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abstract

This project studies and invents PID Controller by using

microcontroller family of MCS-51 number 8031 which is the most popular and
easy to use . The characteristic of control system is a sigle loop system. The
input part can receive multi - signal such as volt ;mA and the output part can

send in two types of signa whichl are volt(1-5 V) and current (4-20 mA).
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" 17] w A s 4 s Y o ! ﬂ ¥ QY d Jda
édfan33E 34 1i18A1219(y) QAIRINUNIAATT 63 42 A(Y) aede ludlumsdrededsyanduun
1 o o ar A4 v
(segment) 1 64 N3B1FAFIUN 0 ¥BQ F1B 2segment 0 Y84 cs2) gniuaaTusunsuezAseyas

or A ﬂv
fams luaui

AdsnugHveBadA(LCD)
1. Aamad saweew(display ON/OFF)

RW oA 0BT — T——— __— DR

0 ojojolt[1:111][1(D]

o o J vas [ e 4 '
Sudrdemuaumsuanasia Tasmsuaasnaziuegiua1am) ((31i1e:DBO)) tilemAM) i 1
o A N [ 3]
LBaSRLCD) srFmaaaHa Laziles (D) iu 0 neaFALCD) sz'lhivhnisuaaara Jeya
v + 3 ¥
molueadarcD) sz hifimafasunlasiiesndidsi

n o o o .. .
2. Ammagaaisnlan(display start line)



dua(a) sxshusmmnaavusiia fehiusadlecD) easradiiursTausnyesten ™ lugli 2

a [ t . &4 o N LY
%mﬂumemq ‘\Jﬂﬂﬂ’lﬂﬁlﬂﬂﬁ'l‘lﬁﬁ.(hne) 910 0-3 ‘]Nﬂz‘“ﬂﬁﬂ'ﬁllﬂﬂﬂﬂﬂl!ﬂﬂﬂ'\QﬂﬂGﬁﬂ'hl

3. 1ENWI(Set Page) 1DAFUBAATA (X address)

RW oOa DBT T T~ — D0

olo[1]of1]1i1[A|A]A

1

2 o . v oA Y Y
mnmma(AAA)maamm n~xi‘lumsmmmﬂcmmamsﬁ(x -address) mﬂaenmmmﬁumﬂuaga
b 4
21nA1 0(DBO) - a1l 7(DB7) ssthunisArrenuuIURAM) FMUPAGE) fianes suniwziiniaas
i W fuea¥aELCD)

4. SnnousalaIa(Set Y-Address)

RW ON 087 — T D80

[olofof1]A[A A ATALA]

| 4
Aua(a) ﬂzl‘ﬂﬂﬂ'ﬁé’ﬁﬂ'}ﬂﬂﬁﬁ"ﬂllﬂﬁlﬂi’d(Y -Address) (m’na(Y)%zﬁmegszmw 0-63) HasA1g

FAP S 1 ’ ¢
(Y) semuiaisag 1 iafimisumiemoudeyannsAgCrU)

5. AAAIA(Status Read)

Fumssmaraaisisyssiueasa(LCD) Taodhaniiad(Busy) iy 1 uBASALCD) 9zvianulu
daunslu mn-'m"h’t"lumm:ﬂmmsmmmmam(LCD) 1wutuzu'lﬂ marzazume Winile
Tums muaua?’ada'lﬂ srdesarlesadBusy) Wldduihi 0 dodeu

Sumeimousada a3-12 V-

Taseadrunisluyesuteada(LCD) ezslsznaudaoduvesasy Insaiass(Controller)

Taoie¥a61203(HD61203) 98AURUMIBIIDUNI page) yeelioyn 1AZIBYA61202(HD61202) 98



& 9 v 4
muqu"lums§1~wa~u§ﬂ=§|ﬁuﬁ(segmem) Falumaldau 1319¢@BaABY INIa(Control) AIUHATU

v } 4
Taomisdesziaaanay lfivweweadsd(LCD) Al

vDD —
VS8S — coM 1
ey :|_coms
VO — coM 64 LCD PANEL
HD&1203
comes4
RST
] SEGH [ seces '
. SEG128
RW l ) SEGES \ SE
on
£
50->07 HD 61202 HD 61202
CS1
cs2 u
silirermeTassadunisluazviaaugy
3 d o <2
vereai@sD  HuunlEEiEn(Reset) AIRIUYBUBATA(LCD)
b d 1
Y13(E) Suiaruniia(Ensble) msfudedeya wihadiasdn la(Logic
; HIGH) LUagys1uIag
e duvildimuamssumisdioudeya
w1a/18(D/D) WuendsdoynlumAiia(Data-bus) Tullusziamaugy nie
i dauvedeya
Ve 1(CS1) $1/510A(Chip Select) ¥84 18¥561201(HC61201) AuL3N
WIHBA2(CS2) $1UF1aA(Chip Select) 484 18%A61201(HD61201) Anaes

g (Data-Bus)  iHuwn 1¥dsdeyn nisssiianiugu

wnomg 1. dediea1(cs) ihulacHieh) azaen2(cs2) S Taiwow) sxdiums
AR it (Segment) 1 0-63 uazilaSeaA1(CS) HuTadwow) Srea2(Cs2) iWhule High oz
Humsded s nsiiuitsegment) fica-127

o Y i
2. AATITATINISTUYBIVIAILAN annsng laengiln 4



1. [9oUN1IN I U(WRITE OPERATION)

