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AUTOMATIC TELEPHONE INFORMATION SERVICE

Jintakawee Sriwilai
Bandit Aiemdilokwong
Samrit Yodnakonjong

Chinnapat Nanthajivakonchai  Advisor

ABSTRACT

This project concerns to an application of microcomputer with public teiephone
network. It was developed as the message survicing system. This means that the message are
saved the computer harddisk. By the way, we can leave as well as recall some message in
the form of sound in the way of automatical response of computer to the user via public
telephone network. By the way, this system is able to characterize by the cooperation of
hardwere and control program especially, the control program was created in C language in

order that the improvement of the system performance also easily performs in the future.
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2. Ladder Method D/A Converter
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2.3.2 ANALOG TO DIGITAL CONVERTER (ADC)
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National
Semiconductor

DAC0808/DAC0807/DAC0806 8-Bit D/A Converters

General Description

The DAC0808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with +5V sup-
plies. No reference current (Ires) trimming is required for
most applications since the full scale output current is typi-
cally +1 LSB of 255 Iger/ 256. Relative accuracies of bet-
ter than +0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for Irgr=2 mA. The power supply cur-
rents of the DAC0B08 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DAC0808 will interface directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

Features

® Relative accuracy: £0.19% error maximum (DAC0808)
m Full scale current match: £1 LSB typ

® 7 and 6-bit accuracy available (DAC0807, DACO08QE)

m Fast settling time: 150 ns typ

1 Noninverting digital inputs are TTL and CMOS compati-
ble

High speed multiplying input slew rate: 8 mA/us

Power supply voltage range: 4.5V to =18V

m Low power consumption: 33 mW @=5v

Block and Connection Diagrams

use 13

Dual-In-Line Package

A A7 A a4 A5 af &Y s
’i ? T ‘f ? ? ? ¢ wvoTe b = U S comsessation
r.u::::: CURAERT SWITCHES 1o Order Number W,JT ':—:"m"
TTITIIT11 T DAC0808, DAC0807, Vee = | YReFi-)
. 1
a8 LAOOER l [ sas mcui}—ocnn or DAC0806 ‘o=~ oacens = vee
l r See NS Package g, oY fenies P2 as use
t Number J16A, 3 1
Yags O A2 —A7
WP CUARERT =0 ¥co M16A or N16A
SOURGE PAIR 2 LI
YR O
REFERENCE |0 coweta Y S
CUARENT AMP
vee TL/H/5687 -1 TOP ViEw TL/H/5687 -2
Smali-Outline Package
Y4t 16}—a8 LS3
Yagr (0)f2 1S4—a7
Yo ()3 14f—a6
CoNPENSATION —{ & 15448
w3 125-ad
GNO 15 Np-aS
v 7 10442
0—{s 94— a1 use
TL/H/5687-13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)" N PACKAGE {N16A)* |SO PACKAGE (M16A)
8-bit —-55°C<Tas +125°C DAC0808LY | MC1508L8
8-bit 0°C<TA< +75°C DAC0808LCJ| MC1408L8 | DAC0808LCN | MC1408P8 DAC0808LCM
7-bit 0°C<Tas +75°C DAC0807LCJY | MC1408L7 | DACO807LCN| MC1408P7 DACO807LCM
6-bit 0°C<Tp< +75°C DAC0806LCJ{ MC1408L6 | DAC0806LCN{ MC1408P6 DACO0806LCM

“Note. Dewvicas may be ordered by using aither order number,

2
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Absolute Maximum Ratings (ote 1)

It Military/Aerospace specified devices are required,
piease contact the National Semiconductor Sales
Office/Distributors for availabliity and specifications.

