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Wireless Electrocardiograph (ECG)
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2 nd Semester Education Year 2007

Abstract

This project studies construction of an ECG monitor containing ECG amplifier circuit
use for amplify ECG, which has small amplitude and low frequency to a suitable level of
amplitude for conversion from analog signal to digital signal. The digital signal their sent to serial

port computer, which has a functional display ECG signal on monitor by Bluetooth.
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01 ¥io Q) nimFmassasimihindsumeuhudya aainsg mldmaunmasdii
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a o ¥
ﬂ’J']IJﬂﬂuElﬂﬁN (Fc) Vlﬂﬁ]'lﬂ’c’fllfﬂ‘i

F.=1/27 c\/3RaRb oo (4.0)
Cl1=C2=C3=C ... (4.5)
R1 = 6(R2+R3+R4) e (4.6)
il
Ra=R2+R3a
Rb = R4 + R3b
Tagii
R3=R3a+R3b

ANy
6801

4IF 4inF 4InF
47k 3 5k
% 68
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20K

§2 2K

117 4.6 299303509 TdrUOUAIND (Notch Filter)
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luniidesmsanudiguanarasidy 50 §saguazezdmua C = 0.047 lulnsvhia
¥
R2 =4.7 AlaTovu R4 = 75 A lalovu nazanusiumudiunils R3 = 20 Alalewy daiiu
Rl = 6(R2+R3+R4)
R1 = 6(4700+20000+75000)
= 598200 Toru
rs
R5 = 68 ToHiu
r's
R6 = 2200 Taviu
4' 1 ¥ a o [] ] ar ﬂ’ =1 ar o
Waunumainun1sez lannudgudnaisegluaedeil Ao USur3a = o Towu
R3b = 20 A laTovu
wla Ra = 4700+0
r's
= 4700 Taviy
Rb = 75000+20000
'3
= 95000 loHy
Y : 9 P o =
auez ldanudigudnarsioe
F.=12mc~3RaRb

= 1/2 77 0.000000047 +/3 * 4700 * 95000

= 92.52 1§50

151 R3a =20 AlaTo¥u R3b =0 Tovu
wld Ra = 4700+20000
= 24700 To¥u
Rb = 75000+0
= 75000 Towy
Sutuey 1dnuigudna Ao
Fc =12 c3RaRb
— 1/2 77 0.000000047 +/3 * 24700 * 75000

= 4542135015

{ o 1 o o = o
vinnseenuuudeau: laanudguinaislusie 45,52 1sad 03 92.52 1850
E

v ¥ Y = o o o 4 o a P a0 =
AT ABINMINNUDFUOINAN 5018505 3915V R3a = 20 Dlaleviulasiar Q adn

A { e d‘
Uszum 4.16 FersesioonuuuiludegUii 4.6
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4.3 misenuvuiasnIadamnilizuionn (Processing Unit)
a qy wd £
wilevesInssnuduiindenalszuanadaldluTnsaeuInsamesaszga PSoC
F ~ Yy o v oA e s
TavlwdiosduneufiszeenuuisiaesitenmsfondaiiosduveslulnsnonInsnmes
é d‘ﬂ’ T ar s Qr eSey
aszna PSoC FeludifilFauswAusursesulasdyanaeuiasniludinea
4.3.1 20 mlasdganannsuasmiluisnea (ADC)
Taesial1uda A/D converter vzgnudaiiuaiinh Mo miymeosnuudiunugmdu vay
o o 9/ P -t ar an oo o
Auaugua09 converter AT AouFygrmeuraenudiaeaniiomiyniy
= LY yﬂ e o= o 3/ .. 4
g mdy dnvzldnluavnea laatimesuazgnldlu digital panel meter iag DMM ABUNIBS
oIl A Qs aa e o = o 3 1 =g
wesinlAeudyapaerneniluaineaniioiyniluavguaesziiiomiymaug 4 83 16
I % [ [ ey et '
1wy Aulasdygrueuneniludyyiuaiaeaniomuniduwavgiuaes iy
o a = £ aa )
ginsaldunnyianile luszuufdlulas Tsiwmze fiflwavgiulunisniuqu
(microprocessor-based) (56n71 A/D converter {11 HP-Type
wafi 1A91nN1511191983 A/D converter iudavgmans wvuniioenmniuiuny

wuunaeds dmduuuud Iieniynesnuuiiuavgmdy 49w DMM) wad ldiluduas
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Tugmdu (9w 3 % 130 4%) Taena1Uud? AD converter AfileMyNTUAvgIUTD VLT
o = = P = 3 =] g
srudiaiiu 4, 6, 8,10,12,14 122 16 99 0193075 error NTUTHURTo0 109910314
discrete binary step iWoUNUFYg MU IRBNNIAINABITDIAUISBNI quantizing error
A/D converter Y9 16 1in IanugnAssaz®oauauduinnuny 4 4n sz
[P=Y o W =) o . ad [ ] ' ]
nuadunanIededalranmniii discrete step MANT AI86195U UAD step 11 A/D converter
=Y £ ﬂ & Y LY 4 N 4 a 2
nuy 4 Un szasailu vilgludum 21 = 15 ) vesdunnanme WanoonuIAD 6.7%
o o o
(1/15%100 = 6.7 1o 1Hu4)
T 2] = = s o
a81915nmmlunsdives A/D converter LU 8 11n 2592 discreted step Li‘lummu
4 " s d o < &
255 (2°-1 = 255) Favzmfiy 0.39 wWosiFua (1/255 * 100 = 0.39 11/0519U#A) %9 A/D converter
wuy 8 1ia UanuazdoautudiuinnMsiia 4 Oa
HAINNI5TI9UYBI A/D converter 8193 V0RANAINNIAUAVOULTDINIINdiscrete
= s o & o A a w e
step N9 NU0410% T3 A/D converter NFinIMAANA A UT OY
:-: = A a -g A ' £ da
uaﬂmnuﬂamwﬂ‘wmﬂmnmuiu A/D converter 8N0819HUINAD analog component
wuTlSoufsuuazanuARNaIndug 5109w AT 99182993 UDIAIRIUNIU AW
21BUALLUSI1YDI A/D converter (380731 accuracy ¥949'10% A/D converter
' - P P P ¥
fi1 Accuracy 494103 A/D converter fitlleniyniuavguaesiivosniienin 15 LSB
=< 1 g g ¢ = A 3
f14 + 2LSB @u accuracy 83 A/D converter Ui lHeniynilumugudy sxflvaanha
3 ] = - TS
@aua 0.01 D9 0.05 1Wadirua

o & A ) 1
Conversion time Lﬂuswa:zﬁumamwm A/D converter auﬁmﬁﬁmmmmﬁunmﬁ

4 ' = [

AD converter 151un1319led nlfeusiournenniadunn Whiludeymemiymavguaes
A o @ ¥ . . s o o
(mmamimﬁu) Tﬂtl‘fl’n'lﬂlm’) conversion time 1939 A/D converter wmmwvgmﬁummjmﬁu

0% 1 H ] 4 < o ' .
{inogluta1 200 f9 400 ms @2 A/D converter At MuA Vg M ADITNTAIcONVersion
time BYIZHIN 0.05 D9 100,000 TuInsIud

[Y) A o -~ & v ¥ - 1

anyazmwizouq laowia luenmiloninfina 1w md1wes A/D converter Aafusa
o 1 = o ' o v o a1
aunnunanie dnfianlszum +5 Taad 0613150010 A/D converter U1IRINKINIUTIAT
Taaviiae +5 Taad 89 + 15 Toad

seduusadumaewiyaluisuuy TTL, CMOS n3e tristate (@wanuz) 423nia

d o

vosdunn Tramuindy 5 volt Aimsgadofidagagauns A/D converter infimegszning
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A/D converter 195 ADC 0804 gneenuuuu Idawsoifeudedilansaldmy
T Ins T swmae svuaiog wes 1w Z80, 8085, 8080

