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ELECTROCARDIOGRAM ON GRAPHIC LCD

PORNPONG  CHALEARMWISUTKUL 34104233
PANUWAT  WANICHPRAKANKIT - 34105255
POLSART LERTPRASERT , ADVISER
ACADEMIC YEAR 1994

ABSTRACT

In this thesis, the design and construction ofa microprocesso-based device for display
of electrocardiogram are presented. The devices can display ECG waveform on Graphic LCD
and this ECG wave form will be the ECG information for doctors.

This project can severe as an example and guideline for further research and

development for_ the great benefit in the field of biomedical electronics instrumentation in

Thailand.
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5.1 n31497u Graphic LCD

uduusmwmatodlnseenild  Graphic LCD nely 128 * 64 Dot fofi
Controller neilu ( HD61202 , HD61203 ) Controfler ﬂ:ifﬁnﬁm:m:uﬁqmmqu#ju'l%ﬁef{

Line  Aanmsinieusnisresdoyn nelussuriodhu 64 wna com - comé4 )

Page (x - address) Lﬂumtéﬁcﬁmﬁ'ﬂm"m-nmmmﬂmna ma'lu'nﬁ»! page
szdsznevifan 8 tine ﬂeq:tﬂumﬁéﬂqﬁqiaqaﬁw date-bus Temse nelu LCD
sscneusion 8 page %'egni'fl‘mﬂ X - register Imenledeeamsl LCD uRAILAT
wivielatesne  imexfeedern X W Ay Lep  Fadlfern X Wiy LcD ufr A
X 'ﬁu@:'lu'ﬁmnﬂe’v’vuuﬂmqumzwﬁw:ﬁnmﬁfh'luu‘lﬁﬁu LCD

Segment (Y - address ) ilurwafmmaf ’lunwﬁasjﬂmﬁﬂ:&a Femeily
LCD ﬂ:qnmuqumﬁnaqﬁaqa Toe HD61202 Tmelusin HD61202 q:mmmi’-‘fmfjm

doyaldl 64 segment T9 HDB1202 VIRBIAINATANNTININES segment 18T 128

segment

T sddtese
o1z 61 62 63

[:3 1)
’ Page O =0
-] ¥
b20 =
l Page 1 R =1
D37
/
>3 1)
L4 Page 6 X6
Da?
o8 .
. L4 Page 7 Xe?
(D9’

pJ# 5.1 USAINITWINNIIAILAN



27,

J 14 5 ' 2 —' ) J 3
Tnensldaw Wevinssarn Y uds mﬁzqnmum%umua Weiinnsgnu
viaiduudeysuu LD

¥

L & 1 4 -' : J J e 1]
famorzcdy Wedr Y guiintunnnd1 63 uda M1 Y asdeliiflunandunis

J o : d o
#190odoynsegment 11 64 (segment 0 189 cs2 JReiueTirunsuazRevtandansly
&
dull

1. dislpay on/ off

o Dol o]

=— high-order-dic low—vedar=bic —

iJ y : » »
ludndepoudunisusnes TunisuananasIueyfuAn D ( DBO )
Wer D i 1LCD asvimsuasena uaziier D 1 0 LeDax liuamanatoys

nmelu  LeD arlifima@ouuyaiisssinAaden

2. Display start line

MW D1 o =~ @

Code Q 0 1 l AIA A A A A

= high—order=-dic low—ceder-bit —

A1 A audlusmneistunia fesll LCD uamumﬂummnusn

TBIRONN ’lupr 2 suiluimetie 1eamn@enAt Line 910 03 Feasvinlinas
usmINALANANTueenly

3. Set Page ( X - Address )

MV O/ DRy 280

Code [} ] H

o 1 1 ! A A A

== Migh-ordar-bi¢ lov—orderbis —



28

A1 AAA  1E9mRY AuiluMITAAn X - Address AUAISINYIANRTY

- 4 - 4 : J
uf? fiayasin DBO-DB7 sxmilunsfiasiaiy RAM 7 PAGELmsamaundnaziinig

sl luailiny  LeD

4. Set Y- Address

AW DT BR? T N o _
Code [} ’ 0 I 0 ’ 1 A A A A A A

= digh—ordar=bitg lov—order-bit ==

A1 A Quiiluniiftnes ¥ - Address (A1 Y axfiF1agnmnine063) use

: <&y o .
P1Y AufnIuARiae 1 WelinsgniFaiduuteyasan cPU

comt
o2
[ge b

cony T
. fond { f
cona |
X ) coms ! | |
cone i ce | ! 11
con? oy $ } 5
cons cone [N
comy ! cone 1
' . ] .

