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141 wazasmnsasuaussrnutaARgli 4.1

MmN 4.1

n:nua (Hz) 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1 2

llﬂuﬂagﬂ(v 446 | 432 | 426 | 420 | 415 | 404 | 400 | 400 4 392 | 392 | 3.87

re)

Shrvens (dB) | 330 | 327 | 326 | 325 | 324 | 321 | 320 | 320 | 319 | 319 | 318

AN (Hz) 3 4 5 6 7 8 o | 10| 15| 20| 25

uoml‘agn ( V" ) 387 | 387 | 382 | 380 | 380 | 3.76 | 3.76 | 3.74 | 3.70 | 3.70 | 3.68

saTvene (dB) 318 | 318 | 316 | 316 | 31.6 | 315 | 315 | 314 | 314 | 314 | 313

rmui‘; (Hz) 30 35 40 45 50 55 60 65 70 75 80

uamﬁgn ( V" ) 365 | 364 | 3.64 | 3.60 | 3.60 | 353 | 3.53 | 348 | 346 | 346 | 3.36

dnTveny (dB) 312 | 312 | 312 | 311 | 31.1 | 310 | 310 { 308 | 308 | 30.8 | 30.5

A (Hz) 8s | 90 | 95 | 100 | 150 | 200" | 250 | 300 | 350 | 400 | 450

uauﬂiga W ) 328 | 312 | 300 | 298 | 280 | 280 | 272 | 2.60 | 256 | 248 | 220

1y (dB) 303 | 299 | 295 | 295 | 289 | 289 | 287 | 283 | 282 | 279 | 2638

NBING SATINTVOY (gain) lumizsada @B) snnumidnnguns

Gain(dB) = 2010g(£/Vi)

[ 3 4

{ 9 o a 2
Taoit v, Hunsesdudmine uas v ithwseduduna Faluiil v, = 100 mv,

11INAARIN1TIAA CMRR

13MAaea 192493 Instrumentation Amplifier Wgalit 3.2 Tuaestidadmmu vr, #14
dmiudSui CMRR - dadumu VR, uaz VR, Wilinadofl CMRR 4842993 N15MAasa
Wdaduna +ECG uaz -ECG 1hdunu senminfloudyanuduna Itinewagailszauna
100 mV, uazamuanilai g Auitilezidaond 100 Hz) $hiBuwaveees  YSudad
mu VR, Widuifusil$lumsnaasausn sonniulsudadnm VR, Wiifgaqauay
dqe  uazdaussdudninauens  Murummsanmsunedygnuuedes  §asas
Mmuﬁnmpm“luniﬁffti‘lué'ﬂﬂmwmuinuﬂs'w AovIMTUAMILMAT CMRR vo1a93 14

VINAUNS
Ad
A@/i

CMRR =
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Tavh A, uaz Ay, HludasmsvnedygiuTInuadiwaz Inuaswawdidy  tazdasins
.’;’ b 4 o o da <=y [ & Jd’d P
YenaaeIzasIaninnuiBuaReIny  Filuniinennud 100 Hz
HANIINABDY HANIINATBINITIAAT CMRR YOINITUTAIRINING 4.2

Mm319fl 4.2 WaMsNABBIIAf1 CMRR A0 100 Hz A, = 29.8 (V/V)

VR, (100 k€))

Min Max

V,(mv,,) 54.4 39.2
AV, Vg (VIV) 0.544 0392
Aqy=20 log(V, /V,.) (dB) -5.29 3.13
CMRR-A, /Ao 54.8 76.0

mnamg  mlumadunsnassimmsasinmsvneInuasay A, uae CMRR (edadu

mu VR, Imgegauazdiga  ualumsidausiisues VR, fldezegszninaesmidndn

v ' v 3 P 238
Taensodfusulde v, = 28 mv, - dniuszld A, Ndngans Ay o5 = 0028

» ]
V/V)  wie - 311 dB wavAaiuezlddn CMRR qufiqavedeesAie  CMRR
A, 298
A,, 0028

—=10643 %59 60.5 dB 172740 100 Hz

4.1.2 1937 50-Hz Notch Filter
' [ t B}
manaaes  1$sluglil 33 wasiioswnueanuiifvesiesiiezdesvenigruma
asuanuavosnau Ifiniledmllld  uazszdesaaneudygnusuniuninldnssuaady
] ¥ [] v . .
A0 50 Hz  saiulumanaasssideslfnnuarnaamism msnaassMifloudyanundu
lanininandununeisaes usmlagavna 1V, ( AIinaAMINAADY ) wasANUILIUAS
P a =y ar 4 - o 2
13197 4.2 Jaueuildgavesdygnaudinanu 7 ves U, tiuitnwalumsn
wamimanes  wamsiadaaneud1iyavedanes  50-Hz Notch Filter  (Hudinisn

] = v rd
43 uazm’Mwammﬂuﬁummmn‘umdwsuﬂmm;ﬂ‘n 42
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M1 4.3

ANN0 (Hz) 01 | 02 | o4 | 05 | 08 1 5 10 15 20 25 30

usafudmina (v)| 0.695 | 0704 | 0792 | 077 | 0746 | 0706 | 0.695 | 0.664 | 0.6 | 0524 | 0.398 | 03

on319070 (dB) -3.16 | -3.049 | -2.025 | -2.27 | -2.545 | -3.024 | -3.16 | -3.557 | 4.437 | -5.613 | -8.002 | -0.523

A0 (Hz) 32 34 36 38 40 42 44 46 48 50 52 54

lli\lﬁﬂlﬁ"l'ﬁ?]ﬂ(\l) 0248 | 0.24 |} 0.192 | 0.176 | 0.132 | 0.12 { 0.116 | 0.092 | 0.06 | 0.064 | 0.068 | 0.104

S"35190 (dB) -12.11 | -124 | -1433 | -15.09 | -17.59 | -18.42 | -18.71 | -20.72 | -24.44 | -23.88 | -23.35 | -19.66

A (Hz) "s6 | ss 60 | 62 | 64 | 66 | 68 | 0 | 72 | 75 80 | 85

ll?\iﬁ'ulﬁ“lﬁﬁﬂ (V)| 0.112 | 0.132 | 0.132 | 0.148 | 0.164 | 0.184 | 0.184 | 0.208 | 0.216 | 0.236 | 0.276 | 0.292

DRIV (dB) -19.02 | -17.59 | -17.59 | -16.59 | -15.7 | -14.7 | -14.7 | -13.64 | -13.31 | -12.54 | -11.18 | -10.69

A0 (Hz) 90 95 100 | 110 | 120 | 130 | 140 | 150 | 200 | 300 | 400 | 500

usaiudnina (V)| 0328 | 0356 | 0.372 | 0.416 | 0.456 | 0.492 | 0.516 | 0.616 | 0.68 | 0.692 | 0.736 | 0.766

dn31venY (dB) 9.683 | 8971 | -8.589 | -7.618 | -6.821 | -6.161 { -5.747 | 4.208 | -3.35 | -3.198 | -2.662 { -2.315

A (Hz) 600 | 700 | 800 | %00 [ 1x | 2% | 3 | 4 | e | s | o | 10k
ussAuB N (V)| 0764 | 078 | 0784 | 0788 | 092 | 0964 | 0994 | 1 1 1 1 1
SasVeNw (dB) | -2.338 | -2.158 | -2.114 | 2069 | 0.724 | 0318 | 0052 | 0 0 0 0 0

4.1.3 1993 FM Modulator
1 4 o & [ [] ;
nsnaaestiiiinguszaefinenInBNaN ( Center Frequency ; f,) gugauaziga m
ANNGEONIFN ( Offset Frequency ) ¥10151HI831UAIND ( Frequency Deviation ) Y84015189)
a 4 é { { 1
faadyaUNANND ( Frequency Modulation ) dimslisuuuanudeziinaundenisadien
A o/ a ¥ 3 s o J e Y
ssiteaveadyanalumaiudel msnaasuemguautiadinanvesiesiifudail
] : - T | s
ANNENae 192995 FM Modulator Tugilii 3.3 flounsedunianiisvesilifoanouss
du 45 Tadidhiin 9 Meeadlaalaliannuduesdyanaiv 4 Yfudrdnmu VR, fin
11 Wiisgegauazdga Tufinanudvesdyau |
anudeerida o 9 aanma Jaduanaiiv 4 Yfuddmu VR, v 12
Agagatazmge tufindnnudvesdygys
d' d' ci o 2 = A s P 1 4
mafeguuanuaneanuna madsauuanuinneds wWetloudyaundeans
o A o Qo ' =t ~ 0' d. I-iJ 1
szuegtan ey Wedyanudnaniuenldgageganasdga  ANNRvEINLTITliaUm

J 4 ' é A § ; 1o o/
lauazuanarnllomnamamannifooud vy Faimadsauuarutezduegiuvinausiu
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e e
o A

[} [ [ t 4
vosdygnandesmaniwwegan  uazanudmigaidiulydfearuteorida  dutuneu
° S 9 [ a = o Y v ow
MnsnaassdadlsuanudnanuazanyteodiFnUed9s INMAY 2 kHz uaz 1.8 kHz

[-] a ar A L H ar
awdwy  uazlumanaassdimatloudyanamau il ludiin o Tagasaszdangnis
1 A a H ar Cyl o
anudlannun  lesnnuseaulasuutaslaasanar antusaldusediudnssuaasuny

L o' ] o/ a ; ar A o el
Taoflouussiugegauazdgaldvihiuusugeganaziqavesdygnunduiiinials Ja

mmﬁmaaﬁ'wpmmﬂxﬁuﬁm 4 fufinnan1sNAasy \
panIsNAaBy
VR5 (50 k(2)
Min Max
AnNBNaT (Hz) 19k 45k

VR6 (100 k)

Min Max

pndeeridn (Hz) 200 10k

WU 9 (V)

Min Max

NG (Hz) 18k 223k

. 1 4 s
4.2 NTINAADNIIVINNAUNATY

4.2.1 3397 Telephone Interface
[ 14 []
Iifoe91n 2993 iiTidaufinIguATORY ( Off Hook ) 1182219y ( On Hook ) Tnsiiwil &4
z 1 o ar 3 A
vunsuimanaaensdeedeuussdunszuaase s Tod dhitn 5 vedled Uy, ieidlunisen
a o 9/ a YY) -~ 1 s Q’I‘
winswd  TunisldoueSeesesiudyanuanutlszn 2 kHz 31902995mas Aniy
TumsnaaeuemmsneyaueIn v W ifdyapuaiutilndfesiuaan 2
»
kHz msnassuiiudsae lail B
as A o o ar o o a o o Ao
nsnaaes tleudyanundulminnilsddunumeiismesuemnlaya 1 v, sedudd
poviEa 1 Toad anudiSudu 500 Hz leeadlaalmliadyanuiin 6 ves U Javinaves
as o o A P J n’: o o A J P=) ar
Fyanauding Tuitnwalumsni 43 denmivdiuarwaminduiias 100 Hz Javuiaves

d 2 .
drinanaziufionaluais
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namimaaes  Aamsiaueulagauavavesdugnaudninavesnes  Telephone
Interface AR luMINT 4.4 taznsiNIsABUAUBIANNANAAIAIZIN 4.3

