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PROGRAM PERANCANGAN DAN PEMBUATAN ALAT KONTROL 
SUHU DENGAN BATAS TEKANAN MAKSIMAL 

} 
} 
} 

{ 
{ 
{ 
{ 
{ 
{ 

Nama 
Nrp 

KOESMIADJI SARTONO } 
5103096027 } 

STATUS KOMPOR - OUTPUT { PA2 
PA5 
PC 

KONTROL NYALA-MATI KOMPOR - OUTPUT 
} 

Uses Dos,Crt,Graph; 
const CHAN ;$3CO; 

ADC ;$3C1; 
Pa ;$300; 
Pc ;$302; 
Pcw ;$303; 

{ AWAL PROGRAM UTAMA } 

Var 
N,M,GraphDriver, GraphMode : Integer; 
Suhu :array[O .. 3600] OF byte; 
Factor1,factor2,Status,Count,Detik :byte; 
Harga :string[ll] ; 
Tombol :char; 
Jam,Mnt,Dtk,Rat 
Graf 
Limit_Low, Limit_Up 

Procedure init_graph; 
begin 

:word; 
:boolean; 
: integer; 

GraphDriver := Detect; 
InitGraph(GraphDriver, GraphMode, ' '); 
if GraphResult <> grOk then Halt(l)i 
end; 

Function IntToStr(I: Longint): String;{ Convert any 
integer type to a string } 
Var S: string [5] ; 

begin 
Str(I, S); 
IntToStr .- Sj 
end; 

Function ReToStr(I: real): String;{ Convert any real 
type to a string } 
Var S: string[17]; 

begin 
Str(I, S); 
ReToStr:= S; 
end; 

} 



Procedure Background; 

WAKTU') ; 

VERTIKAL } 

begin 
outtextxy(495,135, 'KOESMIADJI SARTONO'); 
outtextxy(495,145,' 5103096027'); 
outtextxy(150,5, 'GRAFIK SURU TERHADAP 

outtextxy(500,32, 'Esc To Quit'); 
outtextxy(35,175, 'SURU ='); 
outtextxy(35,185, 'WAKTU ='); 
outtextxy(275,175, 'KOMPOR ='); 
outtextxy(500,72, 'UP ='); 
outtextxy(545,72,inttostr(limit_up)) i 

outtextxy(500,82, 'LOW ='); 
outtextxy(545,82,inttostr(limit low)); 
outtextxy(8,157, '20'); 
outtextxy(8,141, '34'); 
outtextxy(8,125, '48'); 
outtextxy(8,109, '62'); 
outtextxy(O,93, '75'); 
outtextxy(O,77, '89'); 
outtextxy(O,61, '103'); 
outtextxy(O,45, '117'); 
outtextxy(O,28, '130'); 

For M:=l to 10 do 
begin 
outtextxy(26+45*M,165,inttostr(M)) ; 
end; 

line(29,31,481,31); {GARIS 
line(29,161,481,161); { GARIS 
line(29,32,29,161); {GARIS 
line(481,32,481,161); { GARIS 
For M:=O to 8 do 

ATAS } 
BAWAH } 
SAMPING 
SAMPING 

KIRI } 
KANAN } 

begin 
Line(25,32+M*16,29,32+M*16) ; { SKALA 

end; 
For M:=l to 10 d { SKALA HORISONTAL } 

begin 
Line(29+45*M,161,29+45*M,163) ; 

end; 
end; 

Procedure Cek_status; 
begin 
If ((suhu[N]*O.431)+20»limit_up then {JIKA 

SURU SAMPAI 130 DERAJAT } 
begin { KOMPOR DIMATlKAN } 



Port [Pal : =$df i 
Set color (Black) i 

outtextxy(350,175, IONI); 
outtextxy(350,175, IOFF I ); 
Setcolor(white) ; 
outtextxy(350,175, IOFFI); 
end; 

If ((suhu[N]*0.431)+20)<limit low then 
{ NYALAKAN KOMPOR JIKA } 

end; 

begin {SURU DIBAWAH 110 DERAJAT } 
Port [Pal : =$2b; 
Setcolor(Black) ; 
outtextxy(350,175, IONI); 
outtextxy(350,175, IOFF I ); 
setcolor(white) ; 
outtextxy(350,175, IONI); 
end; 

Procedure Background2; 

WAKTUI) ; 

begin 
outtextxy(495,135, I KOESMIADJI SARTONOI); 
outtextxy(495,145, I 5103096027 1); 
outtextxy(150,5, IGRAFIK SURU TERHADAP 

outtextxy(500,32, IEnter To Quit l
); 

If graf then 
outtextxy(470,165,inttostr(N*2» 

VERTIKAL } 

else outtextxy(470,165, 1450 1); 
outtextxy(8,157, 120 1); 
outtextxy(8,141, 1341) i 

outtextxY(8,125, 148 1) i 

outtextxy(8,109, 1621); 
outtextxy (0,93, 175 I) ; 
outtextxy(O,77, 189 1) i 

outtextxy(O,61, 1103 1) i 

outtextxy(O,45, 1117 1); 
outtextxy(O,28, 1130 1) i 

line(29,31,481,31) i {GARIS ATAS } 
line(29,161,481,161); { GARIS BAWAH } 
line(29,32,29,161) i {GARIS SAMPING KIRI } 
line(481,32,481,161); { GARIS SAMPING KANAN } 
For M:=O to 8 do 

begin 
Line(25,32+M*16,29,32+M*16) ; 

end; 

{ SKALA 



For M:=l to 10 do { SKALA HORISONTAL } 
begin 
Line(29+45*M,161,29+45*M,163) ; 
end; 

end; 

begin { MAIN PROGRAM } 
clrscr; 
Port [Pew] :=$80;{ INISIALISASI PPI Mode 0 Pa,Pb,Pc: 

output } 
Port [Chan] : =$00; { ADC di pilih Channel O} 
Delay (10) ; 
WRITE ( 'BATAS ATAS SUHU ' ) ; 
READLN(LIMIT_UP) ; 
WRITE ( 'BATAS BAWAH SUHU ' ) ; 
READLN(LIMIT_LOW) ; 
CLRSCR; 
Init_graph; 
Background; 
outtextxy(350,175, 'OFF'); 
For N:=O to 3600 do sUhu[N] :=0; { SEMUA DATA SUHU 

DI NOLKAN } 
N: =1; 
Count:=O; 
graf:= false; 
Repeat 

Repeat 
GetTime(Jam,Mnt,Dtk,Rat); {PENGAMBILAN WAKTU 

PADA BIOS } 
If Detik<>Dtk then 

begin 
Detik:=Dtk; 
Inc (Count) ; 
end 

Until (Count mod 3=0);{ 
Count:=l; {JlKA 1 
Suhu[N] :=port[ADC]; 
If (N mod 451=0)then 

begin 
Cleardevice; 
Background; 
end; 

Cek_status; 
Set color (Black) ; 

MENGULANGISAMPAI 2 DETIK } 
--> 2 DETIK ; 2-->1 DETIK} 

{ INPUT ADC } 

Line (( (N-1) mod 450) +31,27, ((N-1) mod 
450)+31,30);{ POINTER CLEAR } 



outtextxy(94,175,retostr(20+Suhu[N-1]*0.431)) ; 
{ CLEAR SUHU } 

outtextxy(100,185,inttostr((N-1)*2)) ; 
{ CLEAR WAKTU } 

Setcolor(white) ; 
Line((N mod 450)+31,27, (N mod 450)+31,30); 

{ POINTER PRINT } 
Moveto((N mod 450)+30,160-Suhu[N-1]div 2); 
Lineto((N mod 450)+31,160-Suhu[N]div 2); 
outtextxy(94,175,retostr(20+Suhu[N]*0.431)) ; 

{ DISPLAY SUHU } 
outtextxy(100,185,inttostr(N*2)) ; 

{ DISPLAY WAKTU } 
Delay(l) ; 
Inc (N) ; 
If keypressed then tombol:=readkey; 

Until (N)=1800)or(tombol=#27); 
Tombol:=#O; 
if n>450 then 

begin 
Factor1:=1+(N div 450); 
graf:=true; 
end 

else 
Begin 
factor1:=1; 
end; 

Cleardevice; 
Background2; 
For N:=O to 449 do 

{ Faktor waktu } 

begin 
Moveto(N+30,160-Suhu[(N+1)*Factor1]div 2); 

{ PRINT SELURUH GRAFIK } 
Lineto(N+31,160-Suhu[(N+2)*Factor1]div 2); 
end; 

Readln; 
Closegraph; 
End. 

{ ADA TOMBOL ENTER / TIDAK } 

{ AKHIR PROGRAM UTAMA } 
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A low speed ramp generator can also be used to sweep the 
analog input voltage and the LED outputs will provide a bi
nary counting sequence from zero to full-scale. 

The techniques described so far are suitable for an engi
neering evaluation or a quick check on performance. For a 
higher speed test system, or to obtain plotted data, a digital
to-analog converter is needed for the test set-up. An accu
rate 10-bit DAC can serve as the precision voltage source 
for the AID. Errors of the AID under test can be provided as 
either analog voltages or differences in two digital words. 

A basic AID tester which uses a DAC and provides the error 
as an analog output voltage is shown in Figure 6. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub
traction feature is available to directly readout the difference 
voltage, "A-C". 

AlltALOIII.'UT 
VOLTAII 

' .... ~ 

For operation with a microprocessor or a computer-basJ 
test system, it is more convenient to present the errors d~ 
tally. This can be done with the circuil,of Figure 7 where I~ 
output code transitions can be detected as the 10-bit OAe\ 
incremented. This provides 'I. LSB steps for the 8-bit AA 
under test. If the results of this test are automatically plott, 
with the analog input on the X axis and the error (in LSB 
as the Y axis, a useful transfer function of the AI 0 undl 
test results. For acceptance testing, the plot is not necet 
sary and the testing speed can be increased by establishi 
internal limits on the allowed error for each code. 