'
. v~ H h ——

[ | coneo m
comel comel N

(< ] RS ! cone2

[ 1} ] come3

Comed —— conea e

Stare line=)

Start live=?

1 d

4 [ ] L S . .
fUn 52 uamedaetianasamn Display Start Line



29

5. Status Read

&N S/ owr —’———k___ %0

Cde [ 1 | 0 ’luﬂl o |? laeszri o) o of o

crr

~— high-vrder-sit low—order-4{t ~=

iunsgusisninisees LD Taedhen Busy iy 1 LCD a¥ienu
RN . ° L o
Tugumely Jessrinbilisunsasimemoan LoD usueilld mzatiufiely

>
wilalumsaounuaissiely asdemsasdn Busy WAL 0 Worey

6. Writs Display Data

R/ D/ DN SN~——  _ __ pee

Code 0 1 14 D, D D ] ] b D

=— high-order-dic low—vrder~ble —

nardieudieyaidalulu LD Fefoyn DDDDDDDD axgmifivlu Lco
RAM uszp1 Y q:qmﬁaui:'u 1

7. Read Display Data

R O/t W ————~__ s

Code 1 1 0 0 D

14 b o -4 °

= high~order-bdiz lvv-vflol:b‘t —

. o . o
Wundndeysiiuanis Ton LeD sxWirhnedayneenunl Data

' 4 dl' J -l [ -l [
Bus A1y SIQNINNTUY dummnummuwaqa

H

INTERFACF | CD GRAPHIC

Treainteluves LCD azuszneudng dayuvey Controller 1mt)

HD61203 SzAruANNTIIENTN Page veytays uas HD61202 srmunuluniing



32

Com

INITIAL SYSTEM MAIN PROGRAM

Y

am7 INTERRUP
N EOC

. | el
uaadnlaiuan A/D udNasiaaing
aenns LeD e

e ledasln
MEMORY

‘DISPLAY DATA

.y A z
"~ Naaum”m;lmlu MEM 9%

N1 Gunn

”




INITIAL SYSTEM

CLEAR DATA
IN REGISTER A,B,PSW

Y

DEFINE
STACK POINTER

y

CLEAR DATA IN
EXRERNAL MEMORY
128 ADDRESS

4

SET VALUE OF REGISTER IE
Taruuadnss ko INTO
udtyny nd INTERRUPT

r

SET VALUE QOF REGISTER TCON
Sermuadnd T dennase T
Watuan HIGH iy Low
azinmaNg INTERRUPT

y

SET PORT1
Tinfanfiasiudeyaann
ATOD

4

'INITIAL LCD
SET.D[SPLAY ON

SET START LINE flussiiadi 0




34

INTERRUPT PROCESS

fiuAn RESGISTER Aissing
Visnumiomarin
STACK POINTER

y
ulaeAn DATA #3uann A TOD

«l
Tiilu DATA fiazeanniese LCD

y
FUAY DATA 270 A TO D Hunng

PORT1 1fiuA1aely REGISTER ACC

y

WiuAn T REGISTER ACC aelu
EXTERNAL MEMORY
ADDRESS 0000H

: y
/ ‘DISPLAY DATA /

y

4

woudeyalu EXTERNAL MEMORY
T 1 Summia

y
L] J el ) U
indeyafisiumieri sTack

POINTER Aunaul REGISTER

ﬁmwiw]' ~

y .

NALE MAIN PROGRAM




35

<::DE§1AY DATA::)

y

INITIAL

SET €S
CS =

DISPLAY
PROGRAM

SET SEGMENT
Y=0

nd

y

f READ DATA ///

4

CHECK DATA
TOSETX=? *©

A
/ READ STATUS
/ N STATUS. - .

U

e

Yes
A 4
YWRUE
DSP;NY .