MIf 44 usamansiaueuigaduygaudiyaueae9s Telephone Interface

fmu‘év (Hz) 500 600 700 800 | 900 1k 1.lk | 1.2k 13k | 14k | 1.5k

omfaga (V) | 365 | 3.65 | 365 | 3.65 | 3.60 | 3.60 | 3.60 | 3.60 | 3.60 [ 355 | 3.55

Smywene (aB) | 112 | 112 | 112 | 112 faea | o1en foann | o1 | 1Lt f 110 | 110

b (Hz) 16k | 17k | 18k | 18k | 2k | 2.0k | 22k | 23k | 24k | 25k | 2.6k

upmldga (V) | 355 | 350 | 350 | 350 | 350 | 342 | 342 | 340 | 2.56 | 256 | 2.56

dasvens (dB) 110 | 109 109 109 { 109 | 107 | 107 10.6 82 8.2 8.2

mm’t'; (Hz) 27k | 28k | 2.9 3k | 35k | 4k Sk 6k 8k 9k 10k

llelﬁQﬂ (V) 248 | 248 | 240 | 240 | 220 | 1.25 | 094 | 082 | 054 | 048 | 040

Savwenu(aB) | 79 | 79 | 76 | 76 | 68 | 19 | 05| 17 | 54 | 64 | 80

4.2.2 3399 FM Demodulator

msmamfﬁ%’mqﬂsszﬁﬁam Capture 10 Lock Range ¥84M97  Amauliaved
itamesiazglndudninn  deufiozshnsmaaesszdoalsuanuinawesya veo mulu
108 U, Wiy 2 kiz feulazdiusimdeeniFanseanuiidgaiisssmadengyann
sofonld Sonldaal

msUfunamidnme Houusguniamitavos@omionssdu 2.5 Toadhiiv o 19
poadlaalnlSadyaafivi 4 15U VR, Wownmald 2 kiiz  wazmsdfuainidesnida
Tlaadunnv 14 senneu dovmiudou o awnsnd  19eeadlaalnliadyanaiin 4
Y5 VR, IWdygnafinomdnihiy 18 kiz Sefivhduanudesni§avea1ess FM Modulator
fimada

N1INARDY

1. efiszmtunrmdvesnindnan WildesBunan 14 ast'l3 dewvt 9 irduuss

dunszuemsy 25 v deeadloalnliadyanaiin 4 U5y VR, Iiisgeganaziiga

Thufinanud
NAN1INADDY
VRS (100 k$2)
Min Max
anudnan (Hz) | 47k 4162




v
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M ; M d ’ F-%
2. Wotlvzmanuadmgainisscannsodenld  Tden 9 awnsnd  1deoadTlaa

Tmbadyanunn 4 Uiy vr, 1

gt ¢

TRALAzMIgA TuAinAd

yy nin
NaNIINAaey
VR4 (50 kQ2)
Min Max
AN (Hz) 1096 k 312.5

4.3 MsnanesSuFuanamumeinsinm
manaaes mnstleudygraunduidilwilathivaesmedmads e
y
awinsfind Sudyana denmiiniwudaivauuvssyeilines

A 4 a 4 o a
wamsnaaes juaduilsnguussusiiineiuaadgii 44

ar 1]

AYUIUN

v v

g
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Fraquency (Hz)

086

KRS 1Y B LSRN FII PRI A dT Shist 2 En T 0GR ) hink Eat0n: Ear Faldn

04

01 x (ap) ueo

o ]
317 4.1 nsdmseeuaUeINWTUBI2993 Instrumentation Amplifier
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(ep) uw

]
=4

519 42 nsmnsneuaueInNTUBI995 50-Hz Notch Filter

9
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b

10k

¥
i

Foini i (
T

e o

)

1k

£00

Frequency (Hz)

51111 43 nsMimIABUAUBIAINAYDI9T Telephone Interface
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1 -
s mGrs s
I J\ Y J\ 7 Leaft:
L™ LR M’ S 0.87 U

6.135 ns
Right:
0.87 U

7.482 ms
Dalta:l

0.00 U
) 1.348 ns

511 4.4 agulinilouuseveiines
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unn 5

s .

apwanaziesallaseny

‘luum’iﬂumsazﬂnaqmauﬁ'ﬁwﬂm«m wumumsilsegadlFnulassaunen
witelusnmsdedayananduifiniale wazuamamsiannlasenm
5.1 AMANLAlAYSINYBIIATINU
AeieiaTags e Tasenu amnsoaqidadl
1. 197 Instrumentation Amplifier
9ASINTVNENYYI : 29.5 dB @ 100 Hz
CMRR : 60.5 dB @ 100 Hz
F2en2Wa 1+ < 90 Hz
2. 397 50-Hz Notch Filter
FMIAANBUAMNE : 30-95 Hz
3. 197 Telephone Interface
Faenwn1Fam - <2 kHz
BRI : 11 dB @2 kHz
4. AMUETNNUBITTIY ( wisnIBvesdyauiidesmsdaiugae Insdn )
frunBRA 10 Hz §9 1 Kz
2 st snavmneiidesntsitiylyTaosaluid
3. mssuuaznay Insdvsidiuly Tasda Tuda
4. sunsosafuiasihdyanuadu nfivialevesdihodinaeilumondald
5. annsodszgadlFinssanlums dadganalagrugens Insdwi
5.2 amamaszgaallaseny
ﬁquﬁ’iﬂﬂiQﬂuf;nzgﬂaﬂmmn“lﬁ'%uﬁ'ﬂgmgmﬂéu'lvl%ﬁ’s'hmmiﬂw yeudaynu
wardadgona g lsmennaian  uddaunsolddidyanalagd1ditianud hivuuoy
aMuAThaYesses Hudedyauezdeadianud ldu 1 kHz

5.8 HHIMeanINanninssny

»
P=1

Jd a 9 LY ] ar o
Tﬂﬂamuuqmmmwmmﬂguawqaﬁ”wnu AU
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1. A2592n/80u2995 Instrumentation Amplifier TmiidulodduSogy 1wuleFes
LH0036C LHO0037C ¥84U51N National Semiconductor 1301105017 1o nilgaiauniaa
ATuazesininadnnh

ar 4 o A | Qs 3
2. mivequandagnuniuIfhnilufedsllawaoInsdmi  Tassnuill¥nsueg
‘& i s o " IA »
auuy FM dlirawelfld ilssnnastusadyanamedumaiy lddyanuifamoull
g ¥ < <t act [} an v @
Aoy SemsnfouTTasueganimi  Tavewszilunsveqanuuudlaea  uazdadrygu
& v
Tuvw FSK ( Frequency-shifted keying ) v itnafniil
v Jdo ey A A [] = ' o a [ Y ¥

3. szuuInsfmionTuwid  masfu@udunlisnihnsdadeduaumineds 1y Tae

] » v
salulalonsronuduavmanoouminiuliig  uaziinsaudeamsafuauvineliing
2
u

< 1 o 1 o o 1 Yy & a ] vy 1

4. Wasuszuumsadsdyanunnimes Insswidumsdelaoldnduing wudaim

o7 & 1 o 1 1 LS
Tnsfwiiledonsoingietoitludu wissnnseswdnnnuazainded 14 lunsdling 19egr

a o A o
9 InsAnnyiialiae

5. madmansudyana adseuin udums Idaeududihe Tasliannsoyaldaey
fudihe Wauuzihdiheluvasiddiionnsveddsadale1d

- J 4 o o

6. vdmnliinSoamumneddouls  Fwehidszuumnsoiuuaziaas

Fanuadu Iifinialenndihonanimitandouduld
a dy a/ P | é 1 L
7. Thsunsuueawmadyana  ulassnuliennsoudamadygu ldifvanilges de

4
LY

§ a Y 2 1 Y
WuSeapsmian Wannsauaasdyana ldunnahmisomiongiuld
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mne  wesmmiuiinaumneSouieooudy  diedlddesminTelionisvealsaiale  Jldes
[] [ ¥
dourhdian InsadaiuSnunsnenludumisiidmua  waswimiudanaiu LINE 1, LINE 2
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MANUIN U

giian131¥un13a ADDA-12 ( PC ADDA-12 Card FPC-010 User's manual )

1. Introduction
The ADDA-12 card an analog-digital/digital-analog high performance data conversion card
operation at a twelve-bit resolution for IBM PC and compatible system. The card operates with
16 single ended analog input or 8 differential analog input and 1 analog output.

2. Specifications
Digital to Analog:
Qutput Channel :1
Output Range : Bipolar +/- 9V
Unipolar 0-9V
Settling Time : 3us for 9V step
Accuracy : 0.2%
Resolution : 12 bits
!
Analog to Digital:
Input Channels : 16 single ended or 8 differential
Input Ranges : Bipolar +/- 9V
Unipolar 0-9V
Conversion Time : 60us per channel
Accuracy : +/- 0.3%
Single ended input Impedance : > 10 MQ
Differential input impedance : 100 kQ
Resolution : 12 bit

3. The FPC-010 card diagram

NN (o=
Jpa [][Jups

JP6
 w—
P

et b e s

 m—
JP7

4. Base Address Selection ( JP6 and JP7)

I 3 21 3 21 3 21 3 21
i *&H270 &H278 &H2F0 8H2F8
! * Factory setting to hex 270

3
5. Jumpers Setting

5.1 Analog output range
JP3 js used to select unipolar or bipolar for D/A.

4
H



-] [

Unipolar *Blpolar

5.2 Analog input range
a. JP2 is used to select unipolar or bipolar for A/D.

-] =

*Unipolar Bipolar

b. JP1, JP4 and JPS are used to select 16 single ended or 8 differential for A/D.

JUMPER
JP1 JP4 JPS

’ ] o el (i
* Single ended 2 5
! g 1|8 4 1 [

H 3 6[a ®w]3 3
Diffrential ? 23 ?

6. Potential Resistor (VR1)
This resistor (VR1) adjusts the A/D, D/A full scale reference voltage which is normal at 9VDC. To
change the voltage, turn the screw at the top of the resistor until the desired voltage is attained.

7. Register & Format
The following are the resisters which are addressable form the /O port base address along with
the location and usage of the registers.