YANAlOG OUTPUT 

-.-

•• IIA .... LO' 
E""O" "OllAGI 

:- All R's""'O.05% tolerance 
Tl/H/5670-16 

FIGURE 6. AID Tester with Analog Error Output 

Connection Diagram 

FIGURE 7. Basic "Digital" AID Tester 
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.0< 

DIGITAL 
OUTPUT 

Tl/H/5670-17 

TL/H/5670-9 

",National Semiconauctor ! .... 
~ 

ADC080 11 ADC08021 ADC08031 ADC08041 ADC0805 
8-Bit J.LP Compatible AID Converters i ,. 
General Description 
The ADC0801, ADCOB02, ADCOB03, AOCOB04 and • Differential analog voltage inputs 
ADCOB05 are CMOS B-bit successive approximation AID • Logic inputs and outputs meet both MOS and TIL volt-
converters that use a differential potentiometric ladder- age level specifications 
similar to the 256R products. These converters are de- • Works with 2.5V (LM336) voltage reference 
signed to allow operation with the NSCBOO and INSBOBOA • On-chip clock generator 

I 
derivative control bus with TRI-STATE® output latches di- • OV to 5V analog input voltage range with single 5V 
rectlY driving the data bus. These AIDs appear like memory supply 
locations or 110 ports to the microprocessor and no inter-

• No zero adjust 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 package 
mon-mode rejection and offsetting the analog zero input 
voltage value. In addition, the voltage reference input can • Operates ratiometrically or with 5 Voc, 2.5 Voc, or ana-

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

i ...... ,. 

i 
~ 

I 
span to the full B bits of resolution. Key Specifications 
Features • Resolution 8 bits 

• Compatible with BOBO I1P derivatives-no interfacing • Total error ± 'I. LSB, ± % LSB and ± 1 LSB 

logic needed· access time - 135 ns • Conversion time lOOl1s 

• Easy interface to all microprocessors, or operates 
"stand alone" 

Typical Applications 

~ r '/I II 
Vee 

I All " db, Ip elk R 
~N'DUC(R • , .. -'m ClItlN 

un ItUQlUliON 
11 oJ) .... : OVIR AlIIY DUIRED 

~~ 12 011 r ANALOG INPUT • VOLTAGE RANGl 
,,'''Ol:l150I1l ; n DIS 

AID v,,,t·l 
1 >DlfF INPUTS 

IURelIO,. U.I 

14 014 Yltilt-l - ---, 

" Oil 
I L-AGNO 

11 Oil I "ANADJ -..J:. 
17 011 VRUIZ :=--0 ~u SltrlO" ':" .,.. 
II DID 

". 2.4.1 
DGND~ 

W TLlH/5671-1 

m 

8080 Interface 
Error Specification (Includes Full-Scale, 

Zero Error, and Non-Linearity) 

CI Full-
Part 

Scale 
VREF/2 = 2.500 VDC VREF/2 = No Connectlon 

n Number (No AdJustments) (No AdJustments) 
IIKIOI, 

AdJusted 
1010. WI! 
110. AID ADCOBOl ± 'I. LSB ..... 
nco m AOCOB02 ±%LSB 

A AOCOB03 ±%LSB 
DATA ., ADCOB04 ±1 LSB 

I 

ADCOB05 
, 

±1 LSB 

\ 

Tl/H/5671-31 
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C II Military {AerOSpace speclflelf aevlces are requlrea, "Iorage remperature Range ~65"Cto + 100"C, 
The following specifications apply for Vee = 5Yoc and T MIN " T A " T MAX, unless otherwise specified. c( please contact the National Semiconductor Sales Package Dissipation at T A = 25"C 875mW ..... Offlce/Dlstrtbutors for availability and specifications. ESD Susceptibility (Note 10) 800V Symbol Parameter Conditions Min Typ Max Unlll ... 

0 Supply Yoltage (Ycc) (Note 3) 6.5Y 
CONTROL INPUTS [Note: ClK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately) CIO 

0 Voltage Operating Ratings (Notes 1 & 2) 
YIN (0) logical "0" Input Voltage Yce=4.75Yoc CJ logic Control Inputs -0.3Y to + 18V I 0.8 Yoc C Temperature Range TMIN"TA"TMAX' (Except Pin 4 ClK IN) c( At Other Input and Outputs -0.3V to (Vce+0.3V) 

ADC0801/02lJ, ADC0802LJ/883 - 5S"C" T A" + 12S"C ..... lead Temp. (Soldering, 10 seconds) liN (1) logical "1" Input Current VIN= 5VOC 0.005 1 ,.AOC 
(') 

ADC0801/02/03/04lCJ -40"C"TA" +8S·C 0 Dual-In·line Package (plastic) 260·C 
ADC0801/02/03/0SlCN -40"C"TA" + 85·C (All Inputs) CIO 

Dual-In·line Package (ceramic) 300"C 0 
ADC0804lCN O·C"TA" +70"C CJ liN (0) logical "0" Input Current YIN=OVOC -1 -0.005 ,.AOC C Surface Mount Package 

215·C 
ADC0802/03/04lCV O"C"TA" +70"C (All Inputs) c( Vapor Phase' (60 seconds) ADC0802/03/04lCWM O"C"TA" +70"C' ..... Infrared (15 seconds) 220·C Range of Yce 4.S Voc to 6.3 Voc CLOCK IN AND CLOCK R N 

0 
Electrical Characteristics Yr+ ClK IN (Pin 4) Positive Going 2.7 3.1 3.S Yoc 

CIO 
0 

Threshold Yoltage CJ The following specifications apply for Vee S Voc, T MIN"TA"TMAX and fCLK 640 kHz unless otherwise specified. C 
Vr ClK IN (Pin 4) Negative I.S 1.8 2.1 Voc 

c( Min Typ Max Unlb ..... Parameter Conditions 
Going Threshold Yoltage .... 

ADC0801: Total Adjusted Error (Note 8) With Full~Scale Adj. 0 ±y. lSB YH ClK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Yoc 
CIO (See Section 2.S.2) 0 

(Vr+)-(Vr-) CJ ADC0802: Total Unadjusted Error (Note 8) YREF/2 2.S00Yoc ±y. lSB C 
With Full·Scale Adj. Vour(O) logical "0" ClK R Output 10 360 ,.A 0.4 Voc c( ADC0803: Total Adjusted Error (Note 8) ±y. lSBi Yoltage Vec=4.75 Voc (See Section 2.S.2) 

ADC0804: Total Unadjusted Error (Note 8) YREF/2- 2.500 Yoc ±1 lSB: YourCl) .. logical "I" ClK R Output 10 360,.A 2.4 Yoc 
ADC0805: Total Unadjusted Error (Note 8) YREF/2·No Connection ±I lSB Yoltage Vcc = 4.75 Yoc 

VREF/21nput Resistance (Pin 9) ADC0801/02/03/0S 2.5 8.0 kfl DATA OUTPUTS AND INTR 
ADC0804 (Note 9) 0.7S 1.1 kfl , 

Vour(O) . logical "0" Output Voltage 
Analog Input Yoltage Range (Note 4) Y(+) orV(-) Gnd-O.OS ·Vee+ 0.05 Vocl

. Data Outputs lour = 1.6 mA, Vcc=4.75 Voc 0.4 Yoc 
DC Common-Mode Error Over Analog Input Voltage ±v.. ±% lSB iN'mOutput lour = 1.0 mA, Yce=4.7S Voe 0.4 Voc Range 

Vour(l) logical "I" Output Voltage 10= -360 ,.A, Vce= 4.7S Yoc 2.4 Yoc Power Supply Sensitivity Yee=SVoc ±10%Over ±'1,. ±% lSB 
'. logical "1" Output Yoltage Allowed YIN(+) and VIN(-) , Vour(l) 10= -10 ,.A, Vcc=4.75 Voc 4.5 YOC 

Yoltage Range (Note 4) : lour TRI-STATE Disabled Output Your=OYoc -3 ,.Aoc 
AC Electrical Characteristics • leakage (All Data Buffers) Vour=SYoc 3 ,.AOC 
The following specifications apply for Vee - S Yoc and T A - 2S·C unless otherwiso specified. ISOURCE Your Short to Gnd, T A = 25·C 4.S 6 mAOC 

Symbol Parameter Conditions Min Typ Max Units ISINK Your Short to Vcc, T A 2S·C 9.0 16 mAOC 
Tc Conversion Time fCLK = 640 kHz (Note 6) 103 114 ,.s POWER SUPPLY 

Tc Conversion Time (Note S, 6) 66 73 l11eLK Ice Supply Current (Includes fCLK - 640 kHz, 
fCLK Clock Frequency VCC = 5V, (Note 5) 100 640 1460 kHzi ladder Current) YREF/2= NC, TA = 2S·C 

Clock Duty Cycle (Note 5) 40 60 %i and cg= SV 
CR Conversion Rate in Free·Running INTR tied to WR with 8770 9708 convls ADC0801/02/03/04lCJ/OS 1.1 1.8 mA 

Mode cg-O Yoc, fCLK-640 kHz ADC0804lCN/lCY IlCWM 1.9 2.S mA 
tW(Wri)L Width of WR Input (Start Pulse Width) cg = 0 Yoc (Note 7) 100 ns Nole 1: Absolute M,ximum Ratings Indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operaU"" 

Ihe dovle. beyond It. spociliod oporallng condilion •. 
tAce Access Time (Delay from Falling CL=100pF 13S 200 ns 

Not. 2: All vOltage~ are measured wilh respect 10 Gnd. unle.s oll18rwise specllied. The separale A Gnd painl should always be wked to the 0 Gnd. Edge of m:> to Output Data Valid) 
, 

Hot. 3: A zener diode exists. internally,'from Vrx, to God and has a typical breakdown voltage 01 7 Voc. 
ttH, toH TRI-STATE Control (Delay CL=IOpF,RL-l0k 12S 200 ns I Not. 4: For V'N(-)" V,N(+) the digital output code will be 0000 0000. Two on-chip diodo. are lied 10 oach analog Input (see block diagram) which wililorwenl from Rising Edge of m5 to (See TRI-STATE Test i 

conduct 'or analog Inpul vallages one diode drop below ground or one diode drop greater ,han the Vee supply. Be care lui, eluting testing allow Vee level. (4.SV), I Hi·ZState) Circuits) I a. high level analog Input. (SV) can cause thillnpul diode to conduct-especially at elovated temperatures, and cau.e errors 'or analog Input. ne .. 'ull,oclla. The 

De~from Falling Edge 300 450 ns spec allows SO mV lorward bla. 01 either diode. This meanslhat a. long a. lhe analog Y,N doe. nol oxcood the supply valtsos by more than 50 mY, Ih. output tWI,tRI 
code will be correct. To achieve an absolute 0 Voc to 5 Voc Input voltage range will therefore requwe a minimum IUPPIy voltage of 4.950 Voc over temperaturl of or no to Reset of ll'lTR" 
variations, initial tolerance and loading. 

CIN Input Capacitance of logic S 7.S pF Not. 5: AccUfacy Is guarantoed al 'elK - 640 kHz. AI h6gher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cyclellnVtl can be 
Control Inputs : txlended.o long A. the minimum olock hlUh IImolnlorval or minimum clock low limo Inlurval I. no I ... Ihan 275 n •. 

CaUT TRI·STATE Output S 7.5 pF I Not. e: Wllh an a.ynchronoul ltar1 pui.e. up to 8 clock perIodl may be required belore the Internal clock phs .. , Ir. proper to .tart the converlion proc .... The 
ltar1 request Is Internally latched .... F/gurB 2 and HC1Ion 2.0. Capacitance (Data Buffers) 
Not, 7: The 1:S Input II I.sumed 10 bracket lhe WI! I"abe Input and Ihorolore timing 10 dependent on tho WI! pul.e wldlh. An arbitrarily wide pulse width will hold CONTROL INPUTS [Note: ClK IN (Pin 4) Is the input of a Schmitt trigger circuit and is therefore specified separately) i lhe converter In • resel mode and !he .tar1 01 conve<1ion '0 Initiated by the low to high tranoltion ot the WI! pulse I ... timing diagrams). 