- TCYC
E | 1
N PVEL ____JZTTRVEH ——N
| TR TE |
| TAH
RNV-—————\ TAS '
' |
TAS |
cs.on
l | TDSW {1phHv
1
2. 87UMIMNITU(READ OPERATION)
. |—T TCY'C
Nl PPRVEL T [ S BT P NpyER -
J.(‘/ TR W i
| | TAH
RIW . TAS © o
oy % ‘ /__
‘ TAS \ l
cs.on )(1 ! )¥(
|
| Toor \nDHRl
DBO TO DB7

3.0nyuzvasiia InNa(BUS TIMEING CHARACTERISTICS)(VDD=5.0V, Ta=-20 TO +75 C)

ITEM Symbol Lirmt Note
min max

E cycle Time TCYC 1000 - 1,2
E high level width PVEH 450 - 1,2
E low level width PVEL 450 - 1,2
E rise time TR - 25 1,2
E fall time TF - 25 1,2
Address setup time TAS 140 - 1,2
Address hold time TAH 10 - 1,2
Data setup time TDSW 200 - 1
Data delay time TDDR - 320 2
Data hold time(Write) TDHW 10 - 1
Data hold time (Read) TDHR 20 - 2




24

HBNYIAVIAUAAIUA? FafinwesumasiisTWie

yTHeABaA(VSS) 15128(Ground)

¥ IRR(VDD) s i neaeesaedn(logic)

¥ Vigui(Vo) used A oseadAwLCD)

¥1338(VEE) wensssulvay Taodledeiaa(vpD) Waees 4138

3
-

(VEE) szd1ousaau Inausenin (i lduuea®d LCD 9

WT3RU(Vo)
vDD
—
e, donr | G\~ T |
LCD MODULE VvDD-VO
VO 1 VR
VEE M

VR 10K to 20K
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=51.

UNN S

[ o d
ﬁanm‘smamuazqﬂﬂsm

AIUULTAIND

INPUT

dnunlasdagna | DN\

\' .

AIUNARINA

“ PN |
lagifums1susaditina mda(LCD GRAPHIC) dufitisutuanadumszianunainyais

Tumsuaasna lassaiise 19neadans milawesa312864(LCD GRAPHIC No. DV-12864) il

) - duuasdaunin
dIulazaana
; OUTPUT

AUV
KEYBOARD

aa & a
[(BaTAnTINAA(LCD GRAPHIC) vM1a 128%64 9@ aiineu Instaes(Controller) n10lute

¥R61202,18%761203 (HD61202,HD61203)



LCDGRAPHIC

VssS

a1 18k

-]
Y
i
ool fusfhol—
mzoéc
e =)
Lol

R/W

P I
(=)
©
w

74L884 i

ng 1[:;02

/

®|\olooafosfonfaig
o
W
-

M)

319 5-1 uarasmsaensaans MNA(LCD GRAPHIC)

gaulszulana

aszoaBuEIen-51 1W8F8031(MCS-51 No. 8031) Tagminnl¥iunisyszuranaveslnseam

o

b 4
i1 datiduvesledieA%(ADC) uae AEF(DAC) 1 lunsuasdyananineuiasn(Analog) flu

an

fSmea(Digital) uazmlasdaygnainnasaeaDigital) Husuiasn(Analog) daumsaade
& a o L T A
Auesa(Keyboard) 13114 lod wed 8255 ¥uihileFdmiunsAadedunaenma®o)

A5 WMISBAAUI(Address)

ITEM ADDRESS
ROM 0000-7FFF
RAM 0000-7FFF
8255 8000-8003
LCD GRAPHIC C000-C006

[ o o o
22U VAT A(KEYBOARD)
o Q o 4 a o ar .
nanmssuAduesaKeyboard) 15192 190158UMB SN 0 (interrupt 0) Tunrsnse Taadwlyl
1 : o o o = o a d o 9/ (V-3
TisunsugearfiasuAd(Key) nazsnsamsier  lumsimsedisrlduanms d1lalitulana