<

INCREASE Y

No

cS<2 Yes—

SET €S =2

CRET )




36

o g 1l gs

ORDER

BINARY HEXADECIMAL DOT
1 0000 0000 0000 0011 00 03 1
2 0000 0100 0000 0111 04 07 2
3 0000 1000 0000 1011 08 0B 3
4 0000 1100 0000 1111 oc OF
5 0001 0000 0001 0011 10 13 5
6 0001 0100 0001 0111 14 17 6
7 0001 1000 00071 1011 18 1B 7
8 0001 1100 0001 111 1C 1F 8
9 0010 0000 0010 0011 20 23 9
10 0010 0100 0010 0111 2 27 10
1 0010 1000 0010 1011 28 2B ¥
12 0010 1100 0010 1111 2C 2F 12
13 0011 0000 | .0011 0011 30 33 13
14 0011 0100 | 0011 0111 34 37 14
i 001 1000 0011 1011 38 3R 15
16 0011 1100 0011 111 3c 3F 16
17 0100 0000 0100 | - 0011 40 43 17
18 0100 0100 0100 0111 44 47 18
19 0100 1000 0100 1011 48 48 19
20 0100 1100 0100 111 4c 4F 20
21 0101 0000 0101 0011 50 53 21
22 0101 0100 | o101 0111 54 57 22
23 0101 1000 0101 1011 58 5B 23
24 0101 1100 0101 1114 5C 5F 24
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25 0110 0000 0110 0011 60 63 25
26 0110 0100 0110 0111 64 67 26
27 0110 1000 0110 1011 68 6B 27
28 0110 1100 0110 1171 6C 6F 28
29 0111 0000 0111 0011 70 73 29
30 0111 0100 0111 0111 74 77 30
31 0111 1000 0111 1011 78 7B 31
32 0111 1100 0111 1111 7C 7F 32
33 1000 0000 1000 0011 80 83 33
34 1000 0100 1000 0111 84 87 34
35 1000 1000 1000 1011 88 8B 35
36 1000 1100 1000 1111 8C 8F 36
37 1001 0000 1001 0011 90 93 37
38 1001 0100 1001 0111 94 97 38
39 1001 1000 1001 1011 98 9B 39
40 1001 1100 1001 1111 9Cc 9F 40
41 1001 0000 1010 0011 A0 A3 41
42 1010 0100 1010 0111 A4 A7 42
43 1010 1000, | 1010 1071 A8 AB 43
44 1010 1100 1010 111 AC AF 44
45 1010 . 0000 1011 0011 BO B3 45
46 1011 0100 1011 0111 B4 B7 46
47 1011 11000 1011 1011 B8 BB 47
48 1011 1100 1011 1111 BC BF 48
49 1100 0000 1100 0011 Cco C3 49
50 1100 0100 1100 0111 c4 c7 50
51 1100 1000 1100 1011 Cc8 6 51
52 1100 1100 1100 1M1 | cc CF 52
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1101

53 1101 0000 0011 DO D3 53
54 1101 0100 1101 011 D4 D7 54
55 1101 1000 - 1101 10m D8 DB 55
56 1101 1100 1101 " DC DF 56
57 1110 0000 1110 0011 EO E3 57
58 1110 0100 1110 0111 E4 E7 58
59 1110 1000 1110 1011 E8 EB 59
60 1110 1100 1110 1M1 EC EF 60
61 " 0000 111 0011 FO F3 61
62 m 0100 "N 0111 F4 F7 62
63 tRRR! 1000 1111 1011 F8 FB 63
64 1N 1100 11 "N FC FF 64
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8051 Cross-Assembiler (1.3) (C) 1987, 1989 Binary Technology
Page 1
BA\TEST.ASM

2000= 1 WEILCD1 EQU 00100000000000008

DISPLAY LCD (CS=1)

0002= 2 WEDLCD EQU 000000108
LCD
00FF= 3 ST EQU 111111118
PORT1 READY TO READ
4
0000 5 ORG  0000H
MONITOR**
0000 8000 6 SIMP  INTL_SS
7
0002 7400 8 INTL_SS: MOV A, #00H
0004 75F000 8 MOV~ B,#00H
0007 75D000 10 MOV PSW,#00H
000A 758108 11 MOV SP,#08H
STACK POINTER 10H
000D 75A881 12 MOV IE,#100000018B
0010 758803 13 MOV TCON,#00000011B
0013 7590FF 14 MOV P1,#STP1
READ
15
0016 902000 16 ST_LCD: MOV DPTR,#WEILCD1
0019 743F 17 MOV A#001111118B