Storage Temperature Range
Lead Temp. (Soldering, 10 seconds)

—65°Cto +150°C

Dual-In-Line Package (Plastic) 260°C

Power Supply Voltage Dual-In-Line Package {Ceramic) 300°C

Vee +18 Vpc Surface Mount Package

Vee -18 Vpo Vapor Phase (60 seconds) 215°C
Digital Input Voltage, V5-V12 —10Vpgto + 18 Vpe Infrared {15 seconds) 220°C
Applied Output Voltage, Vo ~11Vpgto +18 Vg . .
Reference Current, 114 5mA Toper?t”:‘g Ratlngs Ten € Ta < T
Reference Amplifier Inputs, V14, V15 Vee. Vee egn ,fgg%g;i ange - 55°CM2‘ Ta sA f 12%1%
Power Dissipation {(Note 3} 1000 mwW DACO0808LC Series 0 £Ta < +75°C
ESD Susceptibility (Note 4) T8C

Electrical Characteristics

(Vce = 5V, Vgg = —15 Ve, VRer/R14 = 2 mA, DAC0808: Ta = —55"Cto +125°C, DAC0808C, DAC0B07C, DACOBO6C, Ta
= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

90803vQ/20803Y3/80800Vd

cr—agr gp

Symbol Parameter Conditions Min Typ Max Units
g Relative Accuracy (Error Relative (Figure 4) %
to Fuli Scale 1)
DAC0808L (LM1508-8), +0.19 %
DACO0808LC (LM1408-8)
DAC0807LC (LM1408-7), (Note 5) +0.39 %
DACO0806LC (LM1408-6), (Note 5) +0.78 %
Settling Time to Within 14, LSB Ta=25C (Note 6), 150 ns
{Includes tp 1) (Figure 5)
tor .ty | Propagation Detay Time Ta = 25°C, (Figure 5) 30 100 ns
TCip Output Full Scale Current Orift +20 ppm/°C
MS8 Cigital Input Logic Levels (Figure 3)
Vi High Level, Logic “1" 2 Voc
ViL Low Level, Logic ""0" 0.8 Voc
© MSB Digital Input Current (Figure 3)
High Leve! Vi = 5V 0 0.040 mA
Low Level ViL = 0.8V —0.003 -0.8 mA
lis Reference Input Bias Current (Figure 3) -1 -3 2A
Output Cirrent Range (Figure 3)
Veg = —5V 0 20 2.1 mA
Veg = —15V, Tp = 25°C 0 2.0 4.2 mA
o Output Current VRer = 2.000V,
R14 = 1000Q,
(Figure 3) 1.9 1.89 2.1 mA
Qutput Current, All Bits Low (Figure 3) 0 4 uA
Output Voitage Compliance (Note 2) Er £0.19%, Tp = 25°C
VEg= ~5V, lngr=1mA —0.55, +0.4 Vo
Veg Below ~ 10V ~5.0, +0.4 Voo
S
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DAC0808/DAC0807/DAC0806

Test Circuits (Continued)

Vee

CACo802

4
18 R
'—Ol 50
1

0
score Mij_\qf—

Vee
A6 = RS
1
[ 1 i l
Al O—; °Vgef J"L
A0 R4
1 15 R1§
A3 o--. n
M 3{ OAceses
AS O—1
10 s = To LI
A OT
a 12 15
Al O— R

L

15 pf -y - SLEWWﬁ SEE YEXT FOR VALUES OF €

TIME

d 1 dv v

@ Rl @ EE

Vee TL/H/S687-10
£ FIGURE 7. Positive Vrep (Note 7
REF

TL/H/5687 -9

FIGURE 6. Reference Currant Slew Rate Measurement (Note 7)

Yee

R4 > A1S

9] Doacosos

~

SEE TEXT FOR VALUES OF C

VEE
TL/H/S83T-11
FIGURE 8. Negative Vrer (Note 7)

Appilication Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
cireuit or current mirror for feeding the ladder. The reference
amplifier input currrent, 114, must always flow into pin 14,
regardless of the set-up method or reference voltage polarity.
Corinections for a positive voitage are shown in Figure 7.
The reference voltage source supplies the full current t14.
For bipoiar reference signals, as in the multiplying mode,

VREF

L
4 § e When Vg =0, 1 20
20 en Vg BT 0 mA

mo-
O
a5 O—
8oy
a0y
pryesd

DACoa08
SERIES

13 v
—O Ve Vo= [ REF

;_:] () o

Ri4

o

TUH/5687 - 12
FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit {Note 7)

