1 + -

0 1 0 + -

1 1 0 + -

0 1 1 + -

1 1 1 + -

Table 1b. MAX1112 Channel Selection in Differential Mode (SGL/DIF = 0) 

SEL2 SEL1 SELO CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7 

0 0 0 + -

0 0 1 + -

0 1 0 + -

0 1 1 + -

1 0 0 - + 

1 0 1 - + 

1 1 0 - + 

1 1 1 - + 

Table 2a. MAX1113 Channel Selection in Single-Ended Mode (SGLIDIF = 1) 

SEL2 SEL1 SELO CHO CH1 CH2 CH3 COM 

0 0 x + -

1 0 X + -

0 1 X + -

1 1 X + -

Table 2b. MAX1113 Channel Selection in Differential Mode (SGL/DIF = 0) 
SEL2 SELl SELO CHO CH1 CH2 CH3 

0 0 x + -

0 1 X + -

1 0 X - + 

1 1 X - + 

9 



+511, Low-Power, Multi-Channel, 
Serial B-Bit ADCs 
The time required for the T IH to acquire an input signal 
is a function of how quickly its input capacitance IS 
charged. If the input signal's source impedance IS high, 
the acquisition time lengthens, and more time must be 
allowed l)8tween converSions. The acquisition time, 
tACO, is the minimum time needed for the signal to be 
acqUired. It is calculated byi 

tACO ~ 6 x (Rs + Rp,,) x 18pF 

where RIN ~ 6.5kU, Rs ~ the source impedance of the 
input signal. and tAco is never less Ulan 1 ~s. Note ttlat 
source impedances below 2.4kQ do not significantly 
affect tile AC performance of the ADC. 

Input BandWidth 
The ADC's Input tracking circuitry has a 1.5MHz small­
signal bandwidth, so It is possible to digitize high­
speed transient events and measure periodic signals 
with bandwidtlls exceeding the ADC's sampling rate by 
using undersampling techniques. To avoid hlgh­
frequency signals being aiiased into the frequency 
band of interest, anti-alias filterings recommended 

Analog Inputs 
Internal protection diodes, which clamp the analog 
input to VDD and AGND, allow the channel Input pins to 
swing from (AGND - O.3V) to (VDDt O.3V) without dam-

Table 3. Control-Byte Format 

BIT7 
(MSB) 

START 

BIT 

BITS BIT 5 

SEL2 SEL 1 

NAME 

BIT4 

SELO 

age. However, for accurate conversions near fUI! scale, 
the inputs must not exceed VDD by more than 50mV or 
be lower than AGND IJY 50mV 

If the analog input exceeds SOmV beyond the sup­
plies, do not forward bias the protection diodes of 
off channels over 2mA. 

The MAX1112/MAXl113 can be configured for differen­
t;al or singie-ended inputs With bits 2 and 3 of the con­
trol byte (Table 3) In Single-ended mode, analog ,nputs 
are internally referenced to COM with a full-scale input 
range from COM to VREFIN + COM. For bipolar opera­
tion, set COM to VREFIN I 2 
In differential mode, chOOSing unipolar mode sets the 
differential input range at OV to VREFIN. In unipoiar 
mode, the output code IS invalid (code zero) when a 
negative differential input voltage is applied. Bipolar 
mode sets the differential input range to ±\iRUIN ! 2. 
Note that in this mode, the common-mode Input range 
includes both suppi'l raiis Refer to Table 4 for input 
voltage ranges -

Quick look 
To qUickly evaluate the MAX1112fMAX1113's analog 
performance, use the circuit of Figure 5. The 
MAXll12!MAX111.3 require a control byte to be written 
to DIN before each conversion. Tying DIN to +5V feeds 

BIT3 BIT2 

UNI/BIP SGUDIF 

DESCRIPTION 

BIT 1 

PDl 

BITO 
(LSB) 

PD~ 

7 (MSB) START The first logic "1" bit after CS goes low defines the beginning of the control byte. 

6 SEL2 
5 SEL 1 Select which of the input channels are to be used for the conversion (Tables 1 and 2). 
4 SELO 

3 UNliBIP 1 ~ unipolar. 0 ~ bipolar. Selects unipolar or bipolar conversion mode (Table 4). 

1 ~ Single ended, 0 ~ dirFerential. Selects single-ended or diFferential conversions. In single-
2 SGLlDIF ended mode. input signal voltages ale referred to COM. In clifferential mocle. If)e vottoge cliffer-

ence between two channels is measured. See Tables 1 and 2, 

1 PDl 
1 ~ fully operational, 0 ~ power-clown. 
Selects fully operational or power-down mode. 

l) (LSB) PDO 1 = external clock mode, 0 = internal clock mode. 
Selects external or internal clock rTIO(jc. 

10 



+511, Low.Power, Multi.Channel, 
Serial B·Bit ADCs 

Table 4. Full-Scale and Zero-Scale Voltages 

UNIPOLAR MODE BIPOLAR MODE 

Full Scale Zero Scale 
Positive Zero Negative 

Full Scale Scale Full Scale 

VREFiN + COM COM 
+VREFIN; 2 COrA -VREFIN / 2 

+ COM + COM 

in control bytes of SFF (hex), which trigger single­
ended, unipolar conversions on CH7 (MAXlll 2) or 
CH3 (MAXl113) in external clock mode without power­
ing down between conversions. In external clock mode, 
the SSTRB output pulses high for two clock pef!ods 
before the most signlf'.cant bit (MSB) oj the 8-blt COIl­

version result IS shifted out of DOUT. Varying the ana­
log input alters the output code. A total of 10 clock 
cycles is required per converSion. AI! transitions of the 
SSTRB and DOUT outputs occur on SCLK's falling 
edge. 

How to Start a Conversion 
A conversion is swrted by clocking a control byte into 
DIN. With CS low, each rising edge on SCLK clocks a bit 

OV-IO 

.MAXI.M 
MAX1112 
MAX17l3 

from DIN into the MAXll12/MAXlll3's internal shift reg­
ister. After CS falls, the first amving logic ''1'' bit at DIN 
defines the MSB of the control byte. Until thiS first start bit 
<'Hives, any number of logic "0" bits can be clocked into 
DIN with no effect. Tatde 3 shows the contrOl-byte format. 

The MAX1112/MAXll13 are compatible With 
MICROWIRE, SPI. and QSPI devices. For SPI. select the 
correct clock polarity and sampling edge in the SPI con­
trol registers: set CPOL ~ 0 and CPHA ~ O. MICROWIRE, 
SPI, and QSPI all transmit a byte and receive a byte at the 
same tme. Using the Typical Operating Circuit (Figure 3), 
the simplest softv.Jare interlace requires three 8-bit trans­
fers to perform a conversion (one 8-bit transfer to config­
ure the ADC, and two more 8-bit transfers to clock out the 

OSCILLOSCOPE 

seLK ...-----_r-j 
D!N...---t-5V 

SSTRB ..----. 

Dom..---. 

