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LAMPIRAN IIT : LISTING PROGRAM

1. LAMPIRAN PROGRAM UTAMA DALAM BAHASA ASEMBLER.

PA EQU  4000H
PB EQU  4001H
BC EQU  4002H
PCW EQU  4003H
CW EQU  0090H
DPA DATA 0O021H
DPB DATA 0022H
DPC DATA 0022H
I DATA 0023H
SENSOR DATA 0024H
; PROGRAM MEMORY
CODE

ORG 2000H
MOV R2, #0FFH
Dell MOV R3, #0FFH
DJIJNZ R3,$
DINZ R2,Dell
AJMP Start

ORG 2100H

Init MoV TMOD, #00100010B

MOV TL1, #0FAH
MoV TH1, #0FAH

MOV TCON, #01000000B

MOV SCON, #010100C0B

MOV PCON, #80H

MOV IE, $#00000000B

: Tl mode2, TO mode?2
;T1 mode2 generate BR=9600 Bps

;T1l on,TO off

;Model,REN
; SMOD=0



sclk

MOV R2, #80H
DJNZ R2,$
RET

MOV P1, #00H
MOV SP, #40H
MOV TIE, #00H
ACALL Init

MOV
MOV

DPTR, #PCW

A, #Cw

MOVX E@DPTR,A

ULANG

MoV
MoV
MOV

MOV A, #00H
MOV Pl,A
MOV DPA, #00H ; kondisi awal Port A
MoV DPC, #00H ; Kondisi awal Port C
MOV A, #255
MOV SBUF, A
JNB TI,$
CLR TI
DPB, #8FH ; AKTIFKAN CHENEL Q
DPTR, #PB
A, DPB

MOVX @DPTIR,A

ACALL CLEKADC

JNB
CLR

MOV
MOV
MOV

TIL, S
TI
DPB, #0CFH
DPTR, #PB
A, DPB ; AKTIFKAN CHENEL 1

MOVY Q@DPTR,A

ACALL CLKADC

CLR

CLR
MOV

TI, S
TI

Pl.1
A, SBUF



HIDUP

MATT

CLKADC

CLOCK1

CLOCK2

ENDUJ

JNB A.0,HIDUP

CLR Pl.1
AJMP MATI
SETB P1l.1
CLR RI

AJMP ULANG
CLR RI
AJMP ULANG

MOV  DPTR, #PC
MOV A, #00H ; PL
MOVX @DPTR,A
MOV~ DPTR, #PC
MOV A, #01H ; PL = 1
MOVX @DPTR,A

1l
o

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

ACALL SCLK

SETB Pl.0

ACALL SCLK
DJNZ TI,CLOCK1

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

MoV SBUF, DPA

MOV I,#402H ; CLOCK 2 KALI
CLR P1.0

ACALL SCLK

SETB P1.0

ACALL SCLK
DJNZ 1I,CLOCKZ
RET



3-4

2. PROGRAM PENGOLAHAN DATA DAN TAMPILAN SUHU DALAM

BAHASA PASCAL

PROGRAM,TAMPILAN_SUHU;
uses crt,dos,GRAPH;

const RX Buffer = $2F8; { RX Buffer CCM2 }
TX Buffer = $2F8; { TX Buffer COMZ 1}
Int Enbl Reg = $2F9; { Interrupt Enable Register }
Int Iden_Req = 33FA; { Interrupt Indentification
Register }
Line_Cont_Reg = 32FB; { Line Control Register }
Modem_Cont_Reg = S2FC; { Modem Control Register }
Line Stat Reg = $2FD; { Line Status Register }
Mcdem Stat_Reg = $S2FE; { Modem Status Register }
Grayl0 FillPatternType = (S5AA, SAA, S$SAA, SAA, S$AA, SAA,
SAA, SAR);
type
complex = recocrd
ar,b s real;
c,d : byte;
end;
var datall, 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;
Int0C_Save : pointer; {interrupt service routine IRQ3
i,data,S : byte;
regs: registers;
Grdriver, Grmode: integer:

dummy : byte:;

TERMO, LM
tegangan

,LM1,M: real;
:real;

DATAO, DATALl, FLAG:BYTE;

fil
dat
n,x: wor
tempx, T

file of complex;
complex;

d;

enpy: word:;

procedure Intr Com; interrupt;

begin
data:=por
port[$20]
1IF DATA=2
CASE FLAG
0 : FLAG:
1 : BEGIN

Lt [RX Bufferj:; { baca buffer RX }
1=820; { End Of Interrupt 8259 1}
55 THEN FLAG:=0;
OF
=1;

FLAG:=2;

DATAQ:=DATA;

TERMO := ( data0*0.525041)+28;
END;

2 : BEGIN
FLAG :=0;



DATA1:=DATA;
M := ( DATA1*0.6603) - 55.849057;
END;

END;
end;

Procedure Open Com;

var dummy : byte;

begin
GetIntVec ($0B, Int0C_save);
SetIntVec (80B,Addr (Intr com));

port[Line Cont Reg ]:=$80;
port[TX Buffer 1:=S0B;
port[Int Enbl Reg 1:=0;

port{Line Cont Reg ]:=503;

D7=1 set baud rate %600 bps}
divisor LSB $2F8=$0B }

divisor MSB $2F9=0 }

8 bit data, 1 stop bit, no parity }

e

port[Int _Enbl Reg ]1:=501; enable interrupt saat ada data RX }
port[Mcdem Cont Reg]:=509; DO = DTR = 0 => 89C51= Reset 1
dunmy :=port [RX Buffer]; [ kosongkan RX buffer }
port[$21]:=porti{s$21} and $F7; { Enable IRQ3 }

end;

Procedure Close Com;

begin
port[$21] :=port($21] or $08; { Disable IRQ3 }
SetIntvec ($0B, Int0C_save);

end;

procedure Area;
var x,y:integer;
begin
SetFillPattern{(Grayl0,black); {rectangle}
Bar {50,60,570,360};
setcolori{yellow);
line (50,40,50,437); {sb ¥y}
1line(50,437,480,437); {sb x}
setcolor (yellow) ;
for y:=0to24 do line(51,53+(y*16)},55,53+(y*16)); {grs kcl sb y}
for y:=0to20do line(50+(y*20),432,50+{y*20),437); {grs kcl sb
x}
setcolor (darkgray) ;
for x:=0 to 11 do line(55,53+ (x*32),480,53+(x*32)); {hor line}
for x:=0 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{l10,82 ,"' 3.66'
outtextxy(10,114,"' 3.33
outtextxy(10,146,"
outtextxy(10,178,"
outtextxy(10,210,' 2.33"
1
T
]

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, '100C aC") ;

setcolor(7);

line (50,457,80,457);
outtextxy (100, 455, 'Termokopel') ;
setcclor (10} ;

1line (200, 457,230,457);

outtextxy (250,455, 'IM 335");

end;

procedure InisialisasiGraph;

begin
grdriver:= detect;
grmode := VGAHi;

Initgraph (grDriver, grMode, "c:\tp\bgi');

end;

procedure Capture;

begin
assign(fil, 'SUHU.dat");
rewrite (fil);

end;

{Program Utama}
begin
clrscr;
write (' MASUKAN SUHU MAX: ') ;READLN(S);
CLRSCR;
TEXTCOLOR(7) ;
n:=0;
writeln(" DATA PENGUKURAN SUHU ');
capture;
Cpen_com;

REPEAT
IF LM>S THEN
PORT [TX BUFFER] :=50
ELSE
BEGIN



PORT[TX_BUFFER]:=$1;
GOTOXY (10,8); WRITELN('DATA 0 =',DATAQ:3);
GOTOXY (10,10); WRITELN ('TERMOKOPEL =',TERMO:3:0);
GOTOXY (10,12); WRITELN('DATA 1 =',DATAl:3);
GOTOXY (10,14); WRITELN('IM335 =',IM:3:0);
1[nl:=1lm;
tn] :=termo;
vli[n}:=datal;
vt(n] :=datal;
with dat do
begin
ar=1m;
b:=termo;
c:=datal;
d:=datal;
end;
write(fil, dat):
delay (1000} ;
inc(n);
END;
UNTIL (XEYPRESSED):
Close_con;
inisialisasigraph;
area;
:=1;
repeat
setcolor(10);
if x=1 then
begin
tempx:=52+round (4*1[x]);
tempy:=502-round (1.84*v1[x]};
moveto (tempx, tempy) ;
end
else
lineto (52+round{4*1(x)), 502-round (1.84*v1(x1});
inc(x);
until x=n;
1=1;
repeat
setcolox{7);
if %=1 then
begin
tempx:=52+round (4*tx]));
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.