PORT+0 = output data (0-15) to select 16 single ended A/D channel or (0-7) to select 8
- differential A/D channel

PORT+1 = read A/D low 8-bit data

PORT+2 = read A/D high 4-bit data (bits 0-3)

PORT+3 = output zero (0)to clear A/D register

PORT+4 = loop back seven times to start A/D high 6-bit conversion
PORT+5 = loop back seven times to start A/D low 6-bit conversion
PORT+6 = output D/A low 8-bit data

PORT+7 = output D/A high 4-bit data (bits 0-3)

8. Analog to Digital Conversion Procedure
a. output channel number to PORT+0
b. initiate register using softswitch in PORT+3 to clear previous data
c. start conversion using softswitch in PORT+4 and PORT+5 exactly seven times individually
d. read data in PORT+2(bits 0-3) for high 4-bit data and PORT+1 for low 8-bit data

9. Digital to Analog Conversion Procedure
a. output high 4-bit data to PORT+7
b. output jow 8-bit data to PORT+6

10. A/D Differential Input Per-amplifier Offset Adjustment
1. Short High and Low input of A/D channel 0 to GND.
2. Set jumper (JP1, 4, 5) for differential mode.
3. Unipolar:
a. Sét JP2 open (off ) for unipolar mode.

{

!

i
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b. Run "BASICA DEMOS" program to get A/D data on the screen continously.
c. Adjust VR2 till A/D channel 0 data equal to Zero (0V)

4. Bipolar:

a. Set JP2 close (on) for bipolar mode.
b. Run "BASICA DEMOG6" program to get A/D data on the screen continously.
c. Adjust VR2 till A/D channel 0 data equal to 2048 (0 V)

11. D-type Connector Pinout

16 Single ended 8 Differential

PIN NAME PIN NAME

1 A.GND 1 A.GND

2 D/A OUTPUT 2 D/A OUTPUT

3 5V 3 5V

4 A.GND 4 A.GND

5 A/D CHO 5 A/D CHO High

6 A/D CH1 6 A/D CH1 High

7 A/D CH2 7 A/D CH2 High
] 8 A/D CH3 8 A/D CH3 High

9 A/D CH4 9 A/D CH4 High

10 A/D CHS 10 A/D CHS High

1 A/D CH8 1 A/D CH8 High
’ 12 AD CH7 12 A/D CHY High

13 12V 13 12V

14 A.GND 14 A.GND

15 5V 15 5V

16 A.GND 18 A.GND

17 A/D CH15 17 A/D CHT Low

18 A/D CH14 18 A/D CH8 Low

19 AD CH13 18 A/D CH5 Low

20 A/D CH12 20 A/D CH4 Low
| 21 A/D CH11 21 A/D CH3 Low
| 22 A/D CH10 22 A/D CH2 Low

23 A/D CH9 23 A/D CH1 Low

24 A/D CH8 24 A/D CHO Low

25 -2V 25 A2V

12. D/A Programming Example

The following programming example, written in BASIC, show how to program D/A

to generate a voltage of +5.0 volts.
a. Unipolar (demo1.bas)

10 PORT=&H270
20V=5.0
0 D=V/9*4095
0 LO%=D MOD 256
0 HI%=(D-LO%)/256
-§0 OUT PORT+6, LO%
70 OUT PORT+7,H1%

0 END
. Bipolar (demo2.bas)

!
!
i

‘Base address for factory setting
‘Unipolar analog output 0V to 9V
‘Convert value to voltage
‘Calculate value of low byte
‘Calculate value of high byte
‘Write D/A channel low byte
‘Write D/A channel high byte

channel
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10 PORT=&H270

20 V=5.0 +9

30 D=V/18*4095

40 LO%=D MOD 256
50 HI%=(D-LO%)/256
60 OUT PORT+6, LO%

70 OUT PORT+7,H1%

80 END

13. A/D Programming Example
The following programming example, written in BASIC, is to sample all the a/d channel and print

the results.

a. Unipolar (singie ended ) (demo3.bas)

10
.20
30
40
50
60
70
75
80
90

PORT=&270H
CLS

FOR CH=0TO15
GOSUB 120
HI=INP(PORT+2)
LO=INP(PORT+1)
D=Hi*256+LO
'Unipolar 0V to 9V
V=(D/4095)*9
PRINT CH,D,V

~

100 NEXT CH
105 END
110 ‘ — A/D routine -—-
120 OUT PORT+3,0
130 OUT PORT+0,CH
140 * Trigger A/D high byte and low byte converter
**150 FORI=1TO 7 A=INP(PORT+4). NEXT |
** 160 FOR I=1 TO 7: A=INP(PORT+5): NEXT |
170 RETURN

‘Base address for factory setting
‘Unipolar analog output -9V to +9V
‘Convert value to voltage
‘Calculate value of low byte
‘Calculate value of high byte
‘Write D/A channel low byte

‘Write D/A channel high byte

'Base address for factory setting

'Clear screen

'Read A/D high byte
'Read A/D low byte
'Calculate value

'Convert value to voltage
'Print channel number, calue and voltage

"Initiate register to clear previous data
'Select channel

* Note 1: While you use the differential mode, please change the line 30 to:

i

; 30 FOR CH=0 TO 7 (demob.bas)

** Note2:: In case if the implementing speed of the program for line 150,160 faster than the A/D
conversion time (3us). We recommend you to add a delay in the line 150, 160. Please
i refer to the following sample:
150 FOR I=1 TO 7: FOR DL=1 TO 100: NEXT DL: A=INP(PORT+4): NEXT |
160 FOR 1=1 TO 7: FOR DL=1 TO 100: NEXT DL: A=INP(PORT+5): NEXT |

b. Bipolar (single end ) (demo4.bas)

10
20
*30
A0
50

0
70
175
80
el

PORT=&270H
CLS

FOR CH=0TO15
GOSUB 120
HI=INP(PORT+2)
LO=INP(PORT+1)
D=HI*256+LO
'Unipolar -9V to +9V
V=(D/4095)*9
PRINT CH,D,V

00 NEXT CH

1105 END

110 ' — A/D routine ~——
‘120 OUT PORT+3,0

130 OUT PORT+0,CH

'Base address for factory setting
'Clear screen

'Read A/D high byte
'Read A/D low byte
'Calculate value

'Convert value to voltage
'Print channel number, value and voltage

'Initiate register to clear previous data
'Select channel
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140 ‘ Trigger A/D high byte and low byte converter
** {50 FOR I=1 TO 7: A=INP(PORT+4). NEXT |
b ]60 FOR I=1 TO 7: A=INP(PORT+5): NEXT |
170 RETURN

* Note 1: While you use the differential mode, please change the line 30 to:
30 FOR CH=0 TO 7 (demo6.bas)

** Note2 : In case if the implenenting speed of the program for line 150,160 faster than the A/D
conversion time (3us). We recommend you to add a delay in the line 150, 160. Please
refer to the following sample:

150 FOR 1=1 TO 7: FOR DL=1 TO 100: NEXT DL: A=INP(PORT+4); NEXT |
160 FOR I=1 TO 7: FOR DL=1 TO 100: NEXT DL: A=INP(PORT+5); NEXT |
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MANUIN R

Tlsunsauanawa
/* ECG Monitoring Program */

#linclude<stdio.h>
#include<conio.h>
#include<graphics.h>
#include<bios.h>
#include<string.h>
#linclude<dos.h>
#include<stdlib.h>
#include<ctype.h>

#finclude<io.h>

#define XOFF  getmaxx(}-624 /* 15 Large box display*/
#define YOFF  getmaxy()-279 /* 200 ¥/

#define BXOFF getmaxx(}-389 /* 250 Small box display */

#define BYOFF getmaxy(-444 1t 35

#define XTLOC 40 /* 40 Text display location */

#define YTLOC 330 *330 %

#define LeftCursorColor EGA_LIGHTGRAY

#define RightCursorColor EGA_YELLOW

#define WaveformColor EGA_WHITE

#define ADCPort 0x270 /* ADC base address */

int CH; /* Select ADC input channel */
int lbx{6], Ibyl6}; /* Block border */

char StringBuffer(80]; /* Text buffer */

FILE *fp; /* Disk 1/0 */

int Gain = 1, slgain = 1; /* Keep track of cursor voltage */

int IntegralGain, BufferGain, DiffGain;

float T, dV, ms; /* Keep track of time base */
char ScanCode,Ascii; /* For check hitting key */

/* Sampling variable */

float fs=6.0;

int count = 16000, z, ix1, ix2, *ptr, *endpnt;

int HIGH,LOW;

int FileNotFound;

int Check;



float Offset=2.0, DCShift = 10;
int xtex = XTLOC, ytex = YTLOC;
int ytex1 = YTLOC+20, ydel = 20;
int CursorLeft = 150, CursorRight = 400;
int icur = 150, iinc = 1, SelectCursor = 0;
/* Store sampled data */

int db[512);

int sb(512];

int pti512];

int nt{512];

int rt{512);

int RingData;

int Any=0;

int xnt, ynt, xm1, xm2, MaxValue;
int xp1, xp2, ym1, yp1, yp2;

/* Functions */

int ADClnit(int);

int GetADC(int};

void ADCin(int,int);

int StartDisplay(void);

void ShowValue(void);

void Period(void);

void ClearCurrentShow(void);

void DrawLargeBox{void);

void LargeBoxPlot(int,int,int,int);
void Savelt{void);

Jnt  PhoneRinging(void);

void PickUpPhone(float);

void RestoreWaveform{void);

void LargeBoxShow(int);

void SwitchCursor(void);

void ShiftToRight{void);

void ShiftTolLeft(void);

void Curse(int,int);

void DrawBorder(void);

int GetNames(int);

void DrawBlock(int,int,int,int);

void DeleteBlock(int,int,int,int);

void ErrorMessagef(int,int,int);
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/* DC shift */

/* Original position for text display */

/* Cursor control */

/* Stores the original waveforms */

/* Stores the manipulated waveforms */

I* For sampling ringing */

/* For detect ringing */

/* Digital filter variables */

/* Initializes ADC card */

/* Get data from ADC card */

/* Starts convertion of ADC card */

/* Program start */

/* Show current positions of cursor on waveform */

/* Send command for sampling */
/* Display */
/* Draws large box border */

/* Plots pixel on large box */

/* Detects telephone ringing */

/* Generates analog voltage for pickup phone */

/* Show waveform in large box */
"
/* Shifts selected cursor to right hand */

/* Shifts selected cursor to left hand */

/* Draws outter most border */

/* Draws block for enter */

/* Creates blocks for general purpose */
/* Deletes blocks and error messages*/

/* Displays error messages */



void Introduction(void);

void DeleteOldArea(int,int,int);
void CreateCenterLine(void);
void ContinueSampling(int,int,int,int);
void LoadFile{void);

void EndOfProgrami{void);
void SetSamplingRatevoid):
int CreateSound(int);

void Signallncomming(void);
int Warning(void);

void DisplayFrequency(void);
float CalculateDCShift(void);
void ShowFrequency{void);
void WaitingMessage(int);
void SaveFile{void);

void ReadKeyboard{void);
void PlotPixel(int);

void Help(void);

void FileStatus(void);

