
BABV 

KES~PULANDANSARAN 

5.1 KESIMPULAN 

Setelah menyelesaikan perancangan, pembuatan, pengukuran dan pengujian 

alat yang dibuat, dapat ditarik kesimpulan: 

• Rangkaian Non Inverting telah bekeIja dengan baik 

• Rangkaian ADC 8 bit yang digunakan telah bekeIja dengan baik 

• Rangkaian Penyearah Gelombang Penuh telah bekerja dengan baik 

Oleh karena itu secara keseluruhan KWH Meter Digital telah bekeIja dengan baik 

dengan tingkat kesalahan 3.60 1% 

5.2 SARAN 

Untuk mendapatkan hasil perbandingan data yang baik, maka hal-hal yang dapat 

dipakai guna penyempurnaannya adalah: 

Pengesetan MCB yang baik dan benar sehingga menghasilkan hasil yang lebih presisi 

Cbatas pemakaian beban). 

Mengadakan pengukuran dan pengujian yang lebih sempurna dan teliti. 
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LAMPIRAN 1 



,-------------------------------------------------------------------------------
PERENCANAAN DAN PEMBUATAN ALAT UKUR 

KWH METER DIGITAL 
UNIKA WIDYA MANDALA 

SURABAYA 
-------------------------------------------------------------------------------, 

PA 
PB 
PC 
PCW 
CW 

COUNT 
TEMPI 
TEMP2 
TEMP3 
TEMP4 
INI 
IN2 
IN3 
IN4 
VAR6 
VAR7 
VAR8 
VAR9 
VARlO 
VARll 
VARI2 
VARI 
VAR2 
VAR3 
VAR4 
VAR5 
WATTl 
WATT2 
WATT3 
WATT4 
KWH1 
KWH2 
KWH3 
KWH4 
UANGI 
UANG2 
UANG3 
UANG4 
WAKTUl 

EQU 
EQU 
EQU 
EQU 
EQU 

4000H 
400lH 
4002H 
4003H 
80H 

EQU 08H 
EQU 09H 
EQU OAH 
EQU OBH 
EQU OCH 

EQU ODH 
EQU OEH 
EQU OFH 
EQU lOH 
EQU llH 
EQU 12H 
EQU 13H 
EQU 14H 
EQU 15H 
EQU 16H 
EQU 17H 
EQU 18H 
EQU 19H 
EQU lAB 
EQU 1BH 
DATA 2lH 
EQU 1CH 
EQU lDH 
EQU lEH 
EQU 1FH 
EQU 30H 
EQU 3lH 
EQU 32H 
EQU 33H 
EQU 34H 
EQU 35H 
EQU 36H 
EQU 37H 
EQU 38H 

;VARIABEL 64 BIT 

;MSB 64 BIT 
;LSB 32 BIT 

;MSB 32 BIT 
;LSB 64 BIT 



WAKTU2 EQU 39H 
CURSOR EQU 3AH 

ORG 2000H 

START AJMP MULAI 

ORG 200BH 

INTERUPT TIMERO 
,----------------------------------

AJMP TIMERO 

ORG 2100H 

ROUTINE TIMERO 
,-----------------------------------
TIMERO 

ESCTRO 

DJNZ R4,ESCTRO 
MOV R4,#48 
DJNZ RS,ESCTRO 
MOV RS,#lOO 
INC WAKTUl 
RETI 

,-----------------------------------
DELAY 

-----------------------------------, 
DELAY 
DELl 

MOV 
MOV 
DJNZ 
DJNZ 
RET 

R7,#OFFH 
R6,#OFFH 
R6,$ 
R7,DELl 

,-----------------------------------
DELAY LCD 

DEL LCD 
DEL2 

MOV R7,#1 
MOV R6,#2S0 
DJNZ R6,$ 
DJNZ R7,DEL2 
RET 

IN ISIALISASI 
,-----------------------------------
INIT MOV WATTl,#O 



ENABLE 

mode2 

BR=9600 Bps 

MOV WATT2,#0 
MOV WATT3,#0 
MOV WATT4,#0 
MOV KWHl,#O 
MOV KWH2,#O 
MOV KWH3,#0 
MOV KWH4,#0 
MOV UANGl,#O 
MOV UANG2,#O 
MOV UANG3,#0 
MOV UANG4,#0 
MOV R4,#48 
MOV R5,#40 
MOV IE,#82H ;INTERUPT TlMERO 

MOV 
MOV 
MOV 
MOV 
MOV 

MOV 

MOV 

MOV 
MOV 
MOV 
MOV 

SETB 
RET 

TMOD,#02H 
TLO,#64 
THO,#64 
WAKTU2,#0 
WAKTUl,#O 

TMOD,#0010001OB 

TLl,#OFAH 

THl,#OFAH 
TCON,#01000000B 
SCON,#01010000B 
PCON,#80H 

TRO 

;TIMERO MODE 2 

;T1 mode2, TO 

;T1 mode2 generate 

; T1 on, TO off 
;Model,REN 
;SMOD=O 

----------------------------------, 
SUBROUTINE LCD 

----------------------------------, 
SUB LCD MOV DPTR,#PA 

MOVX @DPTR,A 
MOV A,#02H 
MOV DPTR,#PC 
MOVX @DPTR,A 
ACALL DEL LCD 

;ENABLE HIGH 

MOV A,#O ;ENABLE LOW 
MOVX @DPTR,A 
RET 



,----------------------------------
LCD 

----------------------------------, 
LCD MOV A,#3FH 

ACALL SUB LCD 
MOV A,#OCH 
ACALL SUB LCD 
MOV A,#06H 
ACALL SUB LCD 
MOV A,#OlH 
ACALL SUB LCD 
MOV A,#80H 
ACALL SUB LCD 
RET 

,-----------------------------------
PEMBAGIAN 

-----------------------------------, 
BAGI 

BAGIl 

SHIFT 

MOV A,RO 
PUSH A 
MOV A,Rl 
PUSH A 
MOV A,R2 
PUSH A 
MOV INl,V ARl 
MOV IN2,V AR2 
MOV IN3,VAR3 
MOV IN4,VAR4 
MOV VARl,#O 
MOV VAR2,#O 
MOV VAR3,#O 
MOV VAR4,#O 
MOV COUNT,#64 
CLR C 
MOV A,VAR5 
RLC A 
MOV VAR5,A 
MOV RO,#llH 
MOV R2,#ll 
MOV A,@RO 
RLC A 
MOV @RO,A 
INC RO 

;RESETLCD 

;DISPLA YON/OFF 

;DATAENTRY 

;DISPLA Y CLEAR 

;DISPLA Y LINEl (LINE2=CO); 

;GESER LSB 64 BIT 

;ALAMA TV AR6 

;GESERKIRI 

DJNZ R2,SHIFT 
MOV TEMPl,VARl 
MOV TEMP2,VAR2 



KURANG 

NEGATIVE 

MOV TEMP3,VAR3 
MOV TEMP4,V AR4 
CLR C ;PENGURANGAN 
MOV RO,#18H 
MOV Rl,#ODH 
MOV R2,#4 
MOV A,@RO 
SUBB A,@Rl 
MOV @RO,A 
INC RO 
INC Rl 
DJNZ R2,KURANG 
JC CLEAR VARBITO ;CEKAPAKAHRESULT 

SETB VAR5.0 
AJMP CEKCOUNTER 

CLEAR VARBITO MOV VARl,TEMPl 
MOV V AR2,TEMP2 
MOV V AR3,TEMP3 
MOV VAR4,TEMP4 

CEKCOUNTER DJNZ COUNT,BAGIl 
POP A 
MOV R2,A 
POP A 
MOV RI,A 
POP A 
MOV RO,A 
RET 

PERKALIAN 
,-------------------------------
KALI 

KALIl 

MOV INl,VARI 
MOV IN2,VAR2 
MOV IN3,V AR3 
MOV IN4,VAR4 
MOV VAR9,#O 
MOV VARlO,#O 
MOV VARll,#O 
MOV V ARI2,#O 
MOV VARl,#O 
MOV VAR2,#O 
MOV VAR3,#O 
MOV VAR4,#O 
MOV COUNT,#32 
CLR C 