Suna(input) YsaNesAIe 8255(port A 8255) aznﬂuquﬁsaﬂmﬂxwwﬂh) wiaiilu <1’ vuaynia



aaulasdunudunalinput)

o o o 1 a ot ar v @ o @ [ 9
13STUAYYIUANHUSAN] AUBU ﬁmﬂqmni‘lum’mmaﬁm ﬁmm'lﬂl!ﬂuuﬂllﬁ?"lu%”lu”ﬂﬂ

@ o ] 2y ¥
yananihuwunszur swmiudyaaesiusenlasdyasuuyithuunas g

o

Sunainput) veus1 As Wniudaana 0-5 Taas udaezds lilfidaudszuanade i)

1- 5 volt input cardvtov
—{ 1-5volt to 05
volt
8 bit send to
analog to microprocessor
—  digital | ——
convertor
4- 20mA input card Jtov
——— ! 4-20mA tc 0-5
volt

dauuilasdayanaue1nina(Output)

§ [ o -1 o @ o
dedudszianaiinamidszuanasenu daumlasdyanafessudagnasnudnims
o Y @ v o
ulasdyana iilidygemnas g 2 juuuy feguuvanuaisdnd 1-5 Taav uazgaluuy

nszud 4-20 Aaduew medalviginseiduq e

8 bit from .
microprocessor d;%';?l? cardv\;glat;ge to 15 volt output
—_> —_—>
convertor convertor —>
03.6vto1-5v
card
voitage to current 4-20mA output

convertor —————
1-5Vto 4-20mA




=Sh.

UNN 6
T v A
Ailemslyines
\PL 1 2
/
otk al L a|ly
/ AN Ti
PH Td 3 4
AN /
O b
A e AL
ML ML
\ /
MH 5 6
/ =< 71,4 l—-ESﬂELB
MH PH Select
AN /
/ N
l‘EMENL

ms19AousTa( keyboard )
7 1key 1) dalfinTesianuiuszuusa Tullf( Auto)

Falvaseeinenudiussunnuuuaa( Manual )

Dh DD
“C2q 2o 2
=2
3
<
N
R’

3(key3) MNAWII1IABS( Parameter )
Akey4) aAATMNI1IADS( Parameter )

(key5) tuiinAms1iines( Parameter)

D) R Ph
C8a C2q Cla  C2q

5

6key 6) ifasumieesuaasna

Tkey?) 1lasuamiailiae3( Parameter)
9/ = g 9 W a

ATuEaIMIiIveNaMIA 7 MIAYI LN 2

Taol4 key 6 Tumsilaountirne




P PV  100% 100—
Ti SV 100% PV:
Td MV  100% 100
SV KMITL SV:
MV INSTRU 100 <
ML PID MV:
MH CONTROL 100
PL —
PH 0
ANl |
Page 1 _B Page 2 _9 Page 3
—p
FLOW TYPE ——% DIRECT P
TEMP 1-5V REVERSE PI
LEVEL 4-20 mA PD
i PRESS THERMO PID
Page 4 Page 5 Page 6 Page 7
1988 7 (key 7) Tumsifasunsine
A5 151003 (Parameter) Tunln 1 (Page 1)
i) fe A1vATIATEE (Kp) aansasuarldlugae 00.0-255
#'le(Ti) Ap AP UNsINIM a1nsasua1 1A luyae 000-255 i
A(Td) e samAnieIsuiFoa differrential 813139509114 a9 000-255 Furdi
PA3(SV) A AudauEnwes Set point ansasud11a1uya4 0-100 %
BI3MY) s Aanyan( Manupulate Value Yaunsasuan 14 1usq 0-100 %
@Punea(ML) Ao A19a131Ta3( Alarm Low yueuad( MV Yansaiuatlalusas 0-100 %
Puey(MH) Ao A1ea13ula( Alarm High Jueussi3( MV Yaunsaiuar'la lugas 0-100 %
fueaPL)  Ae A1ea15uTaa( Alarm Low Juesia( PV )amnsasuat1dlugas 0-100 %
fiey(PH)  Av Area1sula( Alarm High Juasiid (PV )amnsasuatla lueae 0-100 %
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Tumsldfuny MENU Yazithuniswding SET )fi'whﬂﬁqf':
wi 4(Page 4) Whinsidandiiavesdume( Input)TlHAeN 4 wwuAs
-n3lva(Flow)
-§ouuni(Temperature)
-gooii(Level)
-WNAU(Pressure)
wih 5(Page 5) Whimsidandtynniiasiudinun § 3 wuu e
- 1-5 Toavt
- 4-20 HRAUAN
Wi 6(Page 6) HumsRanatinuaanisinnu
-1m L?ﬂ(Direct)
-?‘L’)ﬂﬁ"ﬂ(Reverse)
wri 7(Page 7) i siaentdaueanisUssunana J 4 wuude
“A(P) ANNI3 MV = Kp (DV) + M(0)
Ala(Pl) AuNTT MV = Kp (DV + (1/Ti) * SUM * DT) + M(0)
-AA( PD ) auN1? MV = Kp (DV + Td * DDV/DT) + M(0)
AOA(PID)  ANNNT MV = Kp (DV + (1/Ti) * SUM * DT + Td * DDV/DT) + M(0)
M(0) = 50 %
DT = 200 HadusA(mSec)
ﬁqashan1?1%Lﬂ?ﬂ41unwmuamzﬁuﬁ%umauﬁqﬁ
1.0 dnAwsdwefigue dw,Ale Adnnesd Aududwsiulfvanzauiunssuaunig
ﬁqzmuau
2.neRE 7 unsulRsumthsafia@eng uninszuaunsfiaseayna
3.NAREM 6 lumsReunthashgwihesdaiunsiflenassnisaouga

