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PROGRAM PERANCANGAN DAN PEMBUATAN ALAT KONTROL
SUHU DENGAN BATAS TEKANAN MAKSIMAL

{

{

{

{ Nama : KOESMIADJI SARTONO
{ Nrp : 5103096027

{
{

PA2 : STATUS KOMPOR - OUTPUT
PA5 : KONTROL NYALA-MATI KOMPOR - OUTPUT

PC : - }
Uses Dos,Crt,Graph; { AWAL PROGRAM UTAMA }
const CHAN =$3C0;
ADC =$3C1;
Pa =3300;
Pc =3302;
Pcw =8$303;
var
N,M, GraphDriver,GraphMode :Integer;
Suhu :array[0..3600] OF byte;
Factorl, factor2,Status,Count,Detik :byte;
Harga :string(11];
Tombol :char;
Jam,Mnt,Dtk,Rat sword;
Graf :boolean;
Limit_Low,Limit_Up :integer;

Procedure init graph;
begin
GraphDriver := Detect;
InitGraph(GraphDriver, GraphMode, ' ');
if GraphResult <> grOk then Halt (1) ;
end;

Function IntToStr(I: Longint): String;{ Convert any
integer type to a string }
Var S: stringl5];

begin

Str(I, S);
IntToStr := S;
end;

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

begin

Sstr(I, S);

ReToStr:= §;

end;

}
}
}
}
}
}



Procedure Background;
begin
outtextxy (495,135, '"KOESMIADJI SARTONO') ;
outtextxy (495,145, 5103096027") ;
outtextxy(150,5, 'GRAFIK SUHU TERHADAP
WAKTU') ;
outtextxy (500,32, 'Esc To Quit');
outtextxy(35,175,'SUHU =');
outtextxy (35,185, 'WAKTU ="') ;
outtextxy (275,175, '"KOMPOR =') ;
outtextxy (500,72,'Up ="');
outtextxy (545,72, inttostr(limit up)) ;
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 (0,93, '75');
outtextxy (0,77, '89')
outtextxy (0,61, '103"')
outtextxy(0,45,'117")
outtextxy (0,28, '130"')
For M:=1 to 10 do
begin
outtextxy (26+45*M, 165, inttostr (M) ) ;
end;
line(29,31,481,31); { GARIS ATAS }
line(29,161,481,161); { GARIS BAWAH }
line (29,32,29,161) ; { GARIS SAMPING KIRI }
line(481,32,481,161); { GARIS SAMPING KANAN }
For M:=0 to 8 do
begin
Line (25,32+M*16,29,32+M*16) ; { skaLa
VERTIKAL }
end;
For M:=1 to 10 d { SKALA HORISONTAL }
begin
Line (29+45*M,161,29+45*M, 163) ;
end;
end;

Procedure Cek_ status;
begin
If ((suhu[N]*0.431)+20)>1limit up then { JIKA
SUHU SAMPAI 130 DERAJAT }
begin { KOMPOR DIMATIKAN }



Port [Pa] : =Sdf;
Setcolor (Black) ;
outtextxy (350,175, 'ON') ;
outtextxy (350,175, 'OFF!') ;
Setcolor (white} ;
outtextxy (350,175, 'OFF"') ;
end;

If ((suhu[N]*0.431)+20)<limit low then

{ NYALAKAN KOMPOR JIKA }

begin { SUHU DIBAWAH 110 DERAJAT }
Port [Pa] :=$2b;
Setcolor (Black) ;
outtextxy (350,175, 'ON") ;
outtextxy (350,175, 'OFF"') ;
setcolor (white) ;
outtextxy (350,175, 'ON') ;
end;

end;

Procedure Background2;

begin
outtextxy (495,135, 'KOESMIADJI SARTONO') ;
outtextxy (495,145, 5103096027"') ;

outtextxy (150,5, 'GRAFIK SUHU TERHADAP
WAKTU') ;
outtextxy (500,32, 'Enter To Quit');
If graf then
outtextxy (470,165, inttostr (N*2))
else outtextxy (470,165, '450"');
outtextxy (8,157, '20');
outtextxy (8,141, '34"');
outtextxy (8,125, '48"');
outtextxy (8,109, '62"');
outtextxy (0,93, '75');
outtextxy (0,77, '89');
outtextxy(0,61,'103"');
outtextxy(0,45,'117');
outtextxy (0,28, '130"');
line(29,31,481,31); { GARIS ATAS }
line(29,161,481,161); { GARIS BAWAH }
line(29,32,29,161); { GARIS SAMPING KIRI }
line(481,32,481,161); { GARIS SAMPING KANAN }
For M:=0 to 8 do
begin
Line (25,32+4M*16,29,32+M*16) ; { skaLA
VERTIKAL }
end;



For M:=1 to 10 do { SKALA HORISONTAL }

begin
Line (29+45*M,161,29+45*M,163) ;
end;
end;
begin { MAIN PROGRAM }

clrscr;

Port[Pcw]:=$80;{ INISIALISASTI PPI Mode 0 Pa, Pb,Pc:
output }

Port [Chan] : =$00; { ADC di pilih Channel 0}
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:=0 to 3600 do suhu[N] :=0; { SEMUA DATA SUHU
DI NOLKAN }

N:=1;

Count:=0;

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);{ MENGULANGISAMPAI 2 DETIK }

Count:=1; {JIKA 1 --> 2 DETIK ; 2-->1 DETIK}
Suhu [N] : =port [ADC] ; { INPUT ADC }
If (N mod 451=0)then

begin

Cleardevice;

Background;

end;

Cek status;

Setcolor (Black) ;

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



outtextxy (94,175, retostr (20+Suhu[N-1]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-SuhulN-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 (1) ;
Inc (N) ;
If keypressed then tombol:=readkey;
Until (N>=1800)or (tombol=#27);
Tombol : =#0;
if n>450 then
begin
Factorl:=1+(N div 450); { Faktor waktu }
graf:=true;
end
else
Begin
factorl:=1;
end;
Cleardevice;
Background2;
For N:=0 to 449 do
begin
Moveto (N+30,160-Suhul (N+1) *Factorlldiv 2);
{ PRINT SELURUH GRAFIK }
Lineto (N+31,160-Suhul[ (N+2) *Factorl]div 2);
end;
Readln; { ADA TOMBOL ENTER / TIDAK }
Closegraph;
End. { AKHIR PROGRAM UTAMA }
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ADC

voltage, “A-C".

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 voitage source
for the A/D. Errors of the A/D under tast can be provided as
either analog voltages or differences in two digital words.
A basic A/D 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

For operation with a microprocessor.or a computer-basé
test system, it is more convenient to present the errors dig'
tally. This can be done with the circuit,of Figure 7 where Iy
output code transitions can be detected as the 10-bit DAC|
incremented. This provides Y, LSB steps for the 8-bit A/
under test. If the results of this test are automatically plotta
with the analog input on the X axis and the error (in LSB"
as the Y axis, a useful transfer function of the A/D unds
test results. For acceptance testing, the plot is not necet
sary and the testing speed can be increased by establishin
internal limits on the allowed error for each code. '
i
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uNational Semiconau

ctor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADC0801, ADC0802, ADC0803, ADC0804 and
ADC0805 are CMOS B8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSCB800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

m Ditferential analog voltage inputs

m Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

B Works with 2.5V (LM336) voltage reference

® On-chip clock generator

® 0V to 5V analog input voltage range with single 5V
supply

m No zero adjust required

m 0.3" standard width 20-pin DIP package

m 20-pin molded chip carrier or small outline package

= Operates ratiometrically or with 5§ Vpc, 2.5 Vpg, or ana-
log span adjusted voltage reference