11311989’ leF ADC 0804 oromilonsuvIvesluas Tswawe s 19 ausuiall
13 ADC 0804 19%047 INTR WR uaz RD 33nd1efuy7 INTR, WR uaz RD lu
ulas Tuwmaed 808s lod ADC 0804 swisnioudeiulyins Tiswamwesuuy 8 ia #
fon1gsuia liaiingun 188ndaeiu 6800 uaz 6502

41 CS control input 198 M5 U5uF YR (chip select) 1MN93300ATH AR WEAATE 1N
lolns lusienaos

ADC 0804 111U successive- approximation A/D converter 111 8 1% CMOS ﬁlm‘ﬁ'ﬂ‘ﬂ
A1WA0IUL (Three state  output) Fufusammisaiiesideudedr lnsasafusz o
microprocessor — base system %114 data bus 8 (ﬁﬁ%y,aiuszuu"lnimTﬂsmmmai’)

ADC 0804 flonimaravgiuasauazd conversion time (fiva 10 luTnsund Wi
51;ﬂmmsmwﬁvgmmﬁ’uhﬁﬁﬁu"lﬁ'ﬁa MOS uaz TTL fidsuiia clock sawegludduigileg
ud2TavazdesnegUnsnimonen @admmu, Fufuisey mudude e 14
lod ADC 0804 ¥i191ud201d DC 5 v AmnesEnwawazawisaldsianumadng
avaenmeBuyn Tdiaud 0 84 5 Taad 1o% ADC 0804 converter A saY MW MATEL Tneld
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nifvesnesdeladswannuuanmaiuvesdna Iisenan vin () uaz vin (9
¥ 1
Wisuiouduseauusaaudeds e s.12Taadludiednnd)  weldduiussunidn
AUFIUTD
o 1 ] = s o o ] 1 o
#1981915U ADC 0804 iUy 8 Ta 0.39 1os1Fud vuteanud lunaas 0.02 Trad
o t:.; Q' (% i % [ c‘a 3
(5.12x.39/100 = 0.02 T2ad) Ainludnd I #H9 analog input AAIIUFBITTLIRLAY 1
=y o A w’ : a
mmmmﬁ'u (Start) 1‘1431] 4.7 90 close Lﬂuﬂsauﬁﬂua:gn open oS UAY free running U84
a a o4 A Y d’. ar
A/D converter mmmi‘lums free run mﬁmmﬁnnnmmﬁauumgiym analog input du
o . . v 4 A a o ' ¥ A b =
BIMWALLY digital D8190BLDY I0E start A23gNUABY1N open 1WalH A/D converter 93]
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4.3.2 Tuinsneuiniame §(PSoC Microcontroller)

PSoC Microcontroller 1ilu luTnsaeuInsamesiiinisyszuranadoyauuy 8 Oa

] [ 4 = @ 1 UL P '
milounululnsaouInsained 8 da Waq 1y udgquavididuiuandiaTdein
§ d fe aa
luTasnouinsameinszgaduqfie PSoC MCU 9232010101300AUULTIINTINATY A9RDA
waz owiaen w1 3deAui ldnsesnuuuideslinisguioriusznin gunsainidtaea
3 | 4 ¥

uaz outaen awsah i lasdie uazazainauigdadiu Bnnadaiildsuiavesneenuu

~ 1

d a 9 ¥ &4 o ¥ Tva o o
InaNonNAY Tﬂummz’mﬁmamuamaﬂn "INIJﬂinHJHWIﬂﬂUﬂJNinU DAYNAITNINIUUDY

o

¥
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¥ 1 ]
PSoC fallanuadesdlganiusesusrastuiadygiuunEnivainvais wenainiid
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U
= o ¥
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#Hafi 9 In-System Serial Programming (ISSP) N useyiimslUsunsusesalaaf']
' o o S é )
ponuuuad I lundieanud Tusunsu(Flash Memory) muludaznld Faazsielins
y Vo gt s 4
wan 1Ysunsu iy lulnsaeu Insawmesinnuazainauivtaiiu
AIANYDY PSoC MCU titaifivuiiu luTasaeuInsamasouq
¥

-User Modules : aunsadionldninensvesszuyldnudesnsne euraen uas
asa 1) o o 9 9 o 4 p-1 s (A'l.
Avnoa 9z lugniiiadaelassadneasauismiloudu luTnsneu Insamesouq

-API (Application Programming Interface) : afuayumsiannTusunsudrofaidu
AP Ha e Tdsunsueuisadiousenuuy Tsunsu1dTasdw
-ISRs (Interrupt Service Routines) @WDEYU uag 505U sMauuuudumesne

-Interconnect device interface : @1M130MNTFouADTYyRIUA1Y TAos1eDaTe Tai

o o 4 4 ] o Sl
AANMUARTUAIRIVITNTAUIT muauﬂu'lu Tﬂ‘iﬂﬂui'ﬂ'jﬁlﬁﬂﬁ U9
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TuTnsneuInsaaes PSoC sxafuayuszuumsauiedu Asaea uaz outasn
TavluszuuvesAdnea (Digital System) Dy OUIADN (Analog System) vzgnvanuuLiiy
=] 4 ] o a2 .. o
udenluga ¥99250071 UADNAIADA (Digital Blocks) 1A% UADNOUIABA (Analog Blocks)
o 1 ::’ o ° 1 s/ = = | ar A‘.’ o 9 s
Tasvasnmarilszsasiumsiuer Tugamig wn ¥ wewailoududuiuiieg dmsy
J g Ay T : =1 1 ]
AvBdNYD lneFuadIuved Inwenne Tugad 199 154 ADC , DAC, 12C , PWM , UART Lag SPI
4
dudu Teodldam szfudsivuaeainziner lugalaniFautie uennindidldnuds
ATDNIMUANIFOUAD T Y I1IA I (Programmable Interconnect) N8 1uldi0a8nd00
¥
[ ' o o T :5 ]
wilousuhFlFnumuisarhinseenuumesadua ar5auas Tlauds sevuad Faieldh
A A 1 4 4 o ' o
dlu arwamnsenilafimilendnlu TnsneuInsiasfaszgasuq insnensynetignimua
Pmedn Tlansanlasulasla
Tumswan Tdsunsn sy TdsunsuildlunseenuuuRauin1siiaues PSoC
Y = 1 3 @ A =} < A o
MCU ilagiiuziiog 2 21110700 A MY WOMIUVA uaz NYIF uaZIHDININMTHAU
T1l5un3uues PSoC MCU daulngjazyi lnanisSonldauilaidu Ap1 uazdmuagueaniia
A9 13U ANDAYYIUUINNT, Sleep , Watchdog , Supply Voltage uazduq favr1dnn
¥ . R o o . o 3/ ‘o ¥ =
1111914 Device Editor 4833030125 PSoC Designer M1 1vis1 s niudeansusvazidoa
¥
yo33vmansinie wmin Tasamisoagidunsunmsdmu Tdsunsulisy PSoC McU
1 9/ o e n’: T dy
A3179 lamud uduaeude Jil
=1
1. adnlisidn
2. muaguauiAn1s119UYed PSoC MCU
3. sdengilnsalTuge
o .. A
4. ’JNQ‘IJ nsmingamiu Digital Block Y179 Analog Block
5. fMuAA1 User Module Parameter 14ag Port /O #1199
6. L‘ﬁﬂﬂﬁﬂﬁ@ﬂg’lﬂ! Interconnect
7. @weuldsunsu (ME1F e uemsuu)
-4
8. now'lnd uaz Build Tsidn

9. Tilsunsu Hex File 19AY PsoC MCU

AMANTAYBIPSoC MCU AsENA CYSC27443
- ga11laensSuLVY Harvard Architecture Processor