4.neAgA 1 WeadlunisauanuLudRhuE wienadd 2 eaunuinudldies



Turn On

1 Display

Check

Parameter

Setting time
Start

Scan key

NO

t =200 ms

NO

Update

Display

J

TWA1%1SM( Flow Chart Juaadnisfiiu

TaozunsauuTilsunsa(Diagram Main Program)



PID

Latch MV

READ SV
READ PV
NO
Alarm Low PV |
NO
Alarm High PV PV <PH
YES
OPERATE
NO
MV = MI] MV >ML
NO YES
= MV < MH
Auto
YES
Out to 8255

&40 PID
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nnnelugL 7.2 azidlunsdngantnzasdl (Steady State) Tnsisiadvmae (Set Piont)ld
nnfudn  WIPV)azdngiinwanyi

e o

N 7.2

TNARAIY 2. FLOW. CONTROL

In7UH 7.3 wanamslfiatasanuanuutiladmauangnsnisiuatesresviagluvie
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mnnmﬂlwnlﬁ 7.4 aziflugtiiaanisdndannzasii(Steady State)lneisiainwaeyi(Set Point)1§

mnuuqu(PV)a*mmmmwwam(Set Point)
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with 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel muitiplexer and microprocessor compati-
ble control logic. The 8-bit A/D converter uses successive
approximation as the conversion echnique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive~approxdmation 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 adjusiments. Easy interfacng 10 microorocessors is
provided by the latched and decoded multipiexer address
inputs and latched TTL TRI-STATE® outputs.

&National Semiconductor

ADC0808/ADC0809 8-Bit uP Compatible A/D Converters

November 1995

Features

m Easy interface to all microprocessors

u Operates ratiometrically or with 5§ Vpg or analog span
adjusted voltage reference

’ No zero or fulk-scale adjust required

W 8-channel multiplexer with address logic

0V to 5V input range with single 5V power supply

Qutputs meet TTL voltage level specifications

Standard hermetic or molded 28-pin DIP package

28-pin molded chip cairier packagse

ADCO0808 equivalent o MM74C949

ADC0809 equivalent io MM74C949-1

The design of the ADC0808, ADCD809 has been optimized €Y Specifications ,
by incorporating the most desirable aspects of several A/D B Resolution 8 Bits
conversion techniques. The ADCOS08, ADC0809 offers high ~ # Tolal Unadjusted Error Y2 LSB and %1 LSB
speed, hlgh accuracy, minimal lemperature dependence, m Single Supply 5 Voc
excellent long -term accuracy and repeatability, and con-' m Low Power 15 mW
sumes ml.mmal power. These features make this devgoe m Conversion Time 100 ps
ideally suited to applications from process and machine
control to consumer and automotive applicatons. For 16-
channel multiplexer with common output (sample/hoid port)
see ADC0816 data sheel. (Ses AN-247 for more iniorma-
tion.)
Block Diagram
sTART cLocs
- STl s
A |
IXNDOF CONVERSION
ol conmroLatmine [ 1 O (nTeRRUFT)
|
0 l i
o—i - !
B ARALOG INPUTS —4 g tirt !
Ol S.AR ‘ r
o— } —
o—oI { T Lo
ﬂnE.T o $8IT DUTPUTS
ouTry
_ Lo—l. w9
- 9 1 SUFFER O
—o
6 L
STCH TREE :
ur nnnlm{ ADSRES '
— s ft
) I
~ iamon ElAllE stcosen 5m of LAGOER l See Ordering
I I H i Information
I | l
Yeo  GRB meEFi MEF(-4 OUTIUT
ERARLE
TUH/6672-1
TRI.STATE® & o of Netong S Com.