JNB VAR5.0,PASS2 ;APAKAHQO=O? 
MOV RO,#18H 
MOV Rl,#ODH 
MOV R2,#4 

TAMBAH MOV A,@RO 
ADDC A,@Rl 
MOV @RO,A 
INC RO 
INC Rl 
DJNZ R2,TAMBAH 

PASS2 MOV RO,#lBH ;ALAMAT VAR6 
MOV R2,#4 

SHIFTRI MOV A,@RO ;GESER KANAN 
RRC A 
MOV @RO,A 
DEC RO 
DJNZ R2,SHIFTRI 
MOV RO,#13H 
MOV R2,#3 

SHlFTR2 MOV A,@RO 
RRC A 
MOV @RO,A 
DEC RO 
DJNZ R2,SHIFTR2 
MOV A, V AR5 ;GESER LSB 64 BIT 
RRC A 
MOV VAR5,A 
DJNZ COUNT,KALII ;APAKAH COUNTER = ° ? 
MOV VAR12,VAR4 
MOV VARll,VAR3 
MOV VARlO,VAR2 
MOV V AR9,V ARl 
RET 

.----------------------------------------, 
PENJUMLAHAN 

.----------------------------------------, 
SUM CLR C 

MOV A,VAR5 
ADDC A,VARI 
MOV VAR5,A 
MOV RO,#llH 
MOV Rl,#19H 
MOV R2,#3 

JUMLAH MOV A,@RO 
ADDC A,@Rl 

;PENJUMLAHAN 



MOV @RO,A 
INC RO 
INC Rl 
DJNZ R2,JUMLAH 
JNC ESC SUM 
INC VAR9 

ESC SUM RET 

PENGURANGAN 
,----------------------------------------
SUB CLR C ;PENGURANGAN 

MOV A,VARS 
SUBB A,VARI 
MOV VARS,A 
MOV RO,#llH 
MOV Rl,#19H 
MOV R2,#3 

POTONG MOV A,@RO 
SUBB A,@Rl 
MOV @RO,A 
INC RO 
INC Rl 
DJNZ R2,POTONG 
JNC ESC SUB 
DEC VAR9 

ESC SUB RET 

ENABLE DISPLAY 
-----------------------------------------, 

ENA DIS MOV DPTR,#PA 
MOVX @DPTR,A 
MOV A,#03H 
MOV DPTR,#PC 
MOVX @DPTR,A 
ACALL DEL LCD 
MOV A,#O 
MOV DPTR,#PC 
MOVX @DPTR,A 
RET 



,-----------------------------------
DISPLAY KWH 

;-----------------------------------
DISP KWH MOV R3,#9 ;9 CHAR 

MOV CURSOR,#l5 
DISPl MOV R2,CURSOR ;POINTER CURSOR 

DEC CURSOR 
MOV A,#80H ;POINTER MULA-MULA BARISl 
ACALL SUB LCD 
ACALL SUB LCD 

DISP2 MOV A,#l4H ;CURSOR BERGESER 
ACALL SUB LCD 
DJNZ R2,DISP2 
CJNE R3,#6,DISP3 
MOV A,#2EH 
AJMP DISP4 

DISP3 MOV VARl,#10 
MOV VAR2,#O 
MOV VAR3,#O 
MOV VAR4,#O 
ACALL BAGI 
MOV A,#30H 
ORL A,VARI ;TAMPILKANSISADIVIO 

DISP4 ACALL ENA DIS 
DJNZ R3,DISPI 
RET 

DISPLA Y BIA Y A 
------------------------------------, 

DISP BIA YA MOV R3,#9 ;9 KARAKTER 

DISP5 

DISP6 

DISP7 

MOV CURSOR,#l5 
MOV R2,CURSOR ;POINTER CURSOR 
DEC CURSOR 
MOV A,#OCOH 
ACALL SUB LCD 
ACALL SUB LCD 

MOV A,#14H 
ACALL SUB LCD 
DJNZ R2,DISP6 
CJNE R3,#7,DISP7 
MOV A,#2EH 
AJMP DISP8 
MOV VARl,#lO 
MOV VAR2,#O 
MOV VAR3,#O 

;POINTER MULA-MULA BARIS 2 

;CURSOR BERGESER 



DISP8 

MOV VAR4,#O 
ACALL BAG! 
MOV A,#30H 
ORL A,VARI 

ACALL ENA DIS 
DJNZ R3,DISP5 
RET 

;T AMPILKAN SISA DIV 10 

,----------------------------------
SUBROUTINE STRING 

,----------------------------------
SUB STR MOV A,#03 ;RIS OFF 

MOV DPTR,#PC 
MOVX @DPTR,A 
MOV A,@RO 
MOV DPTR,#P A 
MOVX @DPTR,A 
ACALL DEL LCD 
MOV A,#OH ;RlS ON 
MOV DPTR,#PC 
MOVX @DPTR,A 
ACALL DEL LCD 
INC RO 
DJNZ R2,SUB _ STR 
RET 

----------------------------------, 
; TULISAN 'KWH :' & 'BIA Y A : ' 
,----------------------------------
STRING MOV A,#O ;CONTROL LCD = 0 

MOV DPTR,#PC 
MOVX @DPTR,A 
ACALL DEL LCD 
MOV V AR6,#4BH ; {K} 
MOV VAR7,#57H ;{W} 
MOV V AR8,#48H ; {H} 
MOV VAR9,#20H ;{ } 
MOV V ARlO,#20H ; { } 
MOV VARll,#3AH ;{:} 
MOV RO,#llH 
MOV R2,#6 
ACALL SUB STR 
MOV A,#OCOH ;DISPLA Y BARIS 2 
ACALL SUB LCD 
MOV VAR6,#43H ;{C} 
MOV VAR7,#4FH ;{O} 



MOV VAR8,#53H 
MOV VAR9,#54H 
MOV VARIO,#20H 
MOV VARll,#3AH 
MOV RO,#llH 
MOV R2,#6 
ACALL SUB STR 
RET 

,----------------------------------
AKTIFKAN ALU 4 BYTE 

,----------------------------------
ALU4BYTE MOV V AR9,#O 

MOV VARlO,#O 
MOV VARll,#O 
MOV VAR12,#O 
RET 

,----------------------------------
PERHITUNGAN KWH METER 

,----------------------------------
HITWATT MOV VAR5,Pl 

MOV VAR6,#O 
MOV VAR7,#O 
MOV VAR8,#O 
ACALL ALU4BYTE 
MOV VARl,#51 
MOV VAR2,#O 
MOV VAR3,#O 
MOV VAR4,#O 
ACALL KALI 
MOV VARl,WATTl 
MOV VAR2,WATT2 
MOV VAR3,WATT3 
MOV VAR4,WATT4 
ACALL SUM 
MOV WATTl,VAR5 
MOV WATT2,V AR6 
MOV WATT3,VAR7 
MOV WATT4,V AR8 

ESCHIT RET 

;{S} 
;{T} 
; { } 
;{:} 



,---~------------------------------

; PERHITUNGAN KWH METER & UANG 
,----------------------------------
HITKWH MOV VAR5,WATTl 

MOV VAR6,WATT2 
MOV VAR7,WATT3 
MOV VAR8,WATT4 
MOV VARl,#36 
MOV VAR2,#O 
MOV VAR3,#0 
MOV VAR4,#0 
ACALL ALU4BYTE 
ACALL BAGI ;DIBAGI 36 
MOV V ARl,#232 
MOV VAR2,#3 
MOV VAR3,#0 
MOV VAR4,#0 
ACALL ALU4BYTE 
ACALL BAGI ;DIBAGI 1000 
MOV WATTl,VARl 
MOV WATT2,VAR2 
MOV WATT3,VAR3 
MOV WATT4,VAR4 
MOV VARl,KWHl 
MOV V AR2,KWH2 
MOV V AR3,KWH3 
MOV V AR4,KWH4 
ACALL SUM 
MOV KWHl,VAR5 
MOV KWH2,VAR6 
MOV KWH3,V AR7 
MOV KWH4,VAR8 
MOV VARl,#9 
MOV VAR2,#0 
MOV VAR3,#0 
MOV VAR4,#O 
ACALL KALI 
MOV UANGl,VAR5 
MOV UANG2,VAR6 
MOV UANG3,VAR7 
MOV UANG4,VAR8 
RET 



----------------------------------, 
TRANSMISI 

, 
TRANSMISI MOV RO,#30H 

MOV R2,#8 
MOV A,#128 
JNB TI,$ 
CLR TI 

TRANS} MOV A,@RO 
JNB TI,$ 
CLR TI 

, 

DJNZ R2,TRANSI 
RET 

MAIN PROGRAM 

MULAI MOV SP,#40H 
ACALL DELAY 
MOV DPTR,#PCW 
MOV A,#CW 
MOVX @DPTR,A 
ACALL LCD 
ACALL STRING 
ACALL INIT 

CEKDETIK MOV A,WAKTUl 
CJNE A,W AKTU2,CEK ;CEK PERUBAHAN DETIK 
AJMP DISPLAY 

CEK ACALL HITWATT 
MOV W AKTU2, W AKTUl 
MOV A,WAKTUl 
MOV B,#36 
DIV AB 
MOV WAKTUl,B 
MOV W AKTU2,WAKTUl 
JNB ACC.O,DISPLA Y ;AP AKAH WAKTUl = 36 ? 
ACALL HITKWH 