- ATWI3 1983 MBC Processor 9qA 24 MHz
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- 8x8 Multiply, 32-Bit Accumulate
- Low Power at High Speed
- luewsidu 3.0 89525 v
- gunsahauiiussdudigai 1.0 v Taul42995 Switch Mode Pump (SMP) n1olud
- 12 Analog PSoC Blocks 589503 1¥umedueuasn 1
- ADCs M wazidagIgads 14 1n
- DACs ATWazdoagigadd 9 in
- N%smmcﬁmwuw (Programmable Gain Amplifiers)
- N"t]ﬁﬁmﬂﬂf’ uag ’JWSﬂEHJW'IﬂLﬂEJ; (Programmable Filters and Comparators)
- 8 Digital PSoC Blocks 5895035 1991um1sddaea
-Timers , Counters W% PWMs Y419 8 ﬁﬁ 32 U9
- CRC waz PRS luga
- UARTSs azFull-Duplex g4t 2 304
- sp1 TugaiduldWauny Master uaz Slave
- Aimeavfenme aunsaifeune W ndyan 6pio Tdnnndayga
- usemmuavinanuivesdyaauinimeluldnareszdu
- Fygnauninmeluvung 24/48 MHz manuaamnion +/- 2.5%
- gsaidenuvasiuiiadyau 24/48 MHz ineaadaimimes 32kHznwlunse neuenla
- wsadudyanueoadaameivinniouen lAgage 24MHz
- funassufiadyaruuimmoluldny Watchdog uaz Sleep
- 11291031 T1/5un5 1Y Flash 4119 16 K Byte 8111350 Erase/Write 19104 50,000 2
- v 1deya SRAM 1A 256 Byte
- HanFums Tusunsunielu ISSP (In-System Serial Programming)
- s Aouutasdoyn Flash Memory inwizanad g
_amsaaaszuudoaiudoyald (Flash Security)
- ¥U20A1$1 EEPROM (19910 Flash Memory)
- 9@y GPIO $1uau 24 Vidgyew
- annsomuusgualiavesndyyiaaie 1& (GPIO Pin Configurations)

- GPIO eu1sailunseuagage 140 25mA
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-@ 150 IHUA Drive Mode ﬂﬂdﬁmiy1m GPIO 14 15y Pull up, Pull down, High Z,

Strong,Open Drain

- MY IVBUNABUINONGIYA 12 VTR I

o
o

- VA Y IUOUIADNDINAFITR 4 VIFYYIUT NI 1D 40mA

- AwIsasMuansdmaei s wi Idnnudymves GPIO

-12C Tvue Slave, Master L19% Multi-Master mmﬁ‘aqaqﬂ 400 kHz

v 1
- WIOAIAIIEAVNIIATINIVUTIAUAT 1A

- Integrated Supervisory Circuit

- On-Chip Precision Voltage Reference

uy

23

RESET
19

200K %

24
235
ADC

ril

27

polo]
Po[1]
Po[2]
Po[3)
Po[4]
Po[s]
Pols]
Pol7]

vCC

PSoC

Pi[2]) TX

GND
| 14

z‘ﬂﬁ 4.9 M351$97U PSoC Microcontroller
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4.3.3 ESD200 Tugademsteyaeyninlimevgyy
3 é as ]
ESD200 11 Tugadearsdoyasynsulimeugys duminzdumstilssgnd 14
a 3

Tuamszupauesnaiadimilig Tasdnvuzdyapaudoyaildlumsdemsoziulua

WINTFIURS-232

LT
AR
- ANTANRIIY Class 2
- 1deda 2.5 Gadind (4dBm)
- 5303 IS IR 30 A3
&
- malonmaanainiolugTuga (antenna on the board)
- e IFudiszozviig 100 ande 2.54 Tafwas
b4
= o a o
- Iidee +3.3 Taad nszua Wil 48 Taduend
- Hoa159oyAdYNTULLUY UART
¢ o
- %75 IWldwosnoynsu (Serial Port profile) tazhuuiddena 1y (General Access
Profile)
-Tus TanoalunisAaneiilu RECOMM, L2CAP, SDP
-HIUN3SUTBIYIATIU FCC, CE: 2005/12/15~12/25
[ ' o b 3 @ ]
- $wauvesiiannsa ldounieudugaga 79 Hoq
o ¥ A ¥ ¥ A ° @ v w yy
-nadeszuuaienioliae’1d iesnndivuasiadiaiu’ld
a = a o W J J .
- fimuamisilimesuazsialsz$1d2 18 TnolFworduas PromiwiN
-onmazaanlumath lidau 18damouunasesdmidousudu 2 18
d A
vasafe
9 o A 1 o L o d' o U o
1. ZX-BT232 ledmsuideunanounuao sHIUND I Ao Yns MU Wil
¥
L ¥ = 1 é
TUsunsu PromiwiN lumisdaamisifimese1ag #319Usunsy PromiwIN A Tasunsuuu
ABuNUADS IFdmiuBouAnsznianeui unes i Tuga ESDO2 iefmuagaauanis
#191uvea Tuga ESDO2 Fslineununefvimifiiuginsal Taad
- g ] o q ° U ar
2. ADX-ESD02 iiluumersasiFouds luga ESD02 wuiadn meti1 1w wiu
ol @ o 1
LHANIINAADINT BuHI 239 lu Tnsneu TnsaimeshlimsSadaariuaouinmes PCB 3 4
3 o a 1 o
AMWIATFINYEI INEX %1110 luTnsneuInsame sawisadnaeldauduTugaugys ldae

&
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A15199 5.1 WAN1INAABI90TNTD9 TUFIUUAUANE (Notch Filter)

ANNE (F5AT) v, (Thad)
10 1.00
15 1.00
20 1.00
30 0.96
40 0.86
45 0.72
50 0.28
55 0.56
60 0.88
70 1.00
80 1.00
90 1.00
100 1.00
150 1.00
200 1.00

8 o5 a o ' { o o o
!ﬁﬂu']ﬂ'm']ﬂﬂ'ﬁ'mﬂ 5.1 NTWﬁﬂﬂﬂi’]ﬂﬁzﬁ314ﬂ311]aﬂl|‘llu.lﬂqjﬂﬂ YATUDTNHNVUD

2995 1AAs3UA 5.2
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siladuaneutlounudds m19199 5.2 TuinmussAueIMHN
2. AIUIUNITATIVNOUTIAU BATIW0I8TUNLIY KFILD

3. 11ANTNOATIVENY 1AL DATIVEY AT

v
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- Differential Amp. -
RL
l l GND
>
+Vee -Vee

gﬂﬁ 5.4 ﬂ'l‘iﬂﬂu “tynpmnmu Difference Mode
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anwd (Bsam) | v, (Taad) SATIVOIBUTIAY (117) | BRTIVIOUIIAY (PFIUA)

10 5.76 1440 63.16

15 5.12 1280 62.14

20 4.56 1140 61.14

30 3.60 900 59.08

40 2.80 700 56.90

45 2.72 680 56.65

50 2.60 650 56.26

55 2.46 615 55.78

60 232 580 55.27

70 2.16 540 54.64

80 2.08 520 54.32

90 1.76 440 52.87

100 1.68 420 52.46

110 1.60 400 52.04

120 1.36 340 50.63

130 1.28 320 50.10

140 1.12 280 48.94

150 1.12 280 48.94

160 1.12 280 48.94

170 1.04 260 48.30

180 0.96 240 47.60

190 0.88 220 46.85

200 0.88 220 46.85
Idnsveous Iy = A

VINAUNS A = Vout/Vin e (5.1)
1 oa3 19001599 1dB = A
1NAUNIT A = 20logA .. (5.2)
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LSB

MSB

NV ....(5.5)
R e
(1):4
—L LiopF
| ADC0304
1¢5 v+ 20 I+ v
—_— D&
- ? RD CLKR 138
300 P
NO. e
I By 3 W DED 18 300 “’
start 4 CIXIN  pEy 17 v M
LR 5 INIR DB? 1§ —A\r Hﬂ
= 10K 300 .
DB3 1 A
.° 1 6 VIV (+) 5 " H,
Yin (+) 0laF T ? VIN()  DBd4 |4 36'67" M
A
J— AGND DB5 NNy
= . 1 300 Hj
. o o I 9 YRIF®? DB 13 v N’
re
1) DEND DB? 11 Wy N
25Vde
j‘: D 1F