LAMPIRAN IV: DATA SHEET ADC MAX1112

18-1231; Ren 1, 70488

General Description

The MAX1112/MAX1113 are low-power, 8-bit, 8-chan-
nel analog-to-digital converters (ADCs! that feature an
internal track/hold, voitage reference, clock, and serial
interface. They operate from a single +4.5V to +5.5V
supply and consume only 135pA whiie sampling at
rates up to 50ksps. The MAX1112's 8 analog inputs
and the MAX1113's 4 analog nputs are software-con-
figurable, aliowing unipolar/bipolar and single-
ended/differential operation.

Successive-approximation conversions are performed
using either the mnternal clock or an external serial-inter-
face clock. The full-scale analog input range is deter-
mined by the 4.096Y nternal reference, or by an
externaily applied reference ranging from 1V to Vpo.
The 4-wire serial interface is compatible with the SPI™,
Q5PI™, and MICROWIRE™ serial-interface standards.
A serial-strobe output provides the end-of-conversion
signal for interrupt-driven processors.

The MAX1112/MAX11173 have a software-program-
mable, ZpA automatic power-down mode to minimize
power consumption. Using power-down, the supply
current is reduced to 13pA at 1ksps. and only 82uA 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-pin SSOP and DIP
packages. The MAX1113 is avaitable in small 16-pin
QS0P and DIP packages.

Applications

Portable Data Logging
Hand-Held Measurement Devices
Medical Instruments

System Diagnostics
Solar-Powered Remote Systems

4-20mA-Powered Remate
Data-Acquisition Systems

Pin Configurations appear at end of dala sheel.

SP! and QSPI are trademarks of Motorola, Inc.,
MICROWIRE is a trademark of National Semiconductor Corp.

MNMAXIMN

MAXIMN

+5V, Low-Power, Multi-Channel,

Serial 8-Bit ADCs

Features

+ +4.5V to +5.5V Single Supply
+ Low Power: 135pA at 50ksps
13pA at 1ksps

¢ 8-Channei Single-Ended or 4-Channel Differential
Inputs (MAX1112)

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

internal Track/Hold; 50kHz Sampling Rate

Internal 4.096V Reference
SPIQSPIMICROWIRE-Compatible Serial Interface
Software-Configurable Unipolar or Bipolar Inputs

Total Unadjusted Error: 1LSB (max)
+0.3LSB (typ)

* & & ¢ &

Ordering Information

PART TEMP. RANGE PIN-PACKAGE

MAX1112CPP 0'Cio +70°C 20 Plastic DIP

MAX1112CAP 0°Cto +70°C 28 S50P

MAX1112C/ID 0 Clo+70°C Dice”

“Bice are specified at Ta = +25°C. 2C parameters only.
Ordering information continued at end of data sheet.

Functional Diagram

e
SCLK m- ! *
T
e N
PN HIE £LOCK
RIGSTER | ~ontror
o - LOGIT (_[
CHO »- - -D0UT
THY -
e =S5TR3
CH3 et ANALDR TH
o INPUT
c MUX
CHS - —
CHE"
CHT™ am
COM Yoo
‘ ‘ |— DGND
REFOUT i RN MAXTTTZ | s
MAXTT13 AGRD
REFIN
MAKTT12 ORLY

Maxim Integrated Products 1

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

For small orders, phone 1-800-835-87689.
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+5V, Low-Power, Muliti-Channel,

Serial 8-Bit ADCs

ABSOLUTE MAXIMUM RATINGS

VOO AGND e e e -0.3V to 8Y
AGND to DGND 0.3V 0.3y
CHO-CH7Y, COM, RLFIN,

REFOUTto AGND ... -0.3V 1o (Vpp + 0.3V)
Digital Inputs 1o DGND . e -3V 10 BY
Digital Cuiputs 10 DEND ..o, -0.3V 1o (Vpp + 0.3V)
Continuous Power Dissipation (Ta = +70°C)

16 Plastic DIP (derate 10.53mW/*C abave +70°C) ... B42ZmwW

18 GSOP {deraie 8.30mWiI°C above +70°C) ... L LBBTMW
16 CERDIF {derate 10.00mW/°C ahove +70°C) ... 800mwW

20 Plastic DIP (derate 71.11TmW/°C above +70°C) ...... 889mwW

20 SSOP (derate 8.00mW/*C above +70°C) ... ... B40mW

20 CERDIP {derate 11.11TmW/°C above +70°C) .......... 88mwW
Operating Tempesature Ranges

MAX1112C_PIMAX1113C_E.

MAXTT12E_PMAXTTI3E_E ... A C o +85°C

MAX3112MIPMAXTTI3MIE.. -55°C1o +125°C
Storage Temperature Range ..o -B65°C 1o +150°C
Lead Temperature (soldering, 10sec) . ..., +300°C

c PC 0 +70°C

Stresses heyond those listed under "Absolite Maximum Ratings” may cause pennanent damage to the device. These are stress ratings oniy, and functional
operation of the device al these or any other conditions beyond those indicaled in the oparational sections of the specilications is not impiied. Exposure to
absoiute maximun rabng conditions for extended perivds may affect device refability.

ELECTRICAL CHARACTERISTICS

(VDD = +4.5Y 1o +5.5V; unipolar input mode: COM = 0V, fsgix = 500kHz, external clock (50% duty cycle); 10 clocks/conversion
cycle (50ksps), TWF capacitor at REFOUT; Ta = Tivin (o TMax: unless otherwise noted.)

“PARAMETER ~ SYMBOL | " CONDITIONS  MIN  TYP  MAX | UNITS |
- DC ACCURACY
¢ Resolution 8 Bits
Retdative Accuracy (Note 1) ! INL +0.1 +0.5 LSB
Differential Nonlinearity DNL No missing codes over lemperature +1 L3B
Offsel Error +0.3 A L 5B
Gain Error {Note 2) Internal or external reference ; £t | LSB
Gain Temperature Coefficient External reference, 4.096Y +0.8 ppmitC |
Total Unadjusted Error TUE MAX111_C/E : 0.3 +1 LSB
! Channelto-Channel | L0 LSB

¢ Offset Matching

DYNAMIC SPECIFICATIONS (10.034kHz sine-wave input. 4.096Vp-p, 50ksps, 500kHz exierral clock)

Signal-io-Noise 1 49 4B
- and Distortion Ratio SINAD i l
: Towal Harmonic Di'slov:_ign - THD 20 1 de
¢ {up te the 5lh harmonic) 7
Spurious-Free Dynamic Range © SFDR 68 dB
i Channel-io-Channel Crosstalk VeH_ = 4.096Vp-p. 25kHz {Nota 3) : -75 dB
¢ Smatt-Signal Bandwidin -3aB roiloif 1.5 MHz
¢ Full-Power Bandwidih 860 kHz
2 MAXLM




+5VY, Low-Power, Multi-Channel,

ELECTRICAL CHARACTERISTICS (continued)

Wop = +4.5V 10 +5.5V; unipotar input mode: COM = OV {soik = 500kHz, external clock {50% duty cycle);, 10 clocks/conversion

cycle (50ksps): TpF capacitor at REFOUT; Ta = Tamin to Tmax: unless otherwise noted.)

Serial 8-Bit ADCs

PARAMETER SYMBOL | CONDITIONS MIN  TYP  MAX | UNITS .
CONVERSION RATE :
o Internal clock 25 55 |
Canversion Time (Nole 4) fconv E Exterral clock, 500Kz, 10 clocks/conversion 20 - ] HS

" Track/Hold Acquisition Time tACO [ External clock, 2MHz i 1 [ HS
¢ Apertura Delay 10 ns
| Aperture Jitter <50 ps
internal Clock Fregquency 400 kiHz
- {Note 5} 50 500 kHz
Extermnal Clock-Frequency Range - R TP P
! Used for data transfer only 2 MHz
. ANALOG INPUT
Jnipolar input, COM = OV o] VREFIN
Input Vollage.Rangg,‘ Single- . . B COM = R
Ended and Differential {Note 8) l Bipolar inpul, COM = Vrepin{ 2 Vet 2 l
Multiplexer Leakage Current 1 On/off leakage current. Vou . = OV or Voo +0.07 +] ’ LA
Input Capaciance ] 18 ) pF
INTERNAL REFERENCE
REFOUT Voltage [ 3.936 4.096 4.256 Y
REFOUT Short-Circuit Current ! 6 mA
REFOUT Temperature Coefficient £50 ppmi“C
Load Regulaticn {Note 7; OmA 15 0.5mA outpul foad 4.5 my
- Capacitive Bypass at REFOUT 1 LF
EXTERNAL REFERENCE AT REFIN
t Voo +
input Voliage Range i SOQmV v
Input Current {Note 8} 1 20 uA
POWER REQUIREMENTS
Supply Vohage VoD 4.5 5.5 Y
Full-scale input } Operating mode 735 250 “
Supply Curreri o0 CLoAD = 10pF Reference disabled 95 E A
Software 2 {
Power-down e e |
SHDN at DGND 3.2 10|
E’@gzzré?upply Rejection PSR X%‘gj;\/drxi 55185\'/;‘ pe;lemal reference. oy 4 % -y
MAXIMN 3
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+5V, Low-Power, Multi-Channel,
Serial 8-Bit ADCs