R15 can be tied to a negative voltage carresponding to the
minimum input level. It is possible to eliminate R15 with onty
a small sacrifice in accuracy and temperature dritt.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values oi 1, 2.5 ana 5 k), minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Vgg of
ground, but using Veg increases negative supply rejection.
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Application Hints (continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference volitage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Ve on
pin 16, using the vaiues of the pravious paragraph. The neg-
ative reference voltage must be at least 4V above the Vgg
supply. Bipotar input signals may be handled by connecting
R14 to a positiva reference voitage equat to the peak posi-
tive nput level at pin 15. ’

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. if a well regulated 5V sup-
ply which drives logic is to be used as the reference, R14
shouid be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.
If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT YOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to
0.4V when Vgg = -5V due to the current switching meth-
ods employed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to —5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 kf} between pin 4 and ground will
vield a voltage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due 1o increased voit-
age swing. Values of Ry up to 5000 do not significantly
affect performance, but a 2.5 kN load increases worst-case
settling time t0 1.2 us (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

QUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than —8V,
due to the'increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output cumrent
level with respect to its intended value, and is dependent
upon relative accuracy and fuli-scaie current drift. Relative
accuracy ts the measure of each output current level as a
fraction of the tull-scals current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to

the excellent temperature tracking of the monofithic resistor
ladder. The reference current may drift with temperature,
causing a change in the absolute accuracy of output cur-
rent. However, the DAC0808 has a very low full-scale cur-
rent drift with temperature.

The DACO808 series is guaranteed accurate to within + 1,
LSB at a fufl-scale output current of 1.892 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 p.A) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed vaiua of between 1.9 and 2.1
mA. allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12-
bit converter is calibrated for a full-scale output cumrent of
1.992 mA. This is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DAC0808 circuits’ full-scale current is timmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the ecror
band may be displayed on an oscilloscope, detected by
comparators, or stored in a peak datector.

Two 8-bit D-to-A converters may not be used to construct a
15-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of %14 of one part in 65,536 or =0.00076%,
which is much more accurate than the £0.019% specifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 pA to 4 mA, the additional error con-
tributions are tess than 1.6 pA. This is weli within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supolies an increase in
current for each increment in the binary word. Typically, the
DACO0808 is monotonic for all values of reterence current
above 0.5 mA. The recommended range for operation with
a DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-cass switching condition occurs when alt bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
=Y, LS8, for 8-bit accuracy, and 100 ns to 4 LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when Ry < 5000 and Co < 25 pF.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test resuits when mea-
suring settling time. Short leads, 100 uF supply bypassing

for low {requencies, and minimum scope lead length are all .

mandatory.
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ADC0808/ADC0809

National
Semiconductor

ADC0808/ADCO0809 8-Bit uP Compatible A/D Converters
with 8-Channel Mulitiplexer

General Description Features

The ADC0808, ADCO809 data acquisition componentis a ® Easy interface o all microprocessors

monolithic CMOS device with an 8-bit analog-to-digital con- & Operates ratiometrically or with 5 Vpg or analog span
verter, 8-channel multiplexer and microprocessor compati- adjusted voltage reference

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 full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE?® outputs. e .
The design of the ADC0808, ADCO809 has been optimized Key Specifications

No zero or full-scale adjust required

8-channe! multiplexer with address logic

OV to 5V input range with single 5V power supply
Outputs meet TTL voitage level specifications
Standard hermetic or molded 28-pin DIP package
28-pin molded chip carrier package