DISPLAY MOV VAR5,KWHI 
MOV V AR6,KWH2 
MOV VAR7,KWH3 
MOV V AR8,KWH4 
ACALL DISP KWH 
MOV V AR5,UANG 1 
MOV V AR6,UANG2 
MOV VAR7,UANG3 
MOV V AR8,UANG4 



MOV A,#OCOH ;BARIS 2 
ACALL SUB LCD 
ACALL DISP BIA Y A 
JB P3.2,CEKDETIK 
ACALL TRANSMISI 
AJMP CEKDETIK 
o 
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~ National 
~ Semiconductor 

Corporation 

ADC0801, ADC0802, ADC0803, ADC0804, 
ADCOb05 8-Bit p.P Compatible AID Converters 

General Description 
The ADC0801. ADC0802. ADCOa03. ADC0804 and • Difforential analog voltage inputs 
ADC0005 are CMOS 8-bit successive approximation AID • Logic input. and output. meet both MOS and TIL volt· 
converters that use a differential potentiometric ladder- age level specifications 
similar to the 256R products. These converters afB de- w· Works with 2.SV (LM336) voltage reference 
signed to allow opelation with the NSC800 and INS8080A • On·chip clock generator 
deriv'tive control bus with TAI·STATE" output latches di· • OV to 5V analog input voltage range with single SV 
ractly driving the data bus. These AIDs appear like memory supply 
tocatians or 110 ports to the microprocessor and no inter-

• No zero adjuLl required facing logic is needed. 
• 0.3" standard width 20'pin DIP package 

Differential analog voltage inputs allow increasing the com-
• 20-pin molded chip carrier or small outline :Jackags mon-mode rejection and offsetting the analog zero input 
• Operatas ratk .. ,1etrically or with S VOC. 2.S VOC. or ana· voltage value. In addition, the voltage reference input can 

be adjusted to allow encoding any smaller analog voltage log span adjusted voltage roference 

span to the full 8 bits of resolution. 
Key Specifications 

Features • Resolution B bits 

• Compatible with 8080 flP dorivatives-no interfacing • T etal orror ± 'I. LSB. ± 'I. LSB and ± 1 LSB 
logic needed· access time· 135 ns • Conversion time 100 f's 

• Easy interlace 10 all nlicroprocessors, 01 operates 
"stand alone" 

Typical Applications 
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~ ~ ,n OJ, VINI.I I VOLTAGI RAIIU 
~'ROCUSOR n 

>DJffJIIJ'UTS 
In SltTlOII 1.4.1 

\ 'IS , l-f-" , .. '11111_) 

" • I on AGlilO 

" on ~~AN.D' .J: 
" DO' 

VRUn SU SECIIOI ':" .-!=" 

" I'· 1.4.1 

'" OGIIO~ 
V. Tl.IH/5671-1 

8080 Interface 
Error Specification (Include. Ful~Scale, 

Zero Error, and Non-Linearity) 

" Full· 
Part 

Scala VREF/2 - 2.500 Voc VREF/2 Q No Connection 

" Number Adjusted (No Adjustments) (No Adjustments) 
lII.5.l;IQQ. 
lon, "" lIG. 'I' ADCOBOI ± 'I. LSB 
11141. 

'" 1m ADC0802 ±'/, LSB 

J ADC0803 ± '!. LSB 
DATA ... ADC0804 i1 LSB 

ADC0805 ±1 LSB 
TL/H/!)671_31 
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Ite Maximum Ratings (Notes 1 & 2) 

'Aerospace specified deylces are required. Storage Temperature Range -6S'C te + lS0'C 
Ie National Semiconductor Sales Offlcel Package Dissipation at T A = 2S-C 87SmW 
• lor availability and opecilications. 

ESD Susceptibility (Note 10) 800V 
age (Vccl (Note 3) 6.SV 

Itrollnputs -0.3V to + 18V 
Operating Ratings (N"tes 1 & 2) 

nput and Outputs - 0.3V to (Vee + 0.3V) Temperature Range TMIN"TA';;TMAX 

(Soldering. 10 seconds) ADC080i 102LJ -SS'C';;TA" + 12S'C 

ne Package (plastic) 260'C ADC0801/02/03/04LCJ -40"C,;;TA" +8S'C 

ne Package (ceramiC) 300"C ADC0801/02/03/0SLCN -40'C"T".,; +8S'C 

lount Package 
ADC0804LCN O"C,;;TA" +70"C 
ADC0802/03/04LCV O'C"T A" + 70'C 'hase (60·seconds) 21S'C ADC0802103/04LCWM O"C <:TA " +70'C I (15 seconds) 220'C 

RangeofVcC 4.S Voc tu 6.3 Voc 

:al Characteristics 
Ig specifications apply for Vcc=S Voc. TMIN"TA<:TMAX and fCLK-640 kHz unless otherwise specified. 

Parameter Conditions Min Typ Max Unit. 

otal Adjusted Error (Note 8) With Full-Scale Adj. tv. LSB (See Section 2.5.2) 

>tal Unadjusted Error (Note 8) VREF/2 ~ 2.500 Voc ±Vz LSB 

>tal Adjusted Error (Note B) With Full-Scale Adj. 
± 'I, LSB (See Section 2.5.2) 

)tal Unadjusted Error (Note 8) VAEF/2 = 2.500 Voc ±1 LSB 

)tal Unadjusted Error (Note B) VREF/2-No Connection ±1 LSB 

I Resistancs' (Pin 9) ADCOB01/02/03/05 2.5 B.O kn 
ADC0804 (Note 9) 0.75 1.1 kn 

Voltage Range (Note 4) V(+) or V(-) Gnd-0.05 VCC+ O.OS Voc 

-Mode Error Over Analog Input Voltage ± VI. iV, LSB 
Range 

( Sensitivity Vee=5 Voc ± 10% Over ±IA, ±'Ia LSB 
Allowed VIN( +) and VIN( -) 
Voltage Range (Note 4) 

:trical Characteristics 
I speCifications apply for Vcc= 5 Voc and TA - 2S'C unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Conversion Time fCLK = 640 kHz (Note 6) 103 114 ",s 

Conversion Time (Note 5.6) 66 73 1lfCLK 

Clock Frequency Vce = 5V. (Note 5) 100 640 1460 kHz 
Clock Duty Cycle (Note 5) 40 60 % 

Conversion Rate in Free·Running iN'm tied to WI'! with 8770 970B conv!s 
Mode ~= 0 VOC.ICLK - 640 kHz 

Width of WI'! Input (Start Pulse Width) ~ = 0 Voc (Note 7) 100 ns 

Access Time (Delay from Falling CL =100 pF 135 200 ns 
Edge of 110 to Output Data Valid) 

TRI-STATE Control WOlay CL=10pF.RL-l0k 125 200 ns 
from Rising Edge Of to (See TRI-STATE Test 
HI-ZState) Circuits) 

De~from Falling Edge 300 450 ns 
of or!ffi to Reset of fNTR 
Input Capacitance of Logic 5 7.5 pF 
Control Inputs 

TRI-STATE Output 5 7.5 pF 
Capacitance (Data Buffers) 

IPUTS [Note: eLK IN (Pin 4) is the Input of a SchmiH trigger circuit and is therefore specified separately] 

Logical "I" tnput Voltsge 
(E 'cept Pin 4 CLK IN) 

Vee - 5.25 Voc 2.0 15 Voc 
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AC Electrical Characteristics (Continued) 

The following specifications apply for Vee '"'" 5Voc and T MIN ,; TA ,; T MAX. unless othorwise specified. 

Symbol Param.ter Conditions Min Typ I Max I Units 

CONTROL INPUTS (Note: ClK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately! 