SHDN i\ C. 

·rlJlL· SCAl[ ANALOG INPUt COf'l:VI:.RS!ON R[SULl ;:. $FF (H[X) 

I, ) ARUOR THE MAX1111 

Figure 5. Quick-Look Circuit 

5COkHl 
OSCILLATOR 

CHl CH2 eel Ch4 
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+5V, Low-Power, Multi.Channel, 
Serial B-Bit ADCs 

1/0 cs 
SCK SClK 

MISO DOlJl 

Lf
v 

.MAXI.M 
MAXJ112 
MAXl713 

55 

aJ SPf 

cs cs 
SCK SClK 

MfS!] DCJUI usv 
.MAXI.M 

MAXI1I2 

55 
MAX7773 

bJ QSPI 

I/O CS 

SK SClK 

51 DOUT 

.MAXI.M 
MAXI 772 
MAXI 113 

c) MICROWIRE 

Figure 6. Common Serial-Inte:face Connections to the 
MAX11721MAXJ 7 73 

8-bit conversion result). Figure 6 shows the MAXll12/ 
MAXll13 common serial-Interface connections 

Simple Software Interface 
Make sure the CPUs serial interface runs In master 
mode so the CPU generates the serial clock. Choose a 
clock frequency from 50kHz to 500kHz. 

1) Set up the control byte for externai clock mode and 
call it TB1. TB1 snould be of the format 1 XXXXX11 
binary. where the XS denote the particular channel 
and conversion mode selected. 

2) Use a general-purpose I/O line on the CPU to pull 
CSlow. 

3) Transmit TB1 and, Simultaneously, rece,ve a byte 
and call It RB1. Ignore RB1. . 

4) Transmit a byte of all zeros ($00 hex) and, simulta­
neously, receive byte RB2. 

5) Transmit a byte of all zeros ($00 hex) and, simulta-
neously. receive byte RB3. 

6) Pull CS h'gll. 

Figure 7 shows the timng for this sequence. Bytes RB2 
and RB3 contain the result of the conversion padded 
With two leading zeros and six tra'l,ng zeros. The total 
conversion time '5 a function of the serial-clock 
frequency and the amount of idle time between 8-bit 
transfers. Make sure that the total conversior time does 
not exceed 1 ms, to aVOid excessive TfH droop 

CSI~ ________ ~~ ______________________ ~I 
~IAC(]---t 

SClK----' 

DIN ~ t 1"l1 1 StLlIS"G I '!'!IiI wi P"""Xl I 

I~----<~~ 
SSTRB ---'Lf:;;::====--;R;B;-I -====~. 4--~~~~~~~~~=~~~==-iRBlB33 -====:;.t, ---.ll 

DOUT f1llW WilH LEROS 

ACQUISITION 
A/O STAT[ lOll --........ 1 .... 4f1S; ..... 11oo ......... ------ COf:VERSION iOLL 

(fSClK - 500kHz) 

Figure 7. Singfe~Conversion Tirnjng, External Clock A1ode. 24 C.locks 
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+511, Low-Power, Multi-Channel, 
Serial 8-Bit ADCs 

Digital Output 
In unipolar input mode, the output is straight binary 
(Figure 15). For bipolar inputs, the output is two's·com· 
pi,ement (Figure 1.6). Data is clocked out at SCLK's 
failing edge in MSB-first format. 

Clock Modes 
The MAX1112/MAX1113 can use either an external ser­
ial clock or the 'nternal clock to perform the successive· 
approximation conversion. In both clock modes, the 
external clock shifts data in and out of the devices. Bit 
POD of the control byte programs the clock mode, 
F ,gures 8-11 show the timing characteristics common 
to both modes. 

External Clock 
In external clock mode, the external clock not only 
shifts data in and out. It aiSo drives the analog·to-digital 

\'--------
SCLK 

Dour 

Figure 8. Detailed Serial/me/face Timing 

cs--"""" 

\'-r-----I 
-----: t--+- Isov 

I 

I I SSIRlJ ~ ••• _____ --->: 

SClK 

f POO ClOC KlD IN 

Figure 9. External Clock Mode SS TRB Detaiied Timing 

conversion steps. SSTRB pulses high for two clock 
periods after the last bit of the contrOl byte. Successive· 
approximation bit decisions are made and appear at 
DOUT on each of the next eight SCLK fall ng edges 
(Figure 7). After the eight data bits are clocked out. 
subsequent clock pulses clock out zeros from the 
DOUT pin. 

SSTR~nd DOUT ';)0 into a high·ir:!J.Qedance state 
when CS goes high; after the next CS faLlng edge, 
SSTRB outputs a logiC low. Figure 9 shows the SSTRB 
timing In external clock mode. 

The conversion must complete ,n 1 ms, or droop on the 
sample-and·hold capacitors may degrade conversion 
results. Use internal clock mode if the seria'·clock fre· 
quency is less than 50kHz, or if serial-clock interruptions 
could cause the conversion intervai to exceed 1 ms. 

, 
!'4""-- !CSf', 
I 
I 

~ 
I ' --"1 t4-ISTR 

I 

:\ .. ~ 
I I 

--..1 t4-- tS'_~TR8 
I . 

I 
I 
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+511, Low.Power, Multi·Channel, 
Serial B·Bit ADCs 

~I~ ______________ ~~L ____ ~~~) __________ ~I 

SCLK--....J 

{( 

II 

SSIRIJ ------------,ys--J 
14- tCCNV -+I 

OOUT -.L ___________ -----',-':,'!-----l 

AID STATE I 
~ONVERSjOt.J-+0--______________ _ 

IDLE -----._+---. --r-- 251'slYP .-- IDLE 
lAce 

4p'i IlsCLK " 500kHz) 

Flgure 70. interna! Clock Mode li'ming 

[5 - ! \ : .,: L ________ ___ 

I I'" tcm", ----~I -.., ;+- 'ess 
~ :--kSH : r---- 'so'. ~ 

SSTRE 

--T--~\,---_---,I 

seLK ---' 

NOTE: FOR BEST NOISE PERFORMANCE. KEEP SCLK LOW DURI~:G CONVERSION 

Figure 77, internaf Clock MorJe SSTRB Detajled Timing 

Internal Clock 
Internal clock mode frees the IJP from the burden of 
running the SAR converSion ciock. This allows the con­
verSion results to be read back at the processor's con­
venience. at any Clock rate up to 2MHz. SSTR8 goes 
low at the start of the conversion and then goes high 
when the conversion IS complete. SSTRB !S low for 
25jJs (typically). during which time SCLK Should remain 
low for best nOise performance. 

An internal register stores data when the conversion is 
in progress. SCLK clocks the data out of this register at 
any time after the conversion is complete. After SSTRB 
goes high, the second falling clock edge produces the 
MSB of the conversion at DOUT, followed by the 

remaining bits in MSB-ftrst format (Figure 10). CS does 
not need to be held low once a converSion,s started. 
Pulling CS high prevents data from being clocked into 
the MAX1112iMAX1113 and three-states DOUT, but it 
does not adversely affect an internal clock-mode con­
version already in progress. When internal clock mode 
is seiected,.2,?TRB does not go into a high-impedance 
state when CS goes Iligh. 