VIN(I) Logicat "1" Input Yoltage Yce- 5•2SYOC 2.0 15 Yoc! Not. 8: None 01 these AIDs requires a zero adju.ll_ lection 2.5.t). To obtain zero code It other analog Inpul voItag ..... aectlon 2.S and Figure 5. 
(Except Pin 4 ClK IN) I Nola to The VREF/2 pin Is lhe center poInl 01 • two-realltor divider connecIId from Vee to ground. In all verlion. oltha ADC080I, ADC0802, AOC0803. and I 

! ADCOI06, and In tha AOC0804LCJ, .. ch raaillor Is typically 18 kll. In In _" 01 the AOC0804 excopt tha AOC0804LCJ, .. oh real,tor I. lypIcally 2.2 kO. 

t 
..... ,0. H_ body _,100 pF dIIchargad through I 1.5 kIl"alotor. 
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1.0 UNDERSTANDING AID ERROR SPECS 

A perfect AID transfer characteristic (staircase waveform) is 
shown in Figure la. The horizontal scale is analog input 
voltage and the particular pOints labeled are in steps of 1 
LSB (19.53 mV with 2.5V tied to the VREF/2 pin). The digital 
output codes that correspond to these inputs are shown as 
0-1, D, and D+ 1. For the perfect AID, not only will center
value (A-I. 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 ± V. LSB 
away from 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 ± Y2 
LSB from the ideal center-values. Each tread (the range of 
analog input voltage that provides the same digital output 
code) is therefore 1 LSB wide. 

Figure tb 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 tt,,, center-value points than ± Y. LSB. In 
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50+1 

~ 
c 
;; 
iii D-l 

Transfer Function 

7 
.-, 

r:c , , , , 
, 

r-:--, , , , , , 
: , .. , 

ANALOG INPUT IVIN' 

other words, if we apply an analog Input equal 10 me cemer
value ± Yo 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 horizonlal arrow and It 
is guaranteed to be no more than V. LSB. 

The error curve of Figure te shows a worst case error plot 
for the ADC0802. Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the AID will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be more familiar with error plots 
than transfer functions. The analog input voltage to the AID 
is provided by either a linear ramp or by the discrete output 
steps of a high resolution DAC. Notice that the error Is con
tinuously displayed and includes the quantization uncertain
ty of the AID. For example the error at point 1 of Figure Is 
is + Y. LSB because the digital code appeared V. LSB In 
advance of the center-value of the tread. The error plots 
always have a constant negative slope and the abrupt up
side steps a~e always 1 LSB in magnitude. 

Error Plot 
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FIGURE 1_ Clarifying the Error Specs of an AID Converter 
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2.0 FUNCTIONAL DE~RIPTION 

The ADCOS01 series contains a circuit equivalent of the 
256A network. Analog switches are sequenced by succes. 
sive approximation logic to match the analog difference in· 
put, voltage [VIN( +) - VIN( -)) to a corresponding tap on 
the A network. The most significant bit is tested first and 
after e comparisons (64 clock cycles) a digital S-bit binary 
code (1111 1111 = full-scale) is transferred to an output 
latch and then an interrupt is asserted (~ makes a high
to-low transition). A conversion in process can be interrupt
edby issuing a second start command. The device may be 
operated in the free-running mode by connecting TIiI'i'R" to 
the ~ input with CS=O. To ensure start-up under all pos
sible conditions, an external WR pulse is required during the 
first power-up Cycle. . 

On the high-to-Iow transition of the WR input the internal 
SAA latches and the shift register stages are reset. As long 
as. the CS input and WR input remain low, the AID will re
main in a reset state. Conversion will start 'rom 1 to 8 clock 
periods alter at least one of these inputs makes a low-to
high transition. 
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onverter is shown in Fig
ure 2. All of the package pinouts are shown and the major 
logic control paths are drawn in heavier weight lines. 

The converter is started by having CS and WA simulta
neously low. This sets the start flip-flop (F IF) and the result
ing "1" level resets the 8-bit shift register, resets the Inter
rupt (INTA) F/F and inputs a "1" to the 0 flop, F/F1, which 
is at the input end of the S-bit shift register. Internal clock 
signals then transfer this "1" to the Q output of F/FI. The 
AND gate, Gl, combines this "1" output with a clock signal 
to provide a reset signal to the start F/F. If the set Signal is 
no longer present (either wRor CS is a "I") the start F/F is 
reset and the S-blt shift register then can have the "1" 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F/F would momentarily 
be iit a "1" level) and the S-bit shift register would continue 
to be held in the reset mode. This logic therefore allows for 
wide CS and WR signals and the converter will start after at 
least one of these signals returns high and the internal 
clocks again provide a reset signal for the start F IF. 
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FIGURE 2. Block Diagram 
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After the "1" is clocked through the S-bit shift register 
(which completes the SAA search) it appears as the input to 
the D-type latch, LATCH 1. As soon as this "1" is output 
from the shift register, the AND gate, G2, causes the new 
digital word to transfer to the TAl-STATE output latches. 
When LATCH 1 is subsequently enabled, the Q output 
makes a high-to-Iow transition which causes the INTA F/F 
to set. An inverting buffer then supplies the INTA input sig
nal. 

Note that this SET control of the INTA F/F remains low for 
S of the external clock periods (as the internal clocks run at 
'Ie of the frequency of the external clock). If the data output 
Is continuously enabled (CS and AD both held low), the 
IN11i output will still signal the end of conversion (by a high
to-low transition), because the SET input can control the Q 
output of the INTA F/F even though the AESET input is 
constantly at a "1" level in this operating mode. This INTA 
output will therefore stay low for the duration of the SET 
signal, which is S 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 (iNm pin tied to WR and CS wired low-see 
also section 2.8), the STAAT F/F is SET by the high-to-Iow 
transition of the TN'I'R signal. This resets the SHIFT AEGIS
TER which causes the input to the D-type latch, LATCH 1, 
to go low. As the latch enable input is still present, the Q 
output will go high, which then allows the INTA F/F to be 
AESET. This reduces the width of the resulting IfiITR output 
pulse to only a few propagation delays (approximately 300 
ns). 

When data is to be read, the combination of both CS and 
J1[j being low will cause the INTA F IF to be reset and the 
TAl-STATE output latches will be enabled to provide the 6· 
bit digital outputs. 

2.1 Digital Control Inputs 

The digital control inputs (CS, RD, and WR) meet standard 
T2L logic voltage levels. These signals have been renamed 
when compared to the standard 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 CS input (pin 1) 
can be grounded and the standard AID Start function is 
obtained by an active low pulse applied at the WA input (pin 
3) and the Output Enable function is caused by an active 
low pulse at the AD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This AID has additional applications flexibility due to the 
analog differential voltage 'input. The V,N( -) 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 rnA-20 rnA current loop conversion. In addition, common
mode noise can be reduced by use of the differential input. 

The time Interval between sampling V,N( + ) and VIN! -) is 4-
V. 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 ) 

AVe(MAX) = (Vp)(2.".fem) felK ' 

where: 

A Ve is the error voltage due to sampling delay 

Vp is the peak value of the common-mode voltage 

fem is the common-mode frequency 

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

or 

V 
- [AVe(MAX) (felK)) 

p-
(2.".fem) (4.5) 

Vp 
(5 x 10-3)(640 x 103) 

(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 ollset can be handled easily by making use of the 
differential input (see section 2.4 Reference Voltage). 

2.3 Analog Inputs 

2.3.1 Input Current 

Normal Mode 

Due to the internal switching action, displacement currents 
will flow at the analog inputs. This is due to on-chip stray 
capacitance to ground as shown in Figure 3. 
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currents entering the VIN( +) input pin and leaving the 
VIN( -) input which will depend on the analog differential 
input voltage levels. These current transients occur at Ihe 
leading edge of the internal clocks. They rapidly decay and 
do not cause errors as the on-chip comparator is strobed at 
the end of the clock period. 

Fault Mode 

If the voltage source applied to the VIN( +) or VIN( -) pin 
exceeds the allowed operating range of Vee + 50 mV, large 
input currents can flow through a parasitic diode to the Vee 
pin. If these currents can exceed the 1 rnA max allowed 
spec, an external diode (1 N914) should be added to bypass 
this current to the Vee pin·(with the current bypassed with 
this diode, the voltage at the VIN( +) pin can exceed the 
Vee voltage by the forward voltage of this diode). 

2_3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output resist. 
ances of the analog signal sources. This charge pumping 
action is worse for continuous conversions with the VIN( + ) 
input voltage at full-scale. For continuous conversions with 
a 640 kHz clock frequency with the VIN( +) input at 5V, this 
DC current is at a maximum of approximately 5 }LA. There
fore, bypass capacitors should not be used at the analog 
inputso~ thfJ VREP2 pin for high resistance sources (> 1 
kll).1f Inpul bypass capacllors are necessary for noise filter
ing and high source resislance is desirable to minimize ca
pacitor size, the detrimental effects of the voltage drop 
across this input resistance, which is due to the average 
value of the input current, can be eliminated with a full·scale 
adjustment while the given source resistor and input bypass 
capacitor are both in place. This is possible because the 
average value of the input current is a precise linear func
tion of the differential input voltage. 

2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis. 
tor (,;; 1 kH) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applica
tions, (';; 1 kO), a 0.1 }LF bypass capacitor at the inputs will 
prevent noise pickup due to series lead inductance of a long 
wire. A 1000 series resistor can be used to isolate this ca
pacitor-both the Rand C are placed outside the feedback 
loop-from the output of an op amp, if used. 

2.3.4 Noise 

The leads to the analog inputs (pin 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 5 kO. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog in
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average 
the transient input switching currents of the AID (see sec
tion 2.3.1.). This scale error depends on both a large source 
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, ana the use 01 an Input bypass capacitor. This 
error can be eliminated by doing a full-scale adjustment of 
the AID (adjust VREF/2 for a proper full-scale reading-see 
section 2.5.2 on Full-Scale Adjustmont) with the source reo 
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 Voc or an adjusted 
voltage reference. This has been achieved in the design of 
the IC as shown in Figure 4. 
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FIGURE 4. The VREFERENCE Design on the IC ' 

Notice that the reference voltage for the IC is either Yo of 
the voltage applied to the Vee supply pin,or is equal to the 
voltage that is externally forced at the'VREF/2 pin. This al. 
lows for a ratiometric voltage reference using the Vee sup. 
ply, a 5 Voc reference voltage cal) be used for the Vec 
supply or a voltage less than 2.5 Voc can be applied to the 
VREF/2 input for 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-<>r dynamic voltage range 
of the analog input Voltage .. If the analog input voltage were 
to range from 0.5 Voc to 3.5 Voe, instead ofOV to 5 Voc, 
the span would be 3V as shown in Figure 5. With 0.5 Voc 
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 0.5V 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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FIGURE 5. Adapting the AID Analog Input Voltages to Match an Arbitrary Input Signal Range 

2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or an 
absolute mode. In ratio metric converter applications, the 
magnitude of the reference voltage is a factor in both the 
output of the source' transducer and the output of the AID 
converter and therefore cancels out in the final digital output 
code. The ADCOB05 is specified particularly for use in ratio
metric applications with no adjustments required. In abso
lute conversion applications, both the initial vatue 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 Voc 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, 
Ihe initial value and the stability of the VREF/2 input voltage 
become even more .important. For example, if the span is 
reduced to 2.5V, the analog input LSB voltage value is cor
respondingly reduced from 20 mV (5V span) to 10 mV and 
1 LSB at the VREF/2 input becomes 5 mV. As can be seen, 
this reduces the allowed initial tolerance of the reference 
voltage and requires correspondingly.less absolute change 
with temperature variations. Note that spans smaller than 
2.5V place even tighter requirements on the initial 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 LM336B 2.5V IC reference diode (from National 
Semiconductor) has a temperature stability of I.B mV typ 
(6 mV max) over O'C,;; 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 of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN), is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the AID VIN( -) input at this VIN(MIN) value (see 
Applications section). This utilizes the differential mode op
eration of the AID. 