001B FO 18 MOVX @DPTRA

WRITE INSTRUCTION

WRITE DATA DISPLAY

JNITIAL VALUE FOR SET

**START PROGRAM

**INITIAL SYSTEM**

SET PSW
+SET START ADDRESS

;SET INTERRUPT

SET TCON
+SET PORT1 READY TO

.SET DISPLAY ON



001C 902000
001F 74C0
0021 FO

0022 902000
(CS=1)

0025 74B9
0027 FO

0028 7445
002A FO

002B £582
002D 2402
002F F582
0031 74FF
'0033 FO
0034 020022

19

20 MoV
21 MoV

22 MOVX
23

24 INTL.CS: MOV

25

26 MoV

27 MOVX
28

29 ST_SM: MoV

30 MOVX
81 [[11

32 WELDP: MOV
33 ADD

34 MOV
365 MoV
36 MOVX
37 LIMP
38

39

DPTR, #WEILCD1
A,#110000008
@DPTR A

DPTR,#WEILCD1

A#101110018
@DPTR,A

A #01000101B
@DPTR,A

A,DPL

A#WEDLCD
DPLA

A #0FFH
@DPTR,A
INTL_CS

;SET START LINE

JINITIAL VALUE OF CS

X=1

+SET SEGMENT (Y=5)

WRITE DISPLAY



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
Page 1
BATEST.ASM

intl_cs = 0022 24 37

intl_ss = 0002 8 6

stled = 0016 16 .

st_sm = 0028 29

stpl = OOFF 3 14

we_dp = 0028 32

wedled = 0002 2 33

weiled1 = 2000 1 16 20 24



National
-Semico
Corporation

ADC0808, ADC0809 8-Bit n.P Compatible A/D Converters
with 8-Channel Multiplexer ,

General Description Features

The ADCO80B, ADCO809 data acquisition component is a  ® Easy interface to afl microprocessors

monolithic CMOS device with an 8-bit analog-to-digital con- ~ ® Operates ratiometrically or with 5 Vpc or analog span

verter, 8-channel multipiexer and microprocessor compati- adjusted voltage reference

ble control logic. The-8-bit A/D convert.er uses successive  m No zero or full-scale adjust required

:pprOxima;ior;' as th; conversion 'echf:?u; The Com;rﬂer ® 8-channel multiplexer with address logic
satures a high impedance chopper sta ilized comparalor, & g gv to 5V input ra ith single 5V or

256R voltage divider with analog switch tree and a succes- nput range wi v pow . supply
i Al . " B Outputs meet TTL voltage level specifications

sive approximation register. The 8-channel multiplexer can  Standard hermetic \ded 28-pin DIP X

directly access any of 8-single-ended analog signals. 2:". = ldo”;?h' or mo N -pin DIP package

The device eliminates the need for external zero and full- s N che carrier package

scale adjustments. Easy interfacing 10 microprocessors is K ey Sp ecific ations

provided by the latched and decoded multiplexer address d .
inputs and latched TTL TRL-STATE® outputs. ® Resolution _ 8aBis
The design of the ADCOS08, ADCOBO9 has been optimized % TOt&! Unadjusted Error t% LSBand £1LS8
by incorporating the most desirable aspects of several A/D ® Single Supply 5 Voc

15 mW

conversion techniques. The ADC0808, ADC0809 offers high & Low Power

speed, high accuracy, minimal temperature dependence, ® Conversion Time 100 us
excellent long-term accuracy and repeatability, and con- »
sumes minimal power. These features mahe this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold port)
see ADCOB16 data sheet (See AN-247 for more informa-
tion.) .
Block Diagram :
START tuocs
. o m7e2s 1ol ==
I £ OF CORVERTION
o | CONTAOL & TIMING [ O unteanum
| l
Lo | 1 I
O——q 1CNANNELS : l
G ANALOG INPUTS — .NA'\I::(O?.G l
o—=  sWICNLS SAA. 1 4
' COMPARATOR [ —=0
o— ™ —a=0
| tane® o
outrut o 8T OuTPUTS
. ' LATCH
{ | sweren [0
—o
O | | —o
_ SWITCH TREE !
©O—9 '
I 0T ADONESS O—de ADDRESS !_____ |
° LATCN ] ﬁ :
ADDRESS o u:::ln l
LATCH Ehadit 1A RESISTON LAGDER ! See Ordering
I i information
| S
vee  GWD  AEFLs) ALF(-) QUTPUT