VIN(O) logical "0" Input Voltage VCC=4.75 Voc O.B Voc 
(Except Pin 4 ClK IN) 

.. 

tiN (t) logic.I"t" Input Current VIN=SVOC O.OOS 1 "AOC 
(All Inputs) 

liN (0) Logica' "0" Input Current VIN-OVOC -1 -O.OOS "AOC 
(All Inputs) 

CLOCK IN AND CLOCK R 

VT+ ClK IN (Pin 4) Positive Going 2.7 3.1 3.S Voc 
Threshold Voltage 

VT- ClK IN (Pin 4) Negative 1.5 1.8 2.1 Voc 
Going Threshold Voltage 

VH ClK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc 
(VT+)-(VT-) 

VOUT (0) logical "0" ClK A Output 10=360 f'A 0.4 Voc 
Voltage VCC=4.7SVOC 

VOUT(I) logical "I" ClK A Output 10- -360 "A 2.4 Voc 
Voltage Vcc - 4.75 Voc 

DATA OUTPUTS AND INTR 

VOUT (0) logical "0" Output Voltage 
Data Outputs lOUT = 1.6 mAo VCC=4.7S Voc 0.4 Voc 
fNTi'i Output lOUT = 1.0 mAo VCC=4.75 Voc 0.4 Voc 

VOUT(I) Logical "1" Output Voltage 10= -360 "A. VCC=4.75 Voc 2.4 Voc 

VOUT (1) Logical" 1" Output Vollags 10= -10 f'A. VCC=4.75 Voc 4.5 Voc 

lOUT TAl-STATE Disabled Output VOUT=OVOC -3 "Aoc 
leakage (All Data Buffers) VOUT= 5 Voc 3 "Aoc 

ISOUACE VOUT Short to Gnd. TA = 25'C 4.5 6 mAOC 

ISINK VOUT Short to Vec. TA = 25'C 9.0 16 mAce 

POWER SUPPLY 

ICC Supply Current (Include. feLK = 640 kHz. 
ladder Current) VREF/2-NC. T ... =2S'C 

end Cll- SV 
ADC0801/02/03/04lCJ/OS 1.1 1.8 mA 
ADCOB04lCN/lCV IlCWM 1.9 2.5 mA 

Not. 1: Absolute Maximum R.tInOl indICa" limits beyond which da"'lQ810 the device may oca.w. DC and AC electrical specifications do not appty when operating 
the deVICe beyond tiS specified opetallno conditIOnS 

Not. 2: All voltages .,. measured W1lh Utspecl to God, unltls. olhefw\" IP8OI.-d. The MP&"a'e A God point thOuId tJw'y' be wwad 10 the 0 God 

Not. J: A zef'oOf dIOde ellsls. Internally. from Vo:; to Gnd and I'I&s a typocal bI .... dOwn volt.tge 01 7 VOC. 

Not. 4: FOI' VIN( - ).' .... ,"'(.) the doQIlJIl OUlput code .... ' ba 0000 0000 Two on.Q'\ip dIOde. ar. bed 10 sach analOg ~ 1108 block dlaQram) wtIICh WIIIIOI'Ward 
conducllQ( analog Input voll.lQo," c-I dIOde tJrOO belOw gtOUr"lCl Of ()1"4 ~ <!top gr .. l., than the Vcc ~ B. C&I.luI. dl.lt1l'O t •• 1a'\g at lOw Vcc 1tN1tl. (4 5VI. 
al I'hIJh '.vol .n.l1Og Inputl 15V) can c~",'" Ih.1 "'OUt doode 10 cOf'odvcI-'S~"'" at ....... tad t~.lue •.• nd C.l\.IM .,rot. 'Ot '''''60g ~ neat luII·5C.I.le The 
lpoe .llows 50 mV lorward boas 01 .. lh6t diode. Tho. me.n. Ih., ulonQ at u-.. ~ V".. does no! azceecJ tro. kClP'y WOIlA;e by more U\atl SO mV, 1he oulpo,lt 
code wi" be COllect. To achieve an absolute 0 Voe 105 Voe .nov! .... oIta.9' ,at'1Q4- w.u thetelore reQYlfe. ~ ~ 'IOItage oI4.9~ \Joe 0'1. \~l\\oII'e 
vanatlOnl. Initlf,1 tolerance .nd IcwIding 

Not. 5: Accuracy IS guatanleOO at felK '" ~O kHl. AI hw;lhor cLock Ir&ql.lef'lCleS ,cCUlaey can deQr.de. FOllOw., dock l'equ&l'lCMi'. the duty cycle limit. can be 
alftonded 50 long as It\e mlNmum cLock t'IIgh lIIT1e interv.1 Ot ",,"'mum ClOck lOw time inl ....... , i, no less than 275 nl. 

Not. I: With .n asynchlonous start pulse. up 10 B clock period. may be required oetore the inl.,nal clock phasa •• ,a ptoper 10 It art tha converSIOn ptocesa. The 
start reQuall is inlerna"y latched. sea FipKtl2 and section 2.0. 

Not. 7; The ~ input is assumed 10 bracket the WA strobe inpul .nd thlfelora timing is dependent on the ~ pIMae width. An arbitr.riIy wide puI.e width wiU hold 
trle converter in a reset mode and the alar1 01 conversion i. initialed by the low 10 high Iranlilion 01 the WR pulu (he liIning diaQrams). 

Not •• o None 01 these MOl requites I ,efO adju.t (Me .~tion 2.5.1). To obtain z.ero fOOde at other lnelog input voltagel .ee section 2.5 and Figurtl 5. 

Not •• : The VREF/2 pin is the cent., point 01 a two 'esislOt di'lidet connecled trorn Vc;c to ground. Each reaislQl is 2.2k, e:l(cepllor the AOC0804LCJ where each 
rl'tSlstQl i. 16k. Tolallacider input 'esistance i. the sum 01 the two eque.1 reai.lOl •• 

Not. let: Human body model. 100 pF diSCharged througtl. 1.5 kU resilt()f. 
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'pical Performance Characteristics 
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ClK IN Schmitt Trip levell 
VI. Supply Voltage 
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TRI-ST ATE Test Circuits and Waveforms 

I'H 

'ee 

t, .. 20 ns 

'ee 

'" 
L_,,-~DATA 

OUTPUT 

Timing Diagrams (All liming IS measured Irom Iho 50-,. ,oll8go poinls) 

STAAl 
COIIVlMSlOIl ____ -, 

\,--_, __ J 

ACTUAllIIUJlUl 
STATUS Of TH[ 

CONVUHEIIo 

- -
I\f--....J 

... ,- I--

- ..... !flll - "'USY M 

'NOT IUSY" 
/C 

'ee 
DATA 

OUTPUTS 

'Ol 

~ ITOI·,/tCLI( UnUHAl TC 

liT. 

!lAST DATA WAS IIUO) 

!!.!S!!.~ 'II!! II!,! "~O!... __ ~! 

DATA 
oU"un 

~ 

-
Output Enable and Reset INTR 

iNTA RUIT 

- 'RO -

1101( - ~ 

Note: Read strobe must OCC1J( 8 clock period, (S/fClJ() after assertion of intenupt to guarantee r,set of IRm. 
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~plcal Applications (Conlinued) 

6800 Interface 

... 
, ... 
"tl, , .... 
IfC. II '" 

AbsolUte with a 2.500V Relerence 

~' ... ' 
" 

'For lOW power, .ee also LM385-2.5 

,. .. 
.~ 

Zero-Shill and Span Adjust; 2V s VIN S 5V 

'« 
"'lOCi 

UT$U~D 

I ¥lL "'·r'!.' .;., .... --"""....._--;-+..:;:.:..:::.:;:""'''-:r--t-....J 

OJ' 
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Ratlometrlc with Full-Scale Adjust 
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Nole: before using caps al VIN 01 VREF/2. ~ 

see section 2.3.2 Input Bypass Capacitors. 
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Typical Applications (Continued) 

Directly Converting a Low-Lovel Signal A ,.p Interlaced Comparator 

r-<>--IVI~('I Vtt 1--+-----------, 
' .. 

". 

... 
"VDCC>-~W,....r__v.,.>(v----r~w .... ------------..J 

" '" ." " 

" 

, mV Resolution with ,.p Controlled Range 

VREF/2-128 mV 

1 lSB-1mV 

VOAC~V,N~(VO ... c+256 mY) 

'tt 
Ii VDC' 

~ . 

For: VIN(+»VIN(-) 

Output - FFHEX 

For: VIN(+)<VIN(-) 

Output - OOHe:X 

r-<>----------IV,frll.( ,,'1--+----------------, 
~'.~' 

" 
". 

I .,1 DA~ 
.." r""' .... ++UNVpc 

OS VOA.C < "15V 

Digitizing a Curront Flow 

'« 1--------+--------, 

J"-' h 

u. 
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Ical Applications (Continued) 

Self-Clocking Multiple AID. ... ~ eLla 

nl, ell." '" ., 

w. In' 

Cl'" -rO

" 

"0-- cua 

'" ., 

S large A value UI •• 

:luce loading I .K R output. + 
"IIIOl( JMAIIJI.OOlllOIIAL 

All ... Ull" CIIIOI"fU" I"" "1I 

ocklng In Free-Running Mode 

UP. a momentary grOUnding 

I"g with "Automotive" Ratlometrlc Transducer. 
'« 

.. 