ADC0808 equivalent to MM74C949

ADCO8N9 sqiivalent to MM74C949-1

by incorporating the most desirable aspects of several A/D & Resolution 4 8 Bits
conversion techniques. The ADC0808, ADC0BO0S offers high 8 Total Unadijusted Error £% LSB and =1 LS8
speed, high accuracy, minimal temperature dependence, W Single Supply S Voc
excellent long-term accuracy and repeatability, and con-  w Low Power 15 mW
sumes minimal power. These fedtures make this device gy Conversion Time 100 us
ideally suited to applications from process and machine ‘
contros to consumer and automolive applications. For 16-
channel muttiplexer with common output {sample/hold port)
see ADCO816 data sheet. {See AN-247 for more informa-
tion.)
Block Diagram
START CLocK
PPrsr i SRS DR
[ ! |
€N0 OF CORVERSION
o— i CONTROL § TIMING 1 © axteanurn
| {
o ' | 1
o— e, l |
GANALOG HPYTS — AHAN)G |
o—{ swTCHES SAN. 1 '
- l l =
COMPARATOR —0
o—1 i { L l—o
| ::Ar:f; —°: 8417 QuTPUTS
L l LATCH
( { wieR O
T L |
% SWITCH TREE }
O——td
3-8LT ADORESS Ot ' I
o] ADORESS e |
LATCH ] '
aooREss o A0 |
. GECOOER
LATCK ENABLE 56 AESSTOR LADOER | 1 See Ordering
1 | i Information
[ i
¥ee  SNO  REF(s) REF(-) QUTRUTY

EMARLE
TL/HIS6T2-1
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>
. . . cus [w
Absolute Maximum Ratings (otes 14 2) Operating Conditions (otes 1 &2) 9
It Military/Aerospace specified devices are required, Temperature Range (Note 1) TMINS TA<Tpax b
please contact the National Semiconductor Sales ADC0808CJ ~55°C<Ta< +125°C <
Oftice/Distributors for availability and specifications. ADCO8B08CCJ, ADCOB0SCCN, ;
Supply Voltags (Vec) (Note 3) 6.5v ADCOB0SCCN ~40°CsTas+e5C | 3
Voltage at Any Pin ~03Vito Voo +0.3v) ADCOBOBCCV, ADCOBOICCY  —40°C s Ta < +85°C |
Except Control inputs Range of Vg (Note 1) 4.5Vpgt06.0 Vpe 8
Voltage at Contro! Inputs —-0.3Vto +15v .
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range —65°Cto +150°C
Package Dissipation at Ty = 25°C 875 mwW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package {plastic) 260°C
Duat-in-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 400V
clectricai Characieristics
Converter Specifications: Vec=5 Voc=Vger+. VRer(-)=GND, Ty STA<TmMax and fc k=640 kHz unfess otherwise
stated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C E A LsB
(Note 5) Tumin to Tiax LA LS8
¥
ADC0809
Total Unadjusted Error 0°Cto 70°C +1 LSB
{Note 5) Trin to Taax +11, Ls8
Input Resistance From Ref(+) to Ref(—) 1.0 2.5 k1
Analog input Voltage Range (Note 4) V(+) or V(~) GND-0.10 Vec+0.10 Vbe
VREF(+) Voitage, Top of Ladder Measured at Ref(+) Vee Vec +0.1 v
V + -
—Riﬂi)z—v”ﬂl Voltage, Center of Ladder Vee/2-0.1 | Vee/2 | Veor2+04 | v
VRer(~) Voltage, Bottem of Ladder Measured at Ref(—) -0.1 0 v
™ R Comparator Input Current fc =640 kHz, (Note 6) -2 05 2 uA
@
Electrical Characteristics
Digital Levels and DC Specifications: ADC0808CJ 4.5V<Vee<5.5Y, —55°C<Ta< +1235°C unless otherwise noted
ADC0808CCJ, ADCOB08CCN, ADC0808CCV, ADCOBOSCCN and ADC080SCCYV, 4.75 SVee<5.25V, ~40°C<Ta< +85°C un-
less otherwise noted
Symbol [ Parameter Conditions Min Typ Max Units
1
|__ANALOG MULTIPLEXER
lorr(+) OFF Channel Leakage Current Voo =5V, ViN=5V,
; Ta=25C 10 200 nA
Tmin 10 Tmax 1.0 BA
: 'OFF(—) OFF Channel Leakage Current Veg=5V, Viy=0,
Ta=25C -200 -10 nA
' N Tamin to Tiax -1.0 rA
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—
Electrical Characteristics (Continied)
Digital Levels and DC- ‘Specifications: ADC0808CJ 4.5V<Vccs< 55V, —55°C<Ta<+125°C unless otherwise noted
ADCO808CC., ADCO8O8CCN, ADC0808CCV, ADCOBOICCN and ADCOB0SCCV, 4.75< Ve 525V, —40°C<Ta< +85°C un-
less otherwise noted
Symbol ]‘ Parameter l Conditions ‘ Min l Typ ! Max l Units
CONTROL INPUTS
Ving) "Logical *1” Input Voltage Veg—1.5
VIN(O) Logical “0” {nput Voltage 15 v
llN(‘l) Logical “1" Input Current Vin=15V 1.0 uA
(The Control inputs)
‘lN(O) Logical “0" input Current Vin=0 -1.0 pA !
(The Control Inputs) ;
i
lcc Supply Current foLk =640 kHz 0.3 3.0 mA |
1
DATA QUTPUTS AND EOC (INTERRUPT) ;
Vouti Logical “1" Output Voltage lo= —360 uA Voo —0.4 v %
VouT(o) Logical “0" Output Voltage lo=16mA 0.45 \
VOUT(O; Logicat 0" Output Voitage ECC ip=1.2mA G.43 ¥
loyt TRI-STATE Output Current Vo=5V 3 pA
Vo=0 -3 BA
Electrical Characteristics
Timing Specifications Vg =Vagr(+)=5V. Vagr(—)=GND, t;=t=20 ns and T4 =25C unless otherwise noted.
Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twALE Minimum ALE Pulse Width {Figure 5) 100 200 ns
s Minimum Address Set-Up Time (Figure 5) 25 50 ns
W Minimum Address Hold Time (Figure 5) 25 SO ns
to Analog MUX Delay Time Rg =09 (Figure 5) 1 25 uS
From ALE ’
1. tHo OE Control to O Logic Stats Cy =50 pF, R = 10k (Figure 8} 125 250 ns
tin, toH QE Control to Hi-Z | CL=10pF, Ry =10k (Figure §) 125 256 as
te Conversion Time f. =640 kHz, (Figure 5} (Note 7) 90 100 116 us
fe Clock Frequency 10 640 1280 Hz
teoc EOC Detay Time (Figure 5) 1] 8+2uS tock
Perioas
Cin Input Capacitance At Control inputs 10 15 pF
Cour TRI-STATE Output At TRI-STATE Outputs, {Note 12) 10 15 oF
Capacitance