Key Specifications

Features B Resolution 8 bits
@ Compatible with 8080 pP derivatives—no interfacing ™ Total eror Y%, LSB, +', LSBand £1LSB
logic needed - access time - 135 ns m Conversion time 100 pus
m Easy interface to all microprocessors, or operates
“stand alone™
Typical Applications
v
(" {
»oltE vee 0
>0 10 "
o W cLeh A , l |J7 TRANSOUCER
——wm e et 017 RESOLUTION
e low & | oven anv oesinen
@ |} > ANALOG INPUT
0 R T e
.| :: s v ,>nm INPUTS )
< b = -
+ 2 {on Acno l——‘*
¢ LA P o SPANAD) A
. (L1 f VREFT O SEESECTION "= =
: " o0 - ", 41
TL/H/S6T1-1
8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearlty)
8 p——9 Full-
Part Scale Vrer/2=2.500 Vp¢ | VRer/2 = No Connection
B fer—> Y Number (No Adjustments) (No Adjustments)
Nicso, Adjusted
}:u:a:,' —*9 " ADC0801] +1,LSB
erc, O¢———{ ikTK ADC0802 +1, LSB
<_: ADC0803|{ =1, LSB
DATA
ADC0804 +1LSB
ADCO0805 +1LS8
TL/H/5671-31
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P i1 Miliitary/Aerospace specilied devices are required, Storage Temperalure Hange ~65°Clo +160°C:

D

ADC0801/ADC0802/ADC0803/ADC0804/A

The following specifications apply for Vcc = 5Vpc and Tyiy < Ta < Tmax, unless otherwise specified.

please contact the National Semiconductor Sales Package Dissipation at T =25°C 875 mW.
(S)mclg/\l;)litrlbut\;)rs f;r :v;llablllty and speciﬂcation:.sv ESD Susceptibility (Note 10) sooy  Symbol I Parameter Conditions I Min I Typ I Max I Units
of ote . o - o —
V:ﬁgge age ( cp) ( ) Operating Ratings Notos 142 . 2 CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Logic Control Inputs —0.3V10 +18V (Notes Vin (0) Logical “0" Input Voltage Voo=4.75 Vpo 0.8 Voo
At Other Input and Outputs —0.4Vto (Ve +0.3V) Temperature Range TMINSTAS Tmax (Except Pin 4 CLK IN) ‘ . :
Lead Temp. (Soldering, 10 seconds) ADC0801/02LJ, ADC0802LJ/883 —55°C<Tx < +125°C: - -
Dual-In-Line Packag‘; (plastic) 260°C ADCO0801/02/03/04LCJ —40°C<Tp<+85C hN{D) Logical *1” Input Current Vin=5Vpc 0,005 1 pADG
Dual-In-Line Package (ceramic) 300°C ADC0801/02/03/05LCN —40°C<Ta< +85°C (Al Inputs)
. Surface Mount Package ‘ ADCOBOALEN PO<TAS+T0C 1y (0) Logical “0" nput Current ViN=0Vpc -1 -0.005 . pApG
) ADC0802/03/04LCV . 0°CETAL +70°C Al
Vapor Phase (60 seconds) 215°C ADC0802/03/04LCWM 0°C<Ta< +70°C: (Al Inputs) :
Infrared (15 seconds) - 220°C Range of Ve 45V A Vpc,_CLOCK IN AND CLOCK R
Electrical Characteristics R fovrt CLKIN (Pin 4) Positive Going 27 | aa 35 Voc
The following specifications apply for Voo=5 Ve, Tmins Ta<Tmax and fo k=640 kHz unless otherwise specified. Threshold Voltage
. Parameter Conditions Min Typ Max Unis VT~ g';K 'NT(hPi" :)) zegalttiv ° . 15 1.8 21 Voc
ing Thre
ADCO8OT: Total Adjusted Error (Note®) | With FullScale Ad, 7, Lss —279 _TesTor Yollage v
(See Section 2.5.2) 4 VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Vpe
ADC0802: Total Unadjusted Error (Note 8) | VRer/2=2.500 Vpc tY, LS8 M) —(Vr-)
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. £, LS8 Vour (0) Logical “0" CLK R Output 10=360 pA 0.4 Voc
(See Section 2.5.2) . /2 i Voltage Vee=4.75 Vpe
ADC0804: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpo +1 LSB} Vout (1) Logical “1"" CLK R Qutput lo=—360 nA - 24 Voc
'ADCO0B80S5: Total Unadjusted Error (Note 8) VReF/2-No Connection +1 LSB: Voltage Vec=4.75Vpg K
VRres/ 2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 k0! DATA OUTPUTS AND INTR '
ADC0804 {Note 9) 0.75 1.4 k0 Vout(0) | Logical “0" Output Voltage
Analog Input Voitage Range (Note 4) V(+) or V(—) Gnd-0.05 Vec+0.05 Vog! Data Outputs ; 10UT¥ 1.6 mA, Vco=4.75 Vpg 0.4 Voc
DC Common-Mode Error gver Analog Input Voitage +Yie +% LS8, INTR Output lour=1.0mA, Vcc=4.75 Vpo 0.4 Voc
ange - !
LV 1) Logical **1" O = =
Power Supply Sensitivity Vce=5Vpe t 10% Over + e 4 se—our () =20 utput Voltage lo=—~360 uA, Vcc=4.75Vpc | 24 Voc
Allowed Vigy(+) and Vin(—) i Vour (1) |- Logical “1” Output Voltage lo=—10 pA, Voo =4.75 Vpo 45 Voc
Voltage Range (Note 4) - 'yt " TRI-STATE Disabled Output Voutr=0Vpc -3 prApc
AC Electrical Characteristics - Leakage (All Data Butfers) Vour =5 Voc 3 PADC
The following specifications apply for Vcc=5 Vpc and Ta = 25°C unless otherwise specified. Isource Vour Shortto Gnd, Ta = 25°C 45 6 mApg
Symbol . Parameter Conditions Min Typ Max Units _ ISINK Vour Short to Vgg, Ta= 25°C 9.0 16 mApg
T¢c Conversion Time toLk = 640 kHz (Note 6) 103 114 us = POWER SUPPLY
Tc Conversion Time (Note 5, 6) 66 73 o e Supply Current (Includes foLk = 640 kHz,
foLk Clock Frequency Veg=5V, (Note 5) 100 640 1460 kHz ; - Ladder Current) VRer/2=NC, Ta=25°C
Clock Duty Cycle (Note 5) ' 40 60 % | and C8 =5V
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s ADC0801/02/03/04L.CJ/05 1.1 18 mA
Modo TS=0 Voo, fork =640 kHz ADCOBO4LCN/LCV/LCWM 1.9 25 mA
W) Width of WR Input (Start Pulse Width) | TS=0 Vpc (Note 7, 100 ns . Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. OC and AC electri h
W(RRIL / ¢ . = e { } . the dovico beyond e spociiod aporetr conons G lavice may occur. DC ant electrical spacifications do not apply when operaling
tacc Access Time (Delay from Falling Cy =100 pF 135 200 S pote 2: ' . ) ,
Edge of AD to Oulput Data Valid) 1+ Note 2: Al voltages are measured with respect to Gnd, unless otherwise sp The separate A Gnd point should always be wired 10 the D Gnd,
— — Note 3: A zener diode exists, internally, trom voc to Gnd and has a typical breakdown voltage of 7 Vpc. :
1, ton ;ﬁr‘ns;ls\l:g ggg;rgi' (_‘?glg ?SLee ]I% ’I)ZTE\LT - 11'(:;‘;: 125 -200 ns | Wotes: ::r ‘\:1.:'(0; );m\‘/‘.,;(o; : ;:: digi:lbt:’u(;:;t co:; will be on%oo oooo& ::o :n-chip diodes are tied 10 each analog input (see biock diagram) which will forward
) c 568 conduct one le drop below ground or one diode drop greater than the V, . B ful, during tes low .
Hi-Z State) ) Circuits) | as high level analog inputs (5V) can cause this input diode to cond pecially at elevated o M’:gd c:u(;:eonor: 'o?‘ln.ﬁ.f‘?n;.. nl'.iﬁlﬁ“fc':.? ;v‘)'
twi Ry Delay from Falling Edge 300 450 ng = 9pec allows 50 mV forward bias of either diode. This means that as long as the analog Viy does not exceed the supply voltage by more than 50 mV, the output
of w% or BD to Reset of INTR eo?o will b:rn:;“:r'rect. To nc:le;e: a:vabsolula 0 Vpc to § Vpg input voltage range will therefore require a minimum supply vollage of 4.950 Vpc over temperature
5 nd loading. '
CiN Input Capacitance of Logic 5 75 PF . Note 5: Accuracy Is guarantoed al I = 640 kHz. At higher clock f ‘ can degrade. For | tock ies, the di
Control Inputs ; oxtended a0 long as the minimum Glock high time interval or minimum clock low time Intorval la no loss "?:"ozv;«;l '(‘:'oc requencion. e duly cycla imis can bo
Cout TRI-STATE Output 5 75 pF i Note 8: With an asynchronous stert pulse, up to 8 clock periods may be required before tha internal clock phases are proper 10 start the conversion process. The
Capacitance (Data Buffers) ; startrequest is intemally latched, see Figure 2 and section 2.0.
- . - — — - — * Note 7: The TS input is assumed 10 bracket the W strobe input and therefore timing is dependent on the WR pulse width. An arbitrarit
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] the converter in & resel mode and the start of conversion is initiated by the low to high lvmmi:: o?rt‘he%m pﬁ?’si"(m limi:qadiag:::s:‘de pse width wil hod
Vin(1) Logical “1” Input Voltage Vec=56.25Vpe 20 15 Vpc| Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To cblain 2ero code at other analog input voltages see section 2.5 and Figure 5.
(Except Pin 4 CLK IN) Note 9: The VRrer/2 pin is the center point of a two-resistor divider connected from Veg to ground. In ail versions of the ADC0801, ADC0802, ADCOB03, and
! ADC0808, and in the ADCOB04LCJ, each resistor is typically 18 k(1. In all versions of the ADC0B04 except the ADCOB04LCY, sach resistor is typically 2.2 k).
; Note 10: Human body model, 100 pF discharged thvough a 1.6 kAl resistor.
1
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3-Decade Logarithmic A/D Converter
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1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1a. 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 VRgp/2 pin). The digital
output codes that correspond to these inputs are shown as
D—1, D, and D+ 1. For the perfect A/D, not only wili 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 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 t %,
L.SB 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 1b 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 thu center-value points than +, LSB. In