51/ 5.8 195 1Flumsneassrseslasdyapueurasniludtaea
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Vin Adsaoaniald | masneanisald Vout #1514 AINUAANA
(Thad) (I 1109 (1Y) (Thad) (% Error)
0.2 0000 1010 10 0.19 5.0
0.4 0001 0100 20 0.39 2.5
0.6 0001 1110 30 0.58 3.3
0.8 0010 1001 41 0.80 0
1.0 0011 0011 51 1.0 0
12 0011 1101 61 1.19 0.8
1.4 0100 0111 71 1.39 0.7
1.6 0101 0011 83 1.63 1.8
1.8 0101 1111 95 1.86 3.3
2.0 0110 0110 102 2.00 0
2.2 0111 0000 112 219 0.5
2.4 0111 1010 122 2.39 0.4
2.6 1000 0101 133 2.61 0.4
2.8 1000 1111 143 2.80 0
3.0 1001 1001 153 3.00 0
3.2 1010 0111 167 3.27 2.1
3.4 1010 1110 174 3.41 0.3
3.6 1011 1000 184 3.61 0.3
3.8 1100 0010 194 3.80 0
4.0 1100 1101 205 4.01 0.3
4.2 1101 0111 215 422 0.5
44 1110 0001 225 4.41 0.2
46 1110 1111 239 4.69 1.9
48 1111 0110 246 4.82 0.4
5.0 1111 1111 255 5.00 0
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o5 lanueelulng ﬂﬂui‘ﬂ‘mm'ﬂ{(PSoC Microcontroller)

I

// C main line

I

#include <m8c.h> // part specific constants and macros
#include "PSoCAPLL" // PSoC API definitions for all User Modules
char TxBuffer;

char bytea;

void main()
{
TX8 1 Start(TX8 PARITY NONE),
while(1) {
while (PRT2DR==0x00)
{
bytea=PRTODR;
TX8 1 PutChar(bytea);

while(1(TX8_1_bReadTxStatus()&TX8_TX_COMPLETE));

54
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TOSHIBA 2SA1015
TOSHIBA Transistor  Silicon PNP Epitaxial Type (PCT process)
Audio Frequency General Purpose Amplifier Applications Ui
. mm
Driver Stage Amplifier Applications
7 5.1 MAx ‘

¢ High voltage and high current: VCEQ =—50 V (min),

¢ Excellent hFE linearity: hFE (2)

Ic=-150 mA (max)
=80 (typ.) at VCE = -6 V, Ic =—150 mA

:hrE (Ic = 0.1 mAVhFE (Ic = -2 mA) = 0.95 (typ.)
¢ Low noise: NF = 1dB (typ.) (f = 1 kHz)

o Complementary to 25C1815.

Maximum Ratings (Ta = 25°C)

4.7 MAX.

12.7 MiN.

Electrical Characteristics (Ta = 25°C)

Characteristics Symbol Rating Unit

Collector-base voltage VeBo -50 \
. 1. EMITTER
Collector-emitter voltage V -50 \
g CEO 2. COLLECTOR
Emitter-base voltage VEBO -5 v 3. BASE
Collector current Ic -150 mA
EDE TO-92

Base current I ~50 mA J c
Collector power dissipation Pc 400 mw JEITA SC-43
Junction temperature Tj 125 *C TOSHIBA 2-5F1B
Storage temperature range Tstg -55~125 °C Weight: 0.21 g (typ.)

Characteristics Symbol Test Condition Min Typ. Max Unit
Collector cut-off current leso Veg=-50V,Ig=0 — — -0.1 HA
Emitter cut-off current lEBO VEp=-56V,Ic=0 — — -0.1 HA
hrE (4
W veg=-6V.ic--2mA 70 | — | 400
DC current gain {Note)
hrE (2) Veg=-6V,lc=-150 mA 25 80 —
Collector-emitter saturation voltage VCE (sap |lc=-100mA, Ig=-10mA —_ -0.1 -0.3 \
Base-emitier saturation voltage VBE (sat) Ic=-100mA, Ig=-10mA — — -1.1 \
Transition frequency fr Veg=—-10V,lc=—1mA 80 — — MHz
Collector output capacitance Cob Vep=-10V, ig=0,f=1MHz —_ 4 7 pF
Base intrinsic resistance b’ Vee=-10V,l[g=1mA, f=30MHz — 30 — 0
Noise figure NFo|YoE= SVie=-01mARe=10KL 1 4o | 10 | B

Note: hfg (1) classification Q: 70~140, Y: 120~240, GR: 200~400

2003-03-27



TOSHIBA

2SA1015

Ic — VCE hFE - IC
—240 T -1000 F F—FF
i - —2.9 COMMON EMITTER COMMON EMITTER ,-' ’-'
. o Vog=~6V | WA
£ _200 4 —157] Ta=25% i CE / l’ /
< JARD = |
= —160 P _- l
z S1e 3 -100 F f
) L ] F ¥
o —-120 l I o 4 7
= ] A -
© 7 -05 b =30 Ta=100"C | 26 -25
ﬂgﬁ —80 — ] Z
Ip=-0.2mA g I
) -0 4
4 —49 8 1
8 0 g J
9 -1 -2 -3 -4 5 -6 =T -8 M -3
COLLECTOR-EMITTER VOLTAGE VgE (V) I |
-1 T ¥
HH—H
y i  § J
-03 L7
(] -02 -04 —08 -08 -10 -12
1000 hpg - Ig BASE-EMITTER VOLTAGE Vpg (V)
E COMMON : VeE=-6Y
EMITTER : ----Vcg=-1V
z Ta=100°C |
2
S I
2 7 fr - Ig
2 5 1 COMMON EMITTER
-01 -03 -1 -3 -10 —30 -100 L oo VCE=—10V
COLLECTOR CURRENT IC (mA) so0j—2=25C I
b 1]
(&
z L~
S 100t 21t
o
g 5
z > a0l
o 3
=] VCE(sat) — IC S
g -o.:— £
2 -0.3] COMMON EMITTER 2 1
ﬁ; E -01 =03 -1 -3 -10 =30 -100
2 Io/lg=10 .
o COLLECTOR CURRENT I (mA)
E-& =01 Ta=100"C =3
25 T T
§ ~o.08 T 25
g —-25
55—0.01 Li
g8 ~01 ~08 -1 -8 _10 30 =100
COLLECTOR CURRENT ic (mA) Pc - Ta
s 500r
D
A 40
z
[o]
z VBE (sat) — IC E
= =5 O.
53 _4| COMMON EMITTER 7 8
E'.; Ic/lp=10 a
ta Ta=25C -
m 1 ™t g
"8 - e 1
& 4
Eg —0.5] e o
< 1
&E -03 &
oY) g
2>
L 8 ] ] ¢
01 -03 -1 =3 -10 -30 -100 © 0 25 50 6 100 125
COLLECTCR CURRENT Lz (mA) AMBIENT TEMPERATURE Ta (C)
2 2003-03-27



Transistor

Panasonic

2SC1518

Silicon NPN epitaxial planer type

For high-frequency bias oscillation of tape recorders

Unit; mm
For DC-DC converter
. 59102 4.9+0.2
]
I Features .
¢ Low collector to emitter saturation voltage Vegsay. e
. - . . . L
@ Satisfactory operation performances and high efficiency with a L
low-voltage power supply. 07404 =
3
2.5410.15
Absolute Maximum Ratings (Ta=25°C) g
a 3
Parameter Symbol Ratings Unit
Collector to base voltage Veao 25 v
Collector to emitter voltage Veeo 20 v 0*‘ o3 U st l-
Emitter to base voltage VEepo 5 A% 1.27 127
1:Emitter
Peak collector current Icp 1.5 A o h;\ 2-Collector
Collector current Ic 1 A « 3:Base
— EIALSC-51
Collector power dissipation Pc 1 w TO-92L Package
Junction temperature T; 150 °C
Storage temperature Tag -55 ~+150 °C
B Electrical Characteristics (Ta=25°C)
Parameter Symbol Conditions min typ max Unit
ICBO VCB = ZSV, IE =0 100 nA
Collector cutoff current
Iceo Vee =20V, Ig=0 1 HA
Collector to base voltage Vego Ic=10pA, Ig=0 25 v
Collector to emitter voltage Veeo Ic=1mA,Ig=0 20 v
Emitter to base voltage Vero Tg = 10pA, I =0 5 \%
bpgy ™! Vg = 2V, I = 500mA™? 90 330
Forward current transfer ratio "
hrgs Veg =2V, I = 1A™ 50 100
Base to emitter saturation voltage | Vpgisay I = 500mA, Iz = S0mA™2 1.2 v
Collector to emitter saturation voltage | Vcgsap Ic = 1A, Iy = 50mA™? 0.5 v
Transition frequency fr Vep = 10V, Ig =-50mA, f=200MHz 150 MHz
Collector cutput capacitance Cob Veg =10V, I =0, f= IMHz 12 20 pF
"2 Pulse measurement
*Thegy Rank classification
Rank Q R S
hrg; 90 ~ 155 130~220 | 185~330