ELECTRICAL CHARACTERISTICS (continued)

(VDD = +4.5V 1o +5.5V; unipalar input mode; COM = 0V; fsgLk = 500kHZ. external clock (50% duty cycle); 10 clocks/conversion
cycle (50ksps): 11F capacitor at REFOUT; Ta = Tavin to TMax: unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS
DIGITAL INPUTS: DIN, SCLK, CS
DIN, SCLK, TS Input High Yoliage ViH 3 v
DIN, SCLK, CS Input Low Voltage ViL 0.8 v
DIN, SCLK. TS Input Hysteresis VHYST 0.2 v
DIN, SCLK, TS Input Leakage N Digital inputs = 0V of Vpp +1 LA
DIN, SCLK. CS Input Capacitance Cin (Note 5) 15 pF
SHDN INPUT
SHDN Input High Voftage Vsu Von - 0.4 v
SHDN input Mid-Valtage Vsm 1.1 Vi - 1.1 v
SHDN Votage, Floating VELT SHDN = open Vpp /2 v
SHDN inpur Low Voliage Vs 0.4 v
SHBN Input Current SHDN = Qv or Vpp +4 pA
g}l:[;ﬂ?ldkﬂfgzzmm Allowed Leakage SHDN = open 100 nA
DIGITAL QUTPUTS: DOUT, SSTRB
I5iMK = SMA G.4
Output Low Voltage VoL \
lgink = TEMA 0.8
Oulput High Yoliage VoH ISOURCE = 0.5mA Voo -0.5 Vv
Three-State Leakage Current L TS = Voo +0.01 +10 pA
Trree-State Quiput Capacitance Cout | T8 = Voo (Note 5) 15 pF

4 MAXAM




+5Y, Low-Power, Multi-Channel,
Serial 8-Bit ADCs

TIMING CHARACTERISTICS (Figures 8 and 9)

(Vop = +4.5V 10 +5.5V, Ta = T 10 Taaas, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Track/Hold Acguisition Time Cele] 1 Us
DIN to SCLK Setup 1ps 106 ns
DIN to SCLK Hold {oH o ns
SCLK Fall 1o Oulput Data Valid oo ?fg;f; " - R:':::ﬂ:t;ﬁ jg ;SZ rs
CS Fall to Qutput Enable Dy Figure 1, CLOAD = 100pF 240 ns
TS Rise 10 Guiput Disable tTR Figure 2. CLoaD = 100pF 240 ns
TS to SCLK Rise Setup tess 160 ns
TS to SCLK Rise Hold tCsH 0 ns
SCLK Pulse Width Hign tCH 200 ns
SCLK Pulse Width Low il 200 ns
SCLK Fall to SSTRB 15sTRE | CrLoan = 100pF 240 ns
?wsogag;o SSTREB Cutput Enable (Spv ?&;1;3 1=, %tg;r:;ai clock mode only, 240 s
Cs Rise 10 SSTRB Output ISR Figure 2. externai clock mode only, 240 s
Disable (Note 5) - CLoap = 100pF
?ﬁ;ii)Rise 1o SCLK Rise 15CK Figure 17, internal clock mode only 0 ns
Wakeup Time WAKE External reference 20 HS

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 fuil-scale range is calibrated.
Note 2: Vperin = 4.096Y, offset nulled.,

Note 3: On-channel grounded: sine wave applied to all 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. Guaranteed by design. Not subject (o production testing.

Note 6:  Common-mede range for the analog inputs is from AGND 1o Von.

Note 7:  Exiernal load should not changg during the conversion for specified accuracy.

Note 8: Lxiernalreference at 4.096V, full-scale input, 500kHz external clock.

Note 8: Measured as | VFs (4.5V) - VFs (5.5V; |.

Note 10: 1uF al REFOUT: internal reference setling to 0.5LSB.

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

Typical Operating Characteristics

Wpp = +5.0V; fscLK = 500k HZ; external clock (50% duty cyclel: Ry = o Ta = +25°C, unless otherwise noted )

SHUTDOWN SUPPLY CURRENT DIFFERENTIAL NONLINEARITY
SUPPLY CURRENT vs. TEMPERATURE vs. TEMPERATURE vs. CODE
180 T T T = 0 — T s 32 :
QUTPUT CODE = FULL SCALE g SRON - DOND 5 E
CLoap= 10pF EE S 3 02 E
= M0 =
& & [ E ) l |
= ———r—'—‘r""_r/\/uu “EOV 3 % Z | i SRR
2 l = Z
o 140 a —
> 3 4 =
z '__‘__L__._---——“" Vop =45V Z 01 il ki A1
= E 7 l —t
" m g i
: =
& 2 Eild
100 0 K
60 -0 0 8¢ w10 60 - % B4 0 3 54 128 192 256
TEMPERATURE 0 TEMPERATURE (°0) DIGITAL CODE
INTEGRAL NONLINEARITY
OFFSET ERROR vs. TEMPERATURE vs. CODE FFT PLOT
05 . 0.0 . b T 1 "
= 015 & fow_ - 10634kM2, 2vpp B
N3 E H o Toarp s = 50ksps i
- 0
2 o4 o5 i g -
= = ! w
= 5 M i Wt 2
% 03 = § £ - 2 a0
= = y =
§ IS e - 005 iY K ﬂ} ; ' H ﬁ}« E§ %
5 02 i L" i 5 ,
; 40 } i
-G15 B
b] 026 100
S0 20 20 63 e 140 a &4 128 0z 255 g 5 10 15 20 %
TEMPERATURE {*C} DIGITAL CORE FREQUENCY kD)

6 MAXIM




+5V, Low-Power, Muliti-Channel,
Serial 8-Bit ADCs

Pin Description

PIN
NAME FUNCTION
MAX1112 | MAX1113
-4 1-4 CHO-CH3 Sampling Analog Inputs
5-8 — CH4-CH7 Sampling Analog Inputs
g - COM Ground Reference for Analog Inputs. Sets zers-cade voltage in single-ended mode.
7 Must be stable to +0.5.SB.
Three-Level Shutdown Input. Normally floats. Puling SHON low shuts the MAX1112/
10 & SHDN MAX1113 down to T0pA (max) supply current; otherwise, the devices are [ully opera-
tional. Pulling SHDN nigh shuts down the irternal refercnce.
11 7 RECIN Reference Voltage Input for Analog-to-Digitat Conversion. Connect to REFOUT to use
' the internal reference.
12 8 REFOQUT Internal Reference Generator Cutput. Bypass with a 1uF capacitor to AGND.
13 2 AGND Analog Ground
14 10 DGND Digital Ground
. - Serial-Data Output. Data is clocked out on SCLK's falling edge. High impedance when
15 11 DOUT e
CS is high.
Serial-Strobe Output. In internal clock mode. SSTRB goes low when the MAX1112/
16 12 SSTRB MAX1713 begin the AID conversion and goes high when the conversion is complete.
~ In external clock mode, SSTRB pulses high for tao clock pariods before the MSB is
shifted out. High impedance when €5 is high {exiernal clock mode onfy).,
17 13 DiN Serial-Data Input. Data is clocked in at SCLK's rising edge.
18 14 o Active-Low Chip Select. Data is nol clocked into DIN unless CS is low. When CS is
high, DOUT is high impedance.
19 15 SCLK Serial-Clock Input. Clocks data in and out of serial interface. In external clock mode,
o SCLK also sets the conversion speed (duty cycle must be 45% to 55%;.
20 16 VDb Positive Supply Voltage, +4.5V to +5.5V
15y By
3k 3k
Do bouT oouT DL %
3 Cioan I Clean kL3 % Croa jl: Ceoar
= DCND = = DCND = OGhD = = LGND

a) bigh-Z 10 Vogrand Yo lo Vg

b} High-£ to Vo, and Vpr o Vo

a) Vg fo High-Z b} Ve te High-2

Figure 7. Load Circuits for Enabie Time

MAXI/AN

Figure 2. Load Circuits for Disabfe Time
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+5V, Low-Power, Multi-Channel,

Serial 8-Bit ADCs

Detailed Description

The MAX1112/MAX1113 analcg-to-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 mnterface provides easy interface 0 Microprocessors
{UPs}. Figure 3 shows the Typical Operating Circuit.