The zero error of the AID converter relates 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 (+) input. Zero error 
is the difference between the actual DC input voltage that is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal '12 LSB value 
(% LSB = 9.B mV for VREF/2 = 2.500 Vocl. 

2.5.2 Full·Scale 

The full-scale adjustment can be made by applying a differ
ential input voltage that is 1 V. LSB less than the desired 
analog full·scale voltage range and then adjusting the mag
nitude of the VREF/2 input (pin 9 or the Vec supply if pin 9 is 
not used) for a digital output code that is just changing from 
1111 1110 to 1111 1111. 
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2.5.3 AdJuitlng for an ArbItrary Analog Input Voltage 
Range 

If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig· 
nal that does not go to ground) this new zero reference 
should be properly adjusted first. A VIN( +) voltage that 
equals this desired zero reference plus % lSB (where the 
lSB is calculated for the desired analog span, 1 lSB = ana' 
log span/256) is applied to pin 6 and the zero reference 
voltage at pin 7 should then be adjusted to just obtain the 
OOHEX to 01HEX code transition. 

The full-scale adjustment should then be made (with the 
proper VIN( -) voltage applied) by forcing a voltage to the 
VIN( +) input which is given by: 

V (+) fs adl' = V -1.5 [ (VMAX - VMIN)] 
IN MAX 256' 

where: 

VMAX=The high end of the analog input range 

and 

VMIN= the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The VREF/2 (or Vee) voltage is then adjusted to provide a 
code change from FEHEX to FFHEX. This completes the ad· 
Justment procedure. 

2.B Clocking Option 

The clock for the AID can be derived from the CPU clock or 
an eleternal RC can be added to provide self -clocking. The 
ClK IN (pin 4) makes use of B Schmitt trigger as shown In 
Figure 6. 
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FIGURE 6. Self-ClockIng the AID 

Heavy capacitive or DC loading of the clock R pin should be 
avoided as this will disturb normal converter operation. 
Loads less then 50 pF, such as driving up to 7 AID convert· 
er clock inputs from a single clock R pin of 1 converter, are 
allowed. For larger clock line loading, a CMOS or low power 
TTL buffer or PNP input logic should be used to minimize 
the loading on the clock R pin (do not use a standard TTL 
buffer). 

2.7 Restart During a ConversIon 

If the AID Is restarted (~ and WA go low and return high) 
during a conversion, the converter is reset and a new con· 
version is started. The output data latch is not updated if the 
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conversion in process is not allowed to be completed, there· 
fore the data of the previous conversion remains in this 
latch. The INTR output simply remains at the "I" 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 
\Wi input is tied to the 'Il'l'm output. This ~ and JJi/TR 
node should be momentarily forced to logic low following a 
power·up cycle to guarantee operation. 

2.9 DrIvIng the Data Bus 

This MaS AID, like MaS 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 time, even though DC 
specifications are still met. For systems operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (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 (6800). 

Finally, If time Is short and capacitive loading Is high, exter· 
nal bus drivers must be used. These can be TRI-STATE 
buffers (low power Scholtky 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 line 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 ,.F or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate LM340lAZ-5.0, TO-92, 5V voltage regu
lator for the converter (and other analog circuitry) will greatly 
reduce digital noise on the Vee supply. 

2.11 WIrIng and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory for 
breadboarding this AID converter. Sockets on PC boards 
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 applications. 

A single point analog ground that is separate from the logic 
ground points should be used. The power supply bypass 
capacitor and the self·clocking capacitor (if used) should 
both be returned to digital ground. Any VREF/2 bypass ca· 
pacitors, analog input filter capacitors, or input signal shield· 
ing should be returned to the analog ground point. A test for 
proper grounding is to measure 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 degrees 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 lEDs 
to display the resulting digital output code as shown in Fig. 
ure 7. 

For ease of testing, the VREF/2 (pin 9) should be supplied 
with 2.560 Voc and a Vce supply voltage of 5.t2 Voc 
should be used. This provides an LSB value of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Voc (5.120-1 V. lSB) should be applied to 
the VIN( +) pin with the VIN( -) pin grounded. The value of 
the VREF/2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 t t 10 to 1111 
1111. This value of VREF/2 should then be used for all the 
tests. 

The digital output LED display can be decoded by dividing 
the 8 bits into 2 hex 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 
vollages obtained from the "VMS" and "VLS" columns In 
Table I, the nominal value of the digital display (when ,. 
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FIGURE 7. Basic AID Tesler 
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, , 
VREF/2 = 2.560V) can be determined. For example, for an 
output LED display of 1011 0110 or B6 (in hex), the voltage 
values from the table are 3.520 + 0.120 or 3.640 Voc. 
These voltage values represent the center·values of a per. 
fect AID converter. The effects of quantization error have to 
be accounted for in the interpretation of the test results. 

For a higher speed test system, or to obtain plotted data, a 
digital·to·analog converter is needed for the test set·up. An 
accurate 10·bit DAC can serve as the precision voltage 
source for the AID. Errors of the AID under test can be 
expressed as either analog voltages or differences in 2 digi. 
tal words. 

A basic AID tester that 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 generator and an X·V plotter can 
be used to provide analog error (V axis) versus analog input 
(X axis). 

For operation with a microprocessor or a computer.based 
test system, it is more convenient to present the errors dlg~ 
tally. This can be done with the circuit of Figure 9, where the 
output code transitions can be detected as the 10·bit DAC Is 
incremented. This provides 'I. 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 V axis, a useful transfer function of the AID under 
test results. For acceptance testing, the plot is not neces. 
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING 

To dicuss the interface with 8080A and 6800 microproces. 
sors, a common sample subroutine structure is used. The 
microprocessor starts the AID, reads and stores the resulls 
of 16 successive conversions, then returns to the user's 
program. The 16 data bytes are stored in 16 successive 
memory locations. All Data and Addresses will be given In 
hexadecimal form. Software and hardware details are pro
vided separately for each type of microprocessor. 

4.1 Inlerfaclng 8080 Microprocessor DerIvative. (8048, 
B085) 

This converter has been designed to directly interface with 
derivatives of the 8080 microprocessor .. The AID can be 
mapped into memory space (using standard memory ad. 
dress decoding for ~ and the ~ and JJmW strobes) 
or it can be controlled as an 110 device by using the ~ 
and fT(5'W strobes and decoding the address bits AO -+ 
A7 (or address bits A8 -+ A15 as they will contain the 
same 8·bit address Information) to obtain the ~ 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 addl. 
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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TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

FRACTIONAL BINARY VALUE FOR 

MSGROUP LSGROUP 

TL/H/5671-19 

OUTPUT VOLTAGE 
CENTER VALUES 

WITH 
VREF/2 = 2.560 VOC 

VMS GROUP' I VLS GROll 

F 1 15/16 15/256 4.800 0.300 
E 1 0 7/6 7/126 4.480 0.200 
D '1 0 .1 13/16 13/256 4.160 0.260 
COO 3/4 3/64 3.840 0.240 

B 0 1 11/16 11/256 3.520 0.220 
A 0 1 0 5/6 5/126 3.200 0.200 
9 0 0 1 9/16 9/256 2/860 0.160 
8 0 0 0 112 1/32 2/560 0.160 

7 0 1 7/16 7/256 2.240 0.140 
6 0 1 0 3/6 3/128' 1.920 0.120 
5 0 0 5/16 2/256 1.600 0.100 
4 0 0 0 1/4 1/64 1/280 0.080 

3 0 0 1 3/16 3/256 0.960 0.060 
2 0 0 1 0 1/8 1/128 0.640 0.040 

o 0 0 1/16 1/256 0.320 0.020 
00000 0 0 

'Display Output- VMS G,aup + VLS Group 
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0038 

0100 

0103 
0106 
0107 
0109 
010C 
OlOE 
010F 
0110 
0113 

• 
0300 
0302 
0303 
0304 

---r -- - - - '--"~'''-'''''''I 

o .. INTII41 

r-----------------..... 4mrwJ1l'''· 

r------:-::------------4C I7IIl!lI 1211' 
10k 

V 
1 

010 :: DIG IU)· 

011 011111'. 
11 

AID all 15 012(1,,* 
ANALOG Oil Oil (.,. 

INPUTS 014 14 014 (5'. 

C3 00 03 

• 
210002 

31000.4 
7D 
FE OF, 
CA 1301 
D3EO 

FB 
00 
C30F01 

DB EO 

77 
23 
C3 03 01 

~
Ti 
14 

Tl 

n 
T1 

TO 

'V y 
ou-f Vee 

OMltll 
lUI 

COMPARATOR 

L __ ...l 
J., 

01' 13 01' fll,. 

on " on 1201' 
D'7 II ol1m-

Ii§§AD1illll Ie A014 (111 

Il AOUllli 

IZ ADuun 

I' AOII~I 

.1 ADIII11 

TLlH/5671-20 

Note 1: ·Pin numbers for the OP8228 system controller, others are INSS080A. 

Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 kn resistor to generate the AST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0001-INSOOOOA CPU Interface 

SAMPLE PROGRAM FOR FIGURE to ADCOB01-INSBOBOA CPU INTERFACE 
RST 7: 

START: 

RETURN: 

LOOP: 

JMP LDDATA 

LXI H0200H 

LXI SP0400H 
MOV A. L 
CPI OF H 
JZ CONT 
OUT EO H 
El 
NOP 
JMP LOOP 

CONT: 

(Use r program to 
process data) 

LDDATA: IN EOH 
MOVM. A 
INX H 
JMPRETURN 

; HL pair will point to 
; data storage locations 
; Initialize stack pointer (Note 1) 
; Test f! of bytes entered 
; Iff!=16. JMPto 
; user program 
; Start AID 
; Enable interrupt 
; Loop until end of 
; conversion 

; Load data into accumulator 
; Store data 
; Increment storage pointer 

Nole 1: The stack pointer must be dimensioned because a AST 7 instruction pushes the PC onto the stack. 

Not. 2: All address used were arbitrarily choson. 
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The standard control bus signals of the 8080 eg, J1[) and 
WR) can be directly wired to the digital control Inputs of the 
AID and the bus timing requirements are met to allow both 
starting the converter and outputting the data onto the data 
bus. A bus driver should be' used for larger microprocessor 
systems where the data bus leaves the PC board andlor 
must drive capacitive loads larger than 100 pF. 

4.1.1 Sample aOaOA CPU Interfacing CIrcuItry and 
Program 

The following sample program and associated hardware 
shown in Figure '0 may be used to Input data from the 
converter to the INSB080A CPU .chip set (comprised of the 
INSB080A microprocessor, the INS8228 system controller 
and the INS8224 clock generator). For simplicity, the AID is 
controlled as an 110 device, specifically an B-bit bi-direction
al port located at an arbitrarily chosen port address, EO. The 
TRI-STATE output capability of the AID eliminates the need 
for a peripheral interface device, however address decoding 
is still required to generate the appropriate eg for the con
verter. 