Panasonic



Transistor 25C1518

Pc—Ta le— Ve Veggay — e
12 1.2 - 100
Ta=25'C < i == [N
- 1.0 10 g %0
o ' —_ ! =
e ‘\ < 15=5.0mA o 10
o
5 08 o 08 ==t oma 8 H
s N - P LT 4.0mA $ 3 il
2 \ 5 (T 4T a5ma 5
£ 08 N 5 06 —— 30mA g !
° N o Y —11 L 3 FTa=/5C
@ 5 — 2.5mA a a
3 £ I o 03 H
2 04 S 04 2.0mA, 1] 25°C
o 2 —t = é.c
:.; N 8 1.5mA g 0.1 5
& N o f
2 o2 0.2 1.0mA]
3 £ o0
O 0.5mA 3 O
N ” 3 [
0 0 O 001
0 20 40 60 80 100 120 140 160 0 2 4 5 8 10 001 003 01 03 1 3 10
Ambient temperature Ta ('C) Collector to emitter voltage V¢ (V) Collector current 1 (A)
Ie—1Ig Vs — e Ie — VBEgan
1.0 100 16
V=2V — 1N=10
Tas25°C = Ta=25'C
0.9
§ 30 14
_ os < 3 _
< > 10 < 12
0.7 8,
3] w flg=20[10
- A = 3 ~ 10 C'B
. 06 o L -
T / > 25°CT Ta=—25"C =
[ /! c o @
E 05 S 1 5| E 08
= 74 = 5
o / P F75° Q
s 04 / 3 § o
1] / 3 03 2 o
=2 03 5 o
2 0. L 3 2
8 / E 01 8 o4
0.2 g }
04 % 0.03 0.2 y
m
0 0.01 0 A
0 1 2 3 4 5 001 003 01 03 1 3 10 0 02 04 05 08 10
Base current I (mA) Collector current 1. (A) Base to emitter saluralion voltage Vpgise (V)
hgg —Ic fr—1Ig Cao—Ven
500 200 50
V=2V ¥CE;;9(\:I . Ie=0
- 180 = a5 f=1MHz
2 500 i~ ~ Ta=25'C
I 160 g 40
£ 3 . o
s 140 g 35
E 400 o / §
5 > 120 A 8 30
g =75°C 2 / g
£ 300 i 2 100 ; 8 25
T |lrTillzse[ N g /] 8 N
£ =25 TN = 80 v 5 20 %
3 =t N c 1 o I
o 200 I3 o4 o / 5 i
N = 60 15
T A Y - 4 o
& X c / 5
z % © 40 g 10
g SN 3 s
o
0 0 0
001 003 01 03 t 3 10 -1 -3 -10 -3 -100 1 3 10 30 100
Collector current |, (A) Emitter current Iz (mA) Coflector to base voltage V5 (V)

2 Panasonic



ADCO0802, ADC0803
ADC0804

8-Bit, Microprocessor-
Compatible, A/D Converters

t Semiconductor

August 1997

Features

* BOC48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

Description

The ADC0802 family are CMOS 8-Bit, successive-approxi-
mation A/D converters which use a. modified potentiometric
ladder and are designed to operate with the 8080A control
bus via three-state outputs. These converters appear to the
processor as memory locations or I/O perts, and hence no
interfacing logic is required.

« Conversion Time < 100us
« Easy Interface to Most Microprocessors
» Will Operate in a “Stand Alone” Mode

* Differential Analog Voltage Inputs The differential analog voltage input has good common-
mode-rejection and permits 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.

* Works with Bandgap Voltage References

* TTL Compatible Inputs and Outputs

* On-Chip Clock Generator

* 0V to 5V Analog Voltage Input Range (Single + 5V Supply)
* No Zero-Adjust Required

Ordering Information

PART NUMBER | ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG. NO
ADCO0802LCN 11, LSB | VRep/2 = 2.500vpg (No Adjustments) 0to 70 20Ld PDIP E20.3
ADC0802LCD +34 LSB 40to 85 20 Ld CERDIP F20.3
ADC0802LD +1LSB 5510 125 20 Ld CERDIP F20.3
ADCOBO3LCN +1,LSB | Vrer/2 Adjusted for Correct Full Scale 0070 20 Ld PDIP E20.3

Readin

ADC0803LCD BLse | oo 40to 85 20 Ld CERDIP F20.3
ADCO0BO3LCWM | +1LSB -40 to 85 201d SOIC M20.3
ADC0803LD +1LSB -5510 125 20 Ld CERDIP F20.3
ADCO0BO4LCN $+1LSB | VRer/2 = 2.500Vpg (No Adjustments) 0to 70 201d PDIP E20.3
ADC0804LCD +1LSB -40t0 85 20 Ld CERDIP F20.3
ADCOBO4LCWM | +1LSB -40to 85 201d SOIC M20.3
Pinout Typical Application Schematic

ADC0802, ADC0803, ADC0804

(PDIP, CERDIP) N\ dTs Y v+|20_ 4sv asopF
TOP VIEW 2] 175 ckrl®
[ 3 wR cikin[4 ok ] ”7,1,,

— s

c_s 9] [20] v+ OR Vger ) o INTR

RD [2] [19] cLk R 1108,

WR 3] 18] DBy (LsB) ANY <:-> 3 12 | peg
cLK IN [4] 7] pB,4 HPROCESSOR o :: DBs . 8-BIT RESOLUTION

iNTR [3] 1§ B, los vl } rE . < DESIRED

Vin (+) [€] 15| DB 3 ViNOE—o ANALOG INPUT

N 15] 0By 16| pe, aGnD|SB VOLTAGE RANGE
Vin () E DB,y 17 DBy VRerF2 9 DVREFIZ _l
AGND [ 3] [13] B 8ipB, DGND |10 =
Vrer’2 [9] 12} DB 777
DGND |19 E DB7 (msB)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1997 6.5
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Functional Diagram

2
RD o READ
1 “1” = RESET SHIFT REGISTER
Cs o 0" = BUSY AND RESET STATE RESET
WR o
CLKR INPUT PROTECTION
m FOR ALL LOGIC INPUTS
INPUT CLK
TO INTERNAL
CIRCUITS il
RESET =
CLKIN CLK BV = 30V
4 GEN [ort DFF1
CLKS
CLK OSC [starTer ] Q
10
DGND T
LK B ] START
e = = = _1 j ~ ionvensmu
MSB] D I I
v+ 20
Vrer) © +
X LADDER SUCCESSIVE | 8-BIT
b3 AND approx. [ SHIFT
) DECODER REGISTER [* | REGISTER o
VREF/2 O - R
RESET INTR F/F
DAC LsB Q J
AGND g Vour |
E LK
—as V+ c A j v
D
COMP DFF2
6 + N Q
Vin(H) © @__. / F v v ¥ ¢ L 2 Q
THREE-STATE XFER () SET
7 OUTPUT LATCHES ek
ViNn() © “ s
MSB LSB
CONV, COMPL. INTR
11121314 1516 17 18
- v - —| |- ax1it
DIGITAL OUTPUTS
THREE-STATE CONTROL
“1” = OUTPUT ENABLE
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Absolute Maximum Ratings Thermal Information
SupplyVoltage .-. ... ... .. e 6.5V Thermal Resistance (Typical, Note 1) 84 (PCCW) 8, (°CW)
Voltage at Anylnput. .. ... ... .. ... ...... -0.3V to (V* +0.3V) PDIPPackage .................u... 125 N/A
. . CERDIP Package .................. 80 20
Operating Conditions SOIC Package . . . ..o oo 120 N/A
Temperature Range Maximum Junction Temperature
ADCOBOZ/03LD. ..o oo -559C to 125°C HermeticPackage . ..........ocoiiirnnnenna... 175°C
ADCO0802/03/04LCD . ... ... i -40°C to 85°C Plastic Package............... ... 150°C
ADCOB02/03/04LCN . .. ...ttt 0°Cto 70°C  Maximum Storage Temperature Range .......... -65°C to 150°C
ADCOSB03/0O4LCWM . .. ... i -40°C to 85°C Maximum Lead Temperature (Soldering, 10s) .. .......... 300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other condjtions above those Indicated in the operational sections of this specification is not implied.