/* Gausuldsuney %/
main{void)
{
inte, i, iy, y1. v2. x;
StartDisplay();
PickUpPhone(0);
Introduction();
START:
cleardevice();
WaitingMessage(1);
ContinueSampling(0,1,0,50);
DrawBorder();
DrawlargeBox();
CreateCenterLine();
* setcolor(EGA_MAGENTA);
while(1)
{
xtex = XTLOC;
ytex = YTLOC;

ytex1 = YTLOC+ydel;

58

/* Introduction to ecg program */

* daureduasniFifnaeas Counter */

/* uwansdiapnuredyanuidan®

/* dudtyqynnuiFun



59
T = (float) 1.0fs;
ms = T*1000.0;
setcolor(EGA_LIGHTRED);
CreateCenterLine();
Curse{CursorlLeft,LeftCursorColor); /* uamdimafitaitey
Curse(CursorRight,RightCursorColor); /* uaaaipafiaasin *
if(bioskey(1)!=0) getchl);  dnteyaluinmeiAduedn v
ReadKeyboardy); * ewAdueint/
switch(ScanCode}{ * meagaumnmuAduadn +
if(bioskey(1)!=0) getch();  dandayahaninmaiAduesn +/

7 ainadhjufinouniinedises ¢
/7 nalu “2” Reniafisefan v
case 0x03: /* \a1 2 */

SelectCursor = 1;

break;

7 nefu “1” iBaneeditaing ¢/
case Ox02: /* 82 1 */
SelectCursor =0;

break;

[ nmju gnasenn @eunaditeflineem ¥

case Ox4d:
if{SelectCursor) {
icur = CursorRight;
ShiftToRight();
CursorRight = icur;
}
else {

icur = CursorLeft;
ShiftToRight();
CursorlLeft = icur;
}
break;
1 nejugnAsirudnuaefisaslimedne
case Ox4b:
if(SelectCursor) {
icur = CursorRight;

ShiftTol eft();
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CursorRight = icur;

" else {
icur = CursorLeft;
ShiftToLeft();
CursorLeft = icur;
}
break;

/* neafudaias « 3 0 “ uldsurvsznandeunefised
case 0x04: /*1aa 3t/

Offset=1.0;

iinc=1;

break;

case 0x05; /fwn4dr
Offset=5.0;
finc=5;

break;

case 0x06: "y 5*
Offset=10.0;
iinc=10;

break;

case 0x07: /a1 6*
Offset=20.0;
iinc=20;

break;

case 0x08: a7
Offset=30.0;
iinc=30;

break;

case 0x09: /* a1 8%
Offset=40.0;
iinc=40;

break;
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case Ox0Oa: /*a19 Y
Offset=50.0;
finc=b0;

break;

case OxOb: /" @au0*
Offset=60.0;
iinc=60;

break;

" nnﬂmﬁau:ﬂnﬁu‘ﬁu'/
case 0x48: I quqnnﬁu L
DCShift += Offset;
if(bioskey(1)1=0) getch();
DeleteOldArea(XOFF+95,YOFF-100,EGA_LIGHTGREEN);
for (i =0; i <= 511; i++) {(
sblil = sbli] + Offset;
LargeBoxPlot(i,sblil, WaveformColor,0);
1
break;

1 notjuideugiinduas 4/
case Ox50:  /* ugnAras ¥/
DCShift -= Offsst;
DeleteOldArea(XOFF+95,YOFF-100,EGA_LIGHTGREEN);
for (i = 0; i <= 511, i++4) {
sbfil = sbli] - Offset;
LargeBoxPlot(,sblil, WaveformColor,0);
}
break;

” quﬁﬁﬁmmﬂmﬁﬂ '
case Ox3b: /* naiju F1 */
Help();

break;

. d o n
1 envdaysiivivludad v

case Ox3c: /* I.IN F2 %
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LoadFile();
break;

1 \iudeysasdan o
case Ox3d: /* 1 F3 ¥/
SaveFile();

break;

/* fvumaanihunegudoyoyno/
case Ox3e: /* 1Ju F4 */
SetSamplingRate();
break;

r m&’tutyﬁtuﬁﬂn'lummzﬁfﬂmnm‘n'wm *
case Ox3f: /* 1 F5 ¥/

N . B
if(GetNames()==1) { /* usastanruNetiudirindasnrradtyquiFan ¥/

vy =y ,
PickUpPhone(0); 1 anyinsdmianeindsindeiesedyygnudansdeluy

DrawLargeBox(); * nansauLanIty et/

#(bioskey(1)!=0) getch(); 1 andayahuiinafAduadn

goto START; + Guiulilsunsulmiy
} else

DrawBorder(); /* entaut/

break;

 unyinsdwilusnuzeglilsunsy ¥
case 0x40: /* 1Ju F6 */

GetNames(6); I* ANt *

break;

/* vindeyatAnNWERR */

case Ox42: [* 1Ju F8 ¥/

DeleteOldArea(XOFF+95,YOFF-100,EGA_LIGHTGREENY);

RestoreWaveform();

break;

; . A :
/ sunamnagUadu naadu + usiazafimnaglafussiinfiazaein v/

case Oxde: /* 1,]34 +*
for (i = 0; i <= 511; i++)

sbfil = sbli] << 1;
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slgain *= 1.0;
LargeBoxShow(0);
break;

" awnmnzﬂnﬁu *

case Oxda: /* 1}u - */
for(i=0;i<=511;i++)
sbli] = sbfil >> 1;
slgain *=1.0;
LargeBoxShow(0);
break;

/* aananisunty ¥

case Ox44: /* 14 F10 ¥/
GetNames(4);  damnutudue/
break;

1 qugaodlmi v
case Ox41: /* F7 %/
ShowValuel();
if(GetNames(B)==1){ /* AqEud */
DCShift=0;
DeleteQldArea(XOFF+95,YOFF-100,EGA_LIGHTGREENY);
ContinueSampling(1,1,2,50);
}
break;
default:

break;

}
1 suldsunsu %/

ro s i

/* Euddvuanafind v

int StartDisplay(void)

{
int gdriver = DETECT, gmode, error;
initgraph(&gdriver, &mode, "Mc\bgi");



error = graphresutt(};
iflerror 1= grOk){
printf('Graphics error: %s \n",grapherrormsg(error));
printf(Press any key to exit *);
getch();
exit(1);
}
DrawBorder();
return;

}

” d«i’\é"q'lﬁnq{néud'tytuﬁm *
void Period(void)
{
DrawBorder();
CreateCenterLine();
setcolor(EGA_LIGHTRED);
ADCin(1,1); /* Get data from ADC card ch1 */

return;

1+ enidioyaiinfndulls +/
void ADCin(int ChannelSelect,int Function}
{
int i;
switch({Function){
case 1: /* gudtyeyinataa 1 ¢/
for(:)
for(i = 0;i<=511;i++) {
sblil=ADCInit(ChannelSelect); /* 8niayafigla */
dbli] = sbfi]; /* Save original waveform */
}
for(i=0;i<c=511;i++){
ptlil=ADClInit(ChannelSelect)./* dﬂuﬁ'ﬂqaﬁdu'lﬁ’/

lil=ptlil; /* Vudaysaain */

}
ClearCurrentShow(); * nasANIINLUAD */
if(kbhit() goto Exit; 1 winnafala duntsenidnniméen +

for(i=0;i<=511;i+4) {
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sbfil=0;
ptfi}=0;
}
CreateCenterLine(); * rdudnda v
if(kbhit() goto Exit;
}
Exit:
Check=1;

break;

case 0: /* duAnyeyouiFen ¥/
if(bioskey(1}1=0} getch);
for(i=0;i<=511;i++){
if(kbhit(}) goto Out;
ntlil=ADClInit{ChannelSelect);

Out:
break;
}

return;

/ WimnnsFusuresnfanlasdcyoyio v/
int ADClnit(int ChannelSelect)
{

inti, j, a, data;

outportb(ADCPort+3, 0); /* AndayaiinhiFaaimesfsaentiawlasdtynd */
J
outportb(ADCPart+0, ChannelSelect); /* daunngiazdasiiasdudeyeyou ¥/

forfi=0; i<=fs; i++) { /* uﬂwnmﬁauﬁq:duﬁmmnm'/
for(j=0; j<=count; j++) {
}
HIGH=inportb(ADCPort+4); /* dudtynyiou 6 Daduge/
}
for(i=0; i<=fs; i++} { /* Whaaanrgudeyeyod */
for(j=0;j<=count;j++) {
}
LOW=inportb(ADCPort+5); /* gudtycyiod 6 Tindusn
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HIGH=inporth(ADCPort+2); /* autiays 6 Tndugeaniasimasaantfautlaadoyeyos ¢/

LOW=inportb(ADCPort+1); /* gudiaya 6 mfuAtany

data=HIGH*256+LOW;  wsailufeysmunng 12 8n *
return{data/32);

* araadtyryeuifan +/
int PhoneRinging{void)
{
inti;
ADCin(0,0);
for(i=0;i<=511;i++) {
RingData += ntli};
RingData = RingData/10;
}

return(RingData);

1 uimuzei 5 hadiatnyinAwiuaidnaeantiy
void PickUpPhone(float v)
{

int value, low, high;

float volt = v;

value = volt/6*4095;

low = value % 256;

high = value/256;

outportb(ADCPort+6, low);

outportb(ADCPort+7, high};

return;

I YndynnniAsinudaiuag 4
void RestoreWaveform{void)
{
int i;

for i = 0;i <= 511; i++){
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ptiil = rtfil;

)
PlotPixel(0);
if(bioskey(1}!=0) gstch);

return;

[/ sunmiANLLAsuazuandgladulmi ¢/

void ClearCurrentShow({void)

{

int i;
DeleteOldArea(XOFF+95,YOFF-100,EGA_LIGHTGREEN);
DrawLargeBox{);
CreateCenterLine();
if(bioskey(1)!=0) getch);
for (i = 0; i <= 511; i++) {
if(kbhit()) goto Exit;
LargeBoxPlot(i, sblil, WaveformColor,0);
if (kbhit()) goto Exit;
LargeBoxPlot(i, sbli],BLACK,10);
if(kbhit()) goto Exit;
LargeBoxPlot(i,ptlil, WaveformColor,0);
if(kbhit() goto Exit;
LargeBoxPlot(i,ptlil,BLACK,10);
if(kbhit(})) goto Exit;
LargeBoxPlot(i,sbli], WaveformColor,0);
if(kbhit()) goto Exit;
}
for(i=0;i<=511;i++} {
if(kbhit(}) goto Exit;
LargeBoxPlot(i,sblil, BLACK,10};
if(kbhit()} goto Exit;
LargeBoxPlot(i,ptli], WaveformColor,0);
if(kbhit()) goto Exit;
}
Exit: ]
CreateCenterlins();
PlotPixel(0);
ShowValuel);
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return;

1 nanseulimjieudnagladu +

void Drawl.argeBox{void)

