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BRAINSTEM EVOKED RESPONSE AUDIOMETRY

Chutima  Boonsormsit
Boonwree Netmugda

Dr. Kitiphol Chitsakul Advisor
1995

ABSTRACT

Brainstem Evoked Response Audiometry ( BERA ) is used to diagnose the
unusual of hearing by measuring the epidermic electric wave generating from the
brainstem when there is an audio stimulation at some levels of loudness . This thesis
describes our = developed BERA system . This project is mainly separated into two
parts . The first part is a hardware construction consisting of an instrumentation
amplifier circuit with the gain of about 200,000 and 100 to 3,000 Hz of bandwidth.
The second part is the software that consisting of two main programs . The first
one is the program that generates the stimulating sound in several levels of loudness
to an earphone via a sound card . The other one is the program that controls A/D

conversion card to record and show the signal on a microcomputer .
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4 q3 Y .
Yo 'mwmuma‘lwmuamnpmmm (input)

3.4 230sunauuylinduima (Noninverting Amplifier)

b 4
o o

:i a A’l 9/ 12
2svnedhnasisudyanaviiadn wovnu ot IRvua lnafiiu

= o o ar P o - o’ o 4?' ! o
Tﬂtmanymzti‘luamwmmmuammm (linear gain) 18 ﬂ’i}}ﬂlﬂﬂlﬂ‘&ﬂﬂﬂﬂ’m:‘uuﬂgﬂu
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. V+ Vaout
Vin op— 2 O
— v_
,<L Rf
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i35 vingd ezdAnalin1sflounduUNaY (egative feedback) dmiuuUSAT WD
fundygandiay doput ) e ( Sludiownhideedueuilifaniseeadaanls )
vaigi v, sxtlowdundyanendhuan oput ) Fyanai lReonnezilide (phase) Mo
fudaanuiitewdall

danduvesmanus I luda (closed - loop)  MidiRadyau
Hlounduiindyaandray “v,* lunsdliifeiiiuestuouiloaund (deal Op amp)
Ao anwdumuvuduiueiud (ofisiy) uar AWRUNIUVIBEN (output impedance)
Hu o 9x1@dnd I (voltage) Tndygnaudhay hiudadInfhividyyeudun

z1d%

Vou! Vout
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y
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Voul &"'R Rf +l
Va Ri Ri
Ty LY d’ - <t
8.5
(Active Notch Fil N Band-Reject Filter)
2993 lidudygrannud@deniulces hidwudyagrammzanud
(Band Reject Filter) ¥ianilafifdannudnludsimsifisinnumes A0t

Al 50 @iy lueedailudu R 3.6 uammaseuEUBIAIND (Frequency

Response) 4947495 lWifudyanannutifernanuifoinuuatia Q Ay

(4 Passband i;?"; Passband
100% (max.) BW
- 0d8 - /7 —
70.7% -34d8 ‘\ Z y
7 7.
0% -20d8 | e v
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\ : i/
\ z
(V. 1% - — !
our 408 ",‘ Low Q
ny
01%  -60d8 [ V!
| 1 I
| ! |
| { i
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r=-_——
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ANudBuwndIn f AATWRIUNIY (Reactance) YBIAUNTEY (Capacitor) 93]
1 @ o [y v [ d' ot d' & c‘a
fan Salimstloundy e dygnaitldesnmeziiswiniiqa dioanudtuym
1 v o ' @ o
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v 1 [] ] (3 i 4
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2195 W uautiRsuuuieniivitonsfe 1995 luduanutife
=4 8/ 1 o 9 o o - . .
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Filter) 4331/ 3.8
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O AAA—— AN ——t Vout

Vin R1 R2 |

- C3

v H @ v o
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Us2UUUNIURBE14Y (Basic Twin-T Notch Filter)

Vin R1 R2

~ C3

L R 1 , 1 LY 1
) 21997 Wruaudifoa lagldmsaeddmumuuasduny

UszuuunIuiniia1 Q g (High Q Twin - T Notch Filter)

ci {38 d' P % ] 9 Qs
31 3.8 uaaeaees ik uaamdrer Tagldmsaeanuamumunazan

o a o
nulseyuuuniun

5 o o g { 4 Y
Falszaoudlodadumu , aududsey uazeetusuilfdeuuusasvee

(MU 1 (Unity Gain Op-Amp) 1ag#

R3='&=& uar Ci=2C1=2C2
2 2
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]
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- peak
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70.7% ~3dB
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1% -40d8 | = cutoft

|
|
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o 1 1 3 9/ @ 9/ o o o 9
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O
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|1
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R
0
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77 3.11 uﬁmeﬂﬂu?;?_NMué'uﬁ'uﬁ 2 Fervvsuuuiaziiamusu
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aq
unn.s

¢
nsataed (Sound Card)

¢ o 9 o s o [ o 9 [ 9/ -] .

miadsalddimiuiauan @ Anodestuuiudoyaius (Sound File)
b 4
Tulnseuil 1880019 Sound Blaster 16 uasldvnmsiWouldsunsusmndadrudos
uuvTuTu (Mono) 8 1in (Bits) NANUMIAN 9 FeiaTeAunNuMIRMToTTATTAUATINAY
P} Y o a1 9y . . b 4
¥ouUFUa (Sound Level Meter) udrhmisdanoufludeoya Edic File) I 1Az uuuay
- 4

foams (Inudsay Taoldldsunsy Gold Wave Fuiiulisunsulszynd (Application)
S o EA ' ) 9 A o 9 Y Y] o  da
yoamiadus  nmiudoudnnivewiludeya @Headen iov ldiuniudoyaidseni

5 ; a ' kY] a  ad
anaidlu VOC (Voice File) wazidou Tusunsuniugumsiauuindoyadusiiana

dlu voc snududes lasldmiaites

5.1 Sound Blaster 168 (SB16)
719 Sound Blaster 16 YsznoudlodIuan q Az 51 TasNdiu

d' LA ke L4 d’
senpuiidhny Al

1. Qﬂﬂiﬂfﬂi:uﬁﬁﬂﬁﬁ' unﬁmﬁﬁﬂaa (Digital Sound Processor (DSP) Chip)
< ar

2. gunsaldunTedoueidy (FM Synthesizer Chip)

3. quUnsalliniged (Mixer Chip)
4. gunselmsi¥eunsiulia Bus Interface Chip)