II 

Vee .11 " ." ., 
•• .12 .. , II ... II 

'" " ... II 

I"AMI 111 
II 

1111 I 

III " 
lIT I 

" '" 

, , 
I 

• 

It is important to note that in systems where the AID coo 
verter is 1-of-8 or less 110 mapped devices, no address 
decoding circuitry Is necessary. Each of the B address bib 
(AO to A7) can be directly used as eg Inputs-one for each 
110 device. 

11.11 
17 al. 

" au 
11 Dn 
,. DM 

11 DII 

12 all 

4.1.2 INSa04a Interface 

The INSB048 interface technique with the ADC0801 series 
(see Figure .1') is simpler then the B080A CPU interface. 
There are 24..1/0 lines and three test input lines in the B04a. 
With these extra 110 lines available, one of the tlO lines (bi. 
o of port 1) is used as the chip select signal to the AID, thUl 
eliminating the use of an external address decoder. BUI 
control signals J1[), WR and iNf of the 804B are tied directly 
to the AID. The 16 converted data words are stored at 00 

chip RAM locations,from 20 to 2F (Hex). The Rn and WIl •. , 
signals are generated by reading from and writing Into I 
dummy address, respectively. A sample interface program'" 
is shown below. 

'" II 

~II" Vee 

'=' 

It .17 ADC'" , ... , 
iii CUR 

II I. 

ill ~ CLitl. 
.ill 

b. 
'=' 

II AI.D . , .. A • "'Lool-t VlIet) 

VII 
.... , 1--:' V,.H 

-
'=' TUHI5871-21 

FIGURE 11. INS8048 Interface 

SAMPLE PROGRAM FOR FIGURE 11 INSa04a INTERFACE 

0410 JMP 10H : Program starts at addr 10 
ORG 3H 

0450 JMP 50H ; Interrupt j WDp veotor 
ORG 1011 ; lIain program 

99YE ANL Pl, #OFEH ; Chip select 

Bl 1I0VX A,@Rl ; Read in the 1st data 
; to reset the intr 

B901 srARr: ORL Pl, #1 ; Set port pin high 

B820 1I0V RO, #20H ; Data address 

B9F1 1I0V Rl, #OF1H ; Dummy address 

BA 10 MOV R2, #10H ; Counter tor 18 bytes 

23F1 AGAIN: MOV A, #OFFH ; Set ACC tor intr loop 

99FE ANL Pl, #OFEH , ; Send CS (bit 0 at Pl) 

91 1I0VX @Rl,A ' ; Send WR out 

05 EN I ; Enable interrupt 

9821 LOOP: JNZ LOOP ; Wai t tor interrupt 

EA 18 DJNZ R2, AGAIN ; It 18 bytes are read 

00 NOP ; go to user's program 

00 NOP 
ORG 50H 

81 INDArA: 1I0VX A,@Rl Input data, CS still. low 

.1.0 1I0V @RO,A Store in memory 

18 INC RO Inorement storage oounter 

8901 ORL Pl, #1 Reset CS signal 

27 CLR A Clear ACC to get out ot 
93 HErR the interrupt loop 
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4.2 InterfacIng the Z·80 

The Z-BO control bus is slightly different from that of the 
8080. General J1[) and \Wi strobes are provided and sepa
rate memory request, MREO, and 110 request, R5Rl:i, sig
nals are used which have to be combined with the general
Ized strobes to provide the equivalent 80BO signals. An ad
vantage of operating the AID in 110 space with the Z-BO is 
that the CPU will automatically insert one wait state (the 1m 
and WA' strobes are extended one clock period) to allow 
more time tor the 110 devices to respond. logic to map the 
AID in 110 space is shown in Figure '3. 

:~:I 
.,.ell <, TLlH/5671-23 

FIGURE 13. Mapping the AID as an 110 DevIce 
for Use with the Z·80 CPU 

Additional 110 advantages exist as software DMA routines 
are available and use can be made of the output data trans
fer which exists on the upper B address lines (A8 to A 15) 
during 110 input instructions. For example, MUX channel 
selection for the AID can be accomplished with this operat
Ing mode. 

4.3 InterfacIng 6800 Microprocessor DerIvatives 
(6502, etc.) 

The control bus for the' 6800 microprocessor derivatives 
does not use the J1[) and WR strobe signals. Instead It em
ploys a single R/W line and additional timing, if needed, can 
be derived fom the cf>2 clock. All 110 devices are memory 
mapped in the 6800 system, and a special Signal, VMA, 
indicates that the current address is valid. Figure '4 shows 
an Interface schematic where the AID is memory mapped in 
the 6800 system. For simplicity, the eg decoding is shown 
using Yz DM8092. Note that in many 6BOO systems, an al-

~--~ ------- -y ....... , ........ .., ..... w1:ll'" ",,\of, IV 1I1Q \,OUIIIIIIUII uu~ til 

pin 21. This can be tied directly to the eg pin 01 the AID, 
provided that no other devices are addressed at HX ADDR: 
4XXX or 5XXX. 

The following subroutine performs essentially the same 
function as in the case of the 8080A interface and it can be 
called from anywhere In the user's program, 

In Figure 15 the ADC0801 series is interfaced to the M6800 
microprocessor through (the arbitrarily chosen) Port B of the 
MC6820 or MC6821 Peripheral Interface Adapter, (PIA). 
Here the eg pin of the AID Is grounded since the PIA is 
already memory mapped In the M6800 system and no eg 
decoding is necessary. Also notice that the AID output data 
lines are connected to the microprocessor bus under pro
gram control through the PIA and therefore the AID m:> pin 
can be grounded. 

A sample Interface program equivalent to the previous one 
is shown below Figure 15. The PIA Data and Control Regis
ters of Port B are located at HEX addresses 8006 and 8007, 
respectively. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses for 
the AID. The fact that one particular microprocessor is used 
is not meant to be restrictive. Each of these application cir
cuits would have Its counterpart using any microprocessor 
that is desired . 

5.1 MultIple ADC0801 Serle. to MC8800 CPU Interface 

To transfer analog data from several channels to a Single 
microprocessor system, a multiple converter scheme pre. 
sents several advantages over the conventional multiplexer 
single-converter approach. With the ADC0801 series, the 
differential inputs allow individual span adjustment for each 
channel. Furthermore, all analog input channels are sensed 
simultaneously, which essentially divides the microproces • 
sor's total system serviCing time by the number of channels, 
Since all conversions occur simultaneously. This scheme is 
shown in Figure 16. 

r------------------.... 1III'f41't.I .. 

r---------<lO<'''! , 4'" ,MI III 

IV II, 1:::1 
II WI IlIl 

'" 01 Dlllni 

AID DU " ., PII III 

A~~~OT~ ~ I~"I'I 'IJ Ii ., I_I IAI 
I .. ,. 

.. 1It11»1 
DI' II .1 lJlI ,., 
Oil 12 

"UII i£I 
.11 11 ., QlI Iii 

I" • AI' CZ41 ,II 

All flll (lll 

I' .. VMA (I) If 1 

Not. 1: Numbers m parentheses refer to MC6800 CPU pin out. ? GND IIIf.~.~ :ll 
Hot. 2: Number or lelle,sln brackets refer to st8.ndard M6800 system common bus code. m 
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FfGURE 14. AOC0801·MC8800 CPU Interface 
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SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE 
0010 DF 36 DATAIN STX TEMP2 ; Save contents ot X 
0012 CE 00 2C LDX #$OO2C ; Upon IRQ low CPU 
0015 FF FF F8 STX $FFF8 ; jumps to 002C 
0018 B7 50 00 STAA $5000 ; Start ADC0801 
OOlB OE CLI 
OOlC 3E CONVRT WAI : Wai t tor interrupt 
001D DE 34 LDX TEMPl 
OOlF ec 02 OF CPX n020Jl' : Is tinal data stored? 
0022 2714 BEQ ENDP 
0024 B7 50 00 STAA $5000 : Restarts ADC0801 
0027 08 INX 
0028 DF 34 STX TEMP1 
002A 20FO BRA CONVRT 
002C DE 34 .INTRPT LDX rEMPl 
002E B6 50 00 LDAA $5000 ; Read data 
0031 A700 STAA X : Store it at X 
0033 3B RTI 
0034 0200 TEMP1 FDB 10200 : Starting address for 

; data storage 
0036 0000 rEm FDB $0000 
0038 CE 0200 ENDP LDX 1$0200 ; Reinitialize TEMPl 
003B DF34 STX TEMPl 
003D DE 36 LDX rElIP2 
003F 39 RTS : Return trom subrou~ine 

: To user's program 
Nolo 1: In order for the microproc.""", to service lUlJrouUnes and Intenupts, the staCk po;nter must be dimensioned In the user's program. 

AWALoa 
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FIGURE 15, ADC0801-MC6820 PIA Interface 
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SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE 

0010 CE 0038 
0013 FF FF F8 

0016 B6 80 06 
0019 4F 
OOlA B7 80 07 
OOlD B7 80 06 
0020 OE 

0021 C634 
0023 863D 
0025 F7 80 07 
0028 B7 80 07 

002B 3E 
002C DE40 

002E 8C 02 OF 
0031 270F 
0033 08 
0034 DF40 
0036 20 ED 
0038 DE 40 
003A B6 80 06 

003D A700 

003F 3B 
0040 0200 

0042 CE0200 

0045 DF40 

0047 39 

DATAIN 

CONVRT 

INTRPT 

TEMPl 

ENDP 

PIAORB 
PIACRB 

LDX 
STX 
LDAA 
CLRA 
STAA 
STAA 
CLI 
LDAB 
LDAA 
STAB 
STAA 
WAI 
LDX 
CPX 
BEQ 
INX 
STX 
BRA 
LDX 
LDAA 
STAA 
RTI 
FDB 

LDX 
STX 
RTS 
EQU 
EQU 

The following schematic and sample subroutine (DATA IN) 
may be used to interface (up to) 8 ADC0801's directly to the 
MC6800 CPU. This scheme can easily be extended to allow 
the interface of more converters. In this configuration the 
converters are (arbitrarily) located at HEX address 5000 in 
the MC6800 memory space. To save components, the 
clock signal is derived from just one RC pair on the first 
converter. This output grives the other AIDs. 

All the converters are started simultaneously with a STORE 
instruction at HEX ae/dress 5000. Note that any other HEX 
address of the form 5XXX will be decoded by the circuit, 
pulling all the cg inputs low. This can easily be avoided by 
using a more definitive address decoding scheme. All the 
interrupts are ORed together to insure that all AIDs have 
completed their conversion before the microprocessor is in
terrupted. 

The subroutine, DATA IN, may be called from anywhere in 
the user's program. Once called, this routine initializes the 
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#$0038 
$FFF8 
PIAORB 

PIACRB 
PIAORB 

#134 
#l3D 
PIACRB 
PIACRB 

TEMPl 

#$020F 
ENDP 

TEMPl 
CONVRT 
TEMPl 
PIAORB 
X 

$0200 

#10200 
TEMPl 

$8006 
$8007 

: Upon IRQ low CPU 
: jumps to 0038 
: Clear possi ble IRQ flags 

: Set Port B as input 

: Starts ADC080 1 

; Wait tor interrupt 

: Is tinal data stored? 