Transter Function

w
H
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8
E oot |- -
£ i
° )
- ——
2 0 I 4
= [
8 |
a )
i
'

A1 A Aed
ANALOG INPUT (V)

other words, if we apply an analog input equal 10 the cener-
value * Y, LSB, we guarantee that the A/D 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 V4, LSB.

The error curve of Figure 1c 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 A/D 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 A/D
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 A/D. For example the error at point 1 of Figure 14
is + Y, LSB because the digital code appeared %, 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 are always 1 LSB in magnitude.
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FIGURE 1. Clarifying the Error Specs of an A/D Converter
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AULUBUT/AUCUB0Z/ADCOB03/ADCO8B04/A

The ADC0B01 series contains a circuit equivalent of the
256R 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 R network. The most significant 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 interrupt is asserted (INTR makes a high-
to-low transition). A conversion in procass can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting INTR to
the WH input with a=‘0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle. B

On the high-to-low transition of the WR input the internal
SAR latches and the shiit register stages are reset. As long
as the TS input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
high transition.

] DN TIIMATIANMAL PEoADIBTIAM T ATwanvional Uiayrarm Or e AZL converter 1S shown In Fig-
2.0 FUNCTIONAL DESCRIPTION . onverier 1S shown In /ig

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 C§ and WR simuita-
neously low. This sets the start flip-flop (F/F) and the resuit-
ing “1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a “1" to the D flop, F/F1, which
is at the input end of the 8-bit shift register. internal clock
signals then transfer this 1" to the Q output of F/F1. The
AND gate, G1, 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 WR or CSis a '1"") the start F/F is
reset and the 8-bit 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 putse would have
no effect (both outputs of the start F/F would momentarily
be ata "“1" level) and the 8-bit shift register would continue
to be held in the reset mode. This logic therefore allows for
wide CS and WA 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/F.

“17 = RESEY SHIFT REGISTER
"9 = BUSY AND QUIESCENT STATE

INPUT PROTECTION
FOR ALL LOGIC INFUTS

(L1
TO INTERNAL

CIRCUITS l
Wanv €
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< e l— 1F AESET = 9"
Vum('% u‘n:: e \:‘Y:ll 1 s Te—
; DECODER NOTE2) =] “wunsr'v“n ReseY
. |* l—i
-
DAC s
] Yiout) T
A GND = 3
= Yee tuu—l
_ L€
LATEH
come
+
Vinte) + 4 J 4 J 4 b
- ° | XFER Eﬂ m
1 TRESTATE
You(-) O OUTPUT LATCHES -} I
- —] bt x g0
sl DL Lo | —2= 1
M 1203 1415 18 17 ! E
—'l '— YR
DIGITAL OUTPUTS CONv. CoRL.
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Note 1: T3 shown twice for clavity. -~
Note 2: SAR = Successive Approximation Register.
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FIGURE 2. Block Diagram

After 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 shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting buffer then supplies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
s of the frequency of the external clock). If the data output
Is continuously enabled (CS and RD both held low), the
TNTR output will stilt signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F 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 SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and T3 wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
1o go fow. As the latch enable input is still present, the Q
output will go high, which then aliows the INTR F/F to be
RESET. This reduces the width of the resulting INTR output
pulse to only a few propagation delays (approximately 300
ns).

When data is to be read, the combination of both €S and
RD 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 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 A/D 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 A/D Start function is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active
low pulse at the RD input (pin 2).

2.2 Analog Difterentlal Voitage Inputs and
Common-Mode Rejectlon

This A/D has additional applications flexibility due to 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 maA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.

The time interva! between sampling Vin(+) and Vin{—) is 4-
4 clock periods. The maximum error voltage due to this

slight time difference between the input voltage sampies is
given by:

4.5
AVg(MAX) = (Vp) (27ricm) (@ )

where: .

AVg 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 /4 LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fom, and
using a 640 kHz A/D clock, fcLk, would allow a peak value
of the common-mode voltage, Vp, which is given by:

Ve = [AVe(max) (fork)]

(@7tem) (4.5)
or
(5 X 10~3) (640X 109)
(6.28) (60) (4.5)

p =
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 offset 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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FIGURE 3. Analog Input impedance
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currents entering the Vin(+) input pin and leaving the
Vin(—) input which will depend on the analog ditferential
input voltage lovels. These current transients occur at the
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
oxceeds the allowed operating range of Vo + 50 mV, large
input currents can flow through a parasitic diode to the Vg
pin. If these currents can exceed the 1 mA max allowed

spec, an external diode (1N914) should be added to bypass .

this current to the Ve pin-(with the current bypassed with
this diode, the voltage at the V|\(+) pin can exceed the
Ve voltage by the forward volitage of this diodes).

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 Vjn(+)
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 pA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vrer/2 pin for high resistance sources (> 1
k(). il input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effacts 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 k) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-

- tions, (< 1 k1), a 0.1 uF bypass capacitor at the inputs will

prevent noise pickup due to series lead inductance of a long

. wire. A 1009 series resistor can be used to isolate this ca-

pacitor—both the R and 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 k€. 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 A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

nd the use of an input bypass capacitor. This

error can be eliminated by doing a full-scale adjustment of
the A/D (adjust Vreg/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) 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 A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpc or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown'in Figure 4.
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. TL/H/5671-15
FIGURE 4. The VRererence Designonthe!C

Notice that the reference voltage for the IC is either V; of
the voltage applied to the V¢ supply pin, of is equal to the
voltage that is externally forced at the Vreg/2 pin. This al-
lows for a ratiometric voltage reference using the Vg sup-
ply. a 5 Vpc reference voltage can be used for the Vee
supply or a voltage less than 2.5 Vpg can be applied to the
VRer/2 input for increased application flexibility. The inter-
nal gain to the VRer/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 V¢ to 3.5 Vg, instead of OV to & Vpg,
the span would be 3V as shown in Figure 5. With 0.5 Vpg
applied to the V() pin to absorb the offset, the reference
voltage can be made equal to 1, of the 3V span or 1.5 Vpe.
The A/D now will encode the Viy(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpc
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 A/D 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 ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final 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 A/D converter. For VReg/2
voltages of 2.4 Vpc nominal value, initial errors of £10
mVpe will cause conversion errors of +1 LSB due to the
gain of 2 of the VRgge/2 input. In reduced span applications,
the initial value and the stability of the Vrgr/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 L.SB at the Vger/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 re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
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 1.8 mV typ
(6 mV max) over 0°C<Ta< +70°C. Other temperature
range parts are also available.