NOTE:
1. By is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications (Notes 1,7)

PARAMETER | TEST CONDITIONS | wn | Tvp | wmax | uniTs
CONVERTER SPECIFICATIONS V+ = 5V, Tp = 25°C and fg k = 640kHz, Unless Otherwise Specified
Total Unadjusted Ermror

ADC0802 VREF/2 = 2.500V - - +1lp LSB
ADC0803 VRrer/2 Adjusted for Correct Full - - i’/z LSB
Scale Reading

ADCO0804 VREF/2 = 2.500V - - +1 LS8
VRer/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - k2
Analog Input Voltage Range (Note 2} GND-0.05 - (V+) +0.05 Vv
DC Common-Mode Rejection Over Analog Input Voltage Range - 11/15 1113 LSB
Power Supply Sensitivity V+ =5V +10% Over Allowed Input - 11/15 i1IB LSB

Voltage Range
CONVERTER SPECIFICATIONS V+ =5V, 0°C to 70°C and i i = 640kHz, Uniess Otherwise Specified
Total Unadjusted Error

ADC0802 VREF/2 = 2.500V - - 1 LSB
ADC0803 VRrer/2 Adjusted for Correct Full - - :1:112 LSB
Scale Reading

ADCO0804 VRep/2 = 2.500V - - +1 LSB
VRer/2 Input Resistance Input Resistance at Pin 9 1.0 13 - kQ2
Analog Input Voltage Range (Note 2} GND-0.05 - (V+) +0.05 \
DC Common-Mode Rejection Over Analog Input Voltage Range - 11/3 1114 LSB
Power Supply Sensitivity V+ =5V £10% Over Allowed input - 1*/15 1115 LSB

Voltage Range
CONVERTER SPECIFICATIONS V+ = 5V, -25°C to 85°C and f k = 640kHz, Unless Otherwise Specified
Total Unadjusted Error

ADC0802 VREF/2 = 2.500V - . A LSB
ADCO0803 VREeF/2 Adjusted for Correct Full - - 3, LSB
Scale Reading

ADC0804 VREF/2 = 2.500V - - +1 LSB
VRer/2 Input Resistance Input Resistance at Pin 9 1.0 13 - k2
Analog Input Voltage Range (Note 2) GND-0.05 - (V+)+0.05 A"
DC Common-Mode Rejection Over Analog Input Voltage Range - :1l3 1114 LSB
Power Supply Sensitivity V+ = 5V £10% Over Allowed Input - +'1g g LSB

Voitage Range

6-7




ADC0802, ADC0803, ADC0804

Electrical Specifications

(Notes 1, 7) {Continued)

PARAMETER TEST CONDITIONS I MIN TYP MAX UNITS
CONVERTER SPECIFICATIONS V+ = 5V, -55°C to 125°C and i) k = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADCO0802 VRer/2 = 2.500V - - 1 LSB
ADCO0803 VReri2 Adjusted for Correct Fuil - - 11 LSB

Scale Reading

VREep/2 Input Resistance ' Input Resistance at Pin 9 1.0 13 - kQ2

Analeg input Voltage Range {Note 2} GND-0.05 - {(V+)+0.05 v

DC Common-Mode Rejection Over Analog Input Voltage Range - 11’8 i1/4 LSB

Power Supply Sensitivity V+ = 5V +10% Over Allowed Input - +1/g t1l4 LSB
Voltage Range

AC TIMING SPECIFICATIONS V+ = 5V, and Ta = 25°C, Unless Otherwise Specified

Clock Frequency, o) k V+ = 6V (Note 3) 100 640 1280 kHz
V+ =5V 100 640 800 kHz

Clock Periods per Conversion 62 - 73 Clocks/Conv

{Note 4), tcony

Conversion Rate In Free-Running | INTR tied to WR with CS = 0V, - - 8888 Conv/s

Mode, CR foLk = 640kHz

Width of WR Input (Start Pulse | €S = OV (Note 5) 100 - - ns

Width), twowr)l

Access Time (Delay from Falling | C, = 100pF (Use Bus Driver IC for - 135 200 ns

Edge of RD to Output Data Valid), | Larger C(,

tacc

Three-State Control {Delay from | C, = 10pF, R = 10K - 125 250 ns

Rising Edge of RD to HI-Z State), | (See Three-State Test Circuits)

t1H. toH

Delay from Falling Edge of WR to - 300 450 ns

Reset of INTR, lW|1 lRI

Input Capacitance of Logic - 5 - pF

Control !nputs, Cin

Three-State Output Capacitance - 5 - pF

(Data Buffers), CoyT

DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ =5V, and Ty to Tiyax. Unless Otherwise Specified

CONTROL INPUTS (Note 6)

Logic “1" Input Voltage (Except V+ = 525V 2.0 - V+ v

Pin 4 CLK |N), VINH

Logic “0" Input Voltage (Except V+ =475V - - 08 Vv

Pin 4 CLK IN), VjnL

CLK IN (Pin 4) Positive Going 2.7 31 35 v

Threshold Voltage, V+o 1k

CLK IN (Pin 4) Negative Going 1.5 1.8 21 1

Threshold Voltage, V-c Lk

CLK IN (Pin 4) Hysteresis, V4 086 1.3 2.0 v

Logic “1" Input Current Viy = 5V - 0.005 1 LA

(Al Inputs),

Logic “0” Input Current ViN =0V -1 -0.005 - pA

(All inputs), inLo

Supply Current (Includes Ladder |fc K = 640kHz,Tp = 25°C - 1.3 25 mA

Current), I+ and CS = HI

DATA OUTPUTS AND INTR

Logic "0 Output Voltage, Vg lo=1.6mA, V+ =475V | - - 0.4 \'




ADC0802, ADC0803, ADC0804

Electrical Specifications

{Notes 1, 7) (Continued)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Logic “1” Output Voltage, Vou lo = -360pA, V+ = 4.75V 2.4 - - vV
Three-State Disabled Output Vour =0V -3 - - MA
Leakage (All Data Buffers), I o Vour = 5V - N 3 WA
Output Short Circuit Current, VouT Short to Gnd Ty, = 25°C 4.5 6 - mA
ISOURCE

Output Short Circuit Current, Vout Short to V+ Ty = 250C 9.0 16 - mA
IsINK

NOTES:

1.

All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the
DGND, being careful to avoid ground loops.

. For Vi) 2 Ving+) the digital output code witl be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which

will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful,
during testing at low V+ levels (4.5V), as high level analog inputs {5V) can cause this input diode to conduct - especially at elevated tem-
peratures, and cause errors for analog inputs near full scale. As long as the analog V) does not exceed the supply voltage by more than
50mV, the output code will be correct. To achieve an absolute OV to 5V input voltage range will therefore require a minimum supply volt-
age of 4.950V over temperature vanations, initial tolerance and loading.

3. With V+ = BV, the digital logic interfaces are no longer TTL compatible.

. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion

process.

. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse

width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see
Timing Diagrams).

6. CLK IN {pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately.

. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than 0V, or if a namow full scale span

exists (for example: 0.5V to 4V full scale) the V)y(.) input can be adjusted to achieve this. See the Zero Esror description in this data sheet.