Figure 11 shows the SSTRB timing In internal clock 
mode. In this mode, data can be shifted in and out of 
the MAX1112/MAX111 3 at clock rates up to 2MHz, pro­
·.,ilded that the min,mum acquls'ltlon time, tACQ, ,s kept 
above 11Js. 
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+5V, Low-Power, Multi-Channel, 
Serial B-Bit ADCs 

ES I 
SCLK 

DIN msl COIHROl BYTl 0 1,1 COO]ROl BYTE 1 I S I COOIROl BYIU I s I CONTROL B'IT[ 3 

DOUT -----, I B7 80 1 I 87 80 1 I B7 

CONVERSIO, RESUl] 0 CO'V£RSIO~ HESUl! 1 CONVIRS)[l!\: R[SUL T 2 

SSIRB L-______ ~r_lL ________ ~r_lL ________ ~r_lL ______ _ -----, 

Figure 123, Continuous Conversions, External Clock Mode, 70 Clocks/Conversion TimIng 

CS~L __________ ~~~ ________________________ ~~~ __________ _ 

SCLK 

DIN 2QQQI'J s I CONTROL BYTE 0 I S I COO]ROl Bm 1 

DOli] ----,L _______ -.l5OOOOll=!QQ~_t.:1 8"-7 ________ B~Q~I ______ ___ll5OOOOllQQQQL______'I__'B"_J ____ _ 

C()W[RSIOO RlSULI 0 CONVlRSIO~: RESUlIl 

Figure 12b. Continuous Conversions. External Clock Mode, 16 Clocks/Conversion Timing 

_ Data Framing 
The falling edge of CS does not start a converSion. The 
first log'c high clocked into DIN is Interpreted as a start 
bit and defines the first bit of the control byte. A conver­
sion starts on the falling edge of SCLK. after the eighth 
bit of tile control byte (the PDO bit) IS clocked into DIN. 
The start bit is defined as: 

The first high bit clocked ,nto DIN witll CS low any 
time the converter IS idle, e.g .. after VDD is applied. 

OR 
The first high bit clocked ,nto DIN after the MSB of a 
conversion In progress is clocked onto the DOUT 
pin 

AIIAXlhI 

If CS is toggled before the current conversion IS com­
plete, then the next high bit clocked Into DIN is recog­
nized as a start 11it; the current conversion is 
terminated, and a new one is started. 

The fastest the MAXl112/MAXll13 can run is 10 
clocks per conversion. Figure 128 shows the serial­
interface timing necessary to perform a conversion 
every 10 SCLK cycles ,n external clock mode. 

Many microcontrollers require trlat conversions occur in 
multiples of eight SCLK clocks; 16 clocks per conver­
sion is typically the fastest that a microcontroller can 
drive the MAX1112/MAX1113. Figure 12b shows the 
serial-interface timing necessary to perform a conver­
sion every 16 SCLK cycles in external clock mode. 
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+511, Low.Power, Multi·Channel, 
Serial B·Sit ADCs 

____ Applications Information 
Power-On Reset 

When power IS first applied, and if SHDN is not pulled 
10'N, internal power-on reset circuitry activates the 
MAX1112/MAX1113 in Internal clock mode. SSTRB is 
high on power-up and, if CS is low, the first logical 1 on 
DIN is interpreted as a start b',!. Until a converSion takes 
place, DOUT shifts out zeros. No conversions should 
be performed until the reference voltage has stabilized 
(see the Wakeup Time specifications in the Timing 
Ci1araclenslics) . 

Power-Down 
When operating at speeds below the maximum sam­
pl.ng rate, the MAX1112/MAX1-113's automatic power­
down mode can save considerable power by placing 
the converters in a low-current shutdown state between 
conversions. Figure 13 shows the average supply cur­
rent as a function of the sampling rate. 

Select power -down with PDl of the DIN control byte 
with SHDN high or floating (Table 3). Pull SHDN low at 
any time to s6ut down the converters completely. SHDN 
overrides PD1 of the Control byte. Figures 14a and 14b 
illustrate the various power-down sequences In both 
external and internal clock modes. 

Software Power-Down 
Software pmver-down is activated using bit PDl of the 
control byte. When software power-down is asserted, the 
ADCs continue to operate in the last specified clock 
mode until the conversion is complete. The ADCs then 
power down into 3 low quiescent-current state. In internal 
clock mode, the interface remains act,ve, and conversion 
results may be clocked out after the MAX11121 
MAX 1113 have entered a software power-down 

The first log,cal 1 on DIN IS Interpreted as a start bit. 
whic!l powers up the MAXlll2!MAX1113. If the DIN tJyte 
contains PO, = 1, then the Chip remains powered up If 
PDl = 0, power-down resumes after one convers'on. 

Table 5. Hard-Wired Power-Down and 
Internal Reference State 

SHDN DEVICE INTERNAL 
STATE MODE REFERENCE 

1 Enilbleci Disabled 

Floating Enabled Enabled 

0 Power-Down Disabled 

Hard-Wired Power-Down 
Pulling SHDN low places the converters in hard-wired 
power-down. Unlike software power-down. tile conver­
sion is not completed; it stops coincidentally with SHDN 
being brought low. SHDN also controls the state of the 
internal reference (Table 5). Letting SHDN float enables 
tile internal 4.096V VOltage reference. When returning to 
normal operation with SHDN floating, there is a tRe 
delay of approximately 1 MQ x CLOAD, where CLOAD is 
the capacitive loading on the SHDN pin. Pulling SHDN 
high disables the internal reference, which saves power 
when using an external reference. 

Externa' Reference 
An external reference between Wand VDD should be 
connected directly at the REFIN termlna',. The DC input 
impedance at REFIN is extremely high, consisting of 
leakage current only (typically i OnA). During a conver­
sion, the reference must be able to deliver up to 20llA 
average load current and have an output impedance of 
1 kQ or less at the conversion clock frequency. If the 
reference has Illgher output impedance or is noisy, 
bypass it close to the REFIN pin with a ° 11lF capacitor. 