: Read data in 
: Store it at X 

: Starting address for 
: data storage 
: Reini tialize TEMPl 

: Return from subroutine 
; To user I s program 

CPU, starts all the converters simultaneously and waits for 
the interrupt signal. Upon receiving the interrupt, it reads the 
converters (from HEX addresses 5000 through 5007) and 
stores the data successively at (arbitrarily chosen) HEX ad
dresses 0200 to 0207, before returning to the user's pro
gram. All CPU registers then recover the original data they 
had before serviCing DATA IN. 

5.2 Auto-Zeroed Dlfferllnt/al Transducer Amplifier 
and AID Converter 

The differential inputs of the ADC0601 series eliminate the 
need to perform a differential to single ended conversion for 
a differential transducer. Thus, one op amp can be eliminat· 
ed since the differential to single ended conversion is pro· 
vided by the differential input of the ADC0601 series. In gen
eral, a transducer preamp is required to take advantage of 
the lull AID conl/erter input dynamic range. 
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FIGURE 16. Interlacing Multiple AIDa In an MC6800 System 
• SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE AIDa IN AN MC6800 SYSTEM 

ADDRESS HEX CODE MNEMONICS I COMMENTS 
0010 DF44· 

.0012 CEOO2A 
0015 FFFFF8 
0018 B7 5000. 
OOlB OE 
OOlC 3E 
OOlD CE 50 00 
0020 DF40 
0022 CE 02 00 
0025 DF42 
0027 DE 44 
0029 39 
002A DE 40 
002C AS 00 
002E 08 
002F DF40 
0031 DE 42 

DATAIN STX ' TEIIP : Save Contents of X 

INTRPT 

LOX #$002A ; Upon IRQ LOW CPU 
STX $FFF6 ; Jumps to 002A 
STAA $5000 ; Starts all AID's 
CLI 

WAI ; Wai t for interrupt 
LDX 
STX 
LDX 
srx 
LDX 
RrS 
LDX 
LDAA 
INX 
STX 
LDX 

2-44 

#$5000 
INDEXl 
#$0200 
INDEX2 
TEMP 

• INDEXl 
X 

INDEXl 
INDEX2 

; Reset both INDEX 
; 1 and 2 to starting 
; addresses 

; Return from subroutine 
; INDEXl -. X 
; Read data in from AID at X 
; Increment X by one 
;X -. INDEXl 
; INDEX2 -. X 

.... IV.'''''''_' __ V __ I,...'''''' \VUlnIlIUIICIIUI 

SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE AIDs IN AN MC6800 SYSTEM 
ADDRESS HEX CODE MNEMONICS COMMENTS 
0033 A700 STAA X ; Store data at X 
0035 8C 0207 CPX #$0207 ; Have allA/D's been readY 
0038 2705 BEQ RETURN ; Yes: branch to RETURN 
003A 08 INX ; No: increment X by one 
003B DF42 STX INDEX2 ;X -. INDEX2 
003D 20EB BRA INTRPT ; Branch to 002A 
003F 3B RETURN RTI 
0040 5000 INDEXl FOB $5000 ; Starting address for AID 
0042 0200 INDEX2 FOB $0200 ; Starting address fordata storage 
0044 0000 TEIIP FDB $0000 

Not. 1: In order for the microprocessor to service aubfoutlnes and Interrupts, the slack pointer must be dlmenskHled In the user's program. 

For amplification of DC input signals. a major system error Is 
the input offset voltage of the amplifiers used for the 
preamp. Figure 17 is a gain of 100 differential preamp 
whose offset voltage errors will be cancelled by a zeroing 
subroutine which is performed by the INS6060A microproc
essor'system. The total allowable Input offset voltage error 
for this preamp is only 50 p. V for 'I. LSB error. This would 
obviously require very precise amplifiers. The expression for 
the differential output ~oltage of the preamp is: 

[ 
2R2] Vo = [VIN(+)-VIN(-)) 1 + R1 + 

\. J '---v--J 
SIGNAL GAIN 

( 
2R2) (VOS2 - VOS1 - VOS3 ± IxRx) 1 + R1 

I.. . J '-----r--l 
DC ERROR TERM GAIN 

where Ix Is the current through resistor Rx. All of the offset 
error terms can be cancelled by making ± IxRx= VOS1 + 
VOS3 - VOS2· This is the principle of .. this auto-zeroing 
scheme. 

The INS6060A uses the 3 I/O ports of an INS6255 Pro· 
gramable Peripheral Interface (PPI) to control the auto zero
Ing and Input data from the ADC0601 as shown In Figure 18. 
The PPI Is programmed for basic I/O operation (mode 0) 
with Port A being an input port and Ports B and C being 
output ports. Two bits of Port C are used to alternately open 
or close the 2 switches at the Input of the preamp. Switch 
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SW1 is closed to force the preamp's differential input to be 
zero during the zeroing subroutine and then opened and 
SW2 is then closed for conversion of the actual differential 
input signal. Using 2 switches in this manner eliminates con
cern for the ON resistance of the switches as they must 
conduct only the Input bias current of the input amplifiers. 

Output Port B is used as a successive approximation regis
ter by the 6060 and the binary scaled resistors in series with 
each output bit create a Of A converter. During the zeroing 
subroutine, the voltage at Yx increases or decreases as re
quired to make the differential output voltage equal to zero. 
This is accomplished by ensuring that the voltage at the 
output of A 1 is approximately 2.5V SO that a logic "1" (5V) 
on any output of Port B will source current Into node Vx thus 
raising the voltage at Vx and making the output differential 
more negative. Conversely, a logic "0" (OV) will pull current 
out of node Vx and decrease the voltage, causing the differ· 
ential output to become more positive. For the resistor val· 

.. ues shown, Vx car] move ± 12 mV with a resolution of 50 
p. V. which will null the offset error term to 'I. LSB of full· 
scale for the ADC0601. It is important that the voltage level. 
that drive the auto-zero resistors be constant. Also, for sym
metry, a logic swing of OV to 5V is convenient. To achieve 
this. a CMOS buffer is used for the logic output signals 01 
Port B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A 1 is necessary so that It can 
source or sink the Of A output current. 
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19. It must be noted that the AOC0601 series will output an 
all zero code when it converts a negative input [VIN( -) ;" 
VIN( + )1. Also, a logic inversion exists as all of the I/O ports 
are buffered with inverting gates. 

Basically, jf the data read is zero, the differential output volt
age is negative, so a bit in Port B is cleared to pull Vx more 
negative which will make the output more positive for the 
next conversion. If the data read is not zero, the output volt
age is positive so a bit in Port B is set to make Vx more 
positive and the output more negative. This continues for 8 
approximations and the differential output eventually con
verges to within 5 mV of zero. 

The actual program is given in Figure 20. All addresses 
used are compatible with the BlC 80/10 microcomputer 
system. In particular: 

Port A and the AOC0801 are at port address E4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E7 

Program Counter automatically goes to ADDR:3C3D upon 

acknowledgement of an interrupt from the ADC0801 

5.3 Multiple AID Converters In a z-ao Interrupt 
Driven Mode 

In data acquisition systems where more than one AID con
verter (or other peripheral device) will be interrupting pro
gram execution of a microprocessor, there is obviously a 
need for the CPU to determine which device requires servic
ing. Figure 21 and the accompanying software is a method 
of determining which of 7 ADC0801 converters has com
pleted a conversion (INTR asserted) and is requesting an 
interrupt. This circuit allows starting the AI D converters in 
any sequence, but will input and store valid data from the 
converters with a priority sequence of AID 1 being read first, 
AID 2 second, etc., through AID 7 which would have the 
lowest priority for data being read. Only the converters 
whose INT is asserted will be read. 

The key to decoding circuitry is the DM74LS373, 8·bit D 
type flip-flop. When the 2-80 acknowledges the inteerupt, 
the program is vectored to a data input 2·80 subroutine. 
This subroutine will read a peripheral status word from the 
DM74LS373 which contains the logic state of the INTR out
puts of all the convorters. Each convertor which Initiates an 
Interrupt will place a logic "0" in a unique bit position in the 
status word and the subroutine will determine the identity of 
the converter and execute a data read. An identifier word 
(which indicates which AID the data came from) is stored in 
the next sequential memory location above the location of 
the data so the program can keep track of the identity of the 
data entered . 
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RU • WITH REG C 
Tosn NEXT liT 

IN PORT I 
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FIGURE 19. Flow Chart for Auto-Zero Routine 
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3D02 U3EI Out Control YOrt : I"rogl'8llfl"l" 1 

3D04 2601 IIVI H 01 Auto-Zero Subroutine 
3D06 7C 1I0VA,H 
3D07 D3E6 our C : Close SWl open SW2 
3D09 0680 XVI B 80 : Initializ~ SAR bit pointer 
3DOB 3E7F IIVI A 7F : Ini til\lize SAR code 
3DOD 4F 1I0VC,A Return 
3DOE D3E5 'OUT B : Port B = SAR code 
3D10 31AA3D LXI SP 3DAA Start : Dimension stack pointer 
3013 03E4 OUTA : Start AID 
3D15 lB IE 
3016 00 NOP Loop : Loop untU INT asserted 
3D17 C31630 JIIP Loop 
301A 7A 1I0VA,O Auto-Zero 
301B C600 ADIOO 
3D1D CA2D30 JZ Set C 
3D20 78 1I0VA,B 
3D21 1600 ORI,OO 
3D23 IF RAR 

" 3D24 FEOO CPIOO 
3D26 CA373D JZDone 
3029 47 1I0VB.A 
3D2A C3333D JMP New C 
3D2D 79 ' IIOVA,C 
3DZE BO ORAB 
3D2' 4F IIOV C,A 
3030 C32030 JIIP Shift B 
3033 'A9 XRA C 
3034, C30D3D JIIP Return 
3D37 ,47 IIOV B,A 
3D38 7C MOV A,H 
3039 n03 XRI03 
3D3B 03E6 OUT C 
3D3D 

Program tor processing 
proper data values 

3C3D OBE4 IN A ' 
3C31 EEFF XRI FF 
3en 57 1I0V D,A 
3C42 78 IIOV A,B 
3C43 E6FF ANI FF 
3C45 C2U30 JNZ Auto-Zero 
3C48 C33D3D JIIP Normal 

Shift B 

Set C 

NewC 

Done 

Normal 

Read AID Subroutine 

: Test AID output data tor zero 

: Clear carry 
: Shift "1" in B right one place 
: Is B zero? It yes last 
: approximation has been made 

: Set bit in C that is in same 
:positionas "l"inB 

: Clear bi t in C that is in 
: same position as "1" inB 
: then output new SAR code. 
: Open SW1, close SW2 then 
: proceed wi th program. Preamp 
: is now zeroed. 

: Read AID data 
: Invert data 

: Is B Reg = O? It not stay 
: in auto zero subroutine 

Nole: All numertcaJ velun .,. hexadecimal reprnenlallonl. , 
FIGURE 20. Software for Auto-Zeroed Differential AID 

6.3 MultIple AID Converte,. In a Z-80· Interrupt DrIven 
Mode (Continued) • 

The following notes apply: , 

1) II is assumed that the CPU automatically performs a RST 
7 instruction when a valid interrupt is acknowledged (CPU 
is in interrupt mode 1). Hence. the subroutine starting ad
dress of X0038. 