ENASLE
TL/M/58T2-1




Electrical Characteristics (connued)

Digital Leveis and DC Specifications: ADCOB08CJ 4.5V<Vce<5.5V, —55°C<Ta<+125°C unless otherwise noted
ADCOB08CCJ, ADC0808CCN, ADCG808CCV, ADCOS809CCN and ADCOBOICCV, 4.755 Ve <5.25V, —40°C<Tas +85°C un-
less otherwise noted

Symbol T Parametsr L Conditions Min [ Typ l Max l Units
CONTROL INPUTS
Vingny Logicai “1” Input Voltage Vee—-1.5 v
Vine) Logical “0” Input Voltage 1.5 v
ey Logical “1" Input Current Vin=15V 10 BA
(The Control Inputs)
(o) Logical ““0" Input Current Vin=0 -1.0 BA
(The Control Inputs)
lec Supply Current -foux = 640 kHz . 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT)
Vout(y Logical “1” Qutput Voltage o= —360 pA Veg—0.4 v
Vouti) Logical “0" Output Voltage o=16mA 0.45 v
VouTio) Logical 0" Output Voltage EOC b=12mA 0.45 v
lout TRI-STATE Output Current Vo=5V 3 pA
Vo=0 -3 pA

Electrical Characteristics
Timing Specifications Voo = VRer(+) =5V, VRer(~)= GND, ty=4=20 ns and Tp= 25°C 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) f 100 200 ns
1y Minimum Address Set-Up Time (Figure 5) 25 50 ng
ty Minimum Address Hoid Time {Figure 5) 25 50 ns
to Anglog MUX Delay Time Rg = 0N (Figure 5) 1 2.5 uS
From ALE
Y1, tHo OE Control to Q Logic State Cy =50 pF, Ry = 10k (Figurs 8) 125 250 ns
t1m. toH OE Control to Hi-Z Cy = 10 pF, Ry = 10k (Figure 8) 125 250 ns
te - Conversion Time t.= 640 kHz, (Figure 5) (Note 7) | 80 100 116 uS
fe ‘| Clock Frequency ’ 10 | 840 1280 kHz
teoc EOC Delay Time {Figure 5) 0 8+2uS Clock
Periods
Cin Input Capacitance At Contro! Inputs 10 15 pF
Cout TRI-STATE Output At TRISTATE Outputs, (Note 12) 10 15 pF
Capacitance
Note 1: Ab A Ratngs wgmmmemmmx.ochCdmwﬁum-wmummmm

the device beyond its spectfied op Q

Note 2 All vollages are measured with reapect to GND, uniess othewwe specified.

Note 3: A zener ciode exsta, mternally, from Vog 10 GNO and has a typcal brsakdown voitage of 7 Vpc.

Note 4: Two onchip doces are bed 1o ach anaiog iNput which will frward conauct for anaiog input voltages one diode drop below ground or one code drop
greater than the Ven supply. The spec atiows 100 mV forward bins of echer doca. This means that as long as the analog Vin does not exceed the supply voltage
by more than 100 MV, the output co0é will be correct To achueve an ateohute 0Vpc 1o SVpc nput voltage range will therefore require & minimum suppty voitage of
4.900 Vpc over temperature vanatons, nvtal tolerance and loading.

Note §: Total unadmusted error ncludes offse!, full-scale, knesrity, and multpiexer erTors. See Figure 3. None of these A/Ds requves & zero or full-scale adjust
However, if an all zero code is desiced for 8% analog nput other than 0.0V, of # & narrow tull-scale span exists (for exampie: 0.5V 10 4.5V tuli-scale) the relersnce
voitages can be adusied 10 schwave thus. See Figuw 13.