{
int i;
int x16], yi6l;
xl0} = XOFF-1;  x1] = XOFF+512;
x[2] = XOFF+512; x13] = XOFF-1;
xi4] = BXOFF-1; xI5] = XOFF-1;
yl0] = YOFF+129; yl1] = YOFF+128;
yl2] = YOFF-129; yl3] = YOFF-129;
yl4] = YOFF-129; vyI5] = YOFF-129;
setcolor(EGA_LIGHTGREEN);
moveto(XOFF-1, YOFF-129);
for (i=0;i<=3;i+4) {

linetoixfil, ylil);

}

return;

1 wianqaqiladuuuntenlug ¥/

void LargeBoxPlot(int x, int y, int LBPColor, int Delay)

{
setcolor(EGA_WHITE);
if{x>-1 Il x<512) {
ifty>-129 && y<129)

putpixel(x+XOFF,YOFF-y, LBPColor);

delay(Delay);
}

return;

4 ;
7 deqalutununu X uaz Y e lindengdadu +/

void LargeBoxShow(int Delay)
{
int i;

for(;) {
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DrawBorder();

DrawLargeBox();

CreateCenterLins();

it(bioskey(1){=0) getch();

for (i = 0; i <= 511; i++4) {
LargeBoxPlot{i, ptfil, WaveformColor,10);
if(kbhit{)) goto Exit;

}

if(bioskey(1)!=0} getch();

for(i=0;i<=511;i+4) {
LargeBoxPlot(,ptlil, BLACK,10);
if(kbhit()) goto Exit;
LargeBoxPlot(i,ptli], WaveformColor,10};
if(kbhit()) goto Exit;

}

if(kbhit(}) goto Exit;

}

Exit:

DrawBorder();

CreateCenterLine();

DrawLargeBox();

PlotPixel(0);

ShowValus();

return;

* uanuAafiteftnauazTn ¥/
1 dawls ic WuAwniilAqiueasedizes dauwls CursorColor iLATenAafinef */
void Curse(int ic,int CursorColor)
{

intjy; /* Wiupageaeaaedines ¢

if(bioskey(1) !=0) getch();

forfy = O; jy <= 20; jy++) {

LargeBoxPlot(ic, ptlicl+jy,CursorColor,0);
}
ShowValue();

return;
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I daﬁmmﬂmﬁawﬁam:ﬂnéu *

void PlotPixel(int Delay)

{
inti;
DeleteOldArea(XOFF +95,YOFF-100,EGA_LIGHTGREEN);
for(i=0;i<=511;i++) LargeBoxPlot(i,ptlil WaveformColor,Delay);

return;

1 Harffksnusiehiiasiladastunoises *
I* Aewnefigeiimeranie ¥/
void ShiftToRight{void)
{
PlotPixel(0};
if(SelectCursor==0){
Curseficur,LeftCursorColor);
} else  Curse(icur,RightCursorColor);
icur += iinc;
if (icur > 511) icur = 511;
PlotPixel(0);
if(SelectCursor==0){
Curse(icur, LeftCursorColor);
} else Curss(icur,RightCursorColor);

return;

1 dewpefitefiimednaile +

void ShiftToLeft{void)

{

PlotPixel(0);

if(SelectCursor==0) {
Curseficur,LeftCursorColor);

} else Curse(icur,RightCursorColor);

feur -= iing;

if (icur < 0) icur = 0;

PlotPixel(0);

if(SelectCursor==0) {
Curse(icur,LeftCursorColor);

} else Curseficur,RightCursorColor);
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return;

I aradwnhreanefitefeuazinny

{

"void SwitchCursor{void)

if (CursorLeft >= CursorRight) {
ix1 = CursorRight;
X2 = CursorLeft;

}
else {
ix1 = CursorLeft;
ix2 = CursorRight;
}
return;

T nanrauuanga ¢/

void DrawBorder(void)

{

setcolor(EGA_RED); /* border color */
rectangle(0, 0, getmaxx(), getmaxy(); /* border boundaries */
setviewport(0, 0, getmaxx(), getmaxy(), 1);

return;

/* nansaULy ¢/

int GetNames(int x)

{

I* x-code for desired menu */

int key;

int x1 = 190, y1 = 354, x2 = 450, y2 = 424;

DrawBlock{x1, y1, x2, y2);

setcolor(EGA_WHITE);

switch(x) {

case 4: /* Program quit */

outtextxy(x1+117, y1+4, "Quit");
outtextxy(x1+68, y1+35, "Press y to quit’;
line(<1+117, y1+13, x1+1486, y1+13);



case 6:

case 7:

case 8:
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setcolor(EGA_LIGHTRED);
outtextxy(x1+30, y1460, [Press any key to canclel’);
if(toupper(getch() == 'Y") {

PickUpPhone(0);

closegraph();

exit(0);

break;

outtextxy(x1+115, y1+4, "Hook on’);
line(x1+115, y1+13, x1+169, y1+13);
outtextxy(x1+30, y1+60, "[Press any key to cancle]”;
setcolor(EGA_LIGHTRED);
outtextxy(x1+68, y1+35, "Press y to hook on');
if(bioskey(1)!=0) getch();
ReadKeyboard();
iflScanCode==0x15) {

PickUpPhone(0)

goto Exit;

Jelse

break;

outtextxy(x1+110, y1+4, "Waiting";

linefx1+110, y1+13, x1+164, y1+13);
outtextxy({x1+30, y1+60, “[Press any key to cancle]?;
setcolor(EGA_LIGHTRED);

outtextxy(x1+50, y1+32, "Press Y to waiting for");
outtextxy(x1+60, y1+42, * incomming signal’);
if(toupper(getch()) == 'Y') {

return 1;

break;

outtextxy(x1+100, y1+4, "Resampling”);

line(x1+100, y1+13, x1+179, y1+13);
outtextxy(x1+30, y1+60, "[Press any key to canclel);
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setcolor(EGA_LIGHTRED);
outtextxy(x1+68, y1+35, "Are you sure ? *;
ifitoupper(getch()) == ‘Y'} {
DeleteBlockix1, y1, x2, y2);
return 1;
} else
break;
}
Exit:
DeleteBlockix1, y1, x2, y2);

return (0);

I* mansauly ¥/
void DrawBlockf(int x1, int y1, int x2, int y2)
{
register int i;
setcolor(EGA_DARKGRAY);
rectangle(x1, y1, x2, y2);
setcolor(EGA_LIGHTGRAY);
rectangle(x1-2, y1-2, x2+2, y2+2);
setfillstyle(SOLID_FILL, EGA_DARKGRAYY);
tloodfill(x1+1, y1+1, EGA_DARKGRAY);
setcolor(EGA_BLACK);
rectangle(x1, y1, x2, y1+15};
setfillstyle(SOLID_FILL, EGA_BLACK);
floodfillix1+1, y1+1, EGA_BLACK);
for (i=0; i <=1; i++) {
setcolor(EGA_WHITE);
setlinestyls(SOLID_LINE, 0, 2);
movetolx1-1, y2+1);
linetolx1-1, y1-1);
lineto(x2, y1-1);
}
setlinestyle(SOLID_LINE, 0, 1);

return;

1+ sunsaunazanausing */



74

void DeleteBlock(int x1, int y1, int x2, int y2)

{

setcolor(EGA_BLACK);
bar3d(x1-4, y1-4, x2+4, y2+4, 0, 0);

return;

el
I uameAiwmisiaqiiieanafiaas +

void ShowValue(void)

q

int xtex = 550;

int ytex = 80;

T = {float)1.0ffs;

ms=T*1000;

dV = 18.5/(256.0*Gain*slgain);
setcolor(EGA_LIGHTGRAY);

rectangle(xtex-9, ytex-5, xtex+82, ytex+253);
setfillstyle(EMPTY_FILL, EGA_DARKGRAY);
floodfill(xtex-7, ytex+2, EGA_LIGHTGRAY);

ytex += 2*ydel;

setcolor(EGA_LIGHTREDY),
outtextxy{xtex,ytex,"Cursors: %);

ytex += ydel;

setcolor(EGA_YELLOW);

outtextxy(xtex,ytex, Left: );

ytex += ydel;

sprintf(StringBuffer, *%5.02f V",sb{CursorLeft]*dV);
setcolor(EGA_WHITE);
outtextxy(xtex,ytex,StringBuifer);

ytex += ydel;

sprintf(StringBuffer, *%5.03f ms",CursorLeft*ms/4700.0);
outtextxy(xtex,ytex,StringBuffer);
setcolor(EGA_YELLOW);

ytex += ydel;

outtextxy{xtex,ytex, Right:");

ytex += ydel;

setcolor(EGA_WHITE);

sprintf(StringBuffer, *%5.02f V", sb[CursorRight]*dV);

outtextxylxtex, ytex, StringBuffer);
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ytex += ydel;

sprintf(StringBuffer, "%5.03f ms",CursorRight*ms/4700.0);
outtextxy(xtex, ytex, StringBuffer);

ytex += ydel,

setcolor(EGA_YELLOW);

outtextxy(xtex, ytex, "Delta:");

ytex += ydel;

setcolor(EGA_WHITE);

sprintf(StringBuffer, “%5.02f V",{sblCursorRight}-sb[CursorLeft])*dV);
outtextxy{xtex, ytex, StringBuffer);

ytex += ydel;

sprintf(StringBuffer, "%5.03f ms",(float)(CursorRight-CursorLeft)*ms/4700.0);
outtextxy(xtex, ytex, StringBuffer);

return;’

" whaanusinllsunay ¥/

void Introduction{void)

{

int x = getmaxx() , y = getmaxy();
cleardevice();
setcolor(EGA_LIGHTMAGENTA);
rectangle( x-510, y-400, x-100, y-100);
setfillstyle(SOLID_FILL, EGA_DARKGRAY);
floodfili(x-300, y-350, EGA_LIGHTMAGENTA);
setcolor(EGA_LIGHTRED);
settextstyle(TRIPLEX_FONT, HORIZ_DIR, 2):
outtextxy(x-490, y-270, WELCOME TO ECG MONITOR PROGRAM";
settextstyle(DEFAULT_FONT, HORIZ_DIR, 1);
for(:) {
if(bioskey(1)1=0){
getch();
getch();
}
setcolor(EGA_WHITE);
outtextxy(x-400, y-130, "Press any key to continue...”);
delay(500);
setcolor(EGA_DARKGRAY);
outtextxy(x-400, y-130, "Press any key to continue...);
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delay(300);
if(kbhit(}) break;
}

return;

o sugUadulunrevlug +/
void DeleteOldArea(int v1, int v2, int v3)
{
setfillstyle(SOLID_FILL,EGA_BLACK);
floodfilliv1,v2,v3);

return;

/* mdunaransaulun ¢/

void CreateCenterLine(void)

{
int r1=XOFF-1;
int r2=YOFF+130;
int r3=YOFF-130;
int r4=XOFF+512;
setcolor(EGA_LIGHTRED);
setlinestyle(DOTTED_LINE,0,1);
movetol(r1,(r2+r3)/2);
lineto(rd,(r2+r3)/2);
setlinestyle(SOLID_LINE,0,1);

return;