If an external reference IS used with the MAX1112! 
MAX1113. tie SHDN to VDD to disable the internal refer­
ence and decrease power consumption. 
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Figure 13. Average Supply Current V5, Samphng Ratc 
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+5V, Low-Power, Multi-Channel, 
Serial 8-Sit ADCs 

, 
CLOCK - INT[RNAL --l.~: .. ..------
MODt 1 

EX!E~NAL • : 4 EXTERNAL ----

SHDN-----~-----------------------l_, ---, 
, , ~----J-- SUS EXflR';,~L SllS POWER- sus ExrER~A_ , 

I CLOCK MODl r OO'N~ MODE CLOCK MODl \ ' 
.: ' " '~~~r',... ,,\ 

DIN.--I~d'~H~+~I'I...,.!i'I!1 L _____ lslxlxlxl<l>ldl'-____ ----<!slxl xI,lxIx 1, I, L-----'-___ ,L' __ 
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, " 
1 1 I 1 PO'NERED 

MOUl------ POWERED UP 'POWER-" ' POWER ":4 UP ------------< ... ..,: DOWN i'4- PCv/ERED UP ~ DOWN , 

Figure 143, Power-Down A-Iodes, External Ciock Timing Diagram 

, 
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... 1 r ~t~~~~~~l ;-sus POWIR -OOWN MOD£ 
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SSTPJl -----~ 
CONVERSION CONVERSION r , , 

MODE ----------- PCtNERED UP ----------~.~i""4f--- POWER-DOWN It; III 

Figure 14b, Power-Down Modes, Internal Clock Timing Diagram 

.ntema. Reference 
To use the MAX1112!MAX1113 with the !nternal refer­
ence' connect REFIN to REF OUT, The full-scale range 
of the MAX1112/MAXll13 with the internal reference is 
typlcaily 4096V with unipolar inputs, and ±2.048V With 
bipolar inputs. The internal reference should be 
bypassed to AGND with a 1 ~F capacitor placed as 
close to the REFIN pin as possible. 

1 POWH~D 

UP 

Transfer Function 
Table 4 shows the ful-scale voltage ranges for unipolar 
and bipolar modes. Figure 15 depicts ttle nominal. 
unipOlar 1/0 transfer function, and Figure 16 shows the 
bipolar 110 transfer function when using a 4.096V refer­
ence. Code tranSitions occur at integer LSB values. 
Output coding is binary .... ,ith 1 LSB ~ 16mV 
(4.096V!256) for unipolar operation and 1 LSB ~ 16mV 
[(4096V/2 - A.096V/2)1256] for bipolar operation . 
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+511, Low-Power, Multi-Channel, 
Serial B-Bit ADCs 

oUIPur CODE 

11111111 ~ 
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I 
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f-)gure 75. Unipolar Transfer Funcrion 
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Figure 76. Bipo!ar Transfer Function 
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• OPIIO~AL 

SUPPliES 

.JMAXI.JM 
MAX17J2 
'UAX77!3 

OIGllill 
CIRCUITRY 

Figure 7 7. Power-Supply Grounding Connections 

Layout, Grounding, and Bypassing 
For best performance, use printed CIrCUIt boards. Wire­
wrap boards <lre not recommended. Board layout 
should ensure that digital and ana!og signal lines are 
separated from each other. Do not run analog and digi­
tal (especially clock; lines para lei to one another, or 
digitai lines underneath the ADC package. 

Figure 17 shows the recommended system ground 
connections. A single-point analog ground (star ground 
point) shOUld be established at AGND, separate from 
thA logic ground~ Connect ali other analog grounds and 
DGND to the star ground. No other digital system 
ground should be connected to this ground. The 
ground return to the power supply for the star ground 
should be low impedance and as short as possible for 
noise-free operation. 

High-frequency noise in the VDD power supply may 
affect the comparator in the ADC. Bypass thE' supply to 
the star ground with 0.1 [.IF and 1 [.IF capacitors close to 
the VDD pin of the MAX111 2/MAX~ -, 13. Minimize 
capacitor lead lengths for best supply-noise rejection. If 
the +5V power supply IS very nOISY, a 10n resistor can 
be connected to form a lowpass fiiter. 
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TOP VIEW 

CH2 

CH3 

CH4 

ell5 

CH6 

DIP/SSOP 

+511, Low-Power, Multi-Channel, 
Serial B-Bit ADCs 

Pin Configurations 

cs CHI 

CH2 

SSlRB 

COM 

RUlr" 

DIP/QSOP 

_Ordering 'nformation (continued) ________ Chip 'nformation 

PART TEMP. RANGE 

MAX1112EPP -40"C to +85'C 

MAX1'112EAP -40T to +85'C 

MAX1112MJP -55'C to + 125"C 

MAX1113CPE O'C to + 70'C 

MAX1113CEE Q'C to +7Q'C 

MAX1113EPE -40'C to +8S'C 

MAX1113EEE -40·C to +85"C 

MAX1113MJE -5S'C to + 125'C 

"'" Contact factory for aVAilability. 

PIN·PACKAGE 

20 Plastic DIP 

20 SSOP 

20 CERDIP" 

16 Plastic DI P 

16 QSOP 

16 Plastic DIP 

16QSOP 

16 CERDIP" 

TRANSISTOR COUNT 1996 

SUBSTRATE CONNECTED TO DGND 
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LAMP IRAN V: DATA SHEET AT89C51 

Features 
• Compatible with MCS-51 T

';{ Products 
• 4 Kbytes of In-System Reprogrammable Flash Memory 

Endurance: 1,000 Write/Erase Cycles 
• Fully Static Operation: 0 Hz to 24 MHz 
• Three-Level Program Memory Lock 
• 128 x 8-Bit Internal RAM 
• 32 Programmable I/O Lines 
• Two 16-Bit Timer/Counters 
• Six Interrupt Sources 
• Programmable Serial Channel 
• Low Power Idle and Power Down Modes 

Description 
The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4 
Kbytes of Flash Programmable and Erasable Read Only Memory (PEROM). The 
device is manufactured using Atmel's high density nonvolatile memory technology 
and is compatible with the industry standard MCS-51D' instruction set and pinout. 
The on-Chip Flash allows the program memory to be reprogrammed in-system or by 
a conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU 
with Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer 
which provides a highly flexible and cost effective solution to many embedded control 
applications. 

Pin Configurations 

INDEx 
CORNER 

(,XD\ P:;L 1 - 7 
(IN""'C: P3.2 =: B 
lfN":"-;-:' P:'L3 9 

r-:-c,\ P3,4 ::-..: 10 
(-1) P3.5 = i 1 

PQFPITQFP 
0.-- C'j,.., 
0'::'00 
««<t 

0 0 -"l"" 
~.--~~~{)Uoooo 
o...a...o..a.u.z>Il..Il..CL.Q.. --'- -----,-

ooo-""..,~ 

z z"""" "" "" C'J 
ClCJe-D.Il..D.D. 

(continued) 
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:!Iock Diagram 
P2.0 - P2.7 ... ... ... .................. ... 
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Description (Continued) 
rhe AT89C51 provides the following standard features: 4 
(bytes of Flash, 128 bytes of RAM, 321/0 lines, two 16-bit 
imerlcounters, a five vector two-level interrupt architec­
ure, a full duplex serial port, on-chip oscillator and clock 
;ircuitry. In addition, the AT89C51 is designed with static 
ogic for operation down to zero frequency and supports 
wo software selectable power saving modes. The Idle 
\/lode stops the CPU while allowing the RAM, timer/count­
~rs, serial port and interrupt system to continue function­
ng. The Power Down Mode saves the RAM contents but 
reezes the oscillator disabling all other chip functions until 
he next hardware reset. 