2.5 Errors and Reference Voltage Adjustments

2.5.1Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vingain). 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 A/D V|n(—) input at this Viymin value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of the transfer function and can be mea-
sured by grounding the Viy (—) input and applying a small
magnitude positive voltage to the Vyy (+) 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 ideat V4, L.SB value
(V2 LSB = 9.8 mV for VRer/2=2.500 Vpg).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 11, LSB tess than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vrge/2 input (pin 9 or the Vo supply it pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,

§0800QaV/$08000V/€08000V/20800QV/1 0803
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253 Ad]uillng for an Arblitrary Analog Input Voltage
Range
It the analog zero voltage of the A/D 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 %2 LSB (where the
L.SB 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
00pex to 01EX code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voltage 1o the
Vin(+) input which is given by:
V| -V

Vin (+) 5 adi = Viypax ~1.5 | (MAX— YMiN) MAX256 M"“)],
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 VRer/2 (or Veg) voltage is then adjusted to provide a
code change from FEqex to FFygx. This completes the ad-
justment procedure.

2.8 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

\)

1
felk ™1 TRe
R 10 kQ

TL/HI56T1-17
FIGURE 6. Self-Clocking the A/D

Heévy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D 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 A/D is restarted (CS and WR 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

!

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 “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 TS input is grounded and the
WH input is tied to the TNTR output. This WR and INTR
node should be momentarily torced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, 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 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
170 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
butfers (low power Schottky such as the DM74L5240 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 V¢ 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 Vg pin and values of 1 uF 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 Vgg supply.

Tan Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D 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.

S D S T

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) shoutd
both be returned to digital ground. Any Vgeg/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 A/D
converter. Zero errors in excess of /4 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 A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D 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 Vrer/2 (pin 9) should be supplied
with 2.560 Vpc and a Ve supply voltage of 5.12 Vpe
should be used. This provides an LSB value of 20 mV.

I a full-scale adjustment is to be made, an analog input
voltage of 5.080 Vpg (5.120- 1%/, LSB) should be applied to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the VRep/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111, This value of Vrer/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 signiticant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS” and "VLS" columns in
Table |, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

VREr/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 Vpg.
These voltage values represent the center-values of a per-
fect A/D 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 A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D 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 it 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 fraquency ramp generator and an X-Y plotter can
be used to provide analog error (Y 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 digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DACis
incremented. This provides 1/, LSB steps for the 8-bit A/D
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 A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal timits 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 A/D, reads and stores the results
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
hexadacimal form. Software and hardware details are pro-!
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derlvatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the [7OR
and [7O'W strobes and decoding the address bits A0 —
A7 (or address bits A8 — A15 asg they will contain the
same 8-bit address information) to obtain the TS input. Us-
ing the 1/0 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 A/D should be
mapped into memory space. An example of an A/D in 170
space is shown in Figure 10.
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. TABLE I. DECODING THE DIGITAL OUTPUT LEDs
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Note 1: *Pin numbers for the DP8228 system controlier, others are INSB080A.
Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 ki} resistor to generate the AST 7
instruction when an interrupt is acknowledged as required by the accompanying sample program.

FIGURE 10. ADC0801-INS8080A CPU Interface

OUTPUT VOLTAGE SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE
CENTER VALUES 0038 €30003 RST7: IMP LD DATA
FRACTIONAL BINARY VALUE FOR WITH . g K \TA
HEX BINARY .
VREF/2=2.560 Vp¢ . . .
MS GROUP LS GROUP VMS GROUP* | VLS GRoOy 0100 21 0002 START: LXI H02004 ;HLpairwill point to
; data storage locations
Flt1 1 1 1 15/16 4 15/256 4.800 0300 | 9103 310004  RETURN: LXI SP 0400H ; Initlalize Stack pointer (Note 1)
E 11 1 0 7/8 7/128 4.480 0.280 0108 7D MOVA, L ; Test # of bytes entered
D [1 1 o 1 13/16 13/256 4.160 0260 | 6107  FEOF, CPI OFH ;If#=16. IMP to
c |1 1t o 0 3/4 3/64 3.840 0.2401 o109 CA1301 JZ CONT ; user program
B 1 0 1 1 11/16 11/256 3.520 0.220 010¢ D3 EO OUT EOH ; Start A/D
A 1 0 1 0 5/8 5/128 3.200 0.200 010E FB El s Enable interrupt
9 1 0 0 1 9/16 9/256 2/880 0.180 O10F 00 LOOP: NOP ; Loopuntil end of
Py 10 0 0] 12 ‘ 1/32 2/560 0.160 0120 C30F01 JMP LOOP ; conversion
7 lo 1+ v 1 7/16 7/256 2.240 0.140 011-': : cour. : .
6 {0 1 1 0 3/8 : 3/128- 1.920 0.120 . . {User program to .
5 o 1+ 0 1 5/16 2/256 1.600 0.100 . . process data) .
4 1oo1 0 0 1/4 1/64 1/280 0.080 N . . :
3 Jo 0o 1 1 3/16 3/256 0.960 0.060 . . N .
2 0o 0 1 0 1/8 1/128 ) 0.640 0.040 0300 DB EO LD DATA: INEOH : Load data into accumulator
1 0o 0 0 1 1/16 1/256 0.320 0.020 | o302 ™ MOV M, A : Store data
0 0O 0 0 O 0 0 0303 23 INXH ; Increment storage pointer
0304 €30301 JMP RETURN
*Dispiay Output=VMS Group + VLS Group Note 1: The stack painter must be dimensioned because a RST 7 instruction pushes the PC onto the stack.
Note 2: All address used were arbitrarily chosen.
2-38
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The standard control bus signals of the 8080 TS, RD and
WH) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data pnto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Clrcuitry and
Program ‘

The following sample program and associated hardware
shown in Figure 10 may be used to input dat{a from the
converter to the INSB080A CPU chip set (comprised of the
INSB8080A microprocessor, the INS8228 system controlk_ar
and the INS8224 clock generator). For simplicity, .th‘_a A/ D is
controlled as an I/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port. ac}dress, EQ. The
TRI-STATE output capability of the A/D eliminates the nqed
for a peripheral interface device, however address decoding
is still required to generate the appropriate TS for the con-
verter.

It is important to note that in systems where the A/D con
verter is 1-of-8 or less 1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as TS inputs—one for each
1/0 device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the AD00891 saries
(see Figure 11) is simpler than the 8080A CPU interfack
There are 24.)/0 lines and three test input lines in the 8048
With these extra 1/Q lines available, one of the {/O lines (bl
0 of port 1) is used as the chip select signal to the A/D, thu
eliminating the use of an external address dec.:odenj. Bus
control signals A0, WR and INT of the 8048 are tied directy
to the A/D. The 16 converted data words are stored at on

chip RAM Iocations-from 20 to 2F (Hex). The D and W]

signals are generated by reading from and writing into s

dummy address, respectively. A sample interface progranfi

is shown below.
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FIGURE 11. INS8048 Intertace
SAMPLE PROGRAM FOR FIGURE 11INS8048 INTERFACE
0410 ' . JMP ;gH : Program starts at addr 10
. ORG
04 50 JNP ?g:: , )Il::::;'l::pg‘ri :mp vegtor
' ORG ch
' ANL P1, #OFEH ; Chip select
g?. e ; MOVX A, @R1 :Read in the 15t data
:toreset the intr
8901 suﬁr: ORL Pl, #1 ; Set po;;. pinhigh
MOV RO, #20H ;Data address
gg ?g © MoV R1, #0FFH ; Dummy address
BA 10 ' MOV R2, #10H H goux;tcecrrforilet bylt;eosp
: MOV A, #OFFH ; Set orintr
g . ANL Pi, #OFEH N : Send CS (bit O of P1)
gi i MOVX @Rl1, A *; Send WR out
EN I s Enable interrupt
o H interrupt
: Z LOOP ;Wait for in p
2a 8 booF: g?uz R2, AGAIN ;If 16 bytes are read
(E)a e NOP 1 g0 touser's program
NOP
% ORG 50H . . .
81 INDATA: MOVX A, @R1 s Input data, CS st .
MOV @RO, A ; Store in memory
1 ‘ INC RO ;s Increment storage counter
8 ORL Pl, #1 sReset CS signal
a7 CLR ‘A 3 Clear ACC to get out of
gg REIR s the interrupt loep
2:40
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4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 1/0 request, TORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in 1/0 space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the 1/0 devices to respond. Logic to map the
A/D in I/0 space is shown in Figure 13.