2) The address"bus fi~m the Z-80 and the data bus to the Z-
80 are essumed to be Inverted by bus drivers. 

3) AID data and identifying words will be slored In sequen
tial memory locetlons starting at the arbitrarily chosen ad
dress X 3Eoo. 

4) The stack pointer must ~ dimensioned In the main pro
gram as the RST 7 instruction automatically pushes the 
PC onto the stack and the subroutine uses an additional 
6 stack addresses. 

2·4e 

5) The peripherals of concern are mapped Into'110 space 
with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 

00 MM74C374 8-bit flip-flop 

01 AID 1 

02 AID 2 

03 AID 3 

04 AID 4 

05 AIDS 
06 AIDS 
07 AID 7 

This port address also serves as the AID identifying word in 
the program. 

" OMJ." j 
lit '- ~"·~n 

111 

ran 

... 

.... 
l'O1l 

IIJI 

mI .... 
on .... 
l'O1l 

"~ 01 

t::DAT~ " ., .. -: .. '4n,. , ... .. .. .. ----' 
GUT." 

Clit DII.DI 1-0" 

-~. 
" ..... 
" . " 

0 " OIII74UI. 

c " 
" YI 

~"IA " 
~IU' " ~ 

~U 
m 
II 

~ 111 ,'01 ... ., 
CUI' 

m .. .. 
n AID I ., ... 
CUI. 

m 

" .. 
n AID I ... ., 
cu •• 

m 

" .. 
1m AI •• .. " CUl,1 

m 

" .. 
Q w •• ... " ClI .. 

m 

I " ~ 111 "'" ... ., 
elil. 

m 

" .. 
II Allr ;,1-.. 
~ ;,;.': eLU 

I TLlH/5671-29 

FIGURE 21_ Multiple AIDs with z-ao Type Microprocessor 
INTERRUPT SERVICING SUBROUTINE 

LOC 
0038 
0039 
003A 
003B 
003E 
0040 
0042 
0044 
0045 
0046 
0048 
004B 
004C 
004D 
004E 
0051 
0052 
0055 
0057 
0059 
005A 
005B 
005C 
005D 
0060 
0061 
0062 
0063 

OBJCODE 
E5 
C5 
F5 
21003E 
OEOl 
D300 
DBOO 
47 
79 
FE08 
CA 60 00 
78 
IF 
47 
DA 5500 
OC 
C34500 
ED 78 
EEFF 
77 
2C 
71 
2C 
C3 51 00 
Fl 
Cl 
El 
C9 

SOURCE 
STATEMENT 

PUSHHL 
PUSHBC 
PUSHAF 
LD (HL) ,X3EOO 
LD C, XOl 
OUT XOO, A 
IN A, XOO 
LDB,A 

TEST LDA,C 

NEXT 

LOAD 

DONE 

CP, X08 
JPZ, DONE 
LDA,B 
RRA 
LDB,A 
JPC, LOAD 
INC C 
JP,TEST 
IN A, (C) 
XORFF 
LD (HL) ,A 
INC L 
LD (HL) ,C 
INCL 
JP,NEXT 
POPAF 
POPBC 
POPHL 
RET 

COMMENT 
: Save contents ot all registers affected by 
: this subroutine. 
: Assumed INT mode 1 earlier set. 
: Initialize memory pointer where data w111 be stored. 
: C register wUl be port ADDR ot AID converters. 
; Load peripheral status word' into 8-bi t latch. 
: Load status word into accumulator. 
: Save the status word. 
: Test to see it the status ot all AID' shave 
: been checked. Itso, exit subroutine 

: Test a Single bi t in status word by looking tor 
: a "1" to be rotated into the CARRY (an INT 
; is loaded as a "1") • If CARRY is set then load 
: contents of AID at port ADDR in C register. 
: If CARRY is not set, increment C register to point 
: to next AID, then test next bit in status word. 
: Read data from interrupting AID and invert 
: the data. 
: Store the data 

; Store AID identifier (A/DportADDR). 

: Test next bit in status word. 
: Re-establish all registers as they were 
: before the interrupt. 

: Return to original program 

2-49 

c 
o 
c 
... 
) 
t 
C 
C 
Q 
C 

t 
) 
t 
( 
c 
c 
c 
~ 
) 
t 
( 
( 
( 
( 

~ 



... 
~ TEMP RANGE O'C TO 70'C O'C TO 70'C O'C TO 70'C - 40'C TO + 8S'C 

~ ± V. Bit AOC0801 LCt-! 
~ Adjusted 

8 ERROR ± Yo Bit 
C Unadjusted 

~ ±YoBit a Adjusted· 
! ±IBit 

g 
ct ..... 
N 

~ o g 
ct ..... .... 
o 

Unadjusted 

PACKAGE OUTLINE 

ERROR 

ADC0802LCWM 

AOC0803LCWM 

ADC0804LCWM 

M20B-Sma" Outline 

TEMP RANGE 

± V. Bit Adjusted 
± Yo Bit Unadjusted 
± Yo Bit Adjusted 
± 1 Bit Unadjusted ; 

PACKAGE OUTLINE 

Connection Diagrams 

ADC080X 
Dual-In-Une and Small Outline (SO) Packages 

cs """Q" 
1 20 Vee(OR VRrr) 

iW 19 ClKR 

WR 18 DBO(l58) 

Wit • DBI 

INTI! DB2 

V~.) DB3 

V~-) 7 DB. 

"GND 8 DB5 

Vw /2 9 DB6 

DGND 10 It DB7( .. 58) 

TLlH/5671-30 

ADC0802LCV 

ADC0803LCV 

AOC0804LCV 

V20A-Chip Carrier 

- 40'C TO + 8S"C 

AOC0801LCJ 
ADC0802LCJ 
ADC0803LCJ 
ADC0804LCJ 

J20A-Cavity DIP 

ADC0802LCN 

AOC0803LCN 

ADC0804LCN ADC0805LCN 

N20A-Molded DIP 

-SS'CTO + 12S"C 

AOC0801U 
AOC0802U, 

ADC0802U/883 

J20A-Cavity DIP 

ADC080X 
Molded Chip Carrier (PCC) Package 

§2di~~ 
I I I I I 

18 t7 16 15 I. 

"''3'' "E~ Vee(OR VR~ 20 12 086 

C5 1 II 087(1158) 

iW 2 10 DGND 

WR -h 9 I- VREr/2 
• 5 6 7 8 

I I I I I 
Z:1""~~o - ... + I z: 
"'ia;~~c> 
a >:1oC 

TL/H/5671-32 

See Ordering Information 
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",National Semiconductor 

ADCOSOSI ADCOS09 S-Bit J-LP Compatible AID Converters 
with S-Channel Multiplexer 

General Description 
The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit anatog-to-digital con
verter, 8-channel multiplexer and microprocessor compati
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog Signals . 

The device eliminates the need for external zero and fu"
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TIL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several AID 
conversion techniques. The ADC0808, AOC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con
sumes minimal power. These features make this device 
Ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold port) 
see AOC0816 data sheet. (See AN-247 for more informa
tion.) 

Block Diagram 

Features 
• Easy interface to all microprocessors 
• Operates ratiometrically or with 5 Voc or analog span 

adjusted voltage reference 

• No zero or fu"-scale adjust required 
• 8-channel multiplexer with address logic 
• OV to 5V input range with single 5V power supply 
• Outputs meet TIL voltage level specifications 
• Standard hermetic or molded 28-pin DIP package 
• 28-pin molded chip carrier package 
• ADC0808 equivalent to MM74C949 
• ADC0809 equivalent to MM74C949-1 

Key Specifications 
• Resolution 
• Total Unadjusted Error 

• Single Supply 

• Low Power 
• Conversion Time 

STAU CLOCK 

·8 Bhs 
± Yo LSB and ± 1 LSB 

SVOC 
15mW 
100 1'. 

f'i.mZO- - -_-_1...._-'-_..., 
I 
I 
I 
I 
I 

".ALOG IN'UTI 

ADDRESS 
LATeHENllll 

ADDRESS 
LATCH 
AI. 

DICODIR 

1 1 
Vcc .10 

t:j:==:;-----oO IND OF COIVIIIIIOI .. lllTER.unl 

I 
I 
I 
I 
I 
I 
I 
I , 

I I I I L _________ J 
Rllf" RIFe-! OUTPUT 

INAILI 
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® MOTOROLA 

DESCRIPTION - The LSTIL/MSI SN54LSI74LS138 is a high speed 
1-of-8 Decoder/Demultiplexer. This device is ideally suited for high 
speed bipolar memory chip select address decoding, The multiple input 
enables allow parallel expansion to a 1-of-24 decoder using just three 
LS138 devices or 10 a 1-of·32 decoder using four LS138s and one 
inverter. The LS138 is fabricated with the SChottky barrier diode 
process for high speed and is completely compatible with all Motorola 
~Lfamilies. 

• DEMULTIPLEXING CAPABILITY 
• MULTIPLE INPUTfNABLf FOR EASY EXPANSION' 
• TYPICAL POWER DISSIPATION OF 32 mW 
• ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 
• INPUT CLAMP DIODES LIMIT HIGH SPEED ·TERMINATION 

EFFECTS • 

PIN NAMES 

NOTES: 

Address Inputs 
Enable (Active LOW) Inputs 
Enable (Active HIGH) Input 
Active LOW Outputs (Note b) 

8, 1 TTL Unit Load (U,LI = 40pA HIGH/I,6 rnA. LOW, 

LOADING (Note a) 

HIGH LOW 

0,5 U,l. 0,25 U,L 
0,5 U,l. 0,25 U,L 
0,5 U,l. 0.25 U,L 
10 U.L 5(2,5) U,L 

b, The Output LOW drive factor is 2,5 U,L for Military 154) and 5 U.L for 
Commercial (741 Temp.,~;·,"e Ranges, 

LOGIC DIAGRAM 

Vee - Pin 16 

GNO-Pin ·8 
o • Pin Numbers 

FAST ANDl.S TTl DATA 

5·97 

SN54n4LS138 ' 

, -OF-a-DECODER/ 
DEMULTIPLEXER 

LOW POWER SCHOTTKY 

LOGIC SYMBOL 

12.3,456 

15t413121110 t 7 

Vee. Pin 16 

GNO· Pin 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

J Suffix - Case 620-09 (Ceramic) 
N Suffix - Case 648-08 (Plastic) 

NOT(, 
The fl.,pa' •• ,.io" hal the •• "'. 
pinOuts ICon"-CIton Chagr."" •• th. 
Ove' In·l·,... 'lICit .... 

'-"", 

~, 



SN54174lS138 

FUNCTIONAL DESCRIPTION - The LSl38 is a high SPeed l-of~ Decoder/Demultiplexer fabricated with the low 
power Schonky barrier diode process. The decoder ac:c:epts three binary weighted il"C)uts (AO. Al. A21 and when 
enabled provides eight mutually exclusive active LOW outputs (00-071. The LS138 features three Enable inputs, two 
active LOW iel, E21 and one active HIGH (E31. All outputs will be HIGH unless E1 and E2 are LOW and E3 is 
HIGH. This multiple enable function allows easy parallel expansion of the device to a 1-of-32 (5 lines to 32 linesl 
decoder with just four LS138,and one inverter. !See Figur'! a.l 

The LSl38 can be used IS an s.output demultiplexer by using one of the active LOW Enable inputs as the deta inPUt 
and the other Enable inpuu as strobes. The Enable il"C)uts which are not used must be permanently tied to their 
appropriate active HIGH or active LOW stete. 