Timing Waveforms

DATA

OUTPUT
Von
DATA
i OUTPUTS
- GND

a 3
II|—| i

FIGURE 1A. tqy FIGURE 1B. t1y, C, = 10pF

I

DATA
OUTPUT

+
I
L L OUTPUTS

FIGURE 1C. tgy

a 3
w D

Voi '(

FIGURE 1D. tgy, C = 10pF

FIGURE 1. THREE-STATE CIRCUITS AND WAVEFORMS
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-Typical Performance Curves

LOGIC INPUT THRESHOLD VOLTAGE (V)

=y
o«

1.7

-55°C TO 125°C P

1.6

1.5

)

1.4

4.50

475 5.00 5.25 5.50
V+ SUPPLY VOLTAGE (V)

FIGURE 2. LOGIC INPUT THRESHOLD VOLTAGE vs SUPPLY

CLK IN THRESHOLD VOLTAGE (V)

VOLTAGE

35 JV
/
3.1 p— /
V1) o
—
2.7
-55°C TO 125°C
2.3
1.9 o=
= VT

15 I

450 ATS 5.00 5.25 5.50

V+ SUPPLY VOLTAGE (V)

FIGURE 4. CLK IN SCHMITT TRIP LEVELS vs SUPPLY VOLTAGE

FULL SCALE ERROR (LSBs)

Vi
V+ =45V !
V4
4
// 4
V+ =5V
Ll _A
- .
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V+ = 6V —|
L L
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feLk (kHz)

FIGURE 6. FULL SCALE ERROR vs fo «
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FIGURE 3. DELAY FROM FALLING EDGE OF RD TO OUTPUT
DATA VALID vs LOAD CAPACITANCE
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FIGURE 5. fc g vs CLOCK CAPACITOR
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o
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FIGURE 7. EFFECT OF UNADJUSTED OFFSET ERROR
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Typical Performance Curves (Continued)

8 T
V4 =5V }—
7
z N DATA OUTPUT
£ N BUFFERS
= N
gl
&
o Ty
g 5 o ISOURCE
(%] - VOUT=2.4V
5, N - ‘L
&
= e
© I -
T dsm 0.4V
—1 YouT =Y.
1‘":.
2 L1 1 ——
.50 .25 0 25 50 75 100 125

Ta AMBIENT TEMPERATURE (°C)

FIGURE 8. OUTPUT CURRENT vs TEMPERATURE

1.6 T L I |
foLk = 640kHz ]
g - L1 1
E 1.5 ' I I
'uz: e — V4 = 5.5V
% 14 d‘.-.
3 —
> 13 ‘h-‘--
& -*‘ V+ =50V
> et
n 12 —
& |
g I
5 1.1 .V+ ? 4.5V
) |
1.0 | 1 I
-50 -25 0 25 50 75 100 125

Ta AMBIENT TEMPERATURE (°C)

FIGURE 9. POWER SUPPLY CURRENT vs TEMPERATURE

Timing Diagrams

[+]
3%
WR
W | |
ACTUAL INTERNAL “BUSY"
STATUS OF THE | WIR)] = , DATA IS VALID IN
CONVERTER N “NOT BUSY” OUTPUT LATCHES
- 1TO 8 x 1oLk —= INTERNAL Tg —»|
{LAST DATA READ) -
INTR g INTR
(LAST DATA NOT READ)—+ ASSERTED
ty] —= —-—— 1,2 oLk
FIGURE 10A. START CONVERSION
o INTR RESET
INTR

DATA LI BN N ) VALID
OUTPUTS DATA
—-——
tacc
— -

THREE-STATE %
(HI-2)
- t14. toH

FIGURE 10B. OUTPUT ENABLE AND RESET INTR
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A 5V (VRer)
150pF .J. ADC0802 - ADC0804 ]
fles ¥ v [20}—o-
/J;:E RO CLKR[19}—o0— J-+1om=
[no f EW—R E:o 18}—01 LSB
START o—La CLK N 1o =
_o_E iNTR DBz [16}—o
ANALOG o—o—] 6| Vin(+}  DB3[i5—o | DATA
INPUTS °_°_'E ViNn() DBy E_o QUTPUTS
8| AGND  DBs[13}—o
O—E VRer/2 DBg E—o
— ”g@ DGND  DB;[Ti}—o J MSB

FIGURE 17. FREE-RUNNING CONNECTION

Driving the Data Bus

This CMOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circultry, which is tied 1o the data
bus, will add to the total capacitive loading, even in three-
state (high-impedance mode). Back plane busing also
greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to han-
dle this problem. Basically, the capacitive loading of the data
bus slows down the response time, even though DC specifi-
cations 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 Performance
Curves).

At higher CPU clock frequencies time can be extended for
I/O 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,
external bus drivers must be used. These can be three-state
buffers (low power Schottky is recommended, such as the
74L5240 series) or special higher-drive-current proeducts
which are designed as bus drivers. High-current bipolar bus
drivers with PNP inputs are recommended.

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 V+ pin, and values of 1uF or greater
are recommended. If an unregulated voltage is available in
the system, a separate 5V voltage regulator for the converter
(and other analog circuitry) will greatly reduce digital noise
on the V+ supply. An ICL75863 can be used to regulate such
a supply from an input as low as 5.2V.

Wiring and Hook-Up Precautions

Standard digital wire-wrap sockets are not satisfactory for
breadboarding with this A/D converter. Sockets on PC
boards can be used. 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, shieided
leads may be necessary in many applications.

A single-point analog ground shouid be used which is separate
from the logic ground points. The power supply bypass capaci-
tor and the self-clocking capacitor (if used) should both be
returned to digital ground. Any Vreg/2 bypass capacitors, ana-
log input filter capacitors, or input signal shielding should be
returned to the analog ground point. A test for proper grounding
is to measurs the zero error of the A/D converter. Zero errors in
excess of 1/4 LSB can usually be traced to improper board
layout and wiring (see Zero Eror for measurement). Further
information can be found in Application Note AN0O18.

Testing the A/D Converter

There are many degrees of complexity associated with testing
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 resuiting digital output code as shown in Figure 18.

For ease of testing, the Vrgg/2 (pin 9) should be supplied
with 2.560V and a V+ supply voltage of 5.12V shouid be
used. This provides an LSB value of 20mV.

If a full scale adjustment is to be made, an analog input volt-
age of 5.090V (5.120 - 17/ LSB) should be applied to the
ViN(+) Pin with the V) pin grounded. The value of the
VREep/2 input voitage should be adjusted until the digital out-
put 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, one with the 4 most-significant bits
(MS) and one with the 4 least-significant bits (LS). The output is
then interpreted as a sum of fractions times the full scale voltage:

_(MS LS
Vout = (.ﬁ +'2E)(5'12)V'

10K2
it A A
l Yy
150pF
P 3 ~ 70+ 5.120V
10uF
2 Eg TANTALUM
=
Ino. ll—-i LS8
smn;)ﬂ 14
—5} Apcosoz-
Vin () oomFﬂ__E ADC0804 o
AuF i
AGND §— I
2.560V = -
VRefp/2 OT_E
MSB

0.1pF 10
l 1.3k {Eps
= DGND ® @

FIGURE 18. BASIC TESTER FOR THE A/D
For example, for an output LED display of 1011 0110, the

MS character is hex B (decimal 11) and the LS character is
hex {(and decimal} 6, so:

(1,6 -
Vour (16+256)(5.12) 3.64V.
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SGS-THOMSON
MICROELECTRONICS

TLO064
TLO64A - TL064B

LOW POWER J-FET QUAD OPERATIONAL AMPLIFIERS

= VERY LOW POWER CONSUMPTION : 200uA

= WIDE COMMON-MODE (UP TO Vcc') AND
DIFFERENTIAL VOLTAGE RANGES

= LOW INPUT BIAS AND OFFSET CURRENTS

= OUTPUT SHORT-CIRCUIT PROTECTION

= HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

» INTERNAL FREQUENCY COMPENSATION

» LATCH UP FREE OPERATION

= HIGH SLEW RATE : 3.5Vius

DESCRIPTION

The TL064, TLO64A and TLO64B are high speed
J-FET input quad operational amplifiers. Each of
these J-FET input operational amplifiers incorpo-
rates wellmatched, high voltage J-FET and bipolar
transistors in a monolithic integrated circuit.