;)in Description 
Icc 

:;upply voltage. 

~ND 

3round. 

'ort 0 

'art 0 is an 8-bit open drain bidirectional 1/0 port As an 
lutput port each pin can sink eight TTL inputs. When 1s 
Ire written to port 0 pins, the pins can be used as high-im­
ledance inputs. 

'art 0 may also be configured to be the multiplexed low­
lrder address/data bus during accesses to extemal pro­
Iram and data memory. In this mode PO has intemal pul­
ups. 

'art 0 also receives the code bytes during Flash program­
ning, and outputs the code bytes during program verifica­
ion. External pull ups are required during program verifica­
ion. 

'ort 1 

'art 1 is an 8-bit bidirectionallJO port with intemal pullups. 
'he Port 1 output buffers can sink/sou rce four TIL inputs. 
Vhen 1 s are written to Port 1 pins they are pulled high by 
he internal pullups and can be used as inputs. As inputs, 
'art 1 pins that are externally being pulled low will source 
:urrent (ilL) because of the internal pullups. 

'art 1 also receives the low-order address bytes during 
:Iash programming and program verification. 

'ort 2 

'art 2 is an 8-bit bidirectional If 0 port with internal pullups. 
'he Port 2 output buffers can sink/source four TIL inputs. 
Vhen 1 s are written to Port 2 pins they are pulled high by 
1e internal pullups and can be used as inputs. As inputs, 
'art 2 pins that are externally being pulled low will source 
urrent (ilL) because of the internal pullups. 

'art 2 ernits the high-order address byte during fetches 
'om external program memory and during accesses to 
xtemal data memory that use 16-bit addresses (MOVX 

AT89C51 

@ DPTR). In this application it uses strong internal pull ups 
when emitting 1s. During accesses to external data mem­
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits 
the contents of the P2 Special Function Register. 

Port 2 also receives the high-order address bits and some 
control signals during Flash programming and verification. 
Port 3 

Port 3 is an 8-bit bidirectionallJO port with internal pUliups. 
The Port 3 output buffers can sink/source four TIL inputs. 
When 1 s are written to Port 3 pins they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (IlL) because of the pullups. 

Port 3 also serves the functions of various special features 
of the A T89C51 as listed below: 

Port Pin 
P3.0 

P3.1 

P3.2 

P3.3 
P3.4 
P3.5 

P3.6 

P3.7 

Alternate Functions 

RXD (serial input port) 

TXD (serial output port) 

INTO (extenal interrupt 0) 

INT1 (extenal interrupt 1) 

TO (timer 0 extenal input) 

T1 (timer 1 extemal input) 

WR (extenal data memory write strobe) 

.... _~PJE!xt~rnill~ata mern()r}lJ~ill!!>trobe) 

Port 3 also receives some control signals for Flash pro­
gramming and programming verification. 

RST 

Reset input. A high on this pin for two machine cycles 
while the oscillator is running resets the device. 

ALE/PROG 

Address Latch Enable output pulse for latching the low 
byte of the address during accesses to external memory. 
This pin is also the program pulse input (PROG) during 
Flash programming. 

In normal operation ALE is emitted at a constant rate of 
1/6 the oscillator frequency, and may be used for external 
timing or clocking purposes. Note, however, that one ALE 
pulse is skipped during each access to external Data 
Memory. 

If desired, ALE operation can be disabled by setting bit 0 
of SFR location 8EH. With the bit set, ALE is active only 
during a MOVX or MOVC instruction. Otherwise, the pin is 
weakly pulled high. Setting the ALE-disable bit has no ef­
fect if the microcrontroller is in external execution mode. 

PSEN 

Program Store Enable is the read strobe to external pro­
gram memory. 

(continued) 
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flin Description (Continued) 
Nhen the AT89C51 is executing code from extemal pro­
lram memory, PSEN is activated twice each machine cy­
;Ie, except that two PSEN activations are skipped during 
~ach access to external data memory. 
,-ANpp 

:::xternal Access Enable. EA must be strapped to GND in 
lrder to enable the device to fetch code from extemal pro­
lram memory locations starting at OOOOH up tQ..fFFFH. 
~ote, however, that if lock bit 1 is programmed, EA will be 
nternally latched on reset. 

:::A should be strapped to Vee for intemal program execu­
ions. 

rhis pin also receives the 12-volt programming enable 
'oltage (Vpp) during Flash programming, for parts that re­
luire 12-volt VPP. 

(TAl1 

nput to the inverting oscillator amplifier and input to the 
1ternal clock operating circuit. 
(TAL2 

)utput from the inverting oscillator amplifier. 

)scillator Characteristics 
(TAL 1 and XTAL2 are the input and output, respectively, 
If an inverting amplifier which can be configured for use 
IS an on-chip oscillator, as shown in Figure 1. Either a 
luartz crystal or ceramic resonator may be used. To drive 
1e device from an external clock source, XTAL2 should 
Ie left unconnected while XT AL 1 is driven as shown in 
:igure 2. There are no requirements on the duty cycle of 
1e external clock signal, since the input to the internal 
locking circuitry is through a divide-by-two flip-flop, but 
linimum and maximum voltage high and low time specifi­
ations must be observed. 

die Mode 
, idle mode, the CPU puts itself to sleep while all the on­
hip peripherals remain active. The mode is invoked by 
oftware. The content of the on-chip RAM and all the spe­
ial functions registers remain unchanged during this 

mode. The idle mode can be terminated by any enabled 
interrupt or by a hardware reset. 

It should be noted that when idle is tem1inated by a hard­
ware reset, the device normally resumes program execu­
tion, from where it left off, up to two machine cycles before 
the intemal reset algorithm takes control. On-chip hard-

Figure 1. Oscillator Connections 
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Figure 2. External Clock Drive Configuration 
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lIIare inhibits access to internal RAM in this event, but ac­
:ess to the port pins is not inhibited. To eliminate the pos­
sibility of an unexpected write to a port pin when Idle is 
:erminated by reset, the instruction following the one that 
nvokes Idle should not be one that writes to a port pin or 
:0 extemal memory. 

Power Down Mode 
n the power down mode the oscillator is stopped, and the 
nstruction that invokes power down is the last instruction 
~xecuted. The on-chip RAM and Special Function Regis­
ers retain their values until the power down mode is termi­
lated. The only exit from power down is a hardware reset. 
~eset redefines the SFRs but does not change the on­
chip RAM. The reset should not be activated before Vee 

Lock Bit Protection Modes 

Program Lock Bits 

LB1 LB2 LB3 Protection Type 

U U U 

AT89C51 

is restored to its normal operating level and must be held 
active long enough to allow the oscillator to restart and 
stabilize. 