#1996 Natonal Semecondiucior Coparaton TL//8T2

ARD-SIMOG/ Prrisd vl S A, http://www.national.com

JaxajdiInp [suueyD-g UM SI8)19AUO0D) (1/V djqiiedwon d™ 19-8 608000V /80800QVY



Absolute Maximum Ratings motes 152

It Military/Aerospace specified devices are required, Temperature Range (Note 1)

please contact the Naticnal Semiconductor Sales ADC0808CJ

Office/Distributors for availability and specifications. ADCO808CC. ADCOBOSCCN

Supply Voltage (Vo) (Note 3) 6.5V ADCOBDICEN ™

Voltage at Any Pin —0.3V to (Vg +0.3V) ADCO808CCV, ADCOB0ICCY
Except Control Inputs Range of Vg (Note 1)

Voltage at Control Inputs ~0.3Vto +15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperature Range -65'Cto +150°C
Package Dissipation at To—25°C 875 mwW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 8) 400V

Electrical Characteristics

Operating Conditions (Notes 18 2)

TMINSTAS Tmax

~55C<Tas +125'C

—~40°C<TAS +85°C
—40°C £ Tp < +85°C

45Vpcto6.0 Vg

Converter Specifications: Vec=5 Vpc=Vasr+. YRer(-)=GND, TMinsTa=Tmax and fox =640 kHz unless otherwise

stated.
Symbol Parametes Conditions Min | Typ Max Units
ADCO808 . :
Total Unadusted Evor | 25°C ! 11 LSB
(Note 5) ! TN o Tmax ' % LSB
ADC0809 X [
Total Unadjusted Error - 0°Clo 70°C ! *1 LS8
(Note 5) TN 10 TMAX ‘ 1Y, LS8
Input Resistance . From Ref(+) to Ref(—) 1.0 | 25 kn
Analog Input Voltage Range  (Note 4) V(+) or V(~) | GND—0.10 | Voo +0.10 | Voo
VREF(+) Voltage, Top of Lagder . Measured at Ref(+) I Ve Vec+0.1 v
v +VREF(—
—f—‘gﬂﬂéﬂ—l Voltage, Center of Ladder Vo204 | Veo/2 | Veolo+04 | v
VRer(—) Voltage, Botom of Ladder  Measured at Ref(—) o1 | a v
i Comparator Input Guvent . | =640 kHz. {Note 6) -2 | :o05 2 pA

Electrical Characteristics

Digital Levels and: DC Specificationss ADC0808BCJ 4.5V<Vc<5.5V, —55°C<TA< +125°C unless otherwise noted
ADC0808CCJ, ADCO808CCN, ADCOB08CCY, ADCOBOICCN and ADCOB0ICCV, 4.7S<V£5.25V, ~40°C<To< +85°C un-

less otherwise noted"

Symbol I Parameter Conditions

J Min l Typ J Max l Units

ANALOG MULTIPLEXER
loFF(+) - OFF Channel Leakage Cixrent Voo =5V, Vin=5V,

Tp=25C 10 200 nA

Tann to Tmax 1.0 pA
lorrF(-) OFF Channel Leakage Qxtent Vee =5V, ViN=0,

Ta=25C —200 -10 nA

Twmin 10 TMAX —-1.0 pA

fp://www.national.com 2



Electrical Characteristics (continued)

Digital Levels and DC Specifications: ADC0808CJ 4.5V<Vccs5.5V, —55"C<TA<+125°C unless otherwise noted
ADC0808CCJ, ADC0O808CCN, ADCD808CCV, ADCOS0ICCN and ADCO809CCV, 4.75 <V <5.25V, —40°C<Ta< +85°C un-
less otherwise noted

Symbol | Parameter | conditions Min | Typ | Mex | umss
CONTROL INPUTS
Ving1y Logical “1™ Ingest Yoltage Vec—1.5 !
Vingy Logical “0" Input Voltage 15 4 v
hing1y Logical “1" Inout Current ViN=15V 1.0 E pA
(The Confrol Inputs) :
gy Logical “0™ Inout Current Viy=0 —1.0 . BA-
(The Controf inputs) i
lcc Supply Current foLk =640 kHz 0.3 30 ¢ mA
DATA OUTPUTS AND EOC (INTERRUPT)
VouT1 Logical *1" Cutout Voltage lo=—360 pA Vo —0.4 ]
VouTio) Logical “0" Cutput Voltage lo=1.6mA 0.45 |
VouTio) Logical “0” Cutout Voltage EOC | 1g=1.2mA 045 |V
touT TRI-STATE Outot Current Vo=5V 3 1 uA
Vo=0 -3 b pA

Electrical Characteristics
Timing Specificaions Voo =Vrery 1 )=5V. VRer(~)=GND, {;=1;=20 ns and T4 =25°C unless otherwise noted.