'0.15 Vee 
"CC~VXDRS:85% 01 Vee 

I,VDtl 

'" 
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IV External Clocking 

;l,UV--:::;:·r" ___ -. 
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",p Interface for Free-Running AID 
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Ratlometrlc with VREF/2 Forced 
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Typical Applications ICon"nuOd) 

I'P Comp~tlbl' Dlfferentlal.lnput Comporltor with Pre-Sot VOS (with or without HY"!""'I) 

.~ 

'508 FigUl'6 510 select R value 

DB7 = "I" 101 VIN( + 1:> VINe -) + (VREF/2l 

0".." CItCUltry Within the done4 .,e. it 

hY$t&reSls I' nol needod 

r---------------------j 
I 
I 
I 
I , 
1 
I , , 

I ____________________ -J ~ 

u. 

\I'''' 

Handling ± lOV Analog Input I Low-Colt,!,P Interlaced, Temperature·to-Dlgltal Converter 

" "N ,.' 

'" 1 
"t,I.1 w .. t~ 

T"~' ... 
,.' ., 

f- 'I,.H 

... 
'Bockman Instruments ,S9.·J·R10I( (8s.isl()( array 

lOP Interlaced Temperature-to-Digital Converter 

.v~~) 

lIlln" 
IU ..... U·t. 

".Vrll 

'Circuit values shown ara lor O"C:!;T A~ + 128"C 

• 'Carl callbl'ate ee.ch senSOi' 10 allOw easy fepiaeamaM. then 
AID can be calibrated With a pro·set if1PU1 VOltage. 

"' 
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cal ApplicatIons (Conlinued) 

Handling ± 5V Analog Inputa 

I~'r------
I.' 

'cc 

Tt..JH/5671-33 

'Beckman Instrument •• 894:3-R1 OK resistor atfay 

~p Interfaced Comparator with Hyster.sls 

... Io.nl---...., 

'ID 

'" 

TL/H/5871-35 

Analog Sel'-T.at lor a Syatem 

, 
ClllItln 
"'UI .,. 
''''' 

'" 

TL/H/5671_31!1 

PBRPUSTAKAAN 
U~ycuil~' ~atolik Widya MaDd~' 

SURABAYA 

Read-Only Interface 
,,'11,11 

".. 

~ " " 
.. .. ,~ 

L.< '" 1-+ 
.... 

r:~I.l. 
OUTPUT COIII'J'""Oit TL/H/5671-34 

Protecting the Input 

'/' 

Diodes are lN914 

Tl!H/S671 -9 

It. LOW-COlt, 3-0ecade Looarlthmlc Converter 

._. 

"LM389 transistor. 

A., e, C, 0 .. lM324A Quad op amp 
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Typical Applications (Continued) 

3-0ecad. Logarithmic AlO Convertor 

A, B, C, 0" LM324A 

,. 
>-<1--"""""--1'11111" 

'C"20 Hz: 

Nol •• Filtering the Analog Input 

,. 
>~->-"" ..... --l'llll··' 

Uses Chebyshev implementation lor st&epa' foil-oil 
unity-gain, 2nd order, low-pass filter 
Adding a saparata filt6t for each channel increases 
system response lime if an analog myltip1eK6t 
lS used 

'"~ 

Multiplexing OlllerenUallnputl 

, 
CII".IIIl~ 

DI"UIUIfI"~ 
"Ol ,-

"11"""\ ,,-___ ...::.NUCl 

HIott DllnUl 

"11l"'~' 

~. 

Output Buffers with AID Data Enabled Increasing BUI Drive and/or Reducing Tim. on Bu. 

" ___ cr-",. 
...... -t--ct._r .. n.".T,' 

• w· .. • • 

"....=========-~ 
'AID output data is updated 1 eLK period 
prior 10 assor1l()1l 01 mTR 

10.' 
I_UIU' 
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Typical Applications (Continued) 

... 

Sampling an AC Input Signal 

... 

lOW" ..... IILTI#Oll 
''In_ 

uw" ... 
NOLO .... 

-1><1-
JL..J _I III, 1_ .... --...... >-______ .-J 

Nole 1: Overaample wh.n ..... r polaible!keep 's > 21(-60») 10 eliminate input freQuency foldIng 
(aN.sing) and to allow lor the skirt raspen .. 01 the lilter. 

Note ~ Con.let ... the amplituda 8rrOl'l which .r. Introduced within the passband of the lilter. 

70% Power Savings by Clock Gating 

'eu .------=:f~p.--<t>---~-----__1 .... ~ 

"'" (Complete 1hu100wn I ..... ' :: 30 aecondl I 

Power Saving. by AID and VREF Shutdown 

~, to.,aOl 

":b." '" .-

"'<--"""1IC~ 

.«1-..... --+ 
.. , 

~,' 

V~(fI2I-__ -+ 

·Use A0C0801, 02, 03 or 05 for Iow.,1 power consumption. 

Note: Logic inputs can ba driven 10 Vee with AID supply al zero volil. 

'aOAU 

'" 

Buffer PI'~tt dati but lrom overdrMnQ output: of AID when in shutdown mode. 
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Functional Description 
1.0 UNDERSTANDING AID ERROR SPECS 

A periect AID transfer characteristic (staircase waveform) is 
shown in Figure 1a. The horizontal scale is analog input 
voltage and the particular points labeled BfG in steps of 1 
~SB (1 9.53 mV with 2.5V tied to the VREF/2 pin). The digital 
output codes that correspond to these inputs are shown as 
0- 1. O. and 0 + 1. For the perfect AID. not only will center
value (A -1. A. A + 1, .... ) analog inputs produce the cor· 
rect output ditigal codes, but also each riser (the transitions 
between adjacent output codes) will be located ± % LSB 
away trom each center-value. As shown, the risers are ideal 
and have no width. Correct digital output codes will be pro
vided for a range of analog input voltages that extend ± 1f, 
~SB from the ideal center-values. Each tread (the range of 
analog input voltage that provides the same digital output 
code) is theretore 1 LSB wide. 

Figure Ib shows a worst case error plot for the ADC0801. 
All center-valued inputs are guaranteed to produce the cor
rect output codes and the adjacent risers are guaranteed to 
be no closer to the center-value points than ± '/" LSB. In 

o· , 

o , 

Transfer Function 

,--, 

". " ". I 

"U·iIlG I~'UT I~I~I 

other words. if we apply an analog Input equal to the center· 
value ± Y. LSB. we guarantee that the AID will produce the 
correct digital code. The maximum range of the position of 
the code transition is indicated by the horizontal arrow and It 
is guaranteed to be no more than YI LSB. 
The error curve of Figure 1e shows a worst case error plot 
for the AOC0802. Here we guarantee that It we apply an 
analog input equal 10 the ~SB analog voltage cenler-valuo 
the AIO will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be mora familiar with error plots 
than transter tunctions. The analog Input vollage to the AID 
Is provided by either a linear ramp or by the discrete output 
steps of a high resolution OAC. Notice that Ihe error is con
tinuously displayed and includes the quantization uncertain
ty of the AID. For example the error al polnll of Figure 1. 
is + y, ~SB because the digital code appeared y, ~SB In 
advance of the canter-value of the tread. The error plots 
always have a constant negative slope and the abrupt up
side steps are always 1 ~SB in magnitude. 

Error Plot 

., lSi 1---------

. 
! 

---'~-\-K -\--1"", 
I \ \ \ \ t' .... 

-'!lUI .- --:... -~ .-~- _.--, , , , , I . , 
·'lSi '-__ iJ.· _~. _.J' __ _ 

A - , • .., 

.UlOl: ''''UT 'V'1I1 

a) Accuracy '= -: 0 LSB: A Perfect AID 

o. , 

o· , 

Transfer Function 

.. I I 1'1 

.... lIlG .... ut I~, .. I 

Transfer Function 

~' ~ - .i - _ .. 

,. ••• ,l' __ i 
: ': , . . r--; : ~ ; 

: ~ : : 

Error Plot 

·l\." 1---------
'J:4UI ________ , --------

. 

b) Accuracv % ± 'I. ~SB 

c) Accuracy ~ ± 'I. ~SB 

i • 

1111-1 

I._ III 
\LSI L_-'_--' ___ _ ... , , ,. , 

""LOG 'II.UT IV1.1 

Error Plot 

fiGURE 1. Clarltylng the Error Speci of en AID Converter 
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Functional Description (Conlinued) 

2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series conlalns a circuil equivalent of the 
258R network. Analog switches are sequenced by succes· 
sive approximaUon logic to match the analog difference in· 
put voltage (VIN( +) - VIN( -)1 to a corresponding tap on 
the R network. The most slgnific.nt bit is tested first and 
after 8 comparisons (64 clock cycles) a digital 8·bIt binary 
code (1111 1111 - full·scale) Is transferred to an output 
latch and then an Inlerrupt is asserted (fl'l'm make. a high· 
to·1ow tran$ibon). A conversK)n in process can be interrupt
ed by issuing a second start command. The dtwice may be 
operated in the free·runnlng mode by connecting l'NTR to 
the WI'! input with ell-O. To ensure slart·up under all pos· 
sible conditions. an external WI'! pulse Is required during Ihe 
lirst power·up cycle. 