TRUTH TABLE 
INPUTS OUTPUTS 

it 12 E3 Ao At A2 00 0, ~ 03 '04 65 '0, 

H X X X X X H H H H H H· H 

X H X X X X H H H H H H H 

x X L X X X H H H H H H H 

L L H L L L L H H H H H H 

L L H H L L H L H H H H H 

L L H L H L H H L H , • H H H 

L L H H H L H H H L H H H 

L L H L L H H H H H L H H 

L L H H L H H H H H H L H 

L L H L H H H H H H H H L 

L L H H H H H H H H H H H 

H • HIGH Volt ... Level 
L • LOW VOU ... Level 
X • Doft'l c:. .. 

~~--------------~------------~------------~ 
AI--~~-------------i~---------------t~---------------rl 
A2~~~-------------+-t~-------------r~~------------_r-r; 

A3----------~----------------_1----------------~------_r1r;_1?~ 

~------~~------------~+-------------~----_+_r+_--~ 

LSl38 LSl38 LS138 

Fig.L 

rAST ANti" lS TIL DATA 
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0,,0,0,0,"'0,0,,0, 

°7 
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H 

H 

L 



SN54n4lS138 

GUARANTEED OPERAnNG RANGES 

SYMBOL PARAMETER . MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 "C 
74 0 25 70 

10H Output Current - High 54.74 -0.4 mA 

10L Output f:urrent -low .. 54 4.0 mA 
74 8.0 

DC CHARACT'ERt5nCS OVER OPERA nNG TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONomONS 
MIN TYP MAX 

V,H Input HIGH VQltlge 2.0 V GUlranteed Input HIGH VoItlge few 
All Inputs 

54 0.7 Guaranteed Input LOW Voltage few 
V,L Input LOW Voltage 

74 0.8 
V All Inputs 

V,K Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN =-18 mA 

VOH Output HIGH Voltage 54 2.5 3.5 V Vee = MIN,IOH = MAX. VIN = V,H 

74 2.7 3.5 V or V,L per Truth Table 

54,74 0.25 0.4 V IOL = 4.0 mA I Vec = Vec MIN, 
VOL Output LOW Volt.ge 

74 0.35 0-5 V IOL = 8.0 mA I Y,N = V'L or V,H 
\ per Truth Table 

20 pA Vee = MAX. Y,N = 2.7 V 
I'H Input HIGH Current 

0.1 mA Vce = MAX. Y,N = 7.0 V 

',L Input LOW Current -0.4 mA VCC = MAX. Y,N = 0.4 V 

lOS Short Circuit Current -20 -100 mA VCC=MAX 

ICC Power Supply Current 10 mA Vce=~ 

AC CHARACTERI5nCS: TA = 25°e 

LEVEL OF UMITS 
. 

TEST 
SYM80L PARAMETER UNITS DELAY MIN TYP MAX eONOmONS I 

tpLH Propagation Delay 2 13 20 
tPHL Address to Output 2 27 41 

ns 

tpLH Propagation Delay 3 18 27 
'PHL Address 10 Output 3 26 39 

ns 
Vee = 5.0 V 

tpLH Propagation Delay £1 or £2 2_ 12 18 CL = 15 pF 

tPHL Enable to Outp"t 2 21 32 
ns 

tpLH Propagation Delay E3 3 17 26 
tPHL Enable to Output . 3 25 38 

ns 

ACWAVEFORMS 

1.3V 

Fig. 1 Fig. 2 

FAST AND LS TTL DATA 



® MOTOROLA 

ESCRIPTION - The SN54Lsn4LS682. 684. 688 are 8-bit magni
Jde comparators. These device types are designed to perform 
~mparisons between two eight-bit binary or BCD words. All 
evice types provide p .. a outputs and the LS682 and LS684 have 
>0 outputs also. 

'he LS682. LS684 and LS688 are totem pole devices. The. LS682 
las a 20 k!l pullup resistor on the a inputs for analog or switch 
lata. 

TYPE P=Q P>Ci OUTPUT OUTPUT 
PULWP ENABLE CONFIGURATION 

LS682 yes yes no tOlem.pole ~ 

LS683 yes yes no open-coileClor ~ 

LS684 yes yes no tOlem-pole no 

LS685 yes yes no open-collector no 

LS686 yes yes yes totem-pole no 

LS687 yes yes yes open-collector no 

LS688 yes no yes totem-pole no 

LS689 yes no yes open-collector no 

CONNECTION DIAGRAMS 
fTOPVlEW) 

SN54lSn4LS6821684 

vee 

p;Q 

07 

'7 

~ 

PS 

os 

P5 

Q4 

GND P4 

DATA 

P.Q 

P= a 
P>O 
P<O 

X 

SN54J74LS682 
SN54n4LS684 
SN54n 4LS688 

a-BIT MAGNITUDE 
COMPARATORS 

lOW POWER SCHOTTKY 

FUNCTION TABLE 

INPUTS OUTPUTS 

ENABLES 

~.~ G2 p=o p>o 

L L L H 
L L H L 
L L H H 
H H H H 

H = high level. L := iow level. X = irrelevant 

SN54LSn4lS688 

G 

p;;Q 

07 

P7 

OS 

P6 

05 

P5 

04 

GND P4 

J Suffix - Case 732-03 ICeramic) 
N Suffix - Case 738.Q3 IPlastic) 

FAST AND LS TTL DATA 

5-319 



SN54174LS682 • SN54174LS684 • SN54174LS688 

GUARAN11:ED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0. 5.5 V 
74 4.75 5.0 5.25 

TA Operating Ambient Temperature Range 54 -55 25 125 °c 
74 0 25 70 

10H Output Current - HiQ..h 54.74 -0.4 rnA 

10L Output Current - Low 54 12 rnA 
74 24 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

VIH Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
All Inputs 

r 

54 0.7 Guaranteed Input LOW Voltage for 
VIL Input LOW Voltage 

74 0.8 
V All Inputs 

VIK Input Clamp Diode Voltage -0.65 -1.5 V VCC = MIN. liN = -18 mA 

54 2.5 3.5 V VCC:o MIN. 10H = MAX. VIN = VIH 
VOH Output HIGH Voltage 

74 2.7 3.5 V or VIL per Truth Table 

...• 
54.74 - 0.25 0.4 V IOL = 12 mA jVCC= VCCMIN. 

VOL Output LOW Voltage 
74 0.35 0.5 V IOL = 24 rnA I VIN = VIL or VIH 

. - per Truth Table 

20 JlA .VCC = MAX. VIN = 2.7 V 

IIH Input HIGH Current 
LS682-O 

Inputs 
0.1 rnA VCC = MAX. VIN = 5.5 V 

-" ---
Others 0.1 rnA VCC = MAX. VIN = 7.0 V 

LS682-Q -0.4 rnA 
IlL' Input LOW Current Inputs VCC= MAX. VIN= 0.4 V 

Others -0.2 rnA 

lOS Short Circuit Current -30 -130 rnA VCC=MAX 

LS682 70 rnA 

ICC Power Supply Current LS684 65 rnA VCC= MAX 
LS688 65 rnA 

FAST AND LS TTL DATA 
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.- SN54174LS682 • SN54174LS684 • SNS4n4LS688 

E3 }-

SN54LS174LSII2 thru LSa84 

LOGIC DIAGRAMS 

07 _.:;Ct;::II:""11 

.. _..;I..;'5I~-{f':X>" 

P$ _..;I..;'l~1 -IJDo, 

05_..;Ct.;...,;..I-IIIT~:>J 

r4 _..;.11_',;..1 --Irr~o.. 

P2 _..;I;,;I5I __ H1:x>., 

02_..;.m~--I.Il 

,,-.:; .. .:....' -I 

151 
Q'----III'::O-' 

PO _..;12;;;.1_111 

131 
QQ -...;....;.-ur:;::>O-J 

G _...;.11..;.1-1 

SNS4LSI74LS688 

FAST AND LS TTL DATA. 
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SNS4174lS682 • SNS4I74LS684 • SNS4174LS688 

SNt54LSn4LS882 

SYMBOL PARAMETER 
lIMITS 

UNITS TEST CONDITIONS 
MIN lYP MAX 

1foLH Jlropegalion Delay, P to p.;Q 13 25 
1f>Hl 15 25 

ns 

lpLH Pros-getion ~elay, Q to p.;Q 14 25 ns VCC= 5.0 V 
1f>Hl 15 25 

tpLH 20 30 
CL=45 pF 

1f>HL 
P~atjon Delay, P to i»a 

15 30 ns RL= 6670 

tpLH Pros-gerion De"", Q tp P">Q 
.. 

"21 30 
tpHl 19 30 

ns 

SN54LSn4lS684 

SYMBOL PARAMETER 
UMITS 

UNITS TEST CONDITIONS . 
MIN lYP MAX 

tPlH Propagelion Delay, P to p.;Q .' 15 25 ns 
If'HL 17 25 

IPlH Propagation Delay, Q 10 p;Q 16 25 ns VCC= 5.0V 
tPHL 

.. 
15 25 

.. 
22 30 

CL =45 pF 
IPlH Propagation Delay, P to P5Q ns '. RL=6670 
tpHL 17 30 

tpLH Propagation Delay, Q to P>Q 
_ .. 

24 30 ns 
tPHL 20 30 ... ' . 

SN54LS174LS688 . . ~. : . 

SYMBOL PARAMETER 
UMITS 

UNITS TEST CONDITIONS 
MIN lYP MAX 

·If'LH Propagation Delay, P to P = Q 12 18 
tpHl 17 23 

ns, 

12 18 
. VCC=.S.OV 

tPLH Propagation Delay, Q 10 P=a ns CL=45pF 
tpHL 17 23 

12 18 
RL=6670 

tPlH Propagalion Delay, G, G1 tei p;a 
13 20 

ns 
IPHl , 

P $.. , " " ~ " r-.; 
UDJye,r,.lt,,~ ''''W~·':( WicI,a Manda!a 

S ~: ~ '\ B A ~ It. 
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Riwayat Pendidikan : 

Nama 

Nrp 

Nirm 

BIODATA 

: KOESMIADJI SARTONO 

: 5103096027 

: 96.7.003.31073.44912 

Tempat/tanggallahir : SURABAYA / 24 APRIL 1977 

Agama : KRISTEN 

Alamat : KETABANG NGEMPLAK 20 

SURABAYA 

1. LUKUS SD YPK KETABANG KALI SURABAYA TAHUN 1990 

2. LULUS SMPKDAPENA 1 SURABAYA TAHUN 1993 

3. LULUS SMAKDAPENA 1 SURABAYA TAHUN 1996 

4. LULUS SARJANA FAKULTAS TEKNIK JURUSAN TEKNIK 

ELEKTRO UNIVERSITAS KATOLIK WIDYA MANDALA 

SURABAYA TAHUN2001 