Symbol Parameter Conditions i Min | Typ Max , Units
ws Minimum Start Pulse Width (Figure 5) ! 100 200 ! s
WALE Minimum ALE Pulse Width (Frgure 5) 100 200 ! ns
i Minimum Address SetUo Time | (Figure 5) 25 50 ' s
ty Minimum Address Hold Time (Figure 5) 25 50 boms
o Analog MUX Delay Tane Rg =00 Figure 5) 1 25 S
.| FromALE ;
1. tHo OE Control to O Logic State Cy_ =50 pF, Ry = 10k (Figure 8) 125 250
1 loM OE Control to Hi-Z Cy =10 pF, Ry = 10k (Figure 8) 125 250 ' o ns
tc Conversion Time fc=640 kHz, (Figure 5) (Note7) . 90 100 116 pS
[ Clock Frequency {10 640 1280 kHz
teoc EOC Delay Time (Figure 5) i 0 8+2uS Clock
i Pertiods
Cin input Capacitance At Control Inputs 1 10 15 pF
Cour TRI-STATE Output At TRI-STATE Outputs i 10 15 oF
Capacitance ;

Note 1: Abgohte Maximum Ratings inckcas fenits beyond which demags 10 the device may occur. mmmemlspedmlomdomtapprymopunw
the device beyond i3 specified cparading conditions,

Hole 2= All voltages are measired with reepect 10 GND, unless cihewise specified.

Mote X A zoner dioda axists, itemally, rom Voo 10 GND and has a typlcal breakdown voltage of 7 Vpo.

Note & Two onchip dodes are ded 10 each analdg Ingut witch wil forward conduct for analog inged voltages ons diode drop balow ground or one dode drop
graster then the Veen spply. The spac adowrs 100 mV forward biss of either diode, This means thet as long &3 tha analog Vi does not exceed the supply vokage
by more thén 100 mV, the output code witt e comect. To achieve an absokite OVpg 10 Vo input volage range will therafore require a minimum supply voltage of
4.900 Vi over temperatre vastgsons, wIted wlerance and loeding.

Note 5: Total unadkssted emor includas st fil-scala, incarty, and multiplexer erors. Sea Figure 3. None of thesa A/Ds requires a zero or full-acaie adusst.
However, i an all zero code is desirad &y an anelog input othar than 0.0V, or if a narow fulk-scale spen exsms (for axample: 0.5V 1o 4.5V full-scale) the relerence
wvottages can be adjusted 10 achiave the Seo Figzre 13.

Note 8: Comparator input curent is a bas curent into or g of the chopp o The bas curem vares drectly with clock frequency and hag
Rile temperature dependence {Figuse &. See poragraph 4.0,

Hote 7: The culputs Of tha data registar wre updisand ona ckock Cycie before the riging odge of ECCL

Nole & Human body modesl, 100 pF decharged Sroush a 1.5 kN resistor,
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Functional Description

Multiplexer. The device contains an 8-channel single-end-
ed analcg signal multiplexer. A particudx input channel is
selected by using the address decoder. Tabie | shows the
input states for the address lines 10 select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal

TABLE |
SELECTED ADDRESSLINE |
ANALOGCHANNEL | ¢ B
Y Lot Lo
INY L L H
IN2 L H L
IN3 L H + H '
IN4 H L Lo
INS H L H
ING H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acqusiton system s its 8-
bit analog-to-digital converter. The corverter s designed

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

The 256R ladder network approach (Figure 7) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularty important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voltage.

The botlom resistor and the top resistor of the {adder 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 lransier curve. The first outpul tran-
sition occurs when the analog signal has reached +1; LSB
and succeeding output transitions occur every 1 LSB later
up to 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 converter. In the
ADC0808, ADCO0809, the approximation technique is ex-
tended to 8 bils using the 256R network.

CONTROLS FROM S.A.R.
1

REF(+) O———nv

ferta ™
tt—

{4

%8

—

%R T

T0
. - COMPARATOR
T

REF{~) O—d

TL/H/5672-2

FGURE 1. Resistor Ladder and Switch Tree
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Functional Description (contnved

The A/D converter's successve apgproximalion register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process vil be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accompished by tying the end-
of-conversion (EOC) output to thea SC mnput. it used in this
mode, an external start converson putse should be applied
after power up. End-of-converson will go low between 0
and 8 clock pulses after the risng edge of start conversion.

The mos! important section of the A/D converter is the
comparator. It is this section whch s responsible for the
ultimate accuracy of the entre converter. it s aiso the

m

L ryteecacs
1 tmmoR=12188

19 IDEAL CORVE
10
0

018

AJD QUTPUT CODE

901 -
-
aople
02 173 28 18 4% R S3 1%

Vin AS FRACTION 6F FILLSCALE

Vin

FIGURE 2. 3-Bit A/ Transfer Curve

QUANTIZING
ERROR

INPUT OV
VOLTAGE

Prensiug

FIGURE 4. Typical Error Curve

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 thwought a
high gain AC ampéfier and has the DG level restored. This
technique limits the drift component of the ampéfier since
the drift is @ DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to lemperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADCOB08 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
811 PERFECT COMVERTER
118 12158 IDEAL 3-8IT CONVERTER
w TOTAL Ry 4
S 181 | UNADJSSTED | ]
2 ERROR )
E m —1Ls8
= ABSOLUTE
2 m > ACCURACY
a
< m ‘] L-m Lss
CUANTIZATICK
s01 ERROR