Note §; Comparator nput current is a bas Gurent o or out of the chopper stabrized comparator. The bias current vanes drectly with ciock frequency and has
e temperatire Gependence (Figure 5). See paragraph 4.0;

Note 7: The outputs of the data regstor are updated one ciock cycle balore the nsng sdge of EOC.

Note 8: Human body model, 100 pF dscharged through a 1.5 ki) resstor.




Functional Description

Muttipiexer. The device contains an 8-channel single-end-
ed analog signal multiplexer. A particuler input channel is
selected by using the address decoder. Table | shows the
input states for the address kines to select any channet. 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 B 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 single chip data acquisition system is its 8-
bit analog-to-digital converter. The converter is designed

to give fast, accurate, and repsatable conversions over &
wide range of temperatures. The converter is partitioned
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 particularly 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 bottom resistor and the top resistor of the ladder net-
work in Figure 1 ara 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 output tran-
sition occurs when the analog signal has reached + 4 LS8
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 voitage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of & 3-bit converter. in the
ADC0808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTROLS FROMS.AR,
1

REF(s]} Owny

-
*
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Ed
»
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INPUT

REF(~) Omnd
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TUH 5872-2

FIGURE 1. Resistor Ladder and Switch Tree




Functional Description (contiued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) puise. The conversion is begun on 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 accomplished by tying the end-
of-conversion (EOC) output to the SC input. f used in this
mode, an extamal start conversion pulse shouid be applied
after power up. End-of-conversion will go low between O
and 8 clock puises 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

L FutLscALE
< EAROA=12LE8

A/D OUTPUT CODE
3

Le- NONLINEANTY © 172 L88
NORLINEARITY © ~12 128
ZERO ERRUA = -1/4 LS8

MIIAVRNI BT BN
Vi A3 FRACTION OF FULLSCALE

-

Vin

FIGURE 2. 3-Bit A/D Tranater Curve

Quasmzing
ERROR

INPUT oV
VOLTASE

e,

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satisfying ali the con-
verter requirements. -
The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
tigh gein AC ampiifier and has the DC 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
ampiifier. This makes the entire A/D converter extremety
insensitive 10 temperaturs, long term drift and input offset
efTors.

Figure 4 shows a typical error curve for the ADCO808 as.

measured using the pfocodwos outlined in AN-179.

INFIMITE RESSLUTION
m PERFECT CONVERTER
" AnLSE IDEAL 3-81T CONVERTER
w roraL_, . Pt
2 \n | umaowste™ Al
o EARDR |
5 1. -1188
E ABSOLUTE
am ACCURACY
gm -1
QUARTIZATION
L ERRON
[ ] Vin
MMM A

Vi AS FRACTION OF FULLSCALE

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

REFERENCE LINE

FULL
SCALE

TL/H/8872-3

FIGURE 4. Typical Error Curve




Absolute Maximum Ratings motes 182
i Military/Asrospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avaiiability and specifications.

Supply Voitage (Vcc) (Note 3) 8.5v

Voitage at Any Pin ~0.3V to (Vo +0.3V)
Except Control Inputs

Voitage at Control inputs —03Vto +15V
(START, OE, CLOCK, ALE, ADD A, ADD 8B, ADD C)

Storage Temperature Range —65Ct +150°C

Package Dissipation at Ty =25C 875 mw

Lead Temp. (Soldering, 10 seconds)

Dual-In-Line Package (plastic) 260°C

Dual-In-Line Package (caramic) 300°C

Molded Chip Carrier Package . - -
Vapor Phase (60 seconds) 215°C
infrared (15 seconds) 220°C

ESD Susceptibility (Note 11) * 400V

Electrical Characteristics

Operating Conditions ,otes 14 2)

Temperature Range (Note 1) TS Ta<Tuax
ADC0808CJ =55°C<TaA< +125°C
ADC0808CC.J, ADCOBOSCCN,