Program Memory Lock Bits 
On the chip are three lock bits which can be left unpro­
grammed (U) or can be programmed (P) to obtain the ad­
ditional features listed in the table below: 

When lock bit 1 is programmed, the logic level at the EA 
pin is sampled and latched during reset. If the device is 
powered up without a reset, the latch initializes to a ran­
dom value, and holds that value until reset is activated. It 
is necessary that the latched value of EA be in agreement 
with the current logic level at that pin in order for the device 
to function properly. 

2 P U U 
MOVC instructions executed from extemal.Q!!lgram memory are disabled from 
fetching code bytes from intemal memory, EA is sampled and latched on reset, and 
further programming of the Flash is disabled .. 

3 

4 

P 

P 

U 

P 

Same _~s~ode?'<lI~o verifyis.~i~t)\ed: .. 

Sallle as mode. 3, also extemalexecution is dis.a~led: _______ .. 

;)rogramming the Flash 
:he AT89C51 is normally shipped with the on-chip Flash 
nemory array in the erased state (that is, contents'" FFH) 
Ind ready to be programmed. The programming interface 
Iccepts either a high-voltage (12-volt) or a low-voltage 
Vee) program enable signal. The low voltage program­
ning mode provides a convenient way to program the 
,T89C51 inside the user's system, while the high-voltage 
~rogramming mode is compatible with conventional third 
.arty Flash or EPROM programmers. 

'he AT89C51 is shipped with either the high-voltage or 
lw-voltage programming mode enabled. The respective 
JP-side marking and device signature codes are listed in 
1e following table. 

Top-Side Mark 

Signature 

Vpp= 12V 

AT89C51 
xxxx 

... ·iy""·N 
(030H)=1EH 
(031H)=51H 
(032H)=FFH 

Vpp=5V 

AT89C51 
xxxx-5 

... Y'fI"!'_._ 
(030H)=1EH 
(031H)=51H 
(032H)=05H : 

The AT89C51 code memory array is programmed byte­
by-byte in either programming mode. To program any 
non-blank byte in the on-chip Flash Memory, the entire 
memory must be erased using the Chip Erase Mode. 

Programming Algorithm: Before programming the 
AT89C51, the address, data and control signals should be 
set up according to the Flash programming mode table 
and Figures 3 and 4. To program the AT89C51, take the 
following steps. 

1. Input the desired memory location on the address 
lines. 
2. Input the appropriate data byte on the data lines. 
3. Activate the correct combination of control signals. 
4. Raise EANpp to 12 V for the high-voltage program­
ming mode. __ 
5. Pulse ALE/PROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed and 
typically takes no more than 1.5 ms. Repeat steps 1 
through 5, changing the address and data for the entire 
array or until the end of the object file is reached. 

Data Polling: The AT89C51 features Data Polling to indi­
cate the end of a write cycle. During a write cycle, an at-

5 
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Programming the Flash (Continued) 

tempted read of the last byte written will result in the com­
plement of the written datum on PO.7. Once the write cy­
cle has been completed, true data are valid on all outputs, 
and the next cycle may begin. Data Polling may begin any 
time after a write cycle has been initiated. 

Ready/Busy: The progress QLQyte programming can 
also be monitored by the RDY/BSY output signal. P3.4 is 
pulled low after ALE goes high during programming to in­
dicate BUSY. P3.4 is pulled high again when program­
ming is done to indicate READY. 

Program Verify: If lock bits LB 1 and LB2 have not been 
programmed, the programmed code data can be read 
back via the address and data lines for verification. The 
'ock bits cannot be verified directly. Verification of the lock 
Dits is achieved by observing that their features are en­
abled. 

Chip Erase: The entire Flash array is erased electrically 
Dy using the proper combination of control signals and by 
lolding ALEIPROG low for 10 ms. The code array is writ­
:en with all "1"s. The chip erase operation must be exe­
Juted before the code memory can be re-programmed. 

Flash Programming Modes 

ALE' 
Mode RST PSEN PROG 

Write Code Data H L \J-

Read Code Data H L H 

Write Lock Bit - 1 H L \J" 

Bit- 2 H L \J-
(2) 

Bit - 3 H L ~.-

----

Chip Erase H L ,~ 

---------------- -

Read Signature H L H Byte 

~otes: 1. The signature byte at location 032H deSignates 
whether Vpp " 12 V or Vpp " 5 V should be used to 
enable programming. 

AT89C51 

Reading the Signature Bytes: The signature bytes are 
read by the same procedure as a normal verification of 
locations 030H, 

031H, and 032H, except that P3.6 and P3.7 must be 
pulled to a logic low. The values retumed are as follows. 

(030H) = 1 EH indicates manufactured by Atmel 
(031 H) = 51H indicates 89C51 
(032H) = FFH indicates 12 V programming 
(032H) = 05H indicates 5 V programming 

Programming Interface 
Every code byte in the Flash array can be written and the 
entire array can be erased by using the appropriate com­
bination of control signals. The write operation cycle is 
self-timed and once initiated, will automatically time itself 
to completion. 

All major programming vendors offer worldwide support 
for the Atmel micro controller series. Please contact your 
local programming vendor for the appropriate software re­
vision. 

EAt 
Vpp P2.6 P2.7 P3.6 P3.7 

H/12V1) L H H H 

H L L H H 
--- --- -------- - -----------------------

H/12V H H H H 

H/12V H H L L 

H/12V H L H L 

H/12V H L L L 

--- -- ------------

H L L L L 

2. Chip Erase requires a 10 ms PROG pulse. 



AT89C51 

Figure 3. Programming the Flash Figure 4. Verifying the Flash 

+51/ 
AT89C51 0 AT89C51 

ADDR. 
AO - A7 

P1 vee AO - A7 Vee ADDR. P1 
OOOOH/OFFFH PGM OOOOH/OFFFH P2.0 - P2.3 PO DATA P2.0 - P2.3 PO 

P2.6 P2.6 

SEE FLASH P2.7 ALE PROG SEE FLASH P2.7 ALE 
PROGRAMMING PROGRAMMING 
MODES TABLE~- P3.6 MODES TABLE P3.6 

P3.7 P3.7 

4-24 MHz 1 r XTAL 2 EA V,efVpp 

4-24 MHz 1 • 
XTAl2 EA 

~I 
::::: 

l lfl II XTAl 1 RST V'H XTAl 1 RST 

1 GND PSEN 1 GND PSEN 

-

=Iash Programming and Verification Characteristics 
rA = 21°C to 2rc, VCC = 5.0 ± 10% 

Symbol Parameter Min 

Vpp(1) Programming Enable Voltage 11.5 
------------------ f- --------------------------------------------- - - ---------------------