008 Vin
V8 15 2344 53648

ViR AS FRACTIOR OF FULLSCALE

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

REFERENCE LINE

FULL
SCALE
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Connection Diagrams

Timing Diagram
-

Dual-in-Line Package Moided Chip Carrier Package
< a O
a o o -~ M
| -2 2283LN%
INd=—]2 2Nt 11t 11 11
ns—s 26— 0 25 24 23 22 21 20 19
Ne—44 2s}-a00 4 NO—26 1827
N7 —{s 241400 8 N2 7} 27Ls8
sTART—6 23100 ¢ N2—128 16/ Vagr =)
goc~47 nf-us el 1527
2~5s 2"\usa Ni2 1427
OUTPUT ENABLE—{8 20}-22 M35 13}~ GND
Lok 10 19f-2" Ne—4 12|~ Ve (4)
Voot e N5 67 8 9 1011
| R [
Vper (4) =12 72"%s8 A © o x L
Z2Z 8 Wwm 8 s
GNO—{13 16 }—=Yoer (=) o % a
27731 154=2"¢ =
=
B
TUK/5672-11 3
Order Number ADC0808CCN, ADCOSG9CCN, TUH/S672-12
ADCO0808CCJ or ADCO865CY Order Number ADC0808CCV or ADCG809CCV
See NS Package J28A or N28A See NS Package V28A

START
-
ALE mjl_ %
}
aLe
STABLE ADDRESS
3
AGORESS s, sox
L/ .
aage V ) W e sTARE /VL
v
1
comanaTaR *
ot X
naE) .
- pe } tp= =]
svrouT / \
enanie
coc
X -
- L F
ouTPuns - ——————————
TL/H/5672-4
AGURE 5
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Typical Performance Characteristics

T
=128 Wiz

Ta=85C
| 4
. N g .
3 os e g TA=5C _\
EN ;M g N
g for W ::: / Iy \
z 08 | : \
Ta® -40°C
=1 L= 2 Xl l
-15 L I ’
(] 125 25 IS 5 . 125 25 s 5
Yig V) Vin (V)
TUH/E672-5
FIGURE 6. Comparator ljy vs Viy FIGURE 7. Multiplexer Rgy vs Vin
(Vcec=Vrer=5V) (Ve =VRer=5V)
TRI-STATE Test Circuits and Timing Diagrams
tins e ti4, CL=10 pF ty1, Cp =50 pF
Vee —':;: Y
Veo TR 50%
j 1Y) s0% sex
w0 — 1% r|'o%
ouTPyT
enape O @ —-' un an
Cy 1.3 Vou [
l oUTPUT 50%
= =\ = pad
toth tho ton; CL.=10 pF . tio Cr=50 pF
Ve Yeo Y Y
Vee
30% s0%
ouTPUT
T 10 ENASLE s 50%
enp —10%17 1%
oUTPUT
enasts © ol ~| e tHg—
[} Vee
I ouTPuT /_ 50%
— L. vpy —— 19%
TLIH/E672-6
FIGURE 8
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Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADC0809 is designed as a complete Data
Acquisition System (DAS) for ratiometiic conversion sys-
tems. In ratiometric_systems, the physical variable being
measured is expressed as a percentage of full-scale which
is not necessarily rélated 10 an absolute standard. The voit-
age input to the ADC0808 is expressad by the equation

Vin Dx
Vis—=Vz Dmax—DmiN
Vin=Input voltage into the ADC0808
Vs =Full-scale voitage
Vz=Zero voltage
Dy = Data point being measured
Dmax = Maximum data fimit
Opmin=Minimum data limit

A good example of a ratiometric transtucer is a polentiome-
ter used as a position sensor. The position of the wiper is
direclly proportional to the output voltage which is a ratio of
the full-scale voltage across it Since the data is represent-
ed as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of estor and cost
for many applications. A major advantage of the ADC0808,
ADC0809 is that the input voltage rangs is equal to the sup-~
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the muitiplexer inputs, (Figure 9).

1

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a sys-
tem reference must be used which relates the full-scale
voltage to the standard volt. For example, if
Voo =Vrer=15.12V, then the full-scale range is divided into
256 standard steps. The smallest standard step is 1 1.S8
which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced 1o the supply. The voltages at the top, center
and bottom of the ladder must be controlled to maintain
proper operation.