Pseudo-Differential Input
The sampiing architecture of the ADC's analog com-
parator is illustrated in Figure 4. the equivalent input Cir-
cuit. in single-ended mode, N+ is internaily switched to
the selected input channet, CH_, and IN- is switched to
COM. in differential mode, IN+ and IN- are selected
from the foliowing pairs: CHO/CH1, CH2/CH3,
CH4/CH5, and CH6/CHT7. Configure the MAX1112
channels with Table 1 and the MAX1113 channels with
Table 2.

In differential mode, IN- and IN+ are internally switched
to either of the analog inputs. This configuration is
pseudo-differential to the effect that only the signal at
IN+ is sampled. The return side (IN-} must remain sta-
bie within =0.5LSB (20.7LSB for best results} with
respect to AGND during a conversion. To accompiish
this, connect a Q.1pF capacitor from IN- (the sejected
analog input} to AGND if necessary.

During the acquisition interval, the channel selected as
the positive input {IN+) charges capacitor CHoLD. The

15V
= CH) vop +— l‘ Vpo
ANALOG Do o
NPIS AGKD =i
DGHD
- oM
MDAM = cru
Maxitiz
MAXT113
- S i)
REFOUT
EROUT oy SCK (54
A rerin D MOS! 150)
1 Dot MISO (31
:E SSTRE b
SHON pom ji

acquisition interval spans two SCLK cycles and ends
on the falling SCLK edge after the last bit of the input
controt word has been entered. At the end of the acgui-
sition interval, the T/H switch opens, retaining charge
on CHOLD as a sample of the signal at IN+.

The conversion interval begins with the input multiplex-
er switching CHowp from the positive input {IN+) 1o the
negative input {IN-). In single-ended mode. [N- is sim-
ply COM. This unbalances node ZERO at the input of
the comparator. The capacitive DAC adjusts during the
remainder of the conversion cycle to restore node
ZERQO 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 digitai representation of
the analog input signal.

Track/Mold
The T/H enters its tracking mode on the faling ciock
edge after the sixth hit of the 8-bit contro byte has
been shifted in. It enters its hold mode on the falling
clock edge after the eighth bit of the controi 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 IN+, and CHOLD
charges to the input signai.

CAPRCITNE DAC
REFIN— ---—]

COMPARATOR

IWPUT  Choln
MUX o 2RO

CHY —O

CHI —o 18pF

CHz —0

¥ —o Cowirs

CHi—0 T

e TRACK ; .

CHE* —0 AT THE SAMPLING INSTANT,
5 —o THE MUX IPUT SWATCHES
- FROM THE SELECTED IN+
R —0 CHANNEL TO THE SELECTED
coM s r Y IN CHANNEL

SINGLE-EMDED MODE: IN= = CHO-CHY, B¢ = COM

DIFFERENTIAL MODE: IN: ANDIN SELECTED FROM PAIRS GF
CHO/CHY, CH2/CHS, CHe/CHEY, CHG/CHTY

*MAXTTI2 ONLY

Figure 3. Typical Operating Circuit

8

Figure 4. Equivalent jnput Circuit
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+5V, Low-Power, Multi-Channel,

Serial 8-Bit ADCs
Table 1a. MAX1112 Channel Selection in Single-Ended Mode (SGL/DIF = 1)
SEL2 | SEL1 SELO CHOD CH1 CH2 CH3 CH4 CH5 CHé6 CH7 COM
i} a 0 + —
1 1] 0 + -
0 0 1 + -
1 0 1 + _
(] 1 0 + ~
1 1 [} + -
¢ 1 1 +
1 1 1 + -
Table th. MAX1112 Channel Selection in Differential Mode {SGL/DIF = 0)
SEL2 SEL1 SELO CHO CH1 CH2 CH3 CH4 CHS CHé CH?
0 0 0 + -
0 ] 1 + -
0 1 0 + -
0 1 1 + -
1 ) 0 - I
1 0 1 - .
1 k| 0 - +
1 1 1 - N
Table 2a. MAX1113 Channel Selection in Single-Ended Mode (SGL/DIF = 1)
SEL2 SEL1 SELO CHO CH1 CH2 CH3 COM
] 0 X + _
1 0 X + -
0 1 X + -
1 1 X + -
Tablie 2b. MAX1113 Channel Selection in Differential Mode {SGL/DIF = 0)
SEL2 SEL1 SELO CHo CH1 CH2 CH3
0 1] X + -
0 1 X + -
1 ) X Z "
1 1 X C .

MNAXIMN
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+5V, Low-Power, Multi-Channel,

Serial 8-Bit ADCs

The time required for the T/H to acquire an input signal
is a function of how quickiy its input capacitance is
charged. If the input signal's source impedance is high,
the acquisition time lengthens, and more time must be
allowed between conversions. The acquisition time,
tacq. is the minimum time needed for the signal to be
acquired. Its calculated by:

tACO = 6 x (RS + Rinj x 18pF

where Riy = 6.5k, Rs = the source impedance of the
input signal, and tacq is never less than 1ps. Note that
source impedances below 2.4k do not significantly
affect the 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 bandwidths exceeding the ADC's sampling rate by
using undersampling technigues. To avo:d high-
frequency signals being allased into the frequency
band of interest, anti-alias filtering is recommended.

Analog Inputs
Internatl protection diodes, which ciamp the analog
input to Vpp ang AGND, allow the channel input pins to
swing from {AGND - 0.3V) to (Vpp + 0.3V} without dam-

Table 3. Control-Byte Format

age. However, for accurate conversians near full scale,
the inputs must not exceed Vop by more than 50my or
be lower than AGND by 50mV.

If the analog input exceeds 50mV beyond the sup-
plies, do not forward bias the protection diodes of
off channels over 2mA.

The MAX1112/MAX1113 can be configured for differen-
tial or singie-ended inputs with bits 2 and 3 of the con-
ot byte (Table 3). In single-ended mode, analog nputs
are internally referenced to COM with a fuli-scale input
range from COM to VReriN + COM. For bipolar opera-
tion, set COMto VRERIN/ 2.

in differential mode, choos:ing unipolar mode sets the
differential input range at 0V to VREFIN. In unipoiar
mode, the gutput code is invalid (code zero] when a
negative differential input voltage is applied. Bipolar
maode sets the differential input range to £VRLFIN / 2.
Note that in this mode, the common-mode input range
ncludes both supply raiis. Refer to Table 4 for input
voltage ranges.

Quick Look
To quickly evaluate the MAX1112/MAX1713's analog
performance, use the circuit of Figure 5. The
MAX1112/MAX1113 require a control byte to be written
to DIN before each conversion. Tying DIN 1o +5V feeds

BIT7 BIT 6 BIT & BIT4 BIT 3 BIT 2 BIT1 BIT 0
{MSB) (LSB)
START SEL2 SEWT SELO UNIBIP SGL/DIF 20 ]] PDO
BIT NAME DESCRIPTION
7 {MSE) START The first logic “1” bit after TS goes low defines the beginning of the control byte.
& SELZ
5 SELT Select which of the input channels are to be used for the convearsion (Tables 1 and 2},
4 SELD
3 UNIBIP 1 = unipolar, 8 = bipolar. Selects unipolar or bipalar conversion mode {Table 4).
= single endad, 0 = differential. Selects single-ended or differential conversions. in single-
2 SGL/DIF anded made, input signal voltages are referred to COM. In differential mode, the votiage differ-
ence between \wo channels is measured. See Tables 1 and 2.
1 = fully operational, 0 = power-down.
1 PD? .
Selects fully operational or power-down mode.
0 (LS3) PDO = external clock r_node, 0 = internal clock mode.
’ Selects external or internal clock mode.

10
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+5V, Low-Power, Multi-Channel,

Table 4. Full-Scale and Zero-Scale Voltages

Serial 8-Bit ADCs

UNIPOLAR MODE BIPOLAR MODE
. Positive Zero Negative
Full Scale Zero Scale Full Scale Scale Full Scale
-y +VREFIN/ 2 . VREFIN/ 2
VreFin + COM COM + COM COM - COM

in control bytes of $FF (hex), which trigger single-
ended, unipolar conversions on CH7 (MAX1112) or
CH3 {(MAX1113) in external clock mode without power-
ing down between conversions. tn external clock mode,
the SSTRB output pulses high for two clock periods
before the most significant bit {(MSB) of the 8-bit con-
version resuit is shifted out of DOUT. Varying the ana-
og input alters the output code. A total of 10 clock
cycles is reguired per conversian. Ali transitions of the
SSTRB and DOUT outputs occur on SCLK'S falling
edge.