Ipp(1) Programming Enable Current 
----- 1-------- -----

1/tCLCL Osc:illator Frequenc;:c=y==-______ 4_ 

tAVGL Add!Elss_Setup tOfl~()c;Lo\\, 

tGHAX Address Hold After PROG 

48tcLCL 

48tcLCL 
-- - -~------------- - ------_ .. _------_._-- -------_._-------------" - _. ------_._------------

tDVGL Data Setup to PROG Low 
-----._----- ------------=-:.-----~--

tGHDX Data Hold After PROG 
. -- ----- ------------- -- ------------

tEHSH P2.7 (ENABLE) High to Vpp 

48tcLCL 

48tcLCL 

48tCLCL 

10 tSHGL 
tGHSL(1Y--

------

Vpp Hold After PROG 10 

tGLGH PROG Width 
._- -- -----

tAVQV Address to Data Valid 

tELQV ENABLE Low to Data Valid 
--------------- ----- --------------

lEHQV Data Float After ENABLE o 
----~ . ._-----

-

Max 

12.5 

1.0 

24 
---------~ 

110 

48tCLCL 

48tcLCL 

48tCLCL 

+51/ 
0 

PGM DATA 
• (USE 10K 

PULLUPS) 

Units 

V 

mA 

MHz 

.VIH 

- V1H 

~ 

tGHBL ________ PROc;fii~l1_t()E3USy L()\\I 1.0 

2.0 

_____ 1:15 __ _ 

twc Byte Write Cyde Time ms _.._-- -----
lote: 1. Only used in 12-volt programming mode_ 
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=Iash Programming and Verification Waveforms - High Voltage Mode 

P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALE/PROG 

EAlVpp 

P2.7 
(ENABLE) 

P3L 
(RDY/BSy) 

tAVGL 

tSHGL 

/ 

------------

PROGRAMMING VERIFICATION 

ADDRESS ADDRESS 

--10 I+- tAVQV 

l . ' 
DATA IN DATA OUT 

~tovGL tGHDXH 
tGHAX 

~. ! 
"'--~LGH-' 

tGHSL 

Vpp l \hOGIC 1 ------------i-----______________ ~ ______ ~9_~Q~ 
-.-------- -------.-~ 

fo--tEHSH t - +-- tEHQZ 

,--~=BU=S::..:Y } READY 

twe ==::j 

=Iash Programming and Verification Waveforms - Low Voltage Mode 
P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALEIPROG 

EAlVpp 

~2-
(ENABLE) 

P3L 
(RDY/BSY) 

PROGRAM ING IFICATIO M VER N 

ADDRESS ADDRESS 

1 --10 I+- tAVQV 
: I 

DATA 
i 

IN DATA OUT 

i Rt[JVGL 

, 

~HDXi~ 
tGHAX tAVGL :-----: 

, , 
tSHGL~ la i 

1 ---- GH----': 

:, 
1 LOGIC 1 

////////////// _____________ ~- ___ __ !-991G. Jl_ ---------- ---------

,+--tEHsH 
, 

fo-- tEHQZ 
tELQV ---.:, \--~ ~ 1 

__ ~~~~ __ ~~ __ ~~_H_B_L~~~: -.I~BUSY ___ }~~R~EA~DY~------
~twe ~ 

AT89C51 



AT89C51 

Absolute Maximum Ratings* 

Operating Temperature ................... -55'C to +125'C 

Storage Temperature ...................... -65'C to +150'C 

Voltage on Any Pin 
with Respect to Ground ................... -1.0 V to +7.0 V 

'NOTICE: Stresses beyond those Jlsted under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions beyond those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

Maximum Operating Voltage ............................ 6.6 V 

DC Output Curren!... .................................... 15.0 mA 

D.C. Characteristics 
rA" -40'C to 85'C, Vee" 5.0 V ± 20% (unless otherwise noted) 

Symbol Parameter Condition Min Max Units 
(Except EA) VIL Input low Voltage '----c=-__ -0.5 0.2 Vee-O.l V 

----~ .......... ---~---.- .. 

Vill ..___Input low\f<JIt"g~(§'\) -0.5 0.2 Vee-0.3 V 
------,------------ -

VIH 

VIHl 

VOL 

VOL1 

VOH 

VOH1 

III 

ITL 

III 

RRST 

CIO 

Icc 

Input High Vottage (Except XTAll, RST) 
-~---------.-.. 

0.2 Vee+0.9 

0.7 Vee .ln~utHigh Volta!l~ 

Output low Voltage(1) 
....... {Ports 1 ,2,3) . 

Output low Voltage(l) 
(f'<JrtD,AlE, pS.E~L 

(XT"ll,R_s.·r) ... 

IOl = 1.6 mA 

IOl = 3.2 mA 

Output High Volta9!L.- £Q/:'-= -60 IJA, Vee = S. Vj: . .cl-,-O°,-=~ ___ 2.4 
(Ports 1,2,3, ALE, PSEN) IOH=35_~_ 0.75 Vee 

___ ~ IQf! = -10 IJA g(,jY-c:e 

Output High Voltage 
(Port 0 in External Bus Mode) 

logical 0 Input Current 
... (Ports 12,~) . 

logical 1 to 0 Transition 
........ __ c:urrent.(Ports},2,3) 

Input leakage Current 
(portQ'_E:"L 
Reset Pulldown Resistor 

Pin Capacitance 

Power Supply Current 

Power Down Mode(2) 

IQfi=_::.8.Q.OJ1~,Vec;=5Y-:t..1Q"Io_ 2.4 

Ig_H=~:3QO IJA __ .... 0 75.Y-e..c;..___ 

10H " -80J.lA 

VIN = 0.45 V 

VIN= 2V 

0.45 < VIN < Vee 

Test Freq. = 1 MHz, TA = 25'C 

Active Mode, 12 MHz 

Idle Mode, 12 M~H~z~_~ 

\/c;c;=.fUI 
Vee = 3 V 

__ -,0",.9 Vee 

50 

Vec+0.5 V 

Vee+0.5 

0.45 

0.45 

V 

v 

V 

V 

V 

V 

V 
V 
V 

-50 IJA 

-650 IJA 
-----------------

±10 IJA 

300 Kn 
--------- - -

10 pF 

20 mA 

5 mA 

.1 QQ ______ ....yA 
40 ... JIA 

lotes: 1. Under steady state (non-transient) conditions, IOl 
must be externally limited as follows: 

Maximum totallOl for all output pins:71 mA 
If IOl exceeds the test condttion, VOL may exceed the 
related specification. Pins are not guaranteed to sink 
current greater than the listed test conditions. 