The top of the ladder, Ref{ +), should not be more positive
than the supply, and the bottom of the ladder, Ref(—),
should not be more negative than ground. The center of the
ladder voltage must also be near the center of the supply
because the analog switch tree changes from N-channe!
switches to P-channel switches. These limitations are auto-
matically satisfied in raticmetric systems and can be easily
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must
be immed to maich the reference voltage. For instance, if
a 5.12V is used, the supoly should be adjusted 1o the same
voltage within 0.1V.

2

:‘.....E

DIGITAL

CUTPST
Qoyr PROPORTIONAL
TO ARALOG
IRPUT

v, v,
= QouT= Gt~ Veg
4TSV sV =VReF $5.25V

T ﬁ REF(-)
__Z: [~ (1]

* Ratiomadiric transducers
TURH/ILET2-7

FIGURE 9. Ratiometric Conversion System
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Applications Information (continued)

t&-15vp¢

113

REF(+)

+ 10uF
— SOLID
TANTALURt

1
F

@ » 6RO
REF(-}

FIGURE 12. Typical Reference and Supply Circuit

sV
AN
| Vee
_ _ asv | EFi) M8
11173 L‘ Is7
LM12$ .
- . DIGITAL QUTPUT
. Oout PROPORTIONAL TO
X ANALOG INPUT
5 1,25V S Viy S 375V
1Ng14 N 'ag
125V
< O REF(~)
25V
REFERENCE Rg Ls8
cXD Ra=Ra
*Ratiometric transducers
TW/H/5672~8
FIGURE 13. Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS

The transition between adjacent codes N and N + 1 is given

by:
N 1 \
Vin= ((VREF(O)“VAEﬁi—))[E“;E] s¥ne ) ~Vasx-) @
The center of an output code N is given by
N
Vine { (Vusﬁ(c-rivnsp(-))[ﬁ] tVtug} ~Viem—) o

The output code N for an arbitrary input are the integers
within the range:

Vi —
N-_._"‘__"EE:)_xzsszmsoqumm

v ~V, &)
REF(+) ~ VRER -)

whsre: Vy=Voltage at comparator input

VHEF(.,.)-Vohage at Ref(+)

VRer(-)=Voltage at Ref(-)

Vrue = Total unadjusted error voltage (typically
VRer(+)*+512)

The dynamic comparator input current is caused by the peri-
odic switching of on-chip stray capacitances. These are
connecied alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with VN as shown in Fig-
‘ura 6.

i no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
slent crealed by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. t will then take on the character-
istics of a DC bias currerd whose effect can be predicted
conventionally.

Wip://www.national.com
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Applications Information (continued)

The ADCO0808 needs less than a mifliamp of supply current
so0 developing the supply from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply
the milkamp of supply current and the desirad bus drive, or if
a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated o insure stability when
{oaded by the 10 1F output capacitor.

]

The top and bottom ladder voltages cannot exceed Vg
and ground, respectively, but they can be symmetrically less
than Vg and greater than ground. The center of the ladder
voltage should always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of
the LSB steps decreased) by using a symmetrical refarence
system. In Figure 13, a 2.5V reference is symmetrically cen-
tered about V/ 2 since the same current flows in identical
resistors. This system with a 2.5V reference allows the 1.S8
bit to be half the size of a 5V reference system.

Vet
SUPHLY Vee
3
Vaer REF(+) DIGITAL
0 ouTPUT
o¥T REFERENCED
O—1y 10
vin{o—d ¢ GROUND
L ]
Ol
I——-* REF(~} 1S3 v
—{cno Qour = ﬁlg;
ADCe308 475V £ Voo = VRer £ 5.25V

FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

Vee
‘f us3
DIGITAL OUTPUT
Vaer v ) Squt REFERENCED TO
o—{ta GROUND
Vi § O— e
O
Vin
1—-— AEF(-) iss Qout = Vrer
6D 475V £ Vog = Ver < 525V
ADCOSCS

TU/H/E672-8

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Ve Supply
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Physical Dimensions inches (milimeters)
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Ceramic Dual-In-Line Package (J)
Order Number ADC0808CCJ or ADC0808CJ
NS Package Number J28A
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Molded Dual-In-Line Package (N)
Order Number ADCO803CCN or ADC080SCCN
NS Package Number N288
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0.43=0.505 .4
{12.45%0.13]

LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATICN. As used herein:

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain e, and whose
failure to perform, when properly used in accordance

ADC0808/ADC0809 8-Bit uP Compatible A/D Converters with 8-Channel Multiplexer
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Physical Dimensions nches {milimeters) {Continued)
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FCR USE AS CRITICAL COMPONENTS IN UFE SUPPORT
DEVICES OR SYSTEMS WITHCUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

1. Life support devices or systems are devices or 2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the fife
support device or system, or to affect its safety or

with insfructions for use provided in the labeling, can effectiveness.
be reasonably expected o result in a significant injury
to the user.
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