AD AD 2 N7

ToRE AD
WwR )

wR

MMI4C2 TL/H/S671-23
FIGURE 13. Mapping the A/D as an 170 Device
for Use with the 2-80 CPU

Additional /0 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 1/0 input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode.

4.3 Interfa'clng 6800 Microprocessor Derlvatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All 1/0O devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 74 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the TS decoding is shown
using Y%, DMB092. Note that in many 6800 systems, an al-

I e

o Th e T I AT A TR WAL AW LR VRl vaa dat
pin 21. This can be tied directly to the T3 pin of the A/D,
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 ADCOB01 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the TS pin of the A/D is grounded since the PIA is
already memory mapped in the M6B00 system and no C3
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D BD pin
can be grounded.

A sample interface program equivalent 1o 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 A/D. 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 Serles to MC6800 CPU Interface
To transfer analog data from several channels to a single
microprocessor system, a muiltiple converter scheme pre-
sents several advantages over the conventional muitiplexer
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.
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Note 1: Numbers in parentheses refer to MC8800 CPU pin out.
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FIGURE 14. ADC0801-MC6800 CPU Interface
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TTToTrY

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

LALLEL= A=~ )

'FIGURE 15. ADC0801-MC6820 PIA In?erface

0010 DF 36 DATAIN STX TEMP2 s Save contents of X
0012 _CE 00 2C LDX #$002C ; Upon TRQ low CPU
0015 _FFFFF8 STX $FFF8 _3 Jumps to 002C
0018 ~ B75000 STAA $5000 s Start ADCO801
001B ~ OE CLI L J
001C 3E , CONVRT WAI K s Wait for interrupt
001D DE 34 LDX TEMPL .
001F 8C 02 OF CPX #§020F ; Is rinal data stored?
0022 2714 BEQ ENDP
0024 . ~B785000 STAA $5000 s Restarts ADCO8S0OL
0027 - 08 . INX
0028 DF 34 STX TEMP1
0024 20 F0 . BRA CONVRT
002C DE 34 . INTRPT LDX TEMP1 R
‘002E B8 50 00 i’ LDAA $5000 ;Read data’
0031 A7 00 STAA X s StoreitatX
0033 3B RTI
0034 0200 TEMPJ: ~ FDB $0200 ; Starting address for .
‘ R o ; data storage
0038 00 00 _ TEMP2 " _FDB $0000
0038 , CEO0200 " ENDP LDX #$0200 sReinitialize TEMP1
003B DF 34 STX TEMP1 ’
003D DE 38 LDX TEMP2
003F 39 RTS i Return from subroutine
co s Touser's program
Note 1: In order for the microp 1o service and i pts, the stack pointer must be dimensioned in the user’s program.
Lylen
< LI P
10K
‘v‘v‘v
'3 13 u ) Vee '2105‘1
PN xRl
y,, —:o Wh 080 :: ::‘ pes  PA
CLKIN . os1 g []]
So{wTR D B2 1'_7___2” 82
anaLoG O L] vinty on 8 LN P
INPUTS I vine-) ou™ By lo
e : A GND [ —-——'———D:: :: ros
i Ot Ve /2 D86 P | PR
ST P T LN -
=

TL/H/ISET-2

v SRR AT TR T AR RS R T W R T A==y

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN LDX
0013 FFFF F8 STX
0016 B6 80 06 LDAA
0019 4F CLRA
0014 B7 80 07 STAA
001D B7 80 06 STAA
0020 0E cLI
0021 C6 34 LDAB
0023 86 3D LDAA
0025 F78007 CONVRT STAB
0028 B7 8007 STAA
002B 3E WAI
002C DE 40 LDX
002E 8C 02 0F CPX
0031 270F BEQ
0033 08 INX
0034 DF 40 STX
00386 20ED BRA
0038 DE 40 INTRPT LDX
0034 B6 80 06 LDAA
003D A7 00 STAA
003F 38 RTI
0040 0200 TEMP1 FDB
0042 CE 02 00 ENDP LDX
0045 DF 40 STX
0047 39 RTS
PIAORB EQU
PIACRB 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 drives the other A/Ds.

All the converters are started simultaneously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
pulling all the CS 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 A/Ds 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

#$0038 ; Upon TRQ low CPU
$FFF8 3 Jumps to 0038
PIAORB : Clear possible IRQ flags
PIACRB
PIAORB ;s Set Port Bas input
#8334
#3$3D
PIACRB s Starts ADCO80L -
PIACRB
s Wait for interrupt
TEMP1
#$020F s Is final data stored?
ENDP
TEMPL
CONVRT
TEMPl
PIAORB ;Read data in
X . i StoreitatX
$0200 ; Starting address for
; data storage
#$0200 sReinitialize TEMP1
TEMP1
s Return from subroutine
$8006 ; Touser's program
$8007

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 Differential Transducer Amplifier
and A/D Converter

The differential inputs of the ADC0801 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 ADC0801 series. In gen-
eral, a transducer preamp is required to take advantage of
the fult A/D converter input dynamic range.

2:42
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' FIGURE 16. Interfacing Multiple A/Ds In an MC6800 System
' SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM
ADDRESS HEX CODE MNEMONICS 7/ COMMENTS
. 0010 DF44 . DATAIN STX " TENP i Save Contents of X

,0012 CEQ0 24 LDX #3002 ; Upon IRQ LOW CPU

0015 FFFFF8 STX $FFF8 ; Jumps to 0024
0018 B75000 . STAA $5000 ; StartsallA/D’'s
001B OE CcLI
00l1C 3E WAL s Wait for interrupt
001D CE 50 00 LDX #$5000
0020 - DF 40 STX INDEX1 : Reset both INDEX
0022 CE 02 00 LDX #$0200 ;land 2to starting
0025 DF 42 STX INDEX2 ; addresses
0027 DE 44 LDX TEMP
0029 39 RTS ; Return from subroutine
0024 DE 40 INTRPT LDX + INDEX1 ; INDEX1 — X
002¢C A8 00 LDAA X s Read data in fromA/Dat X
002E 08 INX s Increment X by one
002F DF 40 STX INDEX1 s X — INDEX1
0031 DE 42 LDX INDEX2 ; INDEX2 — X

2-44
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SAMPLE PROGRAM FOR F/GURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS
0033 A7 00 STAA X ; StoredataatX
0035 8C 0207 CPX #30207 sHave al1 A/D's beenread?
0038 27 05 BEQ RETURN ; Yes: branch to RETURN
003A 08 INX s No: increment X by one
003B DF 42 STX INDEX2 s+ X —> INDEX2
003D 20 EB BRA INTRPT ; Branch to 0024
003F 3B RETURN RTI ‘
0040 50 00 INDEX1  FDB $5000- ; Starting address for A/D
0042 02 00 INDEX2 FDB $0200 ; Starting address for data storage
0044 00 00 TEMP FDB $0000 '

Note 1: in order for the P (0 service subrouti and ipts, the stack pointer mﬁsl be dimensioned in the user's program.

For amplification of DC input signals, a major system erroris '

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 INS8080A microproc-
essor 'system. The total allowable input offset voltage error
for this preamp is only 50 pV for Y4, LSB error. This would
obviously require very precise amplifiers. The expression for
the differential output yoltage of the preamp is:

2R2
Vo = [Vin(+)—Vin(-)] [1 i
SIGNAL GAIN
2R2
(Vos, — Vos; — Vosg £ IxAx) (1 + W)
i\ . _J\ J
OC ERROR TERM GAIN

where ly is the current through resistor Ry. All of the offset
error terms can be cancelled by making *ixRx= Vos; +
Vosa — Vosz. This is the principle of.this auto-zeroing
scheme. ’

The INSB080A uses the 3 I/0 ports of an INS8255 Pro-
gramable Peripheral Interface (PPI) to control the auto zero-
ing and input data from the ADC0801 as shown in Figure 18.
The PPI is programmed for basic 1/0 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

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-
corn for the ON resistance of the switches as they must
conduct only the input blas current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at Vy increases or decreases as re-
quired to make the differential output voitage equal to zero.
This is accomplished by ensuring that the voltage at the
output of A1 is approximately 2.5V so that a logic *1" (5V)
on any output of Port B will source current into node Vy thus
raising the voltage at Vx and making the output differential
more negative. Conversely, a logic “0" (0V) will pull current
out of node Vy and decrease the voltage, causing the differ.
ential output to become more positive. For the resistor val

. ues shown, Vx can move +12 mV with a resolution of 50

pV, which will null the offset error term to V, LSB of full-

. scale for the ADCO0801. it is important that the voltage levels

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 of

"Port B and this CMOS package is powered with a stable 5V

source. Buffer amplifier A1 is necessary so that it can
source or sink the D/A output current.
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FIGURE 17. Gain of 100 Differential Transducer Preamp
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FIGURE 18. Microprocessor Interface Circultry for Differential Preamp

TL/H/SET1-21

19. it must be noted that the ADC0801 series will output an
all zero code when it converts a negative input [Vin(—) >
Vin(+)]. Also, a logic inversion exists as all of the 1/0 ports
are buffered with inverting gates.