Maximum IOl per port pin: 10 mA 
Maximum IOl per 8-bit port: 
Port 0:26 mA 
Ports 1,2. 3: 15 mA 

2. Minimum VCC for Power Down is 2 V. 
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A.C. Characteristics 
~Under Operating Conditions; Load Capacitance for Port O. ALElPROG, and PSEN = 100 pF; Load Capacitance for all 
)ther outputs = 80 pF) 

External Program and Data Memory Characteristics 
12 MHz Oscillator 16 to 24 MHz Oscillator 

Symbol Parameter 

1/tCLCL 

tLHLL 

Oscillator Frequency 

ALE Pulse Width 

Min 

127 
------------------- ----"---- -------"-------

IAVLL 

tLLAX 

Address Valid to ALE Low 
----+--

Address Hold After ALE Low 

28 

48 

Max Min Max Units 

o 24 MHz __ c=-"--__ --+_. 
2tCLCL-40 ns 

- -------------- ------ - ------------------

tCLCL-13 

tCLCL-20 

ns 

ns 
-----+--

tLLlV 

tLLPL 

tpLPH 

ALE Low to Valid Instruction In 233 4tCLCL-65 ns 
--------- - ----"--------- .. ------" --- - ---- -------------------------

ALE Low to PSEN Low 43 

PSEN Pulse Width 205 

tPLlV PSEN Low to Valid Instruction In 

tPXIX Input Instruction Hold After PSEN o 
-----.---._- --.- -------

tPXIZ Input Instruction Float After PSEN 
---- - -------------- --- - .. _----------------------------------------------- --- .... ------------------

tpXAV PSEN to Address Valid 75 

IAvlv Address to Valid Instruction In -------- ------+----
tpLAZ PSEN Low to Address Float 

----------------- ----- ---------------- ----------------- -

tRLRH RD Pulse Width 400 -.- ------------------------

tWLWH WR Pulse Width 

tRLDV RD Low to Valid Data In 
. - ------------ - ------------------

tRHDX Data Hold After RD 

tRHDZ Data Float After RD 

ALE Low to Valid Data In 

Address to Valid Data In 
. --------------------

ALE Low to RD or WR Low -----Address to RD or WR Low 

400 

o 

200 

203 

tCLCL-13 ns 

3tCLCL-20 ns 

145 3tcLCL-45 ns 

o ns 
----~-------- ---------

59 -+_ .. tCLCL-10 ns 

tCLCL-8 ns 

312 5tcLCL-55 ns 

10 10 ns 

6tCLCL-100 ns 
----------------

6tcLCL-100 
---------1----

ns 

252 5tcLCL-90 ns 

o ns 
----- -

97 2tCLCL -28 ns 
._--- ---

517 8tCLCL-150 ns 

585 9tCLCL-165 ns 
---------------- ----------------_.- ------ ---------------

300 3tcLCL -50 3tcLCL +50 ns 
--1------- .. --------.... 

4tcLCL-75 ns 

tLLDV 

tAvDV 

tLLWL 

tAVWL 

tovwx Data Valid to WR Transition 23 tCLCl-20 ns 

tOVWH 

tWHOX 

tRLAZ RD Low to Address Float 

433 7tCLCl-120 --+-----_.- ------------+ 
33 tCLCL-20 

I -
o -------. _ .. -_-----=-___ - ------ -t---- o 

tWHLH R[)()~'lVRHi!)ht(lAL EJ-ii!)h __ 43 123 tclCl-20 tCLCL +25 

o AT89C51 

ns 

ns 

ns 

ns 



______________ AT89C51 

External Program Memory Read Cycle 

i:== ItHLL ~.i. 
ALE ---1 "\~~~~~~~_/ 

PSEN 

tAVLL ItLiV 

tpLPH 

t ! -----+i LLPL !~ 

'i: tpLiV Y 
----tol ~tpLAZ 

)-tpXAv-t 

tLLAX t. tpXIZ : 
• 

tpXIX-+i -, PORTO ---;- AD -A7 INSTR IN }) f--< AD - A7 >--C 
tAVIV 

PORT 2 AB-A15 AS -A15 

:xternal Data Memory Read Cycle 

ALE ; , 
--10 tWHLH 

/ 

: ... tLLDV , ~ 
~ tRLRH ----. 

(.-- tLLWL ---. , 

!--ItLAX-

+---tAVLL~ ~ tRLDV ~.tRHDZ 
tRLAZ - --Jo - ---. , tRHDX , 

=>- AD - A7 FROM RI OR DPL - DATA IN &::>i(AO - A7 FROM pel INSTR IN 
! 

PORT 0 

tAVWL 

tAVOV 

PORT 2 -= P2.0 - P2.7 OR AS - A15 FROM DPH X AS - A15 FROM PCH 
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External Data Memory Cycle 

ALE 
---J 

, 

;-- tLlWL IWlWH --f 

*-~lAX--
--- tAVLL ----.; 

IQVWX - I-- --.. 
f.r- tavwH -

PORT 0 =>- AO - A7 FROM RI OR DPL DATA OUT 

tAVWL 

~ 
~ P2.0 - P2.7 OR AS - A15 FROM DPH PORT 2 

~xternal Clock Drive Waveforms 

OA5V -----

:xternal Clock Drive 
Symbol Parameter 

1/tCLCL _Oscillator Fi"equency 

tCLCl Clock Period 

tcHCX 

tClCX 

tCLCH 

tCHCl 

2 

Fall Time 

AT89C51 

Min 

o 
41.6 

15 

lcLCH --

15_~ ___ _ 

, / 
i-- lwHLH 

~ 

-lwHQX 

K AO - A7 FROM PCl INSTR IN 

hCL 

Max 

24 

20 
20 

AS - A15 FROM PCH 

lcHcx----· 
-----.,. -. 

. - - - ----------- -------------. 

Units 

MHz 

ns 
ns 
ns 
ns 
ns 

lcHCL 



AT89C51 

Serial Port Timing: Shift Register Mode Test Conditions 
(Vee = 5.0 V :r. 20%; Load Capacitance = 80 pF) 

Max Units Symbol 
I 12 MHz Osc 

Parameter Min Max Min 

Variable Oscillator 

tXLXL 

tOVXH 

Seri~IF'()rt Clock Crcl.El_T __ im __ e _____ .... _. ___ 1_.0___ __+_._1_2_tC~L=C=L _ ... __ Il·s 

Output Data Setup to Clock Rising Edge 700 10teLcL-133 ns 

tXHOX . __ Output Data f:i()'d,A.fter Clock~isirl~LE:_dge __ ~O_______2teLcL-33_ . .........n!>_ 

.~_Input Data Ho!d Aft~~~oc~~ising Edge 0 0 ________ ....... I ns 

I Clock Rising Edge to Input Data Valid 700 10tCLCL-133 I ns 

tXHDX 

tXHDV 

Shift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

IWRITE TO SBUF
1 

" OUTPUT DATA 

I CLEARRI , 

" INPUT DATA 

~C Testing InputJOutput Waveforms(l) 

0.2 Vee + 0.9V 

TEST POINTS 

0.2 Vee - 0.1V 

\late: 1. AC Inputs during testing are driven at Vee - 0.5 V for a 
logic 1 and 0.45 V for a logic O. Timing measure­
ments are made at VIH min. for a logic 1 and VIL 
max. for a logic O. 

Float Waveforms ill 

VLOAD+01Vr ~VOL'O.1V 

V LOAD ----« Timing Reference ,,----
, ~Points / 

VLOAD-o.1V~VOL+O.1V 

Note: 1. For timing purposes, a port pin is no longer floating 
when a 100 mV change from load voltage occurs. 
A port pin begins to float when a 100 mV change 
from the loaded VOHNoL level occurs. 
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