ADCOBS09CCN —40"C<Ta< +85C

ADCOB0BCCV, ADCOBOSCCY © —40°C < Tp < +85°C
Range of Vg (Note 1) 4.5Vpct06.0Vpg

Converter Specifications: Vcc=5 Vpc=Vrer+, VRer(-)=GND, TiinSTaS Tax and foyk =640 kHz uniess ctherwise

stated.
Symbol Parameter Conditions Min Typ Mex Units
ADC0808 .
Total Unadjusted Error 25°C . Y, LS8
{Note 5)° TMIN 16 Tiiax 3 A LS8
ADCO809 - )
Total Unadjusted Emror 0°Ctq70°C x1 Ls8
(Note 5) Thain 10 Taiax 1Y% LS8
Input Resistance - From Ref(+) to Rel(—) 1.0 25 kf}
Analog Input Voltage Range | {Note 4) V(+)or V(—) GND~0.10 Vec+0.10 Voe.
VREF(+) Voitage, Top of Ladder Measured at Ref({+) Vee Vee+ 0.1 v
+ o)
Vﬁiﬁl%“‘ﬂ—l Vottage, Center of Ladder : Vec/201 | Veos2 | Veor2+0a | v
VRer(-) Voitage, Bottom of Ledder | MeasuredatRef(~) .|  —0.1 0 v
Iin Comparator input Current {c = 640 kHz, (Note 6) -2 +0.5 2 nA

Electrical Characteristics

Digitsl Levels and DC Specifications: ADCOBOSCJ 4.5V<VeeS5.5V, —55'C<TaA< +125°C unless otherwise noted
ADCO80BCCJ, ADCOBOBCCN, ADCO808CCY, ADCOB0SCCN and ADCOBOSCCY, 4.75< Ver £ 5.25V, —40°C<To< + 85°C un-

less otherwise noted

Symbol | Parameter | condtions | mn | Ty Max Units
ANALOG MULTIPLEXER
loFr(+) OFF Channei Leakage Current Veo=5V, Viy=5V,
Ta=25C 10 200 nA
Tiin 10 Tmax 1.0 BA
IOFF(—) OFF Channel Lealulgo Current Vcc" 5v, ViN=0,
Ta=25C -200 -10 nA
Tamin 10 Taax -1.0 nA
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See NS Package J28A or N28A
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Typical Performance Characteristics
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OPERATION
1,0 RATIOMETRIC CONVERSION

|s not necessarity related to an absolu

Vin Ox

Vis—Vz Omax—Dmin

Vg = Full-scale voltage

Vg = Zero voitage

Dy = Oata point being measured
Dpax = Maximum data limit
Dpiny = Minimum data limit

the full-scale voltage across it. Since

greatly reduced. eliminating a large so!

the muitiplexer inputs, (Figure 9)..

_ 'AppIIcatlons Information

The ADC0808, ADC0809 is dasigned as a complete Data
Acquisition System (DAS) for ratiometric conversion Sys-
tems. In ratiometric systems, the physical vasiable being tem relerence must be
measured Is expressed as a percentage of full-scale which

age input to the ADC0808 is expressed by the equation 256 standard step:

Vi = Input voltage into the ADC0808

ed as a proportion of fuli-scale, reference requirements are

for many applications. A major advantage of the Al
ADC0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and thair .outputs connected

Rabometric transducers such as potentiometers, strain
gauges. thermistor bridges. pressure transducers, elc., are
suitable for measuring proportional ratationships; however,
many types of measurements must be refarred 10 an abso-
Iute standard such as voltage of current. This means a sys-
used which relates the full-scale
voitage to the standard voit.  For axample, i
te standard. The volit- Vec=VRer = .12V, then the full-scale range is divided into
. The smallest standard step is 1LSB

whuch 18 then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS
The voltages from the resistor ladder are compared to the
selacted inlo 8 times in & conversion. These voltages are
cougled to the comparator via an analog switch lree which
is referenced to the supply. The voitages at the top. center
and bottom of the ladder must be controiled to maintain
proper operation.
The tap of the ladder, Ref( +). should not be more positive
than the supply, and the bottom of the ladder, Rel{-),
should not be more negative than ground. The center of the
. ladder voltage must also be near the center of the supply

m

A good example of a ratiometric transducer is a potentiome- 0

tor used as a position sensor. Tha position of the wiper is because the analog switch tree changes from N-channel

directly proportional terthe output voltage whichis a ratio of switches 10 ?-c'r\an‘nel sjmtchevs. These limitations are auto-
(matcally satisfied in ratiometric systems and can be easily

the data is represent-
met :n ground referenced systems.

urce of errar and cost Figre 10 shows 3 ground raferenced system with a sepa-
DC0808, rate supply and reference. In this system, the suppiy must
be tnmmed to match the raterence voltage. For instance. i
a 5.12V is used, the supply sheuld be adjusted to the same
directly into voltage within 0.1V.