Note l:AbsolmeMmﬁaﬁngsmwwﬁsbwwmmge!omm"wm.ocgMACebcmweoﬁcamconmmthenooaanng
the device beyond its spacified operating conditions.

Note 2: All voages are measured with respect 1o GND. unless othewise specified.

Note 3: A zener diode exists, internally, #rom Vog 1o GND and has a typical breakdgwn voltags ol 7 Voc-

Nate 4: Two on-chip diodes are tied to each anabghpmmichmﬂfocwudconducl'mambgromvonagosomdbdodmo below ground or one diode creo
greater than the Vn suoply. The spec aliows 100 mV forward bias of aither diode. This means that as long as the analog Viy does not exceed the supply voitage

by more then 100 mV, the output code will ba correct To achiave an absolute OVpc (0 SVp mnput voitage range will therelore requira a minimum suppty voltaga of
4.900 Vo over D- ) initial and loading.

Note §: Total unadjusted emor mnchudes offset, hull-scate, Enearity, and multipiaxer emors. See Fgura 3. None of thase A/Ds (aquwres a 2erS cr ‘uil-scale adjust
However, if an all zero code is desned for an analog input other than 0.0V, or if a narrow hul-scase span axdsts (for éxample: 0.5V 10 4.5V tull-scale) the reference
ges can be adjusted 1o achieve this. See Fgurg 13,

Note G:Companlorinpmmlisabiascuﬂ.mkmormnolmechoopefsmbiilodcoﬂwa(or.ﬂ\obiaswemvaﬂns divectty with clock frequency and has
fitle temperature dependence (Fagure 6. See paragraph 4.0,

Not¢1:Theoutnu!solmodalareg’s(erueuodaledomcbckcydobefommedsinqedgeoiEOC
Note 8: Human body model, 100 pF discharged through a 1.5 kil resstor. 7
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Functional Description

Multipiexer. The device contains an 8-channel single-end-
ed analog signal multiplexer. A particular input channel is
selected by using the address decoder. Table | shows the
input states for the address lines to salect any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE!