On the high·to·low transition of tho WI'! Input the internal 
SAR latches and the shift regisler stages are reset. As long 
as the ell input and \Wi input remain low. the AID will reo 
main in a reset state. Conversion will start from 1 to 8 clock 
p6riods allsr at least one of these inputs makes a low-to
high transition. 

YJUFIJ c'>---~---+I 

'" VUlUT] 

uoou 

'" OEtoou 

OIGITAlOUT'U" 

A functional diagram of the AID convertsr is shown in Fig
ure 2. All of the package pinouts afe shown and the major 
logic control paths are drawn in hea ..... ier weight lines. 

The converter is started by having CS and WR simulta
neously low. This sets the start flip·flop (F/F) and the resull· 
ing "1" level resets the S·bit shift register, resets the Inter· 
rupt (INTR) F/F and inputs a "I" to the D flop. F/FI. which 
is at the input end 01 Ihe 8·bit shift register. Internal clock 
signals tnen transfer this "1" to tna 0 output of F/F1. Tha 
AND gata, G 1, combines thiS "'" output with a clock. signal 
to prOVide a reset signal to the start F/F. If the set signal is 
no longer present (either ~ or CS is a "1") the start F/F is 
reset and the a-bit shift register then can have the "1" 
clocked in, which starts the conversion process. 11 the 58\ 
Signal wera to still ba present, this raset pulse would have 
no ellect (both outputs 01 the start F IF would momentarily 
ba at a "1" level) and the S·bit shift ragister WOuld continue 
\0 be held in the raset mode. This logic therefore allows for 
wide ~ and WR signals and tha converter will start after at 
laast one of these signals returns high and the internal 
clocks again provide a raset signal for the start F/F. 

,". lIun SIl.I1 III",UI II 
't.,. 'UIY ""0 QUIUCI_Tlun 

tII"",, PIIOII'''O'' 
'Oil All ~o,.c ,.PI/T, 

",'\/1 

F lO"""" Cillcuns 
IV"lIV 

IIUII Ilf 

TIlI_n-'T((i~ CO"fIlOl 

n CIlOTl .. "<1=====::d[) ______ -=.!:'-;.. !!OU!!':!":!.'~ .. !!.!!"~IL_-----__ -_;;-d 
o AUlT 

TL/H/~71-13 

Hote1: e! shOWn twice lor Clarity. 

Hot. 2; SAR ... Suc;cesaiva Appro_!m.llOn ROQ!SI8r. 

FtGURE 2. Block Diagram 
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Functional Description (Continued) 

Alter the "1" is clocked through the 8-bit shift register 
(which completes the SAR search} it appears as the input to 
the D-type latch, LATCH 1. As soon as this "1" is output 
from the shill register, the AND gate, G2. causes the new 
digital word to transfer to the TAl-STATE output latches. 
When LA )'CH , is subsequently enabled, the a output 
makes a high. la-low transition which causes the INTR F/F 
to set. An inverting buffer then supplies the iNiR input sig
nal. 

Nole that this ~ control of the INTR F/F romains low for 
8 of the external clock periods (as tho Internal clocks run al 
'/, of Ihe frequency of the external ClOCk). II the data output 
is conlinuousli' enabled (CS and AO both held low), the 
tNTR output will still signal the end of conversion (by a high-
10·low transition), because the SET input can control the 0 
output of the tNTR FIF even though the RESET input is 
constantly at a "1" level in this operating mode. This INTR 
output will therefore stay low for the duration of the ill 
signal, which is 8 periods of the external clock frequency 
(assuming the AID is not started during this interval). 

When operating in the free-running or continuous conver
sion mode (iNiR pin tied to WA and CS wired low-see 
also section 2.8), the START F IF is SeT by the high-la-low 
transition of the iNffi signal. This resets the SHIFT REGIS. 
TER which causes the input to the D·type latch, LATCH 1, 
to go low. As the latch enable input is still present, the 0" 
output will go high. which then allOWS the INTR F/F to be 
RESET. This reduces the width of the resulting INTR output 
pulse to only a lew propagation dolays (approximately 300 
ns). 

When data is to be read, the combination of both CS and 
AD being low will cause the INTR F/F to be reset and the 
TRI·STATE output latches will be enabled to provide the 8· 
bit digital outputs. 

2.1 Dlgttal Control Inputs 

The digital control inputs (CS, RD. and WR) meet standard 
T2L logic voltage levels. These signals havo been renamed 
when compared to the slandard AID Start and Output En
able labels. In addition. these inputs are active low to allow 
an easy interface to microprocessor control busses. For 
non-microprocessor based applications, the OS input (pin 1) 
can be grounded and the standard AID Start function is 
obtained by an active law pulse applied at the iNA input (pin 
3) and the Output Enable function is caused by an active 
Jaw pulse at the FfO input (pin 2). 

2.2 Analog Dlfferontlal Voltage Inputs and 
Common·Mode Rejection 

This AID has additional apptications Ilexibility due \0 the 
analog differential voltage input. The VIN(-) input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is also useful in 
4 mA-20 rnA current loop conversion. In addition, common· 
mode noise can be reduced by use of the differential input. 

The time interval between sampling VIN( +) and VIN( -) is 4· 
'Iz clock periods. The maximum error voltage due to this 
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slight time difference between the input voltage samples Is 
given by: 

(
4.5 ) ~V.(MAX) - (Vp) (2"fcm) - , 

fClK 
where: 

~ V. is tho error voltage due to sampling delay 

Vp is the peak value of the common.mode vottage 

fem is the common·mode frequency 

As an example. to keep this error to Y. LSB (- 5 mV) when 
operating with a 60 Hz common-mode frequency, fem, and 
using a 640 kHz AID clock, fClK' would allow a peak value 
of the common·mode voltage. Vp, which Is given by: 

or 

V p _ [4 V.(MAX) (fClKlJ 

(21ffcm) (4.5) 

(5 X 10-3) (640 X 103) 

Vp - (6.28) (60) (4.5) 

whiCh gives 

Vp'"1.9V. 

The allowed range of analog input voltages usually places 
more severe restrictions on Input common·mode noise lev· 
els. 

An analog input voltage with a reduced span and a relatively 
large zero oHset can be handled easily by making use of the 
differential input (!'oa section 2.4 Reference Voltage}. 

2.3 Analog Input. 

2.3.1 Input Current 

Normal Mode 

Due to the Internal switching action, dlsptacement currents 
will flow at the analog Inputs. This is due to on·chip stray 
capacitance to ground as shown in FigurB 3. 
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FIGURE 3. Analog Input Impedance 



tiona I Description (Continued) 

19B on this capacitance is switched and will result in 
entering the VIN{ +) input pin and leaving the 

.,put which will depend on the analog differential 
tage levels. These current transients occur at the 
Jdge of the internal clocks. They rapidly decay and 
wse errors as the on-chip comparator is strobed at 
,f the clock period. 

,de 

lIage source applied to the VIN(+) or VIN( -) pin 
the allowed operating range of VCC+50 mY, lo'ge 
rents can flow through a parasitic diode to the Vee 
ase currents can exceed the 1 rnA max allowed 
external diode (1 N914) should be added to bypass 
mt to the Vee pin (with the current bypassed with 
e, the voltage at the VIN( +) pin can exceed the 
"ge by Ihe forward voltage of this diode). 

,ut Bypas. Capacllor. 

:apacitors at the inputs will average these charges 
sa a DC current to flow through the output resist
I the analog signal sources. This charge pumping 
worse for continuous conversions with the VIN( + ) 
lage at full. scale. For continuous conversions with 
{z clock freQuoncy wllh the VIN( 1- ) input at 5V. this 
Int 1$ at a maxImum 01 apprOlumatety 5 ~A. Thore. 
)8S$ CdpsCtlOfS should not be V$9d III (he analog 

, tho VREFI2 pm lot high resIstance sources (:. 1 
put bypass capacitors are necessary for noise Illtor· 
high SO\.lfCO resistance is desirablo \0 minimi18 ca· 
size, tho detrimental effects of the voltage drop 
his input resistance, which is due to the average 
the input current, can be eliminated with a full-scale 
mt while the given source resistor and input bypass 
r are both in place. This is possible because the 
value of the input current is a precise linear func

le differential input voltage. 