Basically, if 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 Vyx 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 ADC0801 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 A/D Converters In a Z-80 interrupt
Driven Mode

In data acquisition systems where more than one A/D 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 A/D converters in
any sequencs, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second, efc., through A/D 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 intecrupt,
the program is vectored to a data input Z-80 subroutine.
This subroutine will read a peripheral status word from the
DM741.5373 which contains the logic state of the INTR out-
puts of all the converters. Each converter 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 A/D 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.

OPEN sw1
CLOSE sw2

PREAMP IS 2ERQED

AND PROPER INPUT

CONVERSIONS CAN
SE DONE

STARY ZEROING
SUBROUTINE

INITIALIZE SAR
MIT POINTER
REGB=X'30

'

INITIALIZE SAR
CODE INREGC
REG C = X '7F

'

OUTPUT FIRSY
SAR CODE
PORTE = X ‘88

<
o

A 4

START A/D AND
READ DATA

SHIFT “1” INREC §
RIGHT YO POINT TC
NEXT8IT

“EXCLUSIVE-OR™

REQOWITHREGC

TO SEY NEXT BT
INPORT D

QUTPUT NEW SAR

CODETO PORT &

“OR" REG A WITH
REG C TO CLEAR
SITINPORT &
WHER REAPPLIED

; |

TL/H/SE71-28

FIGURE 19. Flow Chart for Auto-Zero Routine
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3D04 2601 MVIHOLl Auto-Zero Subroutine
3D06 7¢C MOV A,H
3007 D3Ee6 OUT C
3D09 0680 NVI B 80
3D0B  3E7F MVIATF
3DOD 4F MOV C,A Return
3DOE D3ES OUT B
3D10  31AA3D  LXI SP3DAA Start
3D13 D3E4 OUT A
3D15 FB IE
3p1é 00 NOP Loop
3D17 C€3183D . JMP Loop
3D1A  7A MOVA,D - Auto-Zero
3D1B  Ce00 ADI 00
3D1D CA2D3D JZSetC
3D20 78 MOVA,B . Shift B
3D21 F600 ORI 00
3p23 1F RAR
3D24 FEOO CPI 00
3D26 CA373D JZDone
D29 47 MOVB,A
i 3D2A C3333D : JMPNewC
' 3p2d 79 “MOVA,C Set C
3D2E BO ORA B
3D2F 4F MOV C,A
3D30. €3203D JMP ShiftB
3D33. A9 . T XRAC - New C
! 3D34. .C30D3D  JMPReturn
3D37 . 47 MOV B,A Done
3p3g 7C MOV A,H
3p39 EE03 XRI 03
3D3B D3E8 oUT C
3D3D . Normal
.
[ ]
Program for processing
proper data values
3C3D DBE4 INA Read A/D Subroutine
3C3F EEFF XRI FF '
3c41r 57 MOVD,A
3c42 178 MOV A,B
3C43 ESFF ANI FF
3C45 C21A3D  JNZ Auto-~Zero
3C48 C33D3D  JNP Normal
Note: All ! values ere |

1 i
[}

H PortB= SAR"code
;s Dimension stack pointer
; Start A/D

FIGURE 20. Software for Auto-Zeroed Differential A/D

; Close SW1 open SW2
; Initialize SARDbit pointer
; Initialize SAR code

; Loopuntil IRT asserted

; Test _A/D output data for zerc

; Clear carry

;Shift *1* in B right one place
;s IsBzero? If yes last

s approximationhas been made

:Set bit in C that 1s 1n same
spositionas *1" inB

;Clearbit inCthat isin
s same positionas *1" inB
s then output new SAR code.
; Open SW1, close SW2 then
s proceed with program. Preamp
s 1s now zeroed.

;Read A/D data
: Invert data =

sIsBReg=0?If not stay '
: in auto zero subroutine

8.3 Multiple A/D Converters In a Z-80® lmorrupl Driven
Mode (Continued)
The following notes apply: -
1) Itis 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. . 00
2) The address bus 1rom the Z- 80 and the data bus to the Z- 01

80 are assumed to be inverted by bus drivers. 02
3) A/D data and identitying words will be stored In sequen- 03

tial memory locations starting at the arbitrarily chosen ad- 04

dress X 3E00. 05
4) The stack pointer must bd dimensioned in the main pro- 06

gram as the RST 7 instruction automatically pushes the 07

PC onto the stack and the subroutine uses an additional

8 stack addresses. the program.

5) The peripherals of concern are mapped Into 170 space
with the following port assignments:

HEX PORT ADDRESS

PERIPHERAL
MM74C374 8-bit flip-flop
A/DA1
A/D2
A/D3
A/D4
A/DS
A/D6
A/D7

This port address also serves as the A/D identifying word in

LOC
0038
0039
0034
003B
003E
0040
0042
0044
0045
0046
0048
004B
004C
004D
004E
0051
0052
0055
0057
0059
0054
0058
005¢C
005D
0060
00681
0082
0083

0BJ CODE
ES

Cc5

F5

21 00 3E
OEO1
D300
DBOO

47

79

FE 08
CA 8000
78

1F

47

DA 5500
0c
34500
ED78
EEFF

77

2C

71
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NEXT

LOAD
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FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor
INTERRUPT SERVICING SUBROUTINE

SOURCE

STATEMENT
PUSHHL
PUSH BC
PUSH AF
LD (HL) ,X3E00
LD C, X0l
OUT X00, A
INA, X00
LDB,A
LDA,C
CP, X08
JPZ, DONE
LDA,B
RRA
LDB,A
JPC, LOAD
INCC
JP,TEST
INA, (C)
XOR FF
LD (HL},A
INCL
LD (HL},C
INCL
JP, NEXT
POP AF
POP BC
POP HL
RET

COMMENT

; Save contents of all registers affected by

; this subroutine.

s Assumed INT mode 1 earlier set.

; Initialize memory pointer where data will be stored.

s Cregisterwill be port ADDRof A/D converters.
; Load peripheral status word into 8~bit latch.
; Load status word into accumulator.
; Save the status word.
s Test to see if the statusofall A/D's have
; been checked. If so, exit subroutine

; Test asingle bit instatus word by looking for
;a"1l" tobe rotated into the CARRY (an INT
sisloadedasa *1"). If CARRY is set then load
;contents of A/D at port ADDR in C register,

+ If CARRY 13 not set, increment C register to point
;tonext A/D, thentest next bit instatus word.