5. Qﬂnsa‘fﬂmi’fﬁﬁ'ﬁuaznamﬁa (CODEC)
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Advanced signal processor
or socket for Mixer
advanced signal processor chip

/

PC SPX CDin Audio
connsctor  connector axension
C] [eeee]n
. b}
[ » i
Wave Blaster P15

connsector

8400009040 su0ns

eeedeseecssnsessseces
CD-AOM Interfaco conneclor

“Yolume
IFsp[* < | Codec Comrol
: il APsl
: g Jyen|EEC Output selector
: 1050 | ERCY Uineout/soeas
§ o5/ =
JP8-10 g8 =g

Joystick or MID! SN
Adaptar Plug

L=

Digital sound processor Bus Interface chip

517 5.1 uamadaudie q ¥9IN13A Sound Blaster 16

- ginsaldszananadygnuadaca
fusesswiwed cri7ar  aaldidudunannsaiuge sBis  lasld
o Y 4 y 44 o a4 ¢
Huduadrdmianuandan® sBis uazauguednselinernu@usdu 9 vuniia
@ & o o
- gilasdldunnzidynaonioy
Wlhuneessaued OPL 3 wes YAMAHA  Faunsadfidns ldgega
= ¢ @ Y o Y ) a
24 4 Towlosisdu (four - operator)  Wazamnsoadudueldgegads 20 @ealussuy
=] a . Y o < . b 4 <
HIPNEIADS 1o (Voice Stereo FM Sound) Tagosas 1A Ung (Melodies) 14 15 [e1en
Havidoadanae (Percussion) S 101 11 2 TvuAMSN1U (operation mode) UAvEAI N
Ho3AUAT (Melodies) 19 6 (@89 HAZIFUINIL (Percussion) 5 1H09 T 4 Tvuanisinu
(operation mode)
ga 4
- gnsalliniyes
Gluasessamwes  cr 17450 fiewsoth Wl lumsdfundaufiosnn
Tulas Ty (Microphone)  (Hus9InIATRUAUTA (CD audio) dYYIVUTUITZULATADA
. . . -3 A' o P .é ¢§ MJQ v
(Digital audio) $1Iwsvsunioslulnsnsuiines PC speaker) wazdu q  FITUMIA

Yo o a g . . - '
a"m‘l‘sﬂ‘ﬂﬂﬂt’dﬂdﬂ‘lﬂlﬂiﬂiiﬂll ﬂm:ﬂlﬁuaﬂuﬂs1ui:uu1aﬂlau (FM music) QU3 q
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TuszuudAtaoa (Digital sound) waziFRNRTOUAUTANMUAURYIA  wazdianso
Tunifowuudlnea Nnuvastuiladssidvais q udandeudu
L4 4 1 &
- pUnssimIounenuld
4 () z & ° o a

fhinsessames cr 1746 1lunsdadeyaninuadie mdauasdagu

{JoUUVATADA (Commands and Digital audio) senin SB16 fululnsaeuiiunes
1 d a 4
Taosz 1 lumsiaSoumsisa (Set)  mialudiuves uoamsavoIneTRBUNNLAZIDINYN
(/O Port Address) N13UASINIE (Interrupt) HaTMITIRONTOITYYIUVBINITIDINUY
'A7311A0ATY (Direct Memory Access - DMA  Channel)
4 dvcl ' o o s - Y o
WITIWWBS  CT 1746 Alinwanudidiseanmoludafisasuialung
¥ y -

quiiodnge uarannsaldiululnsneufiuaeidd 386 Jull

- gunsalmsidhatauazoeaTia

dueessamwes e 1701 Wdmiuulasdyanaeuasniudiaea
Wetunndyapaidoeszuuainea  uasulasdyanudineaiiuewiaen edudyeu
ot aa A a ) a Ao w o '
@aluszuuaiaea . laveusodeniduuuy 8 wis 16 1a  fiivasuslumsdu

o 1 P a ad a
AIDONEDN 441 Aladis Tuszvumeeile

5.2 ﬂi{l]{uﬂ (Function) i'il]{yé l}jjuj.!lsﬂﬂ lﬁljl}f}j‘ (Driver) f'l 14 9

msfimuasiilasussiuinlasnedudasda ndwdezidonld dail

BH = 1 => 1a3170 SBFMDRVFM (SBFMDRVFM Driver)

BH =2 => lasied CTVDSK  dmsuldiu dyanaududdneasindan
(CTVDSK Digital Voice From Disk Driver)

BH =3 => lasned CTVOICE dwiul¥fudyaaudsidsasasinmimy
7181 (CTVOICE Digital Voice From Memory Driver)

BH = 5 => 1a5170§ SBMIDI (SBMIDI MIDI Driver)

Flasnesildhmiunmsduuiludoyadusiifianaiiy voc fe lasned

as P

CTVDSK #ldfudyanandusaiasasinniaoanus

5.3H"u' ] )

- startSnd( ) WuensunlflumsSuduaudos antu o) et

9 U s/ o 9 e Aa d o d’
ﬂUQﬂ'l?mullﬁll‘UﬂiéﬂlﬁUQ WAINHUAIITINDT AU
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BH = 1110(@v484 1851395 (Driver Number)
BL =0
o Y 1 i o o
cx =0 @wiumunivdeyafvsiiaqaiiu voc nndar)
AX = fheavinvewtudoyadviniiagadiu .voc
TR 4
DX:AX = d1ﬁ%i’fayavm Voice File
TumsSonl¥fantu StartSnd( ) M lifianuAanain (Errorn)
y
HAYU 9zaedl AX AU 0 BBnNn
- PlaySnd() uiaidsunlflumsdudos Heddu 1) szdpedmua
S o dy
Samed Aail
BH = ¥u10av%03 185105
BL=1
CX =0
k% L] ) =Y J L]
TumsFonlsHansu Playsnd( ) SludanuAanamfaiu  azda
A1 AX 1A 0 8anUT
- Stopsnd() WuHedFuiilFlumsnganis@uiios  (Fuaction 27 9zfeq
Iy oo d @ d'
fmuastaaes aall .
BH = ¥y wiauved 1asies
BL =2
CX =0
o d’ (2] (] { ar
Hansuin Winsdernavosnun
- PauseSnd( ) Wuiladunlflumsngamadudngani  addu 3)
9/ o o g w :sy
wApaimuasIames Al
BH = nintiavvedlasios
BL =3
CX =0
¢ @ ; teg L [ ar
Hansuil lulimsdeninduesnin

s o t =S ! [
- ResumeSnd() Huftenduiilflumsadunududoalmindinnsmya

i 4
o

o L @ Y o o P
$n517 (Handu 4 edeadmuaiiames il
BH = munsmvueslasines

BL =4
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CX=0
y
Harsuidl hifinsdasnduesnin
. GetSndStat() Wudivenamuzveudes (Hedtu 5) vzdeadmuan