" ejm\'tytmmmj'\wimﬁm *
void ContinueSamplingfint Function,int Select1,int Select2, int Delay)
{
ShowValus();
switch(Function) {
case 1:
if(Select1==0) goto Exit;
if(bioskey(1)!=0) getch();
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for() {
Period();
if(bioskey(1)!=0) goto Exit;
if(Select2==0) ContinueSampling(1,1,0,0);
}
break;

case 0:
it(bioskey(1)1=0) getch();
if(Select2==1) goto Exit;
Again:
WaitingMessage(1);
for(:) {
if(kbhit()
WaitingMessage(0);
DrawBorder();
DrawlLargeBox();
ContinueSampling(1,1,2,50);
goto Exit;
}
PhoneRinging{);
if(RingData>5) {
WaitingMessage(0);
Warning();
DrawBorder();
Drawl.argeBox0);
ContinueSampling(1,1,2,50);
break;
}
else goto Again;
}
break;
}
Exit:
return;

7+ auldsunsu &

void EndOfProgramivoid)
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closegraph();

textcolor{LIGHTREDY);
cprintf("\rElectrocardiogram Monitoring Program®);
printf(\n";

textcolor(YELLOW);

cprintf(\rAdvisor);

textcolor(WHITE);

cprintf(: Dr.Kittiphol Chitsakul™);
textcolor(YELLOW);

cprintf(\n\;Program Design’);
textcolor(WHITE);

cprintf(": Mr.Anuwat Ploykratok 37013227");

cprintf(\n\ Mr.Chakaphan Yodsuk 37013236,
cprintf(\n\v Biomedical Electronics Laboratory KMITLY;
textcolor(LIGHTGREEN);

cprintf(\nEnd of program\n‘);

return;

* ndiode +/

int CreateSound(int Frequency)

do {
sound(Frequency);
delay(50);
nosound();
delay(100);

} while{Any==1);

return O;

M uasedamauiieu o/

int Warning{void)

int X1=190,Y1=354;
for() {
if(bioskey{1}{=0) getch();
Again: DrawBlock(X1,Y1,X1+260,Y1+70);
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setcolor(EGA_WHITE);

outtextxy(X1+100, Y144, "Warning");

line(X1+100, Y1+13, X1+155, Y1+13);
outtextxy(X1+20, Y1460, "Press any key to continue...”);
setcolor(EGA_LIGHTRED);

outtextxy(X1+60, Y1+35, "SIGNAL INCOMMING");
CreateSound(3000);

nosound();

if (kbhit(){

Any=0;

DeleteBlock(X1,Y1,X14260,Y1+70);

goto Exit;

}

goto Again;
}
Exit:
PickUpPhone(5);
return ;

* usmedapauzanaafyoouiTun ¥/

void WaitingMessage(int Status)

{
int maxx=getmaxx(), maxy=getmaxy();
switch(Status){
case 1:

setcolor(EGA_YELLOW);

break;

case 0:
setcolor(EGA_BLACK);
break;

}

cleardevice();

settextstyle(TRIPLEX_FONT,HORIZ_DIR,5);
outtextxy(maxx/2-100,maxy/2-50, Waiting...”);
settextstyle(DEFAULT_FONT,HORIZ_DIR,1);/* Restore default font */

return;
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* andasyaanniar
void LoadFile{void)
{
char chr;
int length,i;
closegraph();
textcolor(WHITE);
TryAgain: clrscr();
texteolor(LIGHTGREENIBLINK);
cprintf("Load File:\n");
textcolor(WHITE);
cprintf(\rPlease enter filename and directory, or ESC to cancle.”;
cprintf(\\nEnter file name (.dat): *);
textcolor(WHITE);
ReadKeyhoard();
if(Ascii==0x1b} goto Exit;
scant("%s" StringBuffer);
if(strlen(StringBuffer)>11) {
clrser};
printf(\aFile name can't more than 8 characters I);
delay{500);
goto TryAgain;
}
strcat(StringBuffer,”.dat");
if(fp = fopen(StringBuffer,rb") 1= NULL) {
if({fread(sb,2, 512,fp) == 512) {
if({fclose(fp)) 1= -1) {
}

} elsef

clrser();

printf(\a");
textcolor(WHITE);
cprintf("vCan't find file");
textcolor(LIGHTRED);
length=strlen(StringBuffer);
for(i=0;i<length;i++) {

StringBufferlil=toupper(StringBufferlil);
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cprintf(* %s",StringBuffer);
textcolor(WHITE);

cprintf(®, try again (Yes/No)? *); -
if(toupper(getch(})=="Y") goto TryAgain;
else goto Exit;

}

Exit: StartDisplay();

DrawBorder();

DrawlLargeBox();

PlotPixel(0);

if(bioskey(1)1=0) getchi};

return;

* iudiayassAar */
void SaveFile(void)
{
char chr;
int a;
int length,i;
closegraphl);
textcolor(WHITE);
TryAgain: clrser();
textcolor(LIGHTGREENIBLINK);
cprintf(*Save File:\n");
textcolor(WHITE),
cprintf(\rPlease enter filename and directory, or ESC to cancle.):
cprintf(\\nEnter file name (.dat): *);
textcolor(WHITE);
ReadKeyboard();
iftAscii==0x1b) goto Exit; /* new] Esc tletinidn */
scanf(*%s",StringBuffer);
if(strlen(StringBuffer)>11) { /* MzaadndelMdanafiu 8 fashunideli +
clrserl);
printf(\aFile name can't more than 8 characters 1');
delay{500);
goto TryAgain;
}
Exit: StartDisplay();



32

DrawBorder();
DrawLargeBox();
PlotPixel(0);
if(bioskey(1)!=0) getch();

return;

i o?qmmﬁwriaun'mjmwia:n?q *
void SetSamplingRate(void)
{
closegraph();
textcolor(WHITE);
TryAgain: clrscr();
textcolor(LIGHTGREENIBLINK);
cprintf("Set sampling rate:\n");
textcolor(WHITE);
cprintf(\rPlease enter new sampling rate (1-30000), ESC to cancle.”);
cprintf(\\nEnter sampling rate : *);
textcolor(WHITE);
ReadKeyboard();
if(Ascii==0x1b) goto Exit; /* Esc to Cancle */
gets(StringBuffer);
sscanf(StringBuffer,"%d", &z);
iflz>=1 8& 2<=30000) { /* MTrRRRUATERNTUIR */
fs=z [* nMuunAtunfawls fs
StartDisplay();
DelsteQOldArea(XOFF+95,YOFF-100,EGA_LIGHTGREEN);
Period();
return;
lelse {
clrserf);
printf(\a");
textcolor(WHITE);
cprintf("Sampling rate’);
textcolor(LIGHTRED);
cprintf(* %s",StringBuffer);
textcolor(WHITE);
cprintf(" invalid, try again (Yes/No)? ");

ifltoupper(getch()}=="Y") goto TryAgain;
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e.lse goto Exit;

}

Exit:

StartDisplay();
DrawBorder();
DrawLargeBox();
PlotPixel(0);
if(bioskey(1}!=0) getch();

return;

/* uamefanrutagivae ¥/

void Help(void)

{

closegraphi);

Again:

textcolor(BLACK);

clrser();

if(bioskey(1)1=0) getch);
textbackground(BLUE);
textcolor(YELLOW);
cprintf("Help:");
textbackground(BLACK);
textcolor(WHITE);
cprintf(\\n\n1";
cprintf(\r\n2");
cprintf(\r\n3-0%);
cprintf(\\nF1);
cprintf(\\nF2%);
cprintf(\\nF37);
cprintf(\\nF4";
cprintf(\\nF5);
cprintf(\\nF67);
cprintf(\\nF7"); .
cprintf(\\nF8";
cprintf(\\nF10%;
textcolor(LIGHTRED);
gotoxy(8,3); cprintf('Left cursor”;
gotoxy(8,4); cprintf('Right cursor’);
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gotoxy(8,3); cprintf("Left cursor”);
gotoxy(8,4); cprintf(Right cursor®);
gotoxy(8,5); cprintf("*Change step”);
gotoxy(8,6); cprintf("Help’);
gotoxy(8,7); cprintf("Load file");
gotoxy(8,8); cprintf(*Save file");
gotoxy(8,9); cprintf("Sampling rate’);
gotoxy(8,10); cprintf("Stanby’);
gotoxy(8,11); cprintf("On Hook);
gotoxy(8,12); cprintf(Resampling’);
gotoxy(8,13); cprintf("'Restrore”);
gotoxy(8,14); cprintf("Quit");
gotoxy(1,24);
textcolor(YELLOWIBLINK);
cprintf(\\nAny key to cancle’);
getch();

StartDisplayf();

DrawBorder();

Drawl.argeBox({);

PlotPixel(0);

if(bioskey(1)!=0) getchl);

return;

— 4
/* 87 Scan UAL ASCIH code 1RIJNAGNNA */

void ReadKeyboard{void)

{

union REGS reg;
reg.h.ah=0;
int86(0x16,&reg,&reg);
ScanCode=reg.h.ah;

Ascii=reg.h.al,
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DESIGN INFORMATION

RY,
(4]

A2 > (), Rg > 10k(l

2 15oF
in addition to the given desigh information refer
to Figura 5 for R1, R2, snd C1 component selec- -

within the following ranges: tions.
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REF. G. S. Moschytz, “Miniaturized RC Fliters Using Phese-Locksd Loop”, 8STJ, May, 1985,
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ELECTRICAL CHARACTERISTICS (Continued)

. B ”Oc
PANAMETER CONMDITIONS v uNIT
0o Ma. | Tye. | Max.
VCO.SECTION (Continued)
TEMPERATURE-
FAEQUENCY
STABILITY
| No Offsat R2=e 5 - 0.12:0.24 - %x°c
. 10 - 0.04-0.08 -
15 - 0015003 | -
With Offset A2< 10X R1 5 0.06-0.12 - %Pc -
10 - 0.06-0.1 -
15 - 0.03-0.06 -
INPUT RESISTANCE Rin
[{veo,,) . 5, 10,15 | - 10* - |mMa
OUTPUT DUTY Al valid input combin-
CYCLE {ations snd volteges - 50 —_— %
OUTPUT TRANSITION oo 0.t 1 )
.| rime TLHTTHL ¢ = S0pF s A 100 200 |ns
10 -~ 50 100
15 = 40 . 80
T PHASE COMPARATORS d
-1INPUT RESISTANCE
Signal Input | Ry 5 1 3 - Ma
g 10 0.2 0.7 -
16 0.1 0.3 -
Comperator | Ry 510,16 | ~— 10 - - MR
Input
AC-COUPLED INPUT  |Vin
SENSITIVITY
Signal input 5 - 200 400 mVv
AP 10 - 400 800
15 - 700 -1400
OUTPUT TRANSITION
TIME
PCIL, PCO T, tTHL [ - 100 200 ns
OGutputs €, = 50pF 10 - 50 100
) 18 - 40 80
Phass Pulses [ty trme 5 - 130 260 ns
Cutput - 10 - 65 130
16 - 50 ¢ 100
DEMODULATOR QUTPUT
OFFSET VOLTAGE  |VCO\-
Vo | Rg>50k02 s - 14 22 | vde
10 - K] 22
15 - 1.8 22
LINEARITY Re>60KS’
VCO) = 25203V- 3 - 0.1 - %
VCO,y = 5.0:25V 10 - 0.8 -
VCO,y = 7.5¢5.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE V2 Iz = SOpA - 63 7.0 17 |v
DYNAMIC Rz Iz = ImA - - 100 - o]
RESISTANCE
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uiugiielod OP-07

PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Instrumentation Grade
Operational Amplifier

Raytheon

OP-07 Series

Features

® Low noise 0.1Hz to 10Hz — 0.35uVpp
m Ultra-low Vgg — 10pV

u Ultra-low Vog Drift — 0.2uV/°C

M Fits 725, 108A, 741, and AD510 sockets
B [ong term stability — 0.2uV/Month

® Low input bias current — £1nA

u High CMRR — 126dB

® Wide input voltage range — £14V

Description

The OP-07 amplifier series is designed for pre-
cision low level signal conditioning where ultra
low Vpog and TgVps are required along with
very fow bias currents. Internal compensation
eliminates the need for external components.
Novel circuit design and tight process controls
are used te obtain very low values of Vos. Vos
is further reduced by a computer controiled
digital nulling technique at test. Low frequency
noise is minimized. Internal biasing techniques
reduce external bias and offset currents to values

Sehematic Diagram

in the order of £:1nA over the military temperature
range. OP-07s are direct replacements for the
108A, 714,725 and 5507. They can replace chopper
stabilized amplifiers in many applications.

Mask Pattern

Die Size: 65 x 101 mils 65-00361A

Min. Pad Dimensions: 4 x 4 mils

@
(o
-V,
s RZA'}I: $ Rz
8K < > 8K S
m ® 9 L oo S R7
® » v°—*t T 75F 0] $ 15
RIA € 15 s < RiB
42K :: Trim Hm :; K
el )_J
1] Q10
"V o
Q11 o2
Non- 07 D8
Inverting Q5 a3 06 04 m Output
Input L1
O—AAV—¢ L. C3 C2 D17
® B 0 027 HpF 85F 06
50 RS
o21 023 02 L 020
VvV
Inverting 022 D24 025 a15
[}
"o < »—ﬁm o
@ p4 T\
500 R6 R8
D13 4K 1K
@ Q ®
o . . ‘
'VS
*R2A and R2B are electronically adjusted during tactory test for minimum Vos 05.003626
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Instrumentation Grade

OP-07 Series Operational Amplifier
Connection Information
TO-99 8-Lead
Metal Can Duatl In-Line Package
(Top View) (Top View)
:—"V——T Pin Function
1 Vos Trim
E B 2 -input
3 +input
E E 3 4 -Vg (Case)
6 Output
E ’ E 7 +Vg
8 Vos Trim
E ,?_] os
£5-TCI6AA
Absolute Maximum Ratings Ordering Information
SupplyVoltage .....oeevmeinieneennens =22V QOperating
InputVoltage' .........c.cvoieiiiniiinn =22V Part Kumber Package Temperature Range
Differential Input Voltage  .............. 3oV OP07CT 70-99 0°C to +70°C
Internal Power Dissipation® .......... 500mW - "
Output Short Circuit Duration ....... Indefinite OP-07DT 70-99 0°Cto+70°C
Storage Temperature OP-O7ET T0-99 0°C to +70°C
Range ................... -65°C to =150°C 0P_07COE Bramic 0°C 10 470°C
Operating Temperature Range :
OP-O7A ..oiviiiiieinannn, -55°C to +125°C 0P-07DDE Ceramic 0°Cto +70°C
. O:_SO7|E/C'/D T AN t ........ 0°Cto=70°C OP-07EDE Ceramic 0°C to +70°C
ead Soldering Temperature P : VA
(B0SEC) -vnvnrersienrishennenns +300°C | OP-7CNB Plastic 0°Cto +70°C
Notes: 1. For supply voltages less than =22V, the absolute 0P-07DNB Piastic 0°C to +70°C
‘r/r:)a"x;;net:tm input voltage is equal to the supply OP-GTENB Plastic 0°C 10 +70°C
2. ?g;g;;;g:apower dissipation vs. ambient Opmqg Ceramic _55°C to +125°C
Thermal Characteristics OP-07DE/883B* Ceramic -55°C to +125°C
8Lead OP07ADE Ceramic -55°C to +125°C
8-Lead 10-99 OP-07ADE/883B* Ceramic -55°C to +125°C
‘ Ceramic DIP | Metal Can o0pg7T 70-99 555G to +125°C
Max. Junction Temp. 175°C 175°C P71 /8838 T0-99 5550 to +125°C
Max. Pp Ta < 50°C 833mW 658mW OPOIAT T0-99 5550 10 4125°C
Therm. Res. 6. 45°CIW | °Crw OPUTAT/BE3B* | T099 | -55°Clo+125°C
Therm. Res. 6. 150°Crw 190-C/W *MIL-STD-883, Level B Processing
For Ta > 50°C Derate at 8.33mW 5.26mW
per °C per<C




14

96

Instrumentation Grade

Operational Amplifier

OP-07 Series

o PR A
Electrical Characteristics (Vg =+15V and Ta = +25°C unless otherwise noted)

0P-07A . OPO7
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
Input Offset Vollage* 10 | 2 B || WV
\L,z?tggT:’s"t‘aL“iﬁ;‘;,ozﬁse‘ 02 | 10 02 | 10 | uV/Mo
Input Offset Current 03 | 20 04 | 28| nA
Input Bias Current 0.7 | £20 +10 | £30| nA
Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 035 | 06 | uVpp
fo = 10Hz 103 | 18 103 | 18 W
Input Noise Voltage Density? fo = 100Hz 10 13 10 13 Sz
fo = 1000Hz 96 | 1 96 | 1
Input Noise Current? 0.1Hz to 10Hz 14 | 30 4 130 | pAyp
' fo = 10Hz 0.32 | 080 0.32 | 080 oA
Input Neise Current Density? fp = 100Hz 014 | 023 0.14 | 023 —\/?_z- '
fo = 1000Hz 012 | 0.47 012 | 017
Input Resistance (Diff. Mode)® 30 80 20 60 M0
Input Resistance (Com. Mode) 200 200 6N
Input Voltage Range +13 | +14 +13 | x14 v
Common Mode Rejection Ratio Vom = 213V 10 | 126 110 | 126 dB
Power Supply Rejection Ratio Vg = £3V to +18V 100 | 110 100 | 110 dB
Large Signal Voltage Gain R = 2k, Vo = £10V 300 | 500 200 | 500 VimV
Large Signal Voltage Gain? C(L,fi%o;\?vs —agy | 190 | 500 150 | 500
. Ry = 10k0 +125| %13 +125| 13
Output Voltage Swing R =2k +12 | 128 +12 | +128 v
Rz 1k +105 | =12 +105 ] +12
Slew Rate? R = 2kn 01 | 017 01 | 017 V/uS
Unity Gain Bandwidth? AycL =+1.0 0.5 0.5 MHz
Open Loop Output Resistance Vo=0,15=0 60 60 0
Power Consumption Vs = 215 r 120 L mw
Vg = +3V 40 | 6.0 40 | 60
Offset Adjustment Range Rp = 20k0 +4.0 4.0 mV

Notes: 1.

Long Term Input Offset Voltage Stability refers to the average trend line of Vg vs. Time over extended periods after the first 30 days

of operation. Excluding the initiat hour of operation, changes in Vog during the first 30 operating days are typically 2.5uV.
2. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

3. Guaranteed by design.

4. Input Offset Voitage measurements are performed by automated test equipment approximately C.5 seconds after application

of power.
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Instrumentation Grade
Operational Amplifier
M

Electrical Characteristics (Continued) (Vg = 15V and Ta = +25°C unless otherwise noted)

0P-07E oP07C 0P070
Parameters Test Conditions Min | Typ |{ Max | Min | Typ | Max| Min | Typ | Max Units
Input Offset Voltage! 0|7 60 150 60 [ 150 nV
{.lg?tg ;:%Tagﬂ;j;'gﬁset 031 15 04 120 05 | 30 | uV/Mo
Input Offset Current 05| 38 08 | 60 08 |60 nA
Input Bias Current +12 | 4.0 +1.8 147.0 +20| 12| nA
Input Noise Voltage? 0.1Hz to 10Hz 031} 06 0.38 | 0.65 0.38 | 065} uVpp
fg = 10Hz 10.3| 18 1051 20 105 20 W
Input Noise Voltage Density?| g = 100Hz 10 | 13 10.2 | 135 102 | 135 7__’;
fo = 1000Hz 96 | 11 98 | 115 * 98 | 115
Input Noise Current2 0.1Hz to 10Hz 14| 30 15 | 3 15 | 35 | pAsp
fg = 10Hz 032]| 08 035|093 0.35| 09 oA
Input Noise Current Density? | fp = 100Hz 0.14| 0.23 0.15 1 0.27 0151027 —\/_ﬁ';
fo = 1000Hz 0.12 | 0.17 0.13 |0.18 013 0.18
'(Bﬁ’f‘;‘ ,&%ﬂ:;?”ce 15| 50 80 | 3 70 | 31 MO
Input Resistance 160 120 120 6o
(Com. Mode) .
Input Vo'tage Range 13 +14 +13 | £14 13| 214 v
ggmg?u Mode Vo = 13V 106 | 123 100 | 120 o | 110 a8
g‘;}’;‘g{l Supply Vg=+30Vio =18V | 94 | 107 %0 | 104 %0 | 104 d8
Large Signal Voltage Gain | R, = 2kQ. Vg =£10V | 200 | 500 120 | 400 120 | 400 .
: ., | R, = 5000 vimy
Large Signal Voltage Gain? V; - 205V, Vg = 230V 150 | 500 100 | 400
RL = 10k +12.5| +13 +12 1 £13 12 1 +13
Output Voltage Swing R =20 +12 |£12.8 +11,51+12.8 +11.5/+12.8 Vv
. RL = 1kQ +10.5 £12 +12
Sfew Rate? Ry = 2k 011017 01 1017 011017 ViuS
Unity Gain Bardwidth? Ayc = +1.0 05 0.5 0.5 MHz
gﬁfgu%%oegistance Vo=0.lo=0 60 60 60 ft
Power Consumption Vg = 215V 75 | 120 80 | 150 80 | 150 W
Vs,= 3.0V 40} 6.0 40 | 80 40 | 80
Offset Adjustment Range | R; =20k *4.0 +4.0 +4.0 mV

(See footnotes on page 6-60)
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Instrumentation Grade

Operational Amplifier OP-07 Series
w

Electrical Characteristics (Continued)
(Vs = £15V and -55°C < Ta < +125°C unless otherwise noted)

OP07A 0P07

Parameters . Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage® : 25 60 60 [ 200 | wVv
Averagg Input Offset Voltage Drift

Without External Trim? 02 | 06 03 [ 13 WVI°G

With External Trim? Ro = 20k 02 | 06 03 | 13
Input Offset Current 08 | 40 12 | 56 | nA
‘Average Input Offset Current Drift! 50 | 25 80 | 50 |pA/eC
Input Bias Current +1.0 | 240 +20 | 60| nA
Average Input Bias Current Drift’ 8.0 25 13 50 | pA/°C
Input Voltage Range +13 [ 2135 +13 | £135 v
Common Mode Rejection Ratio Vom = £13V 106 | 123 106 | 123 dB
Power Supply Rejection Ratio Vs = £3.0V to 18V 94 | 106 94 [ 106 dB
Large Signal Voltage Gain R =2k0, Vg =10V 200 | 400 150 | 400 VimV
Output Voltage Swing R =2kn +12 | +12.6 +12 | 126 v

Notes: 1.  This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
2. Guaranteed by design.
3. input Offset Voltage measurements are performed by automated test equipment approximatety 0.5 seconds after
application of power.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sate. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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OP-07 Series Operational Amplifier
M

Electrical Characteristics (Continued)
(Vs = £15V and 0°C < Tp < +70°C unless otherwise noted)

- OP-O7E 0P-07C 0P070

Parameters Test Conditions Min| Typ |Max {Min| Typ |Max | Min | Typ [Max| Units
Input Offset Voltage? 45 1130 85 | 250 85 1250 uV
Average Input Offset
Voltage Drift

Without External Trim? 03 |13 05 {18 07 |25 VIoC

With External Trim? Rp = 20kn 03 [13 04 116 07 |25 "
tnput Offset Current 09 |53 16 | 8.0 16 180 nA
Average Input Offset °
Current Drift? 80 | 3 12 | 50 12 1 50 {pA/°C
input Bias Current +15 |455 +22 |£9.0 +30 |£14] nA
Average Input Bias o
Current Drift’ B3 15 1190 18 | 30 {pA/°C
Input Voltage Range +13[ =135 +13|£135 +131+13.5 v
Common Mode Y
Rejection Ratio Vom = =13V 103} 123 97 | 120 94 | 106 dB
Power Supply i’ b4 \
Rejection Ratio Vs ==3.0Vto =15V 90 | 104 86 | 100 861 100 dB
Large Signal Voitage Gain | R, > 2kn. Vg = =12V | 180 | 450 100 | 400 100 | 400 VimV
Qutput Voltage Swing RL = 2k =121 =126 +11 12126 +111+126 v

Notes: 1. This parameter is tested on & sampie £2s 5 2~'y. and guaranteed to an LTPD of 10.
2. Guaranteed by design.
3. Input Offset Voltage measurements -z os~2-~ed by automated test equipment approximately 0.5 seconds after
app'cation of power.
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OP-07 Series

S

Digital Nulling Technique

The digital nulling technique involves the zener
diode nulling network of Figure 1. The zener
diodes have relatively high breakdown voltages
and never operate in the zener mode. The purpose
of the zeners isto short out resistors R1, 2R1, 4R1,
or 8R1 by forcing a high reverse current through
the didde to metalize the junction. The input offset
voltage can be adjusted by varying the collector
resistor ratio. If the difference in the two collector
resistors (Rg) is a small increment ARg, Vos can
be written as:

Rc+ARg _ ARc
Rc Rc

for AR¢/Rc < 1.0 In(1+ARc/Rg) = ARc/Rg, thus:

Vogs=V1in Vtin 1+

AR¢
Vos = Vr—=—
0s TRC

For Figure 1 R2 + R3 > 8R1, thus

~ R - =
Vos~-VTm (7-B3B2B1) (Bp=1)

or:

R1 _
Vos~VTrotR3 (1+B3B2Bq)  (Bo=0)
where B3B2B4 is a binary number which cor-
responds to the state of zener diodes Z1, Z2 and

23 as per Figure 1.

i +Vg

Inputs

R 81
<
4l 2
O————d
2R1 :> (82} (Bp :E 8A1
\ o] =z ‘
Vgs(5°C) = -26mv1(z- B_B BIRT gy - 1.01
<
M1 B2
7 p] Bq = 1.0for Z, unshorted.
[lc S—
Bn = 0 for Z, shorted.
< N
S$h B1B2B3 = Binary number with values from 010 7.
l l Wosise0) - 2TV 1338283);{1 B0+ 0
SR R< RZ~R3
1 4
+—o o—1
4L >
1: R3 3 :
+
‘Hﬁm ”5_‘

€5 003624

Figure 1. Digital Nulling Network
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OP-07 Series Operational Amplifier
... |

Typical Performance Characteristics

Untrimmed Offset Voltage vs. Temperature Trimmed Offset Voltage vs. Temperature
= - Vg = 215V A ¥ Vos trimmed 1o < 5.0,V at +25°C
2 5-R-100n - 3 Nulling Pot = 20K1)
- e 7 - 1. 0P-07A
H il . E 2. 0P07E — 47T 3
s S X 3. 0P-07 Vi A
é 50 : i ¥ N\ 4, 0P-07C VARV ]
R e S— g
S e 270007 k-1 . \\ A4 V. /
é jhw — oP-07 : _§ 10 ANEAN /1 /2,
: 5 1 r i : 1 \\ 2 \
5 e i B ] <
£ ————— 13 g
0 1 T 2 - 0 J N J 2
-50 0 -5 -100 -50 0 +50 -100
Temperature [* O} Temperature (°€)
Input Bias Current vs. Differential Input Voitage Input Bias Current vs. Temperature
4
- Vg al
- - =+
g = Vs = +15V
E z g 3
3 I¢ceash g
2 = . ie> 0P-07C -
g F 2 P | |
= £ = ~ OP-07E .
i [l
E E 1 = + .
i - RIS 0P-07A_ 47 {g
1= -2C
2 : » 0 1 A
0 -2 -1 0 -t -2 -3 -50 0 +50 ~100
Gifferential Input Voltage {¥o's? Temperature [°C}
65-0C358 2
Input Offset Current vs. Temperature CMRR vs. Frequency
25 T T 130 T T ]llo'IP"l(ﬂ
Vs = 15V ' 120 e TN
~ 20 ! 0P-07C \\
s i 110 WHEE ‘:\“ '
E _ o I HONN
- ) : i gt
3 = e b
2 © 1 Vi p
g 5 % |§3 ; -;Iif
g 0 R
§ 1 ' ol
H 70 e i
i so L LU 1ol
10 10 100
Temperature *C Frequency {Hz)
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Typical Performance Characteristics (Continued)

OP-07 Series

PSAR (dB}

Open Loop Galn {dB}

- PSRR vs. Frequency

T AR
TR e
= ‘\\i -' | :
v TSN i
80 | i L
i Sy
70 “\"v {
i 3 q
& !J! i \ s
o N
50 Vot pay i 2
0.1 10 10 100 K 10K
Freguency (Hz)
Open Loop Frequency Response
120
i T T
|t g L Vg = =15V
1 ! Ta=-25°C
80 - !
\ y 1
20 4N !
\
0 ! ;
- 1\ ¢ ]
01 1 10 100 1K 10K 100K M 10M

Frequency (Hz]

Maximum Undistorted Output vs. Frequency

g T T T 1T

£ u 12" Vg=x15V

2x . 51[ Ta=+25C 7T

g A ,

z % ,1 '

= P\ T y

g L i ;

2 12 \ [ T

= N v X

s 8 - I

- |

S 4 o

B g

0 L — 4
1 10 100 1K

Frequency (kHz)

Open Loop Galn (V/mV)

Open Loap Gain {dB}

Cutput Swing {Veits]

Open Loop Gain vs. Supply Voyltage

1000 T T
—Ta = +25°C
800
600
o
400
200 <
8
0 &
0 %5 10 15 =20
Power Supply Valtape {Volts)
Closed Loop Response for
Various Gain Configurations
100 T
] 1 Vg = 215V
a0 - ! Ta=+25°C
60 |
40 —
20
0 $
§
=20 <
10 100 1K 10K 100K ™ 10M
Frequency [Hz)
Output Voltage vs. Load Resistance
2 T
| Vg==15V
Ta=+25°C
15 |- Vin = =10mV Positive Svy ng-
-] BESEESESE
AT Negative Swing
10
3 2
8
0 b4
0.t 10 10

Load Resistor to Ground (k)
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Typical Performance Characteristics (Continued)

Power Consumption vs. Supply Voltage Output Short Circuit Current vs. Time
1000 — 3% T T T T 1
=Ty = +25°C = L1, Vg (Pin 3) = -10mV, Vg = =15V ___|
E 2. Vix (Pin 3) = +10mV, Vg = -15V
‘é 30 M : +
§ 100 L - B y P
i = ~
S E 25— —
] 3 : 2
2 £ —
§ 10 2 '
> s 2 H 1
Ed 7 s g Vg = z15V g
§ e Ta=-25°C | g
1 S 15 B . . &
0 2 4 60 0 1 2 3 4
Total Supply Witage, ~Vs to -Vs {Volts} X Time from Output Belng Shorted (Minutes)

Typical Applications’

High Speed, Low Vog Composite Amplifier*  Adjustment-Free Precision Summing Amplifier*

RF R4
AAA
' 10K
Va  R1
WA
Vo
—0
High Slew Rate
Amplifier
1 Vo=-vm % ~Igizs RF gi5v
- - 85-003894
High Stability Thermocouple Amplifier* Precision Absolute Value Circuit*
R3 R4 RS
10K 10K 10K
Sensing ———AAA——
Junction
A1 <15V
Vik 10K
OVo v v

0
Reference =y
Junction 0to+10V

-15v
B£5-002834
65-0082A

*Pin Outs Shown for Metal Can Packages




104

UITAYNTU

yEund Tsoinadena uazeywed miyiudena * stuumsasaviadygnuntuinding
leimgaoInsiwt  Usganiinug  sonfumaluladnszeeundudrnammsmanszils,
2538

" PC ADDA-12 Card FPC-010 User's Manual ", Flytech Inc.,1995

" 4000 Series CMOS IC Data Book ", SE-AD Co.,Ltd., 2537



105

an
fanssulsznma

AN » [
a A 3 o o =] as ] ~
Waaniinusiauiiduioddwd  Adleadnldfunnueymszininmaei o1i

Jd aa =

] PR 2 Yo o & o
1HY 919138 ARG Yaana 01sendior  FliduusihlumstamInssnuinaaea 59

c’/’ o A A a Yo o b= 1 dy
Wemsemudug uazewmindnm AfamIlassveveunseganngvinin o Tenei