; Read data from interrupting A/D and invert

: the data,

; Store the data

;StoreA/Didentifier (A/Dport ADDR).
; Test next bit instatus word.
s+ Re~establishall registers as they were

;before the interrupt.

s Returnto originel program

248
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ADC0801/ADC0802/ADC0803/ADC0804/AD

TEMP RANGE 0*CTO 70°C 0°CTO 70°C 0°CTO 70°C —40°C TO +85°C
+ 1/, Bit ADCOBO1LCN
Adjusted
+ 1, Bit ADCO0802LCWM ADCO0802LCV ADC0802LCN
ERROR . .
Unadjusted .
+ 14 Bit ADC0803LCWM ADCO0803LCV ADCO803LCN
Adjusted
+ 1Bit ADCOBO4LCWM ADC0804LCV ADCOBOALCN ADCOB05LCN
Unadjusted
PACKAGE OUTLINE M20B—Small Outline V20A—Chip Carrier N20A—Molded DIP
TEMP RANGE ~40°CTO +85°C ~55°C TO +125°C
1 v/, Bit Adjusted ADC0801LCJ ADC0801LJ
ERROR + Y, Bit Unadjusted ADC0802LCJ ADCO0802LJ,
+1, Bit Adjusted ADC0803LCJ ADCO0802L.)/883
+1Bit Unadjusted ADC0804LCJ
PACKAGE OQUTLINE J20A—Cavity DIP J20A—Cavity DIP
Connection Diagrams
ADC080X ADC080X
Dual-In-Line and Small Outiine (SO) Packages Molded Chip Carrier (PCC) Package
Q = N -
G-t — Ve (OR Vagy) Egidi
ko=12 —CLKR 18 17 16 15 14 L
WR—3 080 (L.58) CLKR—{19 13 |- 085
axmn—{4 061 Vec (OR Veer) {20 12 }-oss
NR—~{5 062 s 1 |~ DB7 (MSB)
IO 15—083 1] 10 |- DGND
Val=)~17 14}—DB4 WR  Yrer/2
ACND—{8 13}~DB5
Yeer /248 12}—-DB6
wer/ N ZETT g
peND—f10 087 (MSB) 2%z 8
> >$ -«

TL/H/5671-30

TL/H/5671-32

See Ordering Information

uNational Semiconductor

ADCO0808/ADC0809 8-Bit uP Compatible A/D Converters

with 8-Channel Multiplexer

General Description

The ADCO0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-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-channet multiplexer can
directly access any of 8-single-ended analog signals.

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

Features

B Easy interface to all microprocessors

8 Operates ratiometrically or with § Vpg or analog span
adjusted voltage reference :

& No zero or full-scale adjust required '

® 8-channel multiplexer with address logic

B OV to 5V input range with single 5V powaer supply

| Outputs meet TTL voltage level specifications

m Standard hermetic or molded 28-pin DIP package

W 28-pin molded chip carrier package

m ADC0808 equivalent to MM74C949

m ADCO0809 equivalent to MM74C949-1

v

The design of the ADCOB0B, ADC0B09 has been optimized K€Y sPeCIficaﬂo“s o
by incorporating the most desirable aspects of several A/D B Resolution 8 Bits
conversion techniques. The ADC0808, ADC0809 offers high B Total Unadjusted Error +% LSB and +1LSB
speed, high accuracy, minimal temperature dependence, ® Single Supply § Vpo
excellent long-term accuracy and repeatability, and con- = Low Power 15 mwW
sumes minimal power. These features make this devfce m Conversion Time 100 ps
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 ADC0816 data sheet. (See AN-247 for more informa-
tion.)
Block Diagram
STARY  CLOCK
R T T T AT T T
( I ENDOF o
o1 | CONTADL & TIMING © UnTERRUPT)
I
] | l |
0—{ 3 cuannsts ! |
2 ANALOG INPUTS — VA |
O—1  SWITCHES SAR, :
o—ri
:cowuumn : ™ —o
B
A | STATE® :-_: .
outPuY [Eaymen
Com | waten [~
| | BUFFER 3
O | | L—o
L JI SWITCH TREE :
[
381 ADDRESS {c»— ADDAESS L____ :
o I.:YCM ] ﬂ |
ADDRESS o] ND .
LATEH ENABLE prconen ! 248 RESISTOR LADDER l See Ordering
| | Information
________ J ¢
vee  SNO  REF() REF(-) OUTAUT
ENABLE
TL/H/6872-1
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@ MOTOROLA

DESCRIPTION — The LSTTL/MSI SN541L.S/74LS138is a high speed
1-0f-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 2 1-0{-24 decoder using just three
15138 devices or to 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
TrL families. ’

SN54/7415138

1-OF-8-DECODER/
DEMULTIPLEXER

LOW POWER SCHOTTKY

o DEMULTIPLEXING CAPABILITY

o MULTIPLE INPUT ENABLE FOR EASY EXPANSION’

¢ TYPICAL POWER DISSIPATION OF 32 mW

* ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS .

¢ INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION

EFFECTS

PIN NAMES LOADING (Note a)
A A Add | RIGH LOW
Ao —A2 ress Inputs
Ey. E2 Enable {Active LOW) Inputs gg gt g;: 31':
£3 Enable (Active HIGH) Input 0:5 UjL 0’_25 U-.L
Oo—07  Active LOW Outputs {Note b) ouL | sesuL
NOTES:

a. 1 TTL Unit Load {U.L.) = &40 pA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and § U.L. for
Commercial {74) Tempe . 2re Ranges.

LOGIC DIAGRAM

Ay A Ao Ey £y Vee = Pin 16

Q ? .
Y?:? ".'v7 V7
]
18 L] L A L-L 1 1l L

)
~
o
&
o
&
2
o
w
o
N
2

@ @ ¢ @ BE GND=Pin 8
fore O = Pin Numbers

LOGIC SYMBOL

} 23 ase
Ao AyAy €

0 03 O3 05 0405 05 07

TTTT1]

1514 13121110 9 7

Vee = Pin 16
GND =Pin B

CONNECTION DIAGRAM
DIP (TOP VIEW)

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

-~
NOTE:

The Flatoak varsion has the same
pinouts (Connection Diagram) as the
Ousl In-Line Package. -

FAST ANDLS TTL DATA
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SNS4/74L5138

FUNCTIONAL DESCRIPTION — The LS138 is a high speed 1-0f-8 Decoder/Demuitiplexer fabricated with the low
power Schottky barrier diode pr The decoder accepts three binary weighted inputs (Ag, Aq, Ag) and when
enabled provides eight mutually exclusive active LOW outputs {Og-07). The LS138 features three Enable inputs, two
““active LOW (E,, E2) and one active HIGH (E3). All outputs will be HIGH unless Eq and E3 are LOW and E3 is

HIGH. This multiple enable function allows easy parallel expansion of the device to a 1-0f-32 (5 lines to 32 lines)
decoder with just four LS138s and one inverter, {See Figure a.)

The LS138 can be used as an 8-output demultiplexer by using one of the active LOW Enable inputs as the deta input
and the other Enable inputs as strobes. The Enable inputs which are not used must be permanently tied to their
appropriate active HIGH or active LOW state.

TRUTH TABLE

INPUTS OUTPUTS
£y [ E3 Ag Aq A2 Og - 04 ) Oy Oq Os Gg 3
H x x x x X H H - H M H H- H H
x H x X X X H H H H H H H H
X X L x X x H H H H H H H H
L L H L L L L H  H H H H H H
L L H H L L H L H H - H H H H
L L H L H L H H L H, .H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H M
L t H t . H H H H H H H H L H
L L H H H H H H H H H H H L

H = HIGH Voitage Level
L = LOW Voltage Levet
~ X = Don‘tCsre

Ao
Ay
A2

— —r -
e RTTR R

Ay Ay € Ag Ay Ay €

Ls138 Ls138 Ls138 15138
' 405 0 © ] 10901 020, 0, 050 0] |00 05 8 0,05 04 0

ARARA AR AAAAAIIRAACARAY)

' ‘FAST AND LS TTL DATA
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SN54/74LS138