SELECTED ADDRESS LINE
ANALOG CHANNEL C 8 A
INO L L L

IN1 L L H

IN2 L H L

IN3 L H H

IN4 H L L

INS H L H

IN6 H H L

IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this singte chip data acquisition system is its 8-
bit analog-to-digital corverter. The converter is designed

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the succes-
sive approximation ragister, and the comparator. The con-
verter's digital outputs ars positive true.

The 256R ladder network approach: (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particutarly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionaily, the 256R network does not cause load varia~
tions on the reference voitage.

The bottom resistor a1d the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
Output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first outout tran-
sition occurs when the analog signal has reached + % LSB
and succeeding output transitions occur every 1 LSB later
up io full-scale,

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter,
Figure 2 shows a typical example of a 3-bit convarter. In the
ADC0808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTROLS FROM SAR,
|
REF(+) O /* ’ j ‘\
14R
R N—
.
. .
R
- . \h
.
10
256R ¢ o . > lc,epuq_mnon
. U
. . ¥4
R
. .
R . .
L]
%R \._.
<
REF(~) Ormaemd

TL/H/5672-2

FIGURE 1. Resistor Ladder and Switch Tree
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ADC0808/ADC0809

Functional Description (Continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion

(SC) pulse. The conversion is begun or the falling edge of*

the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse, Con-
tinuous conversion may be accomplishad by tying the end-
of-conversion (EOC) output to the SC input. It used in this
mode, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the

}'-FUU.-SCALE

110 10EAL CURVE -+ ERROR=1/2 LS}
s
(=]
o
~ 1
=2
=
5 0 ,
g L NONLINEARITY = 1/2 LSB
< oto | -

NONUINEARITY = -1/2 LS8
101 H
- ZERQ ERAOA = —1/4 LSB
)

00 VIN
08 18 2/8 3% 4% 5B &% 1B

ViN AS FRACTION OF FULLSCALE

FIGURE 2. 3-Bit A/D Transfer Curve

ERROA

INPUT OV
VOLTAGE

OUANTIZING{

i

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satisfying all the con-
verter requirements. .

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the OC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
efrors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlinad in AN-179.

INFINITE RESOLUTION

m PERFECT CONVERTER

1o +1/2 LS8 IDEAL 38IT CONVERTER
o TOTAL , ]
S 101 | UNADJUSTED™ L. 3

ERROR
5 w0 ! ~1138
= — e ABSOLUTE
3 ACCURACY
(=]
AL ~tr2ss
QUANTIZATION
oot ERROR
ViN

0 18 28I AR B R IR
VIN AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

FULL
SCALE

TUH/5672-0

FIGURE 4. Typical Error Curve
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Typical Application

ADDRESS
DECODE
(AD4—AD1S)*

GROUNO =

500 \Hz— CLK:
5.000V~ Vpeg(s)
0.000V ~—r

VREF(-}

START
| ALE

ADG~— A
AO0t—{B
ADZ2~—C

SV SUPPLY (E

ADCO308
ADC086%

EOC}- INTERRUPT

-l pB7-  MSB
-2 D86
2-p——p 025
24 [P D84
2-5 p——> 083
26 jreem—pp 082
21 je—P D81
2-3 —— 080 Lss

tay == Vin 8 ]
L
0-5v
. ANALDG
INPUT BANGE
.

o —Vin?

“Address latches neaded for 8085 and SC/MP interfacing the ADC0808 to a microprocessor

MICROPROCESSOR INTERFACE TABLE

{NTERRUPT

TL/H/5672-10

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Gircuit)
- £085 RO WR INTR (Thre RST Circuit) -
Z-80 RD - WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800° VMA*$2eR/W | VMA=beR7W | TRQA or TRQB (Thru PIAY
Ordering Information
TEMPERATURE RANGE —~40°Cto +85°C ~55°C to +125°¢
Emor |t Y2LSBUnadjusted | ADCOS0BCCN: ADC0808CCV ADC0808CCJ ADC0808CJ
*1 LS8 Unadjusted ADCO809CCN ADCO0803CCV
Package Outline N28A Molded DIP | V28A Molded Chip Carrier | J28A Ceramic DIP | J28A Ceramic DIf