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

from DIN into the MAX1112MAXT113's internal shift reg-
ister. After CS falls, the first arnving fogic "1 bit at DIN
defines the MSB of the control byte. Until this first start bit
arrives, any number of logic "0" bits can be clocked into
DIN with no effect. Table 3 shows the control-byte format.

The MAXT112/MAX1113 are compatible with
MICROWIRE, SPI, and QSP! devices. For SPI, select the
correct clock pofarity and sampling edge in the SPI con-
trol registers: set CPOL = 0 and CPHA = 0. MICROWIRE,
SP1, and QSPI all transmit a byte and receive a byte at the
same tme. Using the Typical Operating Circuit (Figure 3).
the simplest software interface requires three 8-bit trans-
fers o perform a conversion {one 8-bit transfer to config-
ure the ADC, and two more 8-bit transfers to clock out the

Yoo ——TT +5Y OSCILLDSCOPE
0¥ W (I L
MAXAMN
| AGRD
Maxrii2 L SSTRB
o T MAXT113 —
14,056V CHT 1243 93
ANALOG (. 5 DU
0C1yF
repU
' L SCLK e {_J'Lﬂ_r]
E oM . 500kH: o CHZ CH3 TH4
L DIN o———— +5v CSCILLATOR
- SSTRB
REFOUT DOUT
J;—E REFN SHON F— N €.
ot
RIS
“THLL-SCALE ANALOS INPLT, CORVERSION RESLLT = $FF (HEX)
{3 ARLTOR THE MAX1T13,
Figure 5. Quick-l ook Circuit
MAXIN _ 1
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+5VY, Low-Power, Muiti-Channel,
Serial 8-Bit ADCs

11 | CS
SCK SCLK
MISC 4————-——' DOUT
At
W MAXEMNM
MAXTTI2
_ MAXT713
SS
a) 5Pl
s o1 03
SCK ———— = f SCLK
MIST {--t DoUf
Y
MAXAMN
MAXTT12
_ MAXITI3
55
b) Qs
Jin »| 75
SK | SCLK
5 | 4—— J pour
AAAXLAA
MAXTTIZ
MAXTTI2
¢} MICROWIRE

8-hit conversion result). Figure 6 shows the MAX1112/
MAX1113 common serial-interface connections.

Simple Software Interface
Make sure the CPU's 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 external clock mode and
call it TB1. TB1 should be of the format TXXXXX11
binary, where the Xs denote the particular channe!
and conversion made selected.

2} Use a generai-purpose 1O line on the CPU to puil
CS low.

3) Transmit TB1 and, simultaneously, receive 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-
necusly. receive byte RB3.

8) Puii T8 high.

Figure 7 shows the timing for this sequence. Bytes RBZ
and RB3 contain the result of the conversion padded
with two leading zeros and six trailing zeros. The total
conversion time i< 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 1ms, to avoid excessive T/H droop.

Figure 6. Commaon Serial-intesface Cannections to the
MAXTTI12/MAXTT12

4

o taco-

SCLI k _
oN I ;Esulsznlsa‘:[%% SF’JT;‘];y lpm»i

STAT

SSTRE— | é l —
- RB1 - RE2 — —————— RBI i

pouT Jelwlelelole] » |l oumwiHiaos —

ACEUISITION
AID STATE DLE et 415 CORVERSION »le 0LE

{fsrix = S00KHT

Figure 7. Single-Converston Timing, External Clock Mode, 24 Clocks
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+5VY, Low-Power, Multi-Channel,

Digital Output
In unipotar input mode, the output s straight binary
{Figure 15). For bipolar inputs. the output is two's-com-
plement (Figure 16). Data is clocked out at SCLK's
falling edge in MSB-first format.

Clock Modes
The MAX1112MAX11713 can use efther an external ser-
ial clock or the internal clock to perform the successive-
approximation conversion. In both clock modes, the
external clock shifts data in and out of the devices. Bit
PDO of the contral byte programs the clock mode.
Figures 8-11 show the timing characteristics commaon
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

Serial 8-Bit ADCs

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

SSTRB and DOUT go into a high-impedance state
when CS goes high; after the next CS faliing edge,
SSTRB outputs a logic low. Figure 9 shows the SSTRB
timing in external clock mode.

The conversion must compiate in ims, or droop on the
sample-and-hoid capacitors may degrade conversion
results, Use internal clock mode if the serial-clock fre-
quency is less than 50kHz, or if serial-clock interruptions
could cause the conversion interval to exceed 1ms.

j

SCLK

e
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o U i
b 1

1
oy 14" —"l ‘00!4-—

1
o logp
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]
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Figure 8. Detalled Serial - Interface Timing
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Figure 8. External Clock Mode SSTRE Detailed Timing
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+5V, Low-Power, Multi-Channel,
Serial 8-Bit ADCs

5
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Figure 10 Internal Clock Mode fiming
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I\ |
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bl

B CLOCKIN

NOTE: FOR BEST KOISE PERFORMANCE. KEEP SCLK LOW DURING CONVERSION.

Figure 11, internal Clock Made SSTRE Detaited Timing

Internal Clock
Internal clock mode frees the pP from the burden of
running the SAR conversion clock. This allows the con-
vers:ion results to be read back at the processor's con-
venience, at any ciock rate up to 2MHz. SSTRB goes
low at the start of the conversion and then goes high
when the conversion is comptete. SSTRB is low for
25ps {typically), during which time SCLK shouid remain
tow for best neise performance.

An internal register stores data when the conversion is
in pragress. 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 canversion at DOUT, followed by the

14

remaining bits in MSB-first format {Figure 10}, CS does
not need _to be held low once a conversion is started.
Puiling GS high prevents data from being clocked inta
the MAX1112/MAX1113 and three-states DOUT, but it
does not adversely affect an internai clock-mode con-
version already in progress. When intemmal clock mode
is seiected, SSTRB does not go into a high-impedarice
state when C5 goes high.

Figure 11 shows the SSTRB timing in internal clock
mode. In this mode, data can be shifted in and out of
the MAX1112/MAX1113 at clock rates up to 2MHz, pro-
vided that the minimum acquisition time, tACG, s kept
above Tys.

MAXI




+5V, Low-Power, Multi-Channel,

Serial 8-Bit ADCs
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figure 12a. Continuous Conversions, External Clock Mode, 10 Clocks/Conversion Timing
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tigure 12b. Continuous Conversions. External Clock Mode, 15 Clocks/Conversion Timing

. Data Framing
The faling edge of CS does not start a conversion. The
first fogic high clocked into DIN is interpreted as a start
bit and defines the first bit of the contro! byte. A conver-
sion starts an the falling edge of SCLK. after the eighth
bit of the control byte {the PDA bit) is ciocked into DIN.
The start bit is defined as:

The first hugh bit clocked nto DIN with TS low any

time the converter s idie, e.g.. after Vpp is applied.
OR

The first hugh bit clocked into DIN after the MSB of a

conversion in progress is clocked onto the DOUT

pir.

MAXIMN

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 bit; the current conversian is
terminated, and a new one is started.

The fastest the MAX1112/MAX1113 can run is 10
clocks per conversion. Figure 12a shows the serial-
interface timing necessary to perform a conversion
every 10 SCLK cycles in external ciock mode.

Many microcontrollers require that conversions accur in
multiples of eight SCLK clocks; 16 clocks per conver-
sion is typically the fastest that a microcontrolier can
drive the MAX1112/MAX1113, Figure 12b shows the
senal-interface iming necessary to perform a conver-
sion every 16 SCLK cycles in external clock mode.

15
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+5V, Low-Power, Multi-Channel,

Serial 8-Bit ADCs

Applications Information

Power-On Reset
When power is first applied, and if SHDN is not puiled
low, internat power-on reset circuitry activates the
MAX1112/MAX1113 in internal clock mode. 5STRB is
high on power-up and. if CS is low, the first logical T on
DIN is interpreted as a start bit. Until a conversion takes
place, DOUT shifts out zeros. No conversions shouid
be performed untii the reference voltage has stabiiized
{see the Wakeup Time specifications in the Timing
Characteristics).

Power-Down
When operating at speeds below the maximum sam-
pling rate. the MAX1112/MAX1713's automatic power-
down mode can save considerabie power by piacing
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 PD1 of the DIN control byte
with SHON high or fioating (Table 3). Pull SHDN low at
any time to shut down the converters completely. SHDN
overrides PD7 of the control byte. Figures 14a and 14b
illustrate the various power-down sequences in both
externatl and internal clock modes.

Software Power-Down
Software power-down is activated using bit PD1 of the
control byte. When software power-down is asserted, the
ADCs continue (o operate in the last specified clock
mode until the conversion is complete. The ADCs then
power down into a low quiescent-current state. Inirermal
clack mode, the interface remains active, and conversion
results may be clocked out after the MAX1112/
MAX1113 have entered a software power-down.