)ut Source Resistance 

ilues of source resistance where an input bypass 
Ir is not used, will not cause 8"ors as the input cur
Ule out prior to the comparison time. If a low pass 
3Quired in the system. use a low valued series resis
kH) for a passive RC section or add an op amp RC 
)w pass filter. For low source resistance applica
: 1 kfi), a 0.1 I'F bypass capacitor at the inputs will 
noise pickup due to series lead Inductance of a tong 
1000 series resistor can be used to isolate this ca
-both the A and C are placed outside the feedback 
om the output of an op amp. if used. 

118e 

is to the analog inputs (pin 6 and 7) should be kept 
as possible to minimize Input noise coupling. Both 

ld undesired digital clock coupling to these inputs 
se system errors. The source resistance for these 
nould. in general, be kept below 5 kO. Larger values 
~e resistance can cause undesired system noise 
Input bypass capacitors, placed from the analog In. 
ground, will eliminate system noise pickup but can 
lnalog scale errors as these capaCitors will average 
sient input switching currents of the AID (see sec· 
1.). This scale error depends on both a large source 

3·31 

resistance and the use of an inpul bypass capacilor. This 
error can be eliminated by doing a luU-scale adjustment 01 
the A/O (adjust VREf/2 lor a proper lull-scale reading-see 
section 2.5.2 on Full·Scale Adlustment) with the source re
sistance and input bypass capacItor In place. 

2.4 Reference Voltage 

2.4.1 Span Adjust 

For maximum applications flexibility. these AIDs have been 
designed to accommodate a 5 VOC, 2.5 Voe or an adjusted 
voltage reference. This has been achieved in the design of 
the Ie as shown in Figure 4. 

" 

• 
, I 0.'''" J 

~f-
(IR(UllS 

. I DItDDI H .. ,," I I elillCUIiS 

~~ 
~ 

"GND • o GN~~' 

* 
FtGURE 4. The VREFERENCE Design on the te 

Notice that the reference voltage for the Ie IS either V2 01 
the voltage applied to the Vee supply pin, or is equal to the 
voltage that is externally lorced at the VREF/2 pin. This al
lows for a ratiometric voltage reference using the Vee sup
ply, a 5 Voc reference voltage can be used for the Vee 
supply or a voltage less than 2.5 VDe can be applied to the 
VREF/2 input lor increased application flexibility. The inter
nal gain to the VREF/2 input is 2, making the full-scale differ
ential input voltage twice the voltage at pin 9. 

An example of the use of an adjusted reference voltage is to 
accommodate a reduced span-or dynamiC voltage range 
of the analog input voltage. If the analog input voltage were 
to range from 0.5 Voc to 3.5 Voc. instead of OV to 5 Voc. 
the span would be 3V as shown in Figure 5. With 0.5 Voe 
applied to the VIN( -) pin to absorb the offset, the reference 
voltage can be made equal to % of the 3V span or 1.5 Voc. 
The AID now will encode the VIN( +) signal from 0.5V to 3.5 
V with the O.5V input corresponding to zero and the 3.5 Voc 
input corresponding to full·scale. The full 8 bits of resolution 
are therefore applied over this reduced analog input voltage 
range. 
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Functional Description (Continued) 

• Add I! VREF/2 S 1 Voc with lM3S8 
10 draw 3 mA 10 ground . 

a) Analog Input Signal Example 

.' 
b) Accommodating an Analog Input from 

D.5V (Digital Out = = DDtlEX) to 3.5V 
(Digital Out = FFtlEX) 

TL/H/5671-16 

FIGURE 5. Adapting the AID Analog Input Voltages to Match an Arbitrary Input Signal Range 

2.4.2 Reference Accuracy Requirements 

The converler can be operated in a (aliometric mode or an 
absolute mode. In (aliometric converter applications, the 
magnitude 01 the reference voltage IS a faClor in both the 
output 01 the source transducer and tho output of tho AID 

converter and therefore cancels out In tho hnal dIgital output 
code. The ADC0805 is specified particularly for use in ratio
metric applications with no adjustments required. In abso
lute conversion applications, both the initial value and the 
temperature stability of the reference voltage are important 
factors in the accuracy of the AID converter. For VREF/2 
voltages of 2.4 Voe nominal value. initial errors of ± 10 
mVOC will cause conversion errors of ± 1 LSB due to the 
gain of 2 of the VREF/2 input. In reduced span applications. 
the initial value and the stability of the VREF/2 input voltage 
become even more important. For example. if the span is 
reduced to 2.SV. the analog input LSB voltage value is cor· 
respondingly reduced from 20 mV (5V span) to to mV and 
t LSB at the VAEF/2 input becomes 5 mV. As can be seen. 
this reduces the allowed initial tolerance at the reference 
voltage and requires correspondingly less absolute change 
with temperature variations. Note that spans smaller than 
2.SV place even tighter requirements on the 100Iiai accuracy 
and stability of the reference source. 

In general. the magnitude of the reference voltage will reo 
quire an initial adjustment. Errors due to an improper value 
of reference voltage appear as full-scale errors in the AID 
transfer function. IC voltage regulators may be used for ref
erences if the ambient temperature changes are not exces
sive. The LM3368 2.SV Ie reference diode (from National 
Semiconductor) has a temperature stability of 1.S mV typ 
(6 mV max) over COC:;: T A ~ + 70·C. Other temperature 
range parts are also available. 
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2.5 Errors and Reference Voltage Adjustments 

2.5.1 Zero Error 

The zero 01 the AID does not require adjustment. If the 
minimum analog input voltage valus, VIN{MIN)' is not ground. 
a zero offset can be done. The convertsr can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the AID VtN(-) input at this VIN(MIN) value (.ee 
Applications section). This utilizes the differential mode op
eration of the AID. 

The zero error of the AID converter relate. to the location 
of the first riser of the transfer function and can be mea
sured by grounding the VIN (-) input and applying a small 
magnitude positive voltage to the VIN (+ )Inpul Zero error 
is the difference between the actual DC input voltage that is 
necessary to just cause an output digital code transiUon 
from 0000 0000 to 0000 0001 and the ideal 'I. LSB value 
(V, LSB = 9.8 mV for VREF/2 = 2.500 Voc). 

2.5.2 Full-Scale 

The lull-scale adjustment can be made by applying a differ
ential input voltage that is tV, LSB less than the desired 
analog full-scale voltage range and then adjusting the mag· 
nltude of the VAEF/2 input (pin 9 or the Vee supply if pin 91s 
not used) for a digital output code that Is lust changing from 
11111110 to 11111111. 



Functional Description (Continued) 

1.5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

I the analog zero voltage of the AID is shifted away Irom 
ITound (for example, to accommodate an analog input sig
lsi that does not go to ground) this new zero reference 
;hould be property adjusted first. A V,N( +) voltage that 
Iquals this de,'red zero reference plus 'Iz LSB (where the 
.SB is calculated for the desired analog span, 1 LSB - ana· 
'lI span/256) Is applied to pin 6 and the zero reference 
oltage at pin 7 should then be adjusted to just obtain the 
()HEX to 01 HEX code transition. 

'ho lull·scale adjustment should then be made (with the 
roper V,N( -) voltage applied) by lorcing a voltage to the 
',N( +) input which is given by: 

[ 
(VMAX - VMIN)] 

V,N(+)fsadJ = VMAX-1.5 256 ' 

rhars: 

VMAX:: The high end of the 'analog input range 

nd 

VMrN = the low end (the offset zero) of the analog range 
30th are ground referenced.) 

he VREF/2 (or Vee> voltage is then adjusted to provide a 
ode change from FEHEX to FFHEX. This completes the ad
Istmont procedure. 

,6 Clocking Option 

he clock for the AID can be derived from the CPU clock or 
, external RC can be added to provide self·clocking. The 
LK IN (pin 4) makes use of a Schmitt trigger as shown in 
igure 6. 

,ClKJI 
11 

I.-

r AI, 

1 
teLK aI 1. 1 AC 

R"10k!l 

TL/H/5671-17 

FIGURE 6. Self·Clocklng the AID 

avy capacitive or DC loading of the clock R pin should be 
o'ided as this will disturb normal converter operation. 
ads less than 50 pF, such as driving up to 7 AID convert· 
clock inputs tram a single clock R pin at 1 converter. are 
owed. For larger clock line loading, a CMOS or low power 
L buffer or PNP input logic should be used to minimize 
loading on the clock R pin (do not use a standard TTL 

IHer). 

7 Restart During a Conversion 

lhe AID is restarted (~ and Wl'i go low and return high) 
Iring a conversion, the converter is reset and a new con· 
rsion is started. The output data latch is not updated if the 
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conversion in process is not allowed to be comp:eted, there· 
tore the data Of the previous conversion remains in this 
latch. The iNiR' output simply remains at the "1" level. 