N
>3

vee
L-— REF(o) wss
1%
» BIGITAL
£ ourPur
s Qgut PROPORTIONAL
b T0 ANALOG
* iNPutT
*
» 1.8
v \{
L_._ REFL-) s Qgut= G‘,;%: . %
. i
e l GNo 473V sVoc » VREF $3.23V
- ADCOS0S « Ratiometnic transducers
TL/H58T2-T

FIGURE 9. Ratiometric Conversion System




Applications Information (Continued)

The ADCO0808 needs less than a milliamp of supply current
so developing the supply from the reference is readity ac-
complished. In Figure 17 a ground referenced system is
shown which generates the supply from the reference. The
bufer shown can be an op amp of sulficient drive to supply
the miltiamp of supply curent and the desired bus drive, or if
a capacilive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated 1o insure stability when
loaded by the 10 uF output capacitor.

The top and bottom ladder voitages cannot exceed Veo
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 8 symmetrical reference .

system. in Figure 13, 8 2.5V reference is symmetrically cen-
tared about Vcc/2 since the same current flows in identical
resistors. This system with & 2.5V reference allows the LSB
bit to be half the size of a 5V reference system.

AAA
/YV
vee
suPPLY Vee
uss
VReF REF(4)
- (i
o— oyt
Vix § O— S
O—1 g
REF(~) s
o——{CND
ADCOSE
FIGURE 10. Ground Referenced

Conversion System Using Trimmed Supply
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REFERENCED
10

GROUND

Oout = .
Ver
475V w Voc » Vagr » 525V

vee
vO
uss
DIGITAL QUTPUT
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Applications Information (continued)
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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:

N1
Vin® {(Vnm "'V“E’“’)['z'si*iﬁ.] thi} +Vaer(-) e
The center of an output code N is given by:
N
Vm{(VneF(n-VnEF(-))[m] *Vrus} +VaeF(-) a

The output cade N for an arbitrary Input are the integers
within the range:

NN VRAEF(-)__y 5eg + Absclute Accuracy @
Vrer( )~ VREF(-)
where: V;y = Voitage at comparator input
VRer(+)=Voltage at Ref( +)
VRer(-)=Voltage at Ref( -)
Vrue = Total unadjusted error voltage (typically

VReF(+)+512)

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

The average value of the comparator input current varies
directly with clock frequency and with Vin 88 shown in Fig-
ure 6.

If no tilter 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 lran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

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




Typical Application

KTAD )
| e
o8 i —4CLK ot
ADOAES 5000 —4 Vs (+) toc INTERRUPT
{AD4-ADIS® 0.006V —{VagF(-) .
1-'f—>eosr  ms :
START 21— 088 ;
wHTE ALE ) 1-I—> o [
2" > (1) - ¢
ADB—{ A 7-5 p——b 083 .,
a—{s  Avcwm t—m ;
AD2~—C 1—>m :
-0 158 - 3
SVSurrLY t
. Vee ; I Vind
GND :
o-5v
GROUND = & ANALOG
INPUT RARGE
L]
' Vin?
TL/H/S6T2-10 '
*Address latches needed tor 8085 and SC/MP interfacing the ADC0808 to & miCroprocesscy i L
MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circunt)
Z-80 RD WR iNT (Thru RST Circust, Mod 0) 1
SC/MP NRDS NWDS SA (Thru Sense A) 1
6800 VMA#$2eR/W | VMAs$eR7W | IROA or iIROB (Thru PIA) i
b |
3
k
Ordering Information }
TEMPERATURE RANGE ~40°Cto + 85C ~55°Cto + 125°C
Eror Lt ', LSB Unadjusted | ADCO0B0S8CCN ADC08B08CCY ADC0808CCJ ADC080BCJ
11 LSB Unadjusted ADCOB09CCN ADC0809CCV
Package Qutline N28A Molded DIP | V28A Molded Chip Camer J28A Ceramic DIP J2BA Ceramic DiP