GUARANTEED OPERATING RANGES

SYMBOL PARAMETER N " MIN TYP MAX UNIT .
Vee Supply Voltage ’ 54 45 5.0 85 - v
74 . 475 5.0 5.25-
Ta ° Operating Ambient Temperature Range . 54 -55 25 - 128 °C
74 0 25 70
loH Output Current — High 54,74 ’ —0.4 mA
loL " {Output Current ~Low .. 54 ) 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless ctherwise specified)
LIMITS y i
. TION!
SYMBOL PARAMETER N P UNITS TEST CONDITIONS
ViH input HIGH Valtage 20 V | Guaranteed input HIGH Voltage for -
v All Inputs
54 0.7 Guaranteed input LOW Vohtage for
Vi input LOW Voltage 72 08 v All Inputs .
VIK Input Clamp Diode Voltage -0.65 | -1.5 \J Vee = MIN, [y =—18 mA
54 25 3.5 v Vee = MIN, IgH = MAX, ViN = ViH
VOH Output HIGH Voltage ” 27 3t v or Vi per Truth Table
v Outout LOW Vel 54,74 025 | 04 v lpL=4.0mA | Vcc =vac '*\""N-
oL utput oltage = VIN= Vi of Vi
74 0.35 h 0.5 v loL =8.0mA per Truth Table
20 pA Vee=MAX ViN=27 V
I.|H . Dnput HIGH Current o1 A Vee = VIN=70 V
. Input LOW Current -0.4 mA Vee=MAX VIN=04 V
los Short Circuit Current - -20 -100 mA Vee = MAX
Ice Power Supply Current 10 mA Vee = MAX
AC CHARACTERISTICS: To=25°C - .
- LEVEL OF LIMITS T TEST
SYMBOL PARAMETER DELAY i T e T ] UNTS | conpmons
tPPLH - Propagation Delay 2 13| 2 ns
1PHL Address to Output 2 27 41
tPLH Propagation Delay 3 18 ‘27 ns
tPHL Address to Output 3 26 39 - Veg =560V
tPLH Propagation Deisy Ey or E2 2. 12 18 ns CL =15 pF
PHL Enable to Output 2 21 32
PPLH Propagation Delay E3 3 17 26 ns
PPHL Enable to Output - 3 25 38
AC WAVEFORMS
Vin 1av 1Iv Vin- v 13v
L 'rm.-i L'ruc l—r e T L'P\.H
Vour 13v - tav Vour 13v 13v
Fig. 1 Fig. 2

FAST AND LS TTL DATA
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@ MOTOROLA

ESCRIPTION —The SN54LS/74L.S682, 684, 688 are 8-bit magni-
1de comparators. These device types are designed to perform
omparisons between two eight-bit binary or BCD words. All

SN54/74LS682
SN54/74L5684

SN54/7415688. .

8-BIT MAGNITUDE

evice types provide P=Q outputs and the LS682 and LS684 have COMPARATORS
'>Q outputs also.
‘he LS682, LS684 and LS688 are totem pole devices. The L5682 LOW POWER SCHOTTKY '
ias a-20 kN pullup resistor on the Q inputs for analog or switch . .
iata. -
~ FUNCTION TABLE
INPUTS : '~ OUTPUTS
DATA ENABLES ' .
=—— | =—= |ouTPUT OUTPUT
TYPE | P=Q |P>Q | enasie | conFiGURATION | PULLUP P.Q | GGT |G2 | P=a | P>a
LS682 yes yes no totem-pole yes P=Q L L L H
LS683 es es no of oll p>a L L H L
Y Y pen-coTeaer e P<a L L H H
LS684 yes yes no totem-pole no X H H H H
LS685 yes yes no open-collector no 7
LS686 yes yes yes totem-pole no H = high level, L = low level, X = irrelevant
LS687 yes yes yes open-collector no i ’
LS688 yes no’ yes totem-pole no
LS689 yes no yes open-collector no
CONNECTION DIAGRAMS
(TOP VIEW) .
SN54LS/74L.5682/684 SN54LS/74LS688

J Sutfix — Case 732-03 (Ceramic)
N Sutfix — Case 738-03 (Plastic)

FAST AND LS TTL DATA
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GUARANTEED OPERATING RANGES

SN54/74LS682 o SN54/74L.5684 @ SN54/74LS688

SYMBOL PARAMETER MIN TYp MAX UNIT

Vce Supply Voltage 54 4.5 5.0. 55 \
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 o 25 70

loH Output Current — High 54,74 -04 mA

loL Output Current — Low 54 12 mA
74 24

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS

SYMBOL PARAMETE
R MIN P AR UNITS TEST CONDITIONS
Guaranteed Input HIGH Voitage for
VIH Input HIGH Voitage 20 \" Al Inputs
54 . 0.7 Guaranteed Input LOW Voltage for
viL Input LOW Voltage ” 08 v All Inputs
ViK input Clamp Diode Voltage ~065 }-1.5 \' Vec=MIN, IN=—-18 mA
, 54 25 35 v Vee = MIN, lo = MAX, Viy = VIH
VOH Output HIGH Voltage 74 27 35 v or Vi per Truth Table
o 54,74~ 0.25 0.4 v loL=12mA {Vcc= Vce MIN,
VoL Output LOW Voltage 72 0.35 o5 v ToL = 24 mA | VIN= Vi or Vi
. R - per Truth Table
20 KA Vee=MAX, ViN=27V
hH Input HIGH Current "f::u“:f 0.1 mA Vee=MAX VIN= 55V
o Others 0.1 mA Voo =MAX, Viy=7.0V
t>e8za ~04 | ma
W Input LOW Current nputs Voo = MAX, VIN=0.4V
Others -0.2 mA
los Short Circuit Current . -30 —-130 mA Vee = MAX
LS682 70 mA
Ice Power Supply Current Lsee4 §5 mA Vee = MAX
) LS688 65 mA

FAST AND LS TTL DATA
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~SN54/741.5682 e SN54/74LS684 @ SN54/74L.5688

' LOGIC DIAGRAMS

an :
r? "o :
RPLINE, un
’e (|5IB n”
e :‘IDL‘ o
e : or.
oe —)
as
e ")
ol -'D"“ Nrs
r 23% .
o3 .%.r D
r2 L‘% -
o2 (1] ,:)" o
@ -
" —o (13 1]
o1 St iDe _ ¥
'0-2% (12)
0012 ottt S
ngy -
L @ P=a
m
Q3
8
u | m m
(]
"
3 . a1 [H3]
< Uy
- Y
| "0
=D A
=
0
a_™
SN54LS/74L.S682 thru LS684 SNS4LS/74LS688
FAST AND LS TTL DATA
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SNS4/74L5682 @ SN54/74L.5684 @ SN54/74L.5688

AC CHARACTERISTICS: Ta = 25°C

SNB4LS/74LS682
UMITS
SYMBOL PARAMETER N P UNITS TEST CONDITIONS
PLH . == 13 25
PhL Propsgation Delay. PtoP=Q 15 25 ns
;'HLHL Propagation Delay, Qto P =Q :; g ns Vee=50V
A 20 30 CL=45pF
tPHL Propagstion Delay, Pto P >Q 15 30 ns RL=6670Q
tPLH P . = 21 30
tPRL ropagation Delay, Qto P> Q 19 30 ns
SN54LS/74LS684
UMITS '
SYMBOL : PARAMETER N v VAKX UNITS _TEST CONDITIONS
tPLH . === 15 25
PHL Propagation Delay, P toP=0Q 17 25 ns
tPLH . ) ryr=S 16 25 =
P Propagation Delay, QtoP=Q 15 25 ns Vee=5.0v
. = % 130 CL=450pF
PLH =
PR Propagation Delay, Pto P> Q 17 30 ns RL=6670Q
1PLH ey - 24 30 .
\PHL Propagation Delay, Qo P> Q 20 30 ns
- ) -
SN54LS/74LS688 - £
UMITS
SYMBOL PARAMETER N P MAX UNITS TEST CONDMONS
:ﬁh’: Propagation Defsy, P to P=Q g ;g I t
- * " Veg=50V
L lpropagation Delay, Qto F=Q 2 18 cL=45pF
PHL ropagation Delay, Qto P = 17 23 ns L=45p
- 2 T8 R =667 02
PLH i G GiwP=qa
tPHL Propagauon’Delay. G.GlteP=Q 13 20 ns
P « N F
Univesnit.: ALK W]dy‘ Mandala
E'& A BAYA S
A\
‘ ' FAST AND LS TTL DATA
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BIODATA

Nama : KOESMIADJI SARTONO
Nrp : 5103096027
Nirm :96.7.003.31073.44912

Tempat/tanggal lahir : SURABAYA /24 APRIL 1977

Agama : KRISTEN
Alamat : KETABANG NGEMPLAK 20
SURABAYA

Riwayat Pendidikan :

1. LUKUS SD YPK KETABANG KALI SURABAYA TAHUN 1990

2. LULUS SMPK DAPENA 1 SURABAYA TAHUN 1993

3. LULUS SMAK DAPENA 1 SURABAYA TAHUN 1996

4. LULUS SARJANA FAKULTAS TEKNIK JURUSAN TEKNIK

ELEKTRO UNIVERSITAS KATOLIK WIDYA MANDALA

SURABAYA TAHUN 2001