The device features high slew rate, low input bias
and offsetcurrents, andlow offset voltage tempera-
ture coefficient.

PIN CONNECTIONS (top view)

T« -

N D
DIP14 S014
(Plastic Package) (Plastic Micropackage)

ORDER CODES

Part Number | Temperature Range I-;ackag;
TLO64M/AM/BM -55°C, +125°C . .
TLO64I/AI/BI -40°C, +105°C . .
TLOB4C/AC/BC 0°C, +70°C . .
Example : TLO64IN

Vect 4 E

Ly
Output 1 1 [] [T 14
Inverting Input 1 2 E—>J \_<-:| 13
Non-inverting Input 1 3 [H2 H] 2

Output 4

’:| 11 Ve

output2 7 [

Non-inverting tnput2 5 [H HJ 10
Inverting input 2 & E-‘ '-:] 9
1

8 Output3

Inverting Input 4

Non-inverting Input 4

Non-inverting tnput 3

Inverting Input 3

October 1997
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TLO64

- TLO64A - TL064B

SCHEMATIC DIAGRAM

Inverting

e

N

N

-

Non-nverting

e

Input Input 640 Output
27002 32452
lj Voo
MAXIMUM RATINGS
Symbol Parameter TLO64M,AM,BM TLO64),ALBI TLO64C,AC,BC Unit
Vee Supply Voltage - (note 1) +18 118 118 v
Vi Input Voltage - (note 3) 315 15 15 Vv
Vid Differential Input Voltage - (note 2) +30 +30 +30 v
Prot Power Dissipation 680 680 680 mwW
Output Short-Circuit Duration (Note 4) Infinite Infinite Infinite
Toper Operating Free-Air Temperature -55t0 +126 40 to +105 Oto+70 °c
Range
Tstg Storage Temperature Range -65to +150 -65 to +150 -65 to +150 °c
Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where
the zero reference level is the midpoint between Vcc® and Ve
2. Differential voltages are the non-inverting input tefminal with respect to the inverting input terminal.
3. The magnitude of the input voitage must never exceed the magnitude of the suppiy voltage or 15 volts, whicheveris less.
4. The outputmay be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the

2/10

dissipation rating is not exceeded.

o7 SR




TLO64 - TLO64A - TL064B

ELECTRICAL CHARACTERISTICS
Vee =+ 15V, Tamb = 25°C (unless otherwise specified)

TLO64M TLOG4I TLO64C .
Symbol Parameter - - - Unit
‘ Min. | Typ. | Max.| Min. | Typ. | Max. | Min. | Typ. | Max.
Via Input Offset Voltage (Rs = 50(2) mv
Tamp = 25°C 3 6 3 6 3 15
Tmin- € Tamb € Tmax. 15 9 20
DVie | Temperature Coefficient of Input NY/de
Offset Voltage (Rs = 50Q) 10 10 10
lio Input Offset Current *
Tamb = 25°C 5 100 5 100 5 200 pPA
Toin- < Tamb < Tmax. 20 10 5 nA
lip Input Bias Current *
Tamp = 25°C 30 | 200 30 | 200 30 | 400 pA
Tomin. < Tamb < Trmax. 50 20 10 nA
Vicm input Common Mode Voltage \%
Range 115 +15 +11.5] +15 +11 | +15
-12 -12 -12
Vorp | Output Voltage Swing {RL = 10kQ) \%
Tamb = 25°C 20 27 20 27 20 27
Twin. £ Tamb S Tmax. 20 20 20
Ava Large Signal Voltage Gain vimv
(RL = 10k, V, =+ 10V)
Tamb = 2500 4 6 4 6 3 6
Tmin. € Tamb £ Trmax- 4 4 3
GBP | Gain Bandwidth Product MHz
(Tamb = 25°C, RL = 10k&2
CvL = 100pF) 1 1 1
Ri input Resistance 10% 10%? 10" Q
CMR | Common Mode Rejection Ratio dB
(Rs = 50Q) 80 86 80 86 70 76
SVR | Supply Voltage Rejection Ratio dB
(Rs = 50Q) 80 95 80 95 70 95
leo Supply Current {(Per Amplifier) LA
(Tamb = 25°C, no load, no signai) 200 | 250 200 | 250 200 | 250
Vo1/Voz | Channel Separation dB
{Av= 100, Tamb = 25°C) 120 120 120
Po Total Power Consumption mw
(Tamb = 25°C, no load, no signai) 6 | 75 6 | 75 6 | 75
* The input bias currents of a £ ET-input operational amplifier are normal junction reverse currents, which are temperature sensitive.
Pulse technigues must be used that will maintain the junction temperature as close to the ambient temperature as possible.
ELECTRICAL CHARACTERISTICS (continued)
Vce =+ 15V, Tamb = 25°C
Symbol Parameter TLOGAC,LM Unit
Min. Typ. Max.
SR Slew Rate (Vi= 10V, RL = 10k, C. = 100pF, Av = 1) 1.5 35 Vius
tr Rise Time (Vi= 20mV, RL = 10kQ, CL = 100pF, Av = 1) (see Figure 1) 0.2 us
Kov Overshoot Factor (Vi= 20mV, RL = 10k, C. = 100pF, Av = 1) %
(see figure 1) 10
€n Equivalent input Noise Voltage nVv
(Rs = 1000, f = 1KHz) 42 vHz
3/10




TLO64 - TLO64A - TL064B

ELECTRICAL CHARACTERISTICS (continued)
Vee = + 15V, Tamb = 25°C (unless otherwise specified)

TLO64AC, ALAM TL064BC,BI,BM .
Symbot Parameter - Unit
Min. | Typ. [ Max.| Min. | Typ. | Max.
Vio Input Offset Voltage (Rs = 5082) mv
Tamb = 25°C 3 6 2 3
Trin. € Tamb < Tmax. 7.5 S
DVic | Temperature Coefficient of Input Offset Voltage uvree
(Rs = 50Q) 10 10
lio Input Offset Current *
Tamb = 25°C 5 100 5 100 pA
Tmin- < Tamb < Tmax. 3 3 nA
lib input Bias Current *
Tamp = 25°C 30 | 200 30 | 200 pA
Tmir. £ Tamb < Tmax. 7 7 nA
Viem Input Common Mode Voltage Range +11.5] +15 +11.5| +15 v
-12 -12
Vore | Output Voltage Swing (RL = 10k) A
Tamb = 25°C 20 | 27 20 | 27
Tmin. € Tamb € Tmax. 20 20
Avd Large Signat Voltage Gain (RL = 10k, Vo = + 10V) VimV
Tamp = 25°C 4 6 4 6
Tmin- < Tamb < Tmax. 4 4
GBP | Gain Bandwidth Product MHz
(Tamo = 25°C, Ry = 10kQ, C, = 100pF) 1 1
Ri input Resistance 10" 1012 Q
CMR | Common Mode Rejection Ratio (Rs = 50Q) dB
80 86 80 86
SVR | Supply Voltage Rejection Ratio (Rs = 50£2) dB
80 95 80 95
lec Supply Current (Per Amplifier) pA
{Tamb = 25°C, no load, no signal) 200 | 250 200 | 250
Vo1/Voz2 | Channel Separation dB
{A,= 100, Tamp = 25°C) 120 120
Po Total Power Consumption (Each Amplifier) mw
{Tamp = 25°C, no load, no signal) 6 | 75 6§ | 75
SR Slew Rate (Vi= 10V, Ry = 10k, CL = 100pF, Av = 1) 1.5 | 3.5 1.5 3.5 Vius
te Rise Time (Vi= 20mV, RL= 10k, CL = 100pF, Av = 1) 0.2 0.2 IS
Kov Overshoot Factor (Vi=20mV, RL = 10k§2, CL = 100pF, %
Ay = 1) - (see figure 1) 10 10
en Equivalent Input Noise Voltage nVv
(Rs = 10082, f = 1KHz2) 42 42 JHz

* The input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive.

Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.
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