The first logical 1 on DIN Is interpreted as a start bit,
which powers up the MAXT112/MAX1173, if the DIN byte
contains PD7 = 1, then the chip remains powered up. If
PC1 = 0, power-down resumes after one conversion.

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

SHDN
STATE

DEVICE
MODE

INTERNAL
REFERENCE

1

Enabled

Disabled

Hard-Wired Power-Down
Pulling SHDN low places the converters in hard-wired
power-down. Uniike software power-down, the conver-
sion is not completed; it stops coincidentally with SHON
being brought low. SHDN also controls the state of the
internai reference (Table 5). Letting SHON float enables
the internal 4.096V voltage reference. When returning to
normai operation with SHDN ficating. there is a trC
delay of approximately 1M x_CioaD. where CLQAD is
the capacitive ioading on the SHDN pin. Pulling SHDN
high disables the internal reference, which saves power
when using an external reference,

External Reference
An external reference between 1V and Vpp should be
connected directly at the REFIN termina’. The DC input
impedance at REFIN is extremely high, consisting of
leakage current only {typicaily T0nA}. During a conver-
sion. the reference must be able to deliver up to 20pA
average load current and have an output impedance of
Tk or less at the conversion clock frequency. If the
reference has higher output impedance or is naisy.
bypass it close to the REFIN pin with a 0.1pF capaciior,

If an external reference is used with the MAX1112/
MAX1113, tie SHDN to VoD to disabie the internal refer-
ence and decrease power consumption.
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figure 13. Average Supply Current vs. Samplhng Rate
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+5V, Low-Power, Muliti-Channel,
Serial 8-Bit ADCs
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Figure 14b. Power-Down Modes, Internal Clack Timing Diagram

Internal Reference
To use the MAX1112/MAX1113 with the internal refer-
ence, connect REFIN to REFOUT. The full-scale range
of the MAX1112/MAX1113 with the internat reference is
typically 4.096V with unipolar inputs, and +2.048V with
bipoiar inputs. The internal reference should be
bypassed ta AGND with a 1uF capacitor piaced as
close to the REFIN pin as possible.

MAXIN _

Transfer Function
Table 4 shows the full-scale voltage ranges for unipoiar
and bipolar modes. Figure 15 depicts the nominal,
unipoiar /O transfer function, and figure 16 shows the
bipolar 1/O transfer function when using a 4 096V refer-
ence. Code transitions occur at integer LSB values.
Output coding is binary, with 1LSB = 16mV
{4.096V/256) for unipolar operation and 158 = 16mV
[{4.086V/2 - -4.096V/2)/256} for bipolar operation.

17
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+5V, Low-Power, Multi-Channel,

Serial 8-Bit ADCs
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Figure 15. Unipolar Transfer Function
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Figure 16. Bipolar Transfer Function
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Figure 17. Power-Suppiy Grounding Connections

Layoul, Grounding, and Bypassing
For best perfermance, use printed circuit boards. Wire-
wrap boards are not recommended. Board layout
should ensure that digital and anaiog signat lines are
separated from each other. Do not run analog and digi-
tal (especially clock] lines parailel to one another, or
digital lines underneath the ADC package.

Figure 17 shows the recommended system ground
connections. A single-point anaiog ground (star ground
point} should be established at AGND, separate from
the logic ground. Connect ali other analog grounds and
DGND to the star ground. No other digital system
ground should be connected 1o this ground. The
ground return to the power supply for the star ground
shouid be low impedance and as short as possible for
noise-free operation.

High-frequency noise in the Vpp power supply may
affect the comparator in the ADC. Bypass the supply to
the star ground with 0.7uF and TQF capacitors close to
the Vpp pin of the MAX1112/MAX7113. Minimize
capacitor lead lengths for best suppiy-noise rejection. If
the +5V power supply is very noisy, a 108 résistor can
be connected to form a lowpass filter.

MAXLMN




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

Pin Configurations

W
TOP VIEW — )
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__Ordering Information (continued)

“Comact factory for availability.

MAXIN

TR T AT aee RPasBE | L SISTOR COUNT: 19%

/ 12k - > 10 +85° 2 astic Bt

MAXT112EAP -40°C 10 +85°C 20 350P SUBSTRATE CONNECTED TO DGND
MAX1112M P -55°C 10 +125°C 20 CERDIP™

MAX1113CPL 3*C1o +70°C 16 Plastic DIP

MAX11313CEE 0°C 10 +70°C 16 QS0P

MAXIT13EPE -40°C 10 +85°C 16 Plastic DIP

MAX1113EEE -40°C to +85°C 16 QS0P

MAXT113MIE -55°C to +125°C 16 CERDIP*

Chip Information

19
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LAMPIRAN V: DATA SHEET AT89C51

Features
® Compatible with MCS-51™ Products
]

4 Kbytes of In-System Reprogrammable Flash Memory

Endurance: 1,000 Write/Erase Cycles
Fully Static Cperation: 0 Hz to 24 MHz
Three-Level Program Memory Lock
128 x 8-Bit Internal RAM
32 Programmabile /O Lines
Two 16-Bit Timer/Counters
Six Interrupt Sources
Programmable Serial Channel
Low Power ldle 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
Jevice is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by
5 conventional nonvolatiie memory pregrammer. By combining a versatile 8-bit CFL
with Flash on a monglithic chip, the Atmel AT89C51 is a powerful microcomputer
which provides a highly flexible and cost effective soiution to many embedded control

applications.

Pin Configurations
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3lock Diagram
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s A T89C 51

Jescription (Continued)

‘he AT89C51 provides the following standard features: 4
(bytes of Flash, 128 bytes of RAM, 32 /O fines, two 16-bit
mer/counters, 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
agic for operation down to zero frequency and supports
wo software selectable power saving modes. The idle
Aode stops the CPU while allowing the RAM, timet/count-
rs, serial port and interrupt system to continue function-
g. The Power Down Mode saves the RAM contents but
reezes the oscillator disabling all other chip functions until
he next hardware reset.

2in Description
{oe:

supply voltage.

SND

sraund.

‘ort O

>ort 0 is an 8-bit open drain bidirectional I/O port. As an
utput port each pin can sink eight TTL inputs. When 1s
ire written to port O pins, the pins can be used as high-im-
yedance inputs.

*ort 0 may alsc be configured to be the multiplexed low-
rder address/data bus during accesses to extemal pro-
jram and data memory. In this mode PQ has interna! pul-
Ups.

ort 0 also receives the code bytes during Flash program-
ning, and outputs the cade bytes during program verifica-
ion. External pullups are required during program verifica-
ion.

‘ort 1

>ort 1 is an 8-bit bidirectional I/O port with internal pullups.
'he Port 1 output buffers can sink/source four TTL inputs.
Vhen 1s are written to Port 1 pins they are pulled high by
he internal pullups and can be used as inputs. As inputs,
‘ort 1 pins that are externally being pulled low wili source
wurrent {}j.) because of the internal pullups.

’ort 1 also receives the low-order address bytes during
‘fash programming and program verification.

‘ort 2

‘ort 2 is an 8-bit bidirectional /O port with intemal puliups.
‘he Port 2 output buffers can sink/source four TTL inputs.
Vhen 1s are written to Port 2 pins they are pulled high by
1e internal pullups and can be used as inputs. As inputs,
‘ort 2 pins that are externally being pulled low will source
urrent (L) because of the internal puliups.

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

@ DPTR). In this application it uses strong internal pullups
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 bidirectional /O port with internal pullups.
The Port 3 cutput buffers can sink/source four TTL inputs.
When 1s 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 extemally being pulled low will source
current (Ii) because of the puliups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (extenal interrupt 0)

P3.3 INT1 (extenai interrupt 1)

P3.4 TO (timer 0 extenal input)

P3.5 T1 (timer 1 extemnal input)

P3.6 WR (extenal data memory write strobe)
P37 RD (external data memcry read strobe)

Port 3 alsec receives some control signais 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 puise 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 pumpeses. 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 BEH. With the bit set, ALE is active only
during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulied high. Setting the ALE-disable bit has no ef-
fect if the microcrontrolier is in external execution mode.
PSEN

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

(continued)
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’in Description (Continued)

Vhen the AT89C51 is executing code from external pro-
ram memory, PSEN is activated twice each machine cy-
le, except that two PSEN activations are skipped during
ach access to external daia memory.

ANPp

xternal Access Enable. EA must be strapped to GND in
rder to enable the device to fetch code from external pro-
ram memory locations starting at 0000H up to FFFFH.
iote, however, that if lock bit 1 is programmed, EA wili be
ternally [atched on reset.

A should be strapped to Ve for internal program execu-
ons.

his pin also receives the 12-volt programming enable
oltage (Vpp) during Flash pragramming, for parts that re-
uire 12-volt Vpp.

TALY

1put to the inverting oscillator amplifier and input to the
ternal clock operating circuit.

TAL2

Jutput from the inverting osciflator ampilifier.

dscillator Characteristics

.TAL1 and XTAL2 are the input and output, respectively,
f an inverting amplifier which can be canfigured for use
s an on-chip oscillator, as shown in Figure 1. Either a
uartz crystal or ceramic resonator may be used. To drive

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

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

Figure 1. Oscillator Connections

c2
~—a|—I— XTAL2
[ ]
c1
p—a»kl— XTAL1
. GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

e device from an external clock source, XTAL2 should NC ~—— XTAL2

e ieft unconnected while XTAL1 is driven as shown in

‘igure 2. There are no requirements on the duty cycle of

he external clock signal, since the input to the internal

locking circuitry is through a divide-by-two flip-flep, but EXTERNAL

Iinimum and maximum voltage high and low time specifi- OSCILLATCR XTAL1

ations must be observed. SIGNAL

dle Mode GND

1idle 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

jtatus of External Pins During ldle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idie Internal 1 1 Data Data Data Data
ide | External 1 1 Float Data ~  Address Data
Power Down | Internal a 0 Data Data Data Data
Power Down | External 0 0 ~ Float Data Data Data

AT89C51 messssssss——————
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vare inhibits access to internal RAM in this event, but ac-
ess to the port pins is not inhibited. To eliminate the pos-
ibifity of an unexpected write to a port pin when idle is
erminated by reset, the instruction following the one that
wokes idle should not be one that writes to a port pin or
> external memory.

2ower Down Mode

n the power down mode the oscillator is stopped, and the
1struction 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 temi-
iated. The only exit from power down is a hardware reset.
eset redefines the SFRs but does not change the on-
hip RAM. The reset should not be activated before Voo

.ock Bit Protection Modes

is restored to its normal operating level and must be held
active long enough to allow the oscillator 1o restart and
stabilize.

Program Memory Lock Bits

Cn the chip are three lock bits which can be left unpro-
grarmmed (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 sampied and Jatched 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 propery.

Program Lock Bits

LB1 LB2 1LB3 Protection Type
1 U ___U U | Noprogramlockfeatures. _ S
MOVC instructions executed from external program memory are disabled from
2 P u U fetching code bytes from internal memory, EA is sampled and latched on reset, and

| further programming of the Flash is disabled.

Same as mode 2, also verify is disabled.

Same as modgﬁ}, also external execution is disabled.

>rogramming the Flash

"he AT89C51 is normally shipped with the on-chip Flash
nemory array in the erased state (that is, contents = FFH)
tind ready to be programmed. The programming interface
iccepts either a high-voltage {12-volt) or a low-voitage
Vcc) program enabie signal. The low voitage program-
ning mode provides a convenient way to program the
\T89C51 inside the user’'s system, while the high-voltage
wogramming mode is compatible with conventional third
iarty Flash or EPROM programmers.

he AT89C51 is shipped with either the high-voltage or
Jw-voltage programming mode enabied. The respective
ap-side marking and device signature codes are listed in
1e foliowing table.

Vpp=12V VpP=5V
AT89CH1 AT89C5H1
Top-Side Mark XXXX XXxXx-5
yyww yyww
{030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
{032H}=FFH (032H)=05H

The AT89C51 code memory arfray 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 Mcde.

Programming Algorithm: Before pragramming 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 AT88CS1, take the
following steps.

1. input the desired memory iocation on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12 V for the high-voliage program-
ming mode.

5. Pulse ALE/PROG once to pragram a byte in the Flash
array or the {ock 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 Poilling to indi-
cate the end of a write cycle. During a write cycle, an at-

— | ;
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Programming the Flash (Continued)

empted read of the last byte written will resuit in the com-
lement of the written datum on PO.7. Once the write cy-
le has been completed, frue data are valid on all outputs,
ind the next cycle may begin. Data Polling may begin any
ime after a write cycle has been initiated.

Ready/Busy: The progress of byte prograrmming can
1lso be monitored by the RDY/BSY output signal. P3.4 is
ulled low after ALE goes high during programming to in-
licate BUSY. P3.4 is pulled high again when program-
ning is done to indicate READY.

>ragram Verify: If lock bits LB1 and LB2 have not been
yrogrammed, the programmed code data can be read
yack via the address and data lines for verification. The
ock bits cannot be verified directly. Verification of the lock
oits  is achieved by observing that their features are en-
abled.

hip Erase: The entire Flash array is erased electrically
Oy using the proper combination of control signals and by
rolding ALE/PRQG low for 10 ms. The code array is writ-
en with all "1"s. The chip erase operation must be exe-
suted before the code memory can be re-programmed.

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
pulied to a logic low. The values retumed are as follows.

(030H) = 1EH indicates manufactured by Atmel
{031H) = 51H indicates 88C51

(032H) = FFH indicates 12 V programming
{032H) = O5H 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 programring venders offer worldwide support
for the Atmel microcontroiler series. Please contact your
tocal programming vendor for the appropriate software re-
vision,

Flash Programming Modes

ALE/ EA/
Mode RST PSEN PROG VPP P2.6 P2.7 P3.6 P3.7
Write Code Data H L Hvih L H H H
ReadCodeData | H L H H L L H H
Write Lock Bit - 1 H L -~ Hi12V H H H H
Bit - 2 H L ~ Hi2v H H L L
Bit- 3 H L g HM2V H L H L
Chip Erase H L ~ H/12v H L L L
-Reégéignature R L i
Byt H L H H L L L L

{otes: 1. The signature byte at location 032H designates
whether Vpp = 12 V or Vep = 5 V should be used to
enable programming.

2. Chip Erase requires 2 10 ms PROG pulse.

; AT89C51 messssssssssss———
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‘igure 3. Programming the Flash Figure 4. Verifying the Flash

+5v 5V
AT89CS1 G ATB9C51 o
aDDR. 20 -AT by Ve | ADDR. 20 - A7l by Vee 1
OOOOH/OFFF:B — P20 - P23 PO Pk E,E\;T“,AA OOOOH/OFFFH—\-___: P20 - P23 PO Ly f&hg ?ﬁ:;A
00 o AB ‘_A_Tl P25 PULLUPS)
SEE FLASH - P27 ALE le -~ PROG SEE FLASH — » P27 ALE le—
HobES TaBLE ¥ P CROSTAMING ) pas .
e P37 1 » P17 '”
------------- | XTAL 2 BA & i x1a 2 Ei la
1-24 MHZJ_ I
— l
TI el XTAL 1 RST (e— : XTAL 1 RST 14— V,
i oND  PSEN | - ~Jeno  BEEN |
~lash Programming and Verification Characteristics
'a=21°C 10 27°C, Vee = 5.0 £ 10%
Symbol Parameter Min Max Units
Ve | Programming Enable Voltage s 125 v
ippt" Programming Enable Current 10 mA
Afciel Oscillator Frequency 4 A MHz
taveL | Address Setup to PROG Low 48tcict
teHax | Address Hold After PROG 48tcret o
foveL | Data Setup to PROG Low | 4stoio ) i
tcHox | Data Hold After PROG 48tcLeL e
{EHSH P2.7 (ENABLE) High to Vep 48tCLCL
tsHol | Vee Setup to PROG Low 10 ks
tons ! | Vep Hold After PROG 10 R us__
toleH PROG Width 1 N 10 ] us
tavav Address to Data Valid 48tCLCL
teav | ENABLE Low to Data Valid astoLet
tenay | Data Float After ENABLE 0 48tcic. -
tewe. | PROG High to BUSY Low 10 s
twe Byte Write Cycle Time 20 ms
Ee: 1. Oritrl;uéed in 12-voit [;fabramming mode. v o
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‘lash Programming and Verification Waveforms - High Voltage Mode

PROGRAMMING VERIFICATION
P10 - P17 ADDRESS j—j ADDRESS

P20 - P23
e Lavav

PORT O DATA IN }————~—« DATA OUT p——

tJ‘-\\IC-}L

z t PR
tDVGL GHDX ;

ALE/PROG

EANpp

_P27
(ENABLE)

P34 _
{RDY/BSY)

-lash Programming and Verification Waveforms - Low Volitage Mode

P10 - P17 - PROGRAMMING VERIFICATION
P20 - P2.3 : ADDRESS r—‘j ADDRESS
F tAVQV
PORT 0 - DATA IN DATA QUT p——
L love tarpx =
tAVGL;"““" * tenax
ALE/PROG
tspiaL ——tgy ap—>
_ ; LOGIC 1
EANpe 7 | LOGIC 0
p27
(ENABLE)
P34
(RDY/BSY)
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Absolute Maximum Ratings*

*NOTICE: Stresses beyond those listed under *Absolute Maxi-

Cperating Temperature.......cc.ccc..... -55°C to +125°C
Storage Temperature............c..c..... -65°C to +150°C
Voltage on Any Pin

with Respect to Ground ................... -10Vio+7.0V

Maximum Operating Voltage
DC Output Current

}).C. Characteristics

...................

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.

A =-40°C to 85°C, Voo = 5.0 V £ 20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
vie . Input Low Voltage (Except EA) 05  02Vec01 \Y
Vi InputLow Voitage (EA) , 05 0.2 Vce-0.3 v
MV InputHigh Voltage (Except XTAL1,RST) ~ ~~~~ 02Veet08  VeotGS Vo
ViHt Input High Voltage ~ (XTAL1,RST) B 07Vec  Vce05 v
Qutput Low Voltage‘” _
Vo (Pots123 ~~  lee=temA ! 045 v
Output Low Vattage'! _
Vo (PotOALEPSEN)  =32mA M v
lop =-60 yA, Ve =5V £ 10% 2.4 Vv
vV, * Qutput High Voltage oH - wA. Voc O — -
OH . (Ports 1,2,3, ALE, PSEN) lo=-26pA 076¥¢cc N
o . lon = -10 uA ~ 0.9 Ve v
= -8 A =5V +10% 4
v Output High Voltage lon=-B00A. Vee =8V 210K .28 A
OH1 . (Port O in External Bus Mode) 1oH = -300 uA _.....078Vee v
: R v tOH = -BO A ) 0.9 Vce _ v
Logical 0 Input Current _
e  (Ports12.3) _ Vwmossv L KA
Logical 1 to 0 Transition ”
n Curent(Ports 123) YW=V . L B
input Leakage Current
I (Port0,EA) 0.45 < Vin < Vee - o WA
RRST " Reset Pufldpwn Resistor - 50 300 ~ ke
Cio Pin Capacitance TestFreq. =t MHz, Ta = 25°C 10 pF
Power Supply Current Active Mode, 12 MH2 20 mA
lee o ~ idle Mode, 12 MHz ) ) 5 mA
Power Down Made®@ Voc =8V L0 BAL ¢
i . e e YEE =3 Y . 40 . A
lotes: 1. Under steady state {non-transient) conditions, oL Maximum total I0L for all output pins:71 mA

must be externally limited as follows:
Maximum oL per port pini10 mA
Maximum loL per 8-bit port:

Port 0:26 mA

Ports 1,2, 3:15mA

—— ATEE

2.

If IOL exceeds the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.
Minimum VCC for Power Downis 2 V.



\.C. Characteristics

Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
ther outputs = 80 pF}

ARE] =

=xternal Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
cier | Oscillator Frequency 0 .24 MHz
fHL  ALEPulse Width 127 Aeic40 | oS
taviL  Address Valid to ALE Low 28 B tICLCL-13 ns
ftiax  Address Hold After ALE Low 48 tCLCL-20 ) ns_
v ALE Low to Valid Instruction In 233 ~ 4CLCL-85 | ns
bire  AlELowlo @Lﬂq o 43 tcel-13 ns
tPLPH PSEN Pulse Width 205 3tcicL-20 ns
Ly PSEN LowtoValid Instruction In | s 345 | e
texix  Input Instruction Hoid After PSEN 0 0 ns
texiz_ Input Instruction Float After PSEN 59 - _ toe10 | s
texav ° PSEN to Address Valid 75 tcLeL-8 ns
taviv Address to Valid instruction In 312 ~ Stciel85 | ms
‘ez PSEN LowloAddress Float | 10 o 0 | ns
triRH  RD Pulse Width 400 i BtcLci-100 ns
twiwH  WR Pulse Width | 400 BicicL-100 ns
tripv  © RD Low to Valid Data In. ) 252 ~ S5tere-90 s
tRipx _~ Data Hold After RD 0. R s
tRHpz  Data Float After RD ' 97 . 2?8 ns
tuov  ALE Low to Valid Datan , 517 _BICLOL-150 | ns
tavoy__ Address to Valid DataIn 585 __SiCLCL-165 | ns
tuw.  ALE Low to RD or WR Low 200 300 3tolcl-50  3toLc+50 ns o
tavw  Address to RD or WR Low 203 - 4cLel75 ne
tovwx Data Valid to WR Transition 23 'téLCL-ZO ns;
tavwr  Data Valid to WR High 433 B 7icLoL-120 | ns
twhox _ DataHold Afler WR 33  1cLot20 s
tRiaz  RD Low to Address Float - 0 i o | ms
twi RO or WR High to ALE High 43 123 | w20 o5 | ms
0 AT89C51 meese——e—————————



zxternal Program Memory Read Cycle

tLHLL ——.j
ALE L

PSEN

PORT O

PORT 2

AT89C51

<

ta

fLax —

—> lp
L

-t

PR AD - A7 K _INSTR IN T A-AT >
< by ]
M AB-AT5 X __AB-Al5

=xternal Data Memory Read Cycle

ety —

ALE N

i

o ——

PSEN

PORT 0 _ A0 - A7 FROM Ri OR DPLJ

tI.E_E.')V

< tLLWL B—

[+t —
’ tRiaz ||

"— trLRH —»

” »

tFlE_D'\/

P

+— tripz

—»l fet tRHDX

e————— Lo ————»

I — tAVDV — iy

DATA IN AD - A7 FROM PCL > INSTR IN

5 FROM DPH

X AB - At5 FROM PCH

PORT 2 ﬁ P20 - P27 OR A8 - Al

AIEY

11



“xternal Data Memory Cycle

by —

AHIEL =

ALE O
' ¥ b
PSEN !
oty el —>
WR — N
‘__tAVLL_"; tavwx - — taiax

AD - A7 FROM RI OR DPL

— tC!\"WH "

DATA OUT

XAO - A7 FROM PCL>—<CINSTR IN

tAV\NL —¥

PORT 2

P2.0 - P27 OR A8 - A15 FROM DPH

X

A8 - A15 FROM PCH

=xternal Clock Drive Waveforms

. terex loren —*  fonex ;_: « tenol
Vg + 0.8V - cfmrmm e e -
——————————— 0.7 Vg
02 Ve 0V - -
045V J— — : —
o togex >
e R Y T . -
:xternal Clock Drive
Symbol Parameter Min Max Units
Meer | Oscillator Frequency e 24 MHz B
ferer | Clock Period . 4 . s
fonex | HighTime 15 ] ns .
fclex | LowTime 15 - ns -
fclcw | RiseTime ] 20 ns
fcner | FallTime 20 ns

AT89C51 s ————————



Esssssssssssssssssssssssssssssessssnmns A T89C 51

Serial Port Timing: Shift Register Mode Test Conditions

Vee = 5.0V = 20%; Load Capacitance = 80 pF)

‘ 12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
XL Serial Port Clock Cycle Time 1.0 12tcicL - us
tQvxH QOutput Data Setup to Clock Rising Edge = 700 10tcLe-133 ns
txHOX Output Data Hoid After Clock Rising Edge 50 2tcLeL-33 ns
txHpx | InputData b Hold After Ciock Rising Edge 0 o | ns
txHDV | Clock Rising Edge to input Data Valid 700 10{CLCL-133 | ns
3hift Register Mode Timing Waveforms
INSTRUCTION | G 6 | 7 | 8 |
L hfl_F_:LF_U_ LT RN R
““’_—f o ‘
CLOCK ] l ] [ P
tavxH |
F tXHQX
WRITE TO SBUF o X2 X3 X x5 e X7
A — t
OUTPUT DATA tyroy ﬂ‘—*‘ |'7 XHDX serm !

. CLEARRI |
v
INPUT DATA

AC Testing Input/Output Waveforms'’

Ve~ 0.5V

0.2 Vg + 0.9V

TEST POINTS
0.2 Vg - 0.1V

0.45v

Note: 1. AC Inputs during testing are driven atVgg-0.5V fora

logic 1 and 0.45 V for a logic 0. Timing measure-
ments are made at Vig min. for a logic 1 and Vi
max. for alogic 0.

AImEL

SET Rl?

Float Waveforms'"’

+ 0.1 b ™, - 0V
VLOAD 0 V/ VOL

Timing Reference ™\
Points

v - 0.V
LOAD VOL+ 0.1v

Note: 1. For timing purposes, a port pin is no fonger floating
when a 100 mV change from load voitage occurs.
A port pin begins to float when a 100 mV change
from the loaded Vor/Vou level occurs.
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