Ticang il
BH = nineiavved lasned
BL=5
CX=0
Harauil ozda AX = T0ML YA (Sound Status Word)
= 0000h  MYANITIAUITU (Sound Stopped)

= FFFFh  §dauidiedny (Playing)

5.4 Tlsupsydmiuaiaudas

@oaftesinn¥lunsnssdy Wiy Inuddsad 4 ATadde
flszdunnudadndiu fe 30, 40, 50, 60, 70 uaz 80 wdwa adalasasdouTysunsy
nazn/BousrRunuddasnsaiounne  udiaszduaudidisnisaassAuauds
vouFo W ldnmdmuiidesns  nmfu insandeutiudeyailadaslisunsy  Gold
wave Faffulusunsudszgndvosmimiios Iidnuazdoglit 52 unsdoudawia

vowRudaya  wemImiduuiudeyadvaifianadiu .voc

as <

i 52 saesgldygnadn Inubifaniivhnsdanondy
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#include<math.h>
#include<stdio.h>
#include<conio.h>
FILE *fi,*f1,*f2;
void main()

{

nt i,m;

char ch;

fi=fopen("c:\sound1.hex","wb");

for(i=1;i<1024;i++)

{
m=sin(2*M_PI*25%i/(1024/8))*sin(2*M_PI*i/(1024/8))+128;
fwrite(&m,sizeof(int),1,f1);

}

fclose(fi);

f1=fopen("c\sound1.hex","rb");

f2=fopen("c:\sound1.voc","wb");
for(i=1;1<=1024;1++)

{
fread(&ch,1,1,f1);
fseek(fl,1L,SEEK_CUR);
fwrite(&ch,1,1,£2);

}

fclo'se(f 1);

fclose(f2);
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né ' t 1] Y o c!y
Fevzuaiiududes  vesdoyadade 1l

o [l ] ] £y 9 P | d'd
AN 5.1 1mmf'nuuau‘uaa’mu'nwaawﬁwau_amuawuﬁf]atﬁu voc

lud Byte) 193110 (Description)
0- 13h Creative Voice File , 1Ah (Udnwiinveaiudeya)
14 - 15h 001Ah (Suauuilndoyaiiu)
<o ¥ a da
16 - 17h 0A01h (muumvesituvewiudeyadveiiienailu voc)
o ddd v a e
18 - 19h 112h  ( sviaiuiudoyaidosnlianadiu voc + 1234h)
' 3 8 da

t=i A ] 9 o :;d
TN 5.2 u’dﬂamuuawawagamumuﬁqmﬂu VOC

lud f1o3uY
Oh 01h (Uenwiaveoyaiog)
1-3h VanAuLIveIdoya
4 - end Joya
AINIDYN

43726561 74697665 2056 6F 69 63 65 20 46
696C651A 1A000A01 29110100 0Q400D500

0004 00 Humsuenviavewdiudeya 1024 Tud
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Fullu AD DA card MewnsoRuteyavesdyamuuLAtaea 18 12 da lus
wlaedynuaInan
dy 1 < P Qo S/ o v <2 1 d’c‘
Tuunil eznantnguuaziimslfuvesnisa Tavszaantanmizdiudine
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Auns IFauTuTassusimniu
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UAON E : mseumaniue

o LY a =) 1 o

Haon A : A IUAYYIUIUNANUASIADNYOIAUYIU
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wihsauguasadygnusueentiudyanuisaea  Wuddmua
MIN3N (rig source) UazdItmsdwrhudaya manlasdyaruswneniludynuaiaea
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P I'd
1) MsTEamsa
Fumson@nmininlaoldmaduraives 8254  wazvinaousn
naz msnaanuganus lasaselasmsidiouar 00H AU bases3

MINA 6.1 ) UARINITIEANTA PA - MA 12 (-H)

ddud FOIFYYIW  (7,6,5,3,1,0)
(Write Sequent) Wosa -ﬁ'aaga
1-1 P+3 00H

Note : P PA - MA 12 (-H) LOAIASAUBINOTATIU (Base Port Address)

2) mssaEdnnsntanulsAIus lasaTa
dumsngunsond@amsidhianiioaruiilasass  (Disable
DMA Controller) 1agASIHAAT A9A1T NN 6.1 V)

‘asuf 6.1 v) uaasnsauguMssadnmsditaniisanui lagas

faun | Pesdynaw 3 yoddnany 1 yosdyga 0
'd 8/ 4 9 < 3/
Wosn Joya HOIR Yoya Hosn Yoya
1-2 00AH 07H 00AH 05H 00AH 04H
d .
ATNN 6.1 ¥) (AD)
fAun | veedynnm 7 roudy M 6 youdam 5
L4 9 L o 5/ L4 V
Woia Joya oA doya Wosa VLG
1-2 D4H 07H D4H 06H D4H 0SH

L 4 ]
Juaoui 2 : Renvesdygudunn

Tunsidensesdyqiudunm  wdssinuaveuwaveaseedyya ldiy

v L]

1
= a 1 o ]

] o 14 & °
FOIAYUIN MUX WOTA (base+2) P 4 UATN MUUAHVWYRQUFDIAUYIUAGR  LUdE

4 dauu MnuanugeuresdyIugeqa 1aoh base+2 dTRUAMINGIAYTBITY R
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L d

galudd wawnmsuladyyauaazasi
frotauzsu  deansidvesdyan 5 szdseadimuan 0sH wie SSH
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M 62 wamamsfmuamveuwavestesdyanuld futesdyanu MUX

fwun FoudYaU  (7,6,5,3,1,0)
4 3/
HOIA voya
2-1 P+2 MUX

Note: P PA - MA 12 (-H) UBAIATAVBINDIAFIU

Fusoudi 3 : Amuamiifusdunamves 8254 edenaud lumsduaands

1 s254  Shuumdstuiadygaminlunsulasdygrueuendy

dFyanuAlaea swdoamuamly 8254 itedmuanuda lumsilasdyana
mm?ﬁumsn?fmzgnﬁmmiﬁuﬁ'ﬁunm (Counter) 1 Uiy 2 YB3 8254

M50 63 ) uaaImsfimuadeyalididunaues 8254

S ¥OIAYYIY  (7,6,5,3,1,0)
WosA Yoy
3-1 P+15 B4H
3-2 P+14 T1
3-3 P+14 T2
3-4 P+15 74H
3-5 P+13 T3
3-6 P+13 . T4

Note : P PA - MA I2(-H) UDRIASAYDINDIAFIN
T1 LSB dnfunanues 2 ves 8254
T2 MSB dnfuiianues 2 ved 8254
T3 LSB anfuauues 1 ved 8254

T4 MSB aMUNaUUDT 1 193 8254
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1313716 30) uaasdeyavesaniunauued 1waz2 ves s254anudlumsqualngmi 9

Al msudas Yoyn dmiy 8254
fyonw ewiaen | anfunal  wed 2 wews2ss | anfunal  wes 1 108254
du  #daea base+15 | base+ld | base+l4 | base+lS | base+13 | base+l3
100KHz | 10us B4H 4 0 74H 10 0
80KHz | 12.5us B4H 2 0 74H 25 0
SOKHz | 20us B4H 4 0 74H 20 0
40KHz | 25us B4H 4 0 74H 25 0
25KHz | 40 us B4H 4 0 74H 40 0
20KHz | 50 us B4H 4 o | . 74H 50 0
10KHz | 100 us B4H 4 o | 74m 100 0
SKHz | 200 us B4H 4 0 74H 200 0
2KHz | 500 us B4H 4 0 74H 244 1
1KHz 1 ms B4H 4 0 74H 232 3
500Hz 2 ms B4H 4 0 74H 208 7
200Hz 5 ms B4H 4 0 74H 136 19
100Hz | 10 ms B4H 4 0 74H 16 39
50Hz 20 ms B4H 4 0 74H 32 78
20Hz 50 ms B4H 4 0 74H 80 195
10Hz | 100 ms B4H 40 0 74H 16 39
5Hz 200 ms B4H 40 0 74H 32 78
2Hz 500 ms B4H 40 0 74H 80 195
1Hz 1s B4H 144 1 74H 16 39
0.1Hz 10s B4H 160 15 74H 16 39
001Hz | 100s B4H 64 156 74H 16 39
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2. MIMMUARIUBAIRTAGIU (base address)  WauIWe3demani (page

register)
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0 1 [ o o a st o ]

dumsimuasiusamsavesnisanuidises i uSSawmes mAua

upAsailogiu (DMA current address register) FadusasvuauennT auaantly

o o o ¥ g ’ 4 S/ oy ° Y ¢ o o
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15 19oady e 9

P 1 Y (4
MINA 6.4 n) msdideyauuylud

dAun | veudyana 3 youdmyQIn 1 yoadnou 0
I'd 3/ 4 8/ L4 v
wosn Joya nein R nosa doya
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4-2 06H AQ-A7 02H A0-A7 00H AO0-A7
4-3 06H A8-A15 02H A8-A15 00H A8-AlS
4-4 82H Al6-A19 $3H A16-A19 87H A16-A19
d’ ! L S/ ad
MINN 6.4 v) MIdoyaULUATA
dAun | veadygnn 3 yosdyqia 1 voadyam 0
o 9y o 9/ o S/
nosin Yoy vosin Yoy wosaA JBya
4-1 0CH 00H 0CH 00H 0CH 00H
4-2 06H AO0-A7 02H AO-A7 00H AO0-A7
4-3 06H A8-A15 02H A8-Al5 00H A8-Al5
4-4 82H A16-A23 834 Al16-A23 87H A16-A23
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L4
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a /o

msdmusi ifuSTames it umvesdwaudeyailegiv oMa
current word register)
aa s o 1 o 9/ @ @ o ] o 0’:
svamei ihumvesswandeyalepiudiuduiuswession ludvanua
aduilulumsdedoya Tavszaunsadenidinedidoyounnla wazdaunndendios
la Fmwsodmuaslddinsin 65

3N 65 0y msdadeyauuy lud

MAun | Youdyanu 3 yosdm 1 ¥oIdyQ I 0
o 9 L4 3/ o ¥
noin doya Nos5A Yoy nosin Joya
5.1 07H WO0-W7 03H WO0-W7 01H WO-W7
5-2 07H W8-W15 03H W8-W15 " 01H W8-W15

MINA 6.5 v) Msdteyaunuisa

Haun | veoudaanu 37 yoIdqaI 6 woIdyIU S
4 v a v 4 3/
Woin Yoy Wo39 Yoy Woia VBYa
5-1 CEH W0-W7 CAH W0-W7 C6H WO0-W7
5-2 CEH W8-W15 CAH W8-W15 C6H W8-W15

L4 v v
Tuapuit 6 : madmuasisuduliiu Inuaisanes (DMA mode register)

° Y = ' ° 2 ' dq o
l'ﬂuﬂ'\iﬂ"l'ﬁuﬂI‘Hilﬂ‘llf)\iﬂ'l?l‘il']ﬂ\iﬂu'wﬂ'l'mﬂﬂiﬂﬂﬂiq ‘]Nllﬂ'ﬂ\'lilhlﬂﬂ‘ﬂi‘ﬂ
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v [
Tuapuii 7 : msmgunseyAlumsiditeniieamudiTaonse Enable the
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< A a 3/ 2 ' o (Y
dumsSamduiemugumseygdlumndronionnuilaonse nie
a = P 1 9 4 @ ' °
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feun YOITYA  (7,6,5,3,1,0)
L4 sy
noin Yoya
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Note : P PA - MA 12 (-H) UDARTIYBINDIATIM
CMD fdd

0AH A1sMInNeInaIuuen
ocH min3nlaslddrdunaives 8254
OEH misninlaglddisunaves 8254 uazenatouen
- naoygdlunmditamissauilasass $118Taonsiamd1 D3 veq P43
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4 - 4 o 1Y = o
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A

SELECT MODE OF
RUN SIGNAL OR LOAD FILE

N

RUN SIGNAL ?

LOAD SBSIM ?

Yes

y

SELECT VOICE FILE

ENTER FILE NAME

PLAY SOUND

ENABLE A/D CARD

SAVE DATA IN
MEMORY

A

DISABLE A/D CARD

y

SAVE DATA IN FILE

DISPLAY SIGNAL

No———

INO—

+———No

LOAD FILE ?

ENTER FILE NAME

DISPLAY SIGNAL

SMOOTHEN GRAPH ?

Yes

b 4

SMOOTHEN GRAPH

P4
=)
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ENABLE A/D CARD

SAVE DATA IN
MEMORY

h 4

DISABLE A/D CARD

4

AVERAGE SIGNAL

4

SAVE DATA IN FILE

A 4

DISPLAY SIGNAL

INC 1

I<=1998 7

SMOOTHEN GRAPH ?

Yes

)

SMOOTHEN GRAPH

l
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7.8 MINATLUNINI
A @ A v P Y s o o
fissnndyananau IMfhnafuauesfignaszdudio@edivinadning
o Skt 9y <« o - < t ¥ 1 a c;d
295wl HSadoadiSaswarugate 200,000 v ualunisnaaey hiannsoflouduynid
¥y
vuadnunld dnfu Sunkminaaeuseniu 2 @i Ao NAABUSATIVEILVBINGS
? ¥
VOWHOAN  1AZ NATOUNAADANBIATINDLATENTINENEYBINTITAUATIUNITVOWUYY
Tindunlaautueniynm
acy
35NIINAAON
1 4
& ¥
1. foulvidos 12 Taad Tdnueetuend
a & L4 a a 14 :: 1 P ad =2
2. floudyanuaiiugdanoiving 10 Hadliad AwdnwD 10 185as D1 20
= o d Q. ] ya v
Aladiny wuvaridaswdvalvua MMouynverwsvnonans
o’ A '3 a a L4 P a ad
3. foudygpundugilanoniving 10 dadlaad anud 1 Aladsay  wuy
aouveuInua 1MBURNYDIITVIIORAMY INBAIIUAT CMRR
4. Tufinwamsnaasy MgA Voutl fasd 7.1 uazldnansuauennudas
N 75
o A s a a o 5 1 o ad <
5. foudygruaduidneiving 5 Nadliad dwaanud 10 @as D9 20
pladiny  MWounmvessssvownuy lundumla
6. TufinHanisnaasy NgA Voul , Voud , Vouid Uaziomiyn Asmsnn 7.2
uazldnanouausinud A 76,77, 78 uaz 79 awday

mImuIUAl CMRR

NNYAT
Av(DM)
Av(CM)
a a ad [ a a - 1w 3
n o1 Aladsew  darwewuuuanideswTralvua BAUMNY 1000 1M1 (310

CMRR =20log

AT NN 7.1) uag SRTIvIUUADNLBU INUA faumiy 1 m

100
CMRR =20 IogTO =60dB
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7.4 HAMINATOUINNIAIN
3R 7.1 uanueniyuuuddiesuidalnue vervsvnwnuBuaaguaty

AMNE (87am) Voutl (T7ad)
10 8.5
30 9
50 9
100 9
500 9
800 9

. 1000 9
2000 9
2300 8.8
2500 , 87
2800 8.5
3000 8.3
4000 75
4500 7
5000 6.9
6000 6.7

. 6500 _ 6.2
7000 5.8
8000 5
10000 44
20000 2

* g *

- a ad a1 97 a a 4
71 nladsay Jas Vourn nuussuusulvuald 10 Nadllad
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M 7.2 UAAUNHNTIYAAN q UBINITVW

= ad
AUD (1FIAY)

vour2 (T2ad)

Vouts (1nad)

L4
Voutd (17a9)

Vout (11ad)

10
20
30
40
50
60

0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
09
0.9
0.9
0.86
0.83
0.8
0.73
0.7
0.62
0.6
0.57
0.54
0.37
0.19

0.01
0.035
0.08
0.14
0.22
0.24
034
0.6
0.7
0.8
0.85
0.88
0.9
0.86
0.33
0.8
0.73
0.7
0.62
0.6
0.57
0.54
0.37
0.19

0.01
0.035
0.07
0.07
0.02
0.07
02
0.55
0.68
0.8
0.85
0.88
0.9
0.86
0.83
0.8
0.73
0.7
0.62
0.6
0.57
0.54
0.37
0.19

0.016
0.03
0.028

0.03
0.09
0.2
027
03
035
0.35
035
0.34
0.33
0.32
03
0.3
0.29
0.25
0.24
02
0.16
0.05
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MANUIN N)

@ ANALOG
DEVICES

Low-Noise Precision
Operational Amplifier

0P-27

FEATURES
® LowNoise .................... 80nV,_, (0.1Hz to 10H2)
.......................................... 3nv/\/Hz
® LowDrift ... ... i 0.2uV/°C
e HighSpeed ..................00vee 2.8V/us Slew Rate
............................... 8MHz Gain Bandwidth
® LowVog -cvviiiniinnnnannns e en s oag e I, 10pV
s ExcellentCMRR .......... P 126dB at Ve of 211V
* High Open-Loop Gain .......ccvveevennann 1.8 Million’
s Fits 725, OP-07, OP-05, AD510, ADS517,'5534A sockets
* Available in Die Form
ORDERING INFORMATION''
PACKAGE
T,=+25°C OPERATING
Vo MAX CERDIP  PLASTIC LCC  TEMPERATURE
®v) TO-99 8-PIN 8PIN  20-CONTACT  RANGE
25 OP27AJ" OP27AZ" 2> =] ML
25 OP27EJ OP27EZ  OP27EP - IND/COM
60 oP27BS”  OP278Z = OP278R/883 MiL
60 OP27FJ  OP27FZ oP27FP - INO/COM
100 OP27CJ  OP27CZ - T ML
1000 OP27GJ OP27GZ  OP27GP - XIND
100 - B oP27GS'? - XIND
* Fordavicesp dintotal pliagce to MIL-STD-883, add /883 aher pant
number. Consult factory for 883 data sheet.
t Bumdinis available on cial and industrial temp range pansin

CarDIP, plastic DiP, and TO-can packages.
tt  For availability and burn-in information on SO and PLCC packages, contact
your focal sales office.

GENERAL DESCRIPTION

The OP-27 precision operationai amplifier combines the low
offset and drift of the OP-07 with both high speed and low
noise. Offsets down to 25V and drift of 0.6:V/° C maximum
make the OP-27 ideal for precision instrumentation applica-
tions. Exceptionally low noise, e, = 3.5nV/y/ Hz , at 10Hz, a
low 1/f noise corner frequency of 2.7Hz, and high gain (1.8
million), allow accurate high-gain amplification of low-level

SIMPLIFIED. SCHEMATIC

signals. A gain-bandwidth product of 8MHz and 2 2.8V/usec

- slew rate provides excellent dynamic accuracy in high-speed

data-acquisition systems.

‘.

A low input bias current of £10nA is achieved by use of a
bias-current-canceliation circuit. Over the military temper-
ature range, this circuit typically holds 15 and |55 to £20nA
and 15nA respectively.

The output stage has good load driving capability. A guaran-
teed swing of £10V into 6000 and low output distortion make
the OP-27 an exceilent choice for professional audio applica-
tions.

PSRR and CMRR exceed 120dB. These characteristics,
coupled with long-term drift of 0.2uV/month, allow the circuit
designer to achieve performance levels previously attained
only by discrete designs.

e
PIN CONNECTIONS

"" aar (1] [ 3] AL
aAL7 ve -tN EI'_’ [T ve

- (3] | 8 }our-

souT v- n‘ﬂ N.C.

nsb  Oswe 8-PIN HERMETIC DIP
4 V- (CASE) (Z-Suffix)
T0-99 EPOXY MINI-DIP
(J-Sutfix) (P-Suffix)
- 8-PINSO
‘ {S-Suffix)

OP-27BRC/883
LCC PACKAGE
(RC-Suffix)

$—a ouTPUT

NOw-

INVEATING

INPUT {0}
Ot

INVERTING
INSUT 1

73\

* R1 & RZAAL PERMANENTLY ADRSTED
AT WAFER TEST FOR MINIMUM
QFFSET VOLTAGE,
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Low cost, high-volume production of OP-27 is achleved by
using an on-chip zener-zap trimming network. This reliable
and stable offset trimming scheme has proved its effective-
ness over many years of production history.

The OP-27 provides excellent performance in low-noise
high-accuracy ampilification of low-level signals. Appllca-'
tions include stable integrators, precision summing ampli-
tiers, precision voltage-threshold detectors, comparators,
and professional audlio circuits such as tape-head and
microphone preamplifiers.

The OP-27 is a direct replacement for 725, OP-06, OP-07 and
OP-05 amplifiers; 741 types may be directly replaced by
removing the 741's nulling potentiometer.

ABSOLUTE MAXIMUM RATINGS (Note 4)

Supply Voltage 222V
Input Voltage (Note 1) =22V
Output Short-Circuit DUrAHON ....ceveereeniisisinniesmerasennne Indefinite
Differential Input Voltage (Note 2) .... e 207V
Differential Input Current (Note 2) e £25MA
Storage Temperature Rangse ........ —65°C to +150°C

Oparating Temperature Range’

OP-27A, OP-278, OP-27C (J, Z, RC)........ 55°C to +125°C
OP-27E, OP-27F (J, Z) evvevorrsrsmommersisssssresonne —25°Cto +85°C
OP-27E, OP-27F (P) 0°C to +70°C
OP-27G (P, S,J, 2) ~40°C 10 +85°C

Lead Temperature Range (Soldering, 60 sec) .............. 300°C
Junction Temperatura ...........eoeeeeeemeremesesesee . =65°C to +150°C
PACKAGE TYPE 8, (Now 3). - UNITS
TO-99 (J) 150 18 W
8-Pin Hermetic DIP () 148 16 W
8-Pin Plastic DIP (P) 103 43 W
20-Contact LCC (RC) -] 38 cY
8-Pin SO(S) 158 43 O
NOT ES:

. For supply voltages less than 122V, the absolute maximum input vo!uqo is
equal to the supply voltage.

2. The OP-27's Inputs are protected by bad(»b-back dodes Current limiting
rosistors are notused In order to achieve low noise, if differental Input voltage
axceeds $0.7V, the lnputmrrenlshoddboind-dbzsmk

3. 8, is specified for worst case mountng conditons, Le., N is specified for
devu:o in socket for TO, CerDIP, P-DIP, and LCC packages; e is specified-
for device soldered to printad circuit board for SO package.

4. Absolute maximum ratings apply to both DICE and packaged pans, uniess

.. pltherwide noted.

ELECTRICAL CHARACTERISTICS at Vs = £15V, To = 25°C, unless othgrwise noted.

- QP-2TA/E OP-27B/F . OP-27C/G
PARAMETER SYMBOL CONDITIONS MIN© TYP  MAX MIN . TYP  MAX MIN TYP MAX  UNITS-
Inpi Offset Voitage  Vos {Note 1) S 10 25 - 20 ) y | 0 100 "
Long-Term V,

Stability os Vog/Time (Notes2, 3) - 0.2 10 - 03 15 - 04 20. WMo
Input Offset Current  log -— 7 35 —_— 9 50 - 12 75 nA
\nput Bias Current  |g ~  *x0 e ) —  *15 a0 nA

0.1Hz 10 10Hz .
input Nolss Vohage e —  oos 08 ~ 008 o0m — 000 02 v,
out 9¢  ®ho-p {Notes 3, 5) o wrp
15 = 10Hz (Note 3) ~ 35 55 — 35 ss — 38 80
Input Noise o i
ot y 1 = 30Hz (Note 3) L] 9581 M & —- 3 as — a3 56 avn/Ar
Voitage Dens o = 1000Hz (Note 3) - a0 38, — 30 a8 — 32 45
fg = 1W0Hz (Notas 3,6) - 1.7 4.0 - <17 4.0 -— B W g _—
1 Noise

nput Iy o = 30Hz (Notea 3, 6} - 1 23 - 10 23 - 10 — iz

Cuerent Density fo = 1000HZ (Notea 3, 6) — o4 06 — 04 08 — o4 08
Input Resistance —

R . P (Nots ) 13 s - 0.54 5 - o7 “ - Mo

Ditferential-Mod:
taput Resistance —

R - 3 - - 25 - - 2 - an

Common-Mode INCHM
Input Voltage Range  IVR 10 =123 - 0110 2123 - 10 =123 - v
Common-iod .

° CMRR Vg =21V Wz, — 06 123 - w120 - 8

Rejection Ratio
Power Supply PSRR  Vg=24Vio £18V - 1 10 - 1 10 - 2 20 avn

Rejection Ratio
Largs-Signal A A2 2K, Vg = 210V 100 1800 - 1000 1800 - 700 1500 - iy

Vottage Gain VO * Ry 260001 V=10V 800 1500 - 800 1500 - 600 1500 -

Quiput Vortage v R 220 =120 =18 - £120 =138 - s 2135 - v

Swing ° Ry 2 6000 100 =118 - £100 =11 — *100 2118 -

Stew Rate SR Ay 2 2k (Note 4) 17 28 — 17 28 — 17 24 - Vips
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ELECTRICAL CHARACTERISTICS at Vg = £15V, T, = 25°C, unless otherwise noted. (Continued)

OP-27TA/E OP-27B/F OP-27C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Gain Banawidth Prod. GBW {Note 4} 50 80 |, - 5.0 8.0 - 5.0 Y - MHz
Open-L Qutput
T-00p Qutpy Vo=0.1g=0 - 70 - - 70 - - 70 - n
Rasistance
Powser Consumption P Vo - 90 140 - 0 140 = 100 170 mwW
Offsat Adjustment 3
Rp = 100 - =40 - - *40 - - 24 - i
" p 0 m'
NOTES: . days are typicaily 2.5uV — reter to typical pertormancs curve.
1. input offset voltage measurements are performed ~ 0.5 seconds after 3. Sample tested.
application of power, A/E grades guaranteed tully warmed-up. 4. Guaranteed by cesign.
2. Long-term Input offset voltage stability refers to the average trend fine of 5. See test circuit and frequency response curve for 0.1Hz to 10Hz testsr.
Vos vs. Tima over extended periods after the first 30 days of operation. 6. See test circuit for current noise measurement.
Excluding the Initial hour of operation, changes in Vo g during the first 30 7. Guaranteed by input bias current.

ELECTRICAL CHARACTERISTICS for Vg = +15V, -55°C < Ta < +125°C, unless otherwise noted.

OP-27A oP-278B op-27C .
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
input Offset Voltage Vg (Note 1) - 30 6 - 50 200 - 70 200 W
Average input TCVos {Note 2}
- 0. X — .. 1.3 - .4 X V,
Offset Drift TCVpsn  (Note3) < i pa B 18 wre
inpit Otffset Current  log —_ 15 & - 22 8s - 30 135 nA
fnput Bias Current g - +20 +60 - £28 *95 - +35 *150 nA
Input Voltage Range VR 103 S £ 103 115 - $102 *115 - v
Common-Mode
21 ¥ 1 — < 100 19 - o4 1 - a8
ection Ratlo CMRR Ve ™ £10V 08 22 ; 8
Power Supply
PSAR Vg= t4.5Vio £18V - 2 16 - -2 20 - 4 $1 Vv
Rafection Ratio s s i 4
Large-Signsi N
Avo Ry 2 2K, Vo= 10V 600 1200 - 500 1000 - 00 800 - Vimv
Swing 00 Vo ALz 2k N5 2135 - 110 *13.2 - +105 =130 —_ v

ELECTRICAL CHARACTERISTICS atV, =215V, ~25°C 5 T, = +85°C for OP-27J and OP-27Z, 0°C < T, s +70°C for OP-27EP,
FP and —40°C = T, s +85°C for OP-27GP, GS, unless otherwise noted. )

OP-27E OP-27F OP-27G
PARAMETER SYMBOL. CONDITIONS MiN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Otfset Voltage Vg < 20 50 - 40 140 - 58 220 av
erage Input TCVos (Note2) e 0.2 0.6 = 0.3 13 — 0.4 18 wrC
Oftfset Dritt TCVosn {Note 3} .
Input Ottset Current  log - 10 s0 - 1 85 - 200 135 nA
input Bies Current g - 214 +80 - *18 *95 —_ *25 *150 nA
Input Voitage Range IVR =10.5 *11.8 - *10.5 118 -_ +105 =*N8 - v
Common-Moda
CMRR Ve = =10V 110 124 - 102 121 — 9 18 - 48
Rejaction Retio oM
Power Supgly ’
PSAR Vg = 24.5Vio 218V - 2 15 - 2 16 - rd 32 aviv
. Rejections Ratio s @
Large-Signal ~
Gain Avo Ry 2 2K, Vo= 210V 750 1500 - 700 1300 -— 450- 1000 —_ VimV
¢ Vo A 220 217 o136 - 1.4 2135 -~ 1.0 =133 - v
NOTES: 2. The TCVsg performance is within the Qoedﬂcaﬂons unnulled or whea
1. Input offset voltage measuremants are performed by automated test aulled with Rp = 8k(1 to 20k{L TCVqg is 100% testad for A/E grades,
equipment approximately 0.5 seconds after application of power. A/E sample tested for B/C/F/G gredes.
grades guaranteed fully warmed-uo. 3. Guaranteed by design.



Appendix B5

pA 741 Operational Amplifier

GENERAL DESCRIPTION — The pA741 is 3 high performance monolithic Operstionsl Amplifier

constructed using the Fairchitd Plenar® epi

11

It i ded for 8 wide canpe of snalog

spolications, High common mode voltsge rsnge and sbeence of latch-up tendencies make the uA741
ideal for use 83 a voltage foliower, The high gsin and wide renge of operating voitage providet superior
pertormanca in Integrstor, summing smpiifier, snd peneral fesdback spplications. Electricat charse-
teristics of the uA741A and E are identical 10 MIL-M-38510/10101,

o s 0 s

NO FREQUENCY COMPENSATION REQUIRED
SHORT CIRCUIT PROTECTION
OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES

LOW POWER CONSUMPTION
NO LATCH-UP

ABSOLUTE MAXIMUM RATINGS

Supoly Voitage
BATAIA, uAT41, uATLE
uAI4IC

Internsl Power Dissipation {Note 1)
Metst Can
Molded snd Hermetic DIP
Mini OIP
Fiatpak

Dittersntisl Input, Voitage

Input Voltsge (Note 2)

Storspe Termnpersture Asnge
Metal Can, Hermaetic DIP, snd Flatpak
Mini DIP, Moloes DIP

Operating Temparature Rangs
Militsry (uAT41A, uAT41)

122V
118V

500 mw

670 mw

310 mw

570 mw

130V

116V

—65°C 10 +150°C
~66°C 10 +125°C

-55°C 10 +125°C

CONNECTION DIAGRAMS

8-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 58

Nots: Pin 4 connected 1o cose

ORDER INFORMATION

Commarcist (uLAT41€ uAT41C) 0°Cto +70°C
Laed Tempersture {Soldering)
Metal Can, Hermatic DIP, and Fiatpek (60 s} 300°C
Molded DIPs {10 1) 260°C
Output Short Circuit Durstion (Note ) indefinite
S LEAD MINIDIP 10-LEAD FLATPAK
{TOP VIEW) (TOP VIEW)
PACKAGE OUTLINES 6T 9T PACKAGE OUTLINE JF
PACKAGE CODES T R
1 [
NN - s =—* ==t
OFIREY
- . =] ——~
LU} mmanen —1
- our - —
5 L]
v. Qs ve L2500 ——

ORDER INFORMATION

TYPE PART NO.
wAIIC MATAITC
uA741C BA7431IRC

ORDER INFORMATION

TYPE PART NO.
HATRIA WATEIAFM
nAZ41 pATEIEM

TYPE PART NO.
HATEIA HATATAHM
uA741 pAT4T1HM
HATATE #ATA1EHC
#AZ41C »AZLIHC
14-LEAD DIP
(TOP VIEW]

PACKAGE QUTLINE 8A A

P /7 Hi=«
2 1
<] ::]-c
) 1
o n

g BN s

] M
o [: - j our
2 L ]
ve C 2ult"
2 L]
L4 E : [
ORDER INFORMATION
TYPE PART NO.
wATEIA HATEIAOM
pATAY »ATAIOM
HATAIE wATSIEDC
LATRIC KAT41OC
»ATAIC uAJAIPC

Notes on tollowing Osges.

Reprinted courtesy of Fairchild Semiconductor Corp., M. View, California.

*Planar iv 9 perented Fpircnild process,



Appendix B5 (Continuc«)

FAIRCHILD LINEAR INTEGRATED CIRCUITS « pA741

HAILIE
ELECTRICAL CHARACTERISTICS (Vg = 215V, Tp = 25" C unless otherwise specified)
PARAMETERS (see definitions) CONDITIONS MiIN TP MAX UNITS
tnput Otfser Voltsge Rg < 500t [F ] 3.0 mvV
Average Input Oftset Voitage Orilt 15 uvrc
input Ottses Current 30 0 nA
Average 1nput Oftset Current Drift ¢S nAMC
Input Bias Current k) 80 nA
Power Supply Rejection Ratio Vg = +10, ~20: Vg = +20, ~10V, Rg = 500 15 S0 uVIv
Outout Short Circuit Current 10 >3 35 mA
Power Dissination Vg = : 20V 80 150 mwW
input impedance Vg = 120V 1.0 6.0 MQ
Larpe Signal Voltage Gain Vg = 120V, R = 2k$2, VouT = 215V 50 Vimv
Transient Response Rise Time n2s oe F
{Unity Gain} Owershoot €0 20 %
Bandwidth iNote 4) 437 15 ‘MHz
Siew Rate (Unhty Gain) Vin = 110V 03 07 Vips
The following specitications apply for 0°C € T4 < 70°C
input Othet Vortage 4.0 mv
tnput Offset Current 70 nA
Input Bias Current 210 nA
Common Mode Rejection Ratio Vg = +20V, Vin = 15V, Rg = 500 80 95 a8
Adpusiment For Input Offset Voitage Vg 120V X 10 my
Qutput Short Circuit Current 10 40 mA
Power Disuipsuion Vg = 120V 150 mw
Input Impedance Vg = 120V 0.5 Mo
Output Voitsge Swing Vg =220V, oy O ) M
Ry~ 2k2 115 v

Large Signal Voltsge Gain pCk b T i A AL 2 hbdiad

Vg = 5V, Ry = 2k}, Vpoyt @12V 10 Vimv

EQUIVALENT CIRCUIT
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Appendix B5 fCOntinued)

FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ pA741
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TYPICAL APPLICATIONS

NON-INVERTING AMPLIFIER
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.Use the LM158/L.LM258/
LM358 Dual, Single Supply
Op Amp

*INTRODUCTION

Use the LM158/LM258/LM358 dual op amp with a single

supply in place of the LM1458/L.M1558 with split supply and

reap the profits in terms of:

a.Input and output voltage range down to the negative
(ground) rail o

b. Single supply operation

¢. Lower standby power dissipation

d. Higher output voltage swing

e. Lower input offset current

f. Generally similar performance otherwise

The main advantage, of course, is that you can eliminate the

negative supply in many applications and still retain equiva-

lent op amp performance. Additionally, and in some cases

more importantly, the input and output levels are permitted

to swing down to ground (negative rail) potential. Table |

shows the relative performance of the two in terms of guar-

anteed and/or typical specifications.

—_—

National Semiconductor
Application Note 116 ..

- 8 LA
In many applications the LM158/LM258/L M3sg can also
be used directly in place of LM1558 for spiit supply opera-
tion. :

SINGLE SUPPLY OPERATION 1

The LM1458/LM1558 or similar op amps exhibit several .
portant limitations when operated from a single positive (or
negative) supply. Chief among these is that input and output
signal swing is severely limited for a given supply as shown
in Figure 1. For linear operation, the input voltage must not
reach within 3 volts of ground or of the supply, and output
range is similarty limited to within 3-5 volts of ground or
supply. This means that operation with a + 12V supply
could be limited as low as 2 Vp-p output swing. The LM358
however, allows a 10.5 Vp-p output swing for the same 12V
supply. Admittedly these are worst case specification limnits,
but they serve to illustrate the problem.

TABLE L Comparison of Dual Op Amps LM1458 and LM353

Characteristic LM1458 LM358
Vio 6 mV Max 7 mV Max
CM Vv, 24 Vp-p* 0-28.5v* .
ho 200 nA 50 nA
o 500 nA —500 nA
CMRR 60 dB Min @ 100 Hz 85d8 Typ @ DC
90 dB Typ
&n @ 1kHz, Rgen 10 kQ 45 nV/yHZ Typ 40 nV/JHz Typ** .
Zin 200 M2 Typ Typ 100 M
Avor 20k Min 100k Typ
100k Typ
fo 1.1 MHz Typ 1 MHz Typ**
Pew 14 kHz Typ 11 kHz Typ**
dVe/dt 0.8V/us Typ 0.5V/ps Typ**
Vo @ Ry = 10k/2k 24/20 Vp-p* 28.5 Vp-p
Isc 20 mA Typ Source 20 mA Min (40 Typ)
Sink 10 mA Min (20 Typ)
PSRR @ DC 37 dB Min 10048 Typ
80 dB Typ
Ip (RL = ) 8 