2.8 Continuous Conversions 

For operation in the free·running mode an initializing pulse 
should be used, following power·up, to ensure circuit opera· 
tion. In this application, the ~ input is grounded and the 
WR input is lied to the iNl"i'! output. This WR and INTR 
node should be momentarily forced to logic lew following a 
power·up cycle to guarantee operation. 

2.9 Driving the Data Bus 

This MOS AID, like MOS microprocessors and memories, 
will require a bus driver when the total capacitance of the 
data bus gets large. Other circuitry. which is tied to the data 
bus, will add to the total capacitive loading, even in TRI· 
STATE (high impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 

There are some alternatives available to the designer to 
handle this problem. Basically. the capacitive loading of the 
data bus slows down the response lime, even though DC 
spoclficahons are Sllil mOl. For sysloms operating with a 
relativoly slow CPU clock Irequency, more hme is available 
in which to eslablish proper logic levels on the bus and 
therefors higher capacitive loads can be urjven (see typical 
characteristics curves). 

At higher CPU clock frequencies time can be extended for 
110 reads (and/or writes) by inserting wait states (8080) or 
using clock extending circuits {6eOO}. 

Finally. If time is short and capacitive loading is high, exter· 
nal bus drivers must be used. These can be TAI·STATE 
buffers (low power Schottky such as the DM74LS240 series 
is recommended) or special higher drive current products 
which are designed as bus drivers. High current bipolar bus 
drivers with PNP inputs are recommended. 

2.10 Power Supplies 

NOise spikes on the Vee supply llno can cause conversion 
errors as the comparator WIll respond to thiS noise. A low 
inductance tantalum filter capaCitor should be used close to 
the converter Vee pin and values of 1 j.LF or greater are 
recommended. If an unregulated voltage is available in the 
system. a separate LM340LAZ·5.0. TO·n, 5V vollage regu· 
lator for the converter (and other analog circuitry) will greally 
reduce digital noise on the Vee supply. 

2.11 Wiring and Hook·Up Precautions 

Standard digital wire wrap sockets are not satisfactory lor 
breadboarding this AID converter. Sockets on PC boart1s 
can be used and all logic signal wires and leads should be 
grouped and kept as far away as possible from the analog 
Signal leads. Exposed leads to the analog inputs can cause 
undesired digital noise and hum pickup, therefore shielded 
leads may be necessary in many applicalions. 
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Functional Description (Conlinued) 

A single pOint analog ground that is separate from the logic 
ground poinls should bo usoct The POW8' supply bypass 
capacitOr and the solf-clocking capacitor (if used) shOuld 
both be returned to digital ground. Any VREF/2 bypass ca
pacitors. analog input filler capacitorS. or input signal shield
ing should be returned to the analog ground point. A test for 
proper grounding is to measvre the zero error of the AID 
converter. Zero errors in excess of V. LSB can usually be 
traced to improper board layout and wiring (see section 
2.5.1 for measuring the zero error), 

3.0 TESTING THE AID CONVERTER 

There are many dOQrees of complexity associated with test
ing an AID converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEOs 
to display Ihe resulting digital output code as shown in Fig
ure 7. 

For easO of losting, thl') VnEF/2 (pin 9) should be supplied 
with 2.560 Vex; and a VCr. supply vollago 01 5.12 Voc 
should bo used. This provldos an LS8 value 01 20 mY. 

If a fuU-scale adjustment is to be made, an analog input 
voltage 01 5.0no Voc 15.120-1 'Iz LSB) should be applied 10 
the VIN( +) pin with Iha V,N( -) pin grounded. The value of 
the VREF/2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 1110 to 1111 
1111. This value of VAfF/2 should then be used for aU the 
tests. 

The digJlaJ output LEO display can be decoded by dividing 
the 8 bits into 2 hox characters, the 4 most significant (MS) 
and the 4 least significant (LS). Table I shows the fractional 
binary equivalent of these two 4-bit groups. By adding the 
voltages obtained from the "VMS" and "VLS" columns in 
Table I, the nominal value of the digital display (when 
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FIGURE T. Basic A/O Tester 
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VREF/2 = 2.560V) can be delermined. For example. for an 
oulpul LED display 011011 0110 or 66 (in he.).lhe voltage 
values from the lable are 3.520 + 0.120 or 3.640 Vee;. 
These voltage values represent the center-values of a per· 
feet AID converter. The ellecls of quantization error hav.to 
be accounted for in the interpretation of the test results. 

For a higher speed lest syslem. Of to obtain ploHed data. a 
digttaJ-to-anaJog converter is needed for Ihe lest sat-up. An 
accurata 10-bit DAC can serve as Ihe precision voltage 
source for Ihe AID. Errors of the AID under tesl can be 
expressed as either analog voltagos or dillerences in 2 dig> 
lal words. 

A basic AID lester Ihat uses a DAC and provides the error 
as an analog output voltage is shown in Figure 8. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub
traction feature is available to read the difference voltage, 
"A-C", directly. The analog input voltage can be supplied 
by a low frequency ramp generatOl and an X.V plotter can 
be used to provide analog euor (V axis) versus analog input 
(X axis). The construction details of a tester of this type are 
provided in the NSC applicatton note AN·179. "Analog·t.,. 
Digital Converter Testing". 

For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi
tally. This can be done with the circuit of Figure 9, where the 
output code transitions can be detected as the 1 O·bit OAe is 
incremented. This provides Y4 LSB steps for the 8~bit AID 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB's) 
as the Y axis. a useful transfer function of the AID under 
test results. For acceptance testing, the plot is not neces
sary and the testing speed cen be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING 

To dicuss the interlace with aOaOA and 6800 microproces
sors, a common $ampie subroutine structure is used. The 
microprocessor starts the AID. reads and stores the results 0' 16 successive conversions, then returns to the user's 
program. The 16 data bytes are slored in 16 successive 
memory localions. All Data and Addresses will be given in 
hexadecimal form. Software and hardware details are pro
vided separately tor each type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Der!vatlv.s (8048. 
8085) 

This converter has been designed to directly interface with 
derivalives of the 8080 microprocessor. The AID can be 
mapped into memory space (using slandard memory ad· 
dress decoding tor ~ and the ~ and M§;iW strobes) 
or it can be controlled as an I/O device by using the I70A 
and fTOW strobes and decoding the address bils AO -+ 
A7 (or address bits A8 -+ A15 as Ihey will contain the 
same 8~bit address information) to obtain the -es input. Us
ing the 110 space provides 256 additional addresses and 
may allow a simpler 8·bit address decoder but the data can 
only be input to the accumulator. To make use of the addi· 
tional memory reference instructions. the AID should be 
mapped into memory space. An example of an AID in 110 
space is shown in Figure 10. 
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Functional Description (Continued) 

HEX BINARY 

F 1 1 1 1 
E 1 1 1 0 
0 1 1 0 1 
C 1 1 0 0 

B 1 0 1 1 
A 1 0 1 0 
9 1 0 0 1 
8 1 0 0 0 

7 0 1 1 1 
6 0 1 1 0 
5 0 1 0 1 
4 0 1 0 0 

3 0 0 1 1 
2 0 0 1 0 
1 0 0 0 1 
0 0 0 0 0 

UALOG IH'U'l' 
VOL TACl 

DIGITAL 
I"~T 

"::" 

FIGURE 8. AID T'lter with Analog Error Output 

..l.. DA"'" r AID UHOEII ~o""" 10-ln TEST l' o.c ' DU"UT 

FIGURE 9. Ba.le "Dlgltal"' AID Tester 

TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

FRACTIONAL BINARY VALUE FOR 

MSGROUP LsGROUP 

15/16 15/256 
7/8 7/128 

13/16 13/256 
3/4 3/64 

11/16 11/256 
5/8 5/128 

9/16 9/256 
1/2 1/32 

7/16 71256 
3/8 3/128 

5/16 2/256 
1/4 1/64 

3/16 3/256 
1/8 1/128 

1/16 1/256 

'OIapiay Output - VMS Group + VLS Group 

!L'H/!;67', .9 

OUTPUT VOLTAGE 
CENTER VALUES 

WITH 
VREF/2 - 2.560 Voc 

VMS GROUP' VLs GROUP' 

4.800 0.300 
4.480 0.280 
4.160 0.260 
3.840 0.240 

3.520 0.220 
3.200 0.200 
2/880 0.180 
2/560 0.160 

2.240 0.140 
1.920 0.120 
1.600 0.100 
1/280 0.080 

0.960 0.060 
0.640 0.040 
0.320 0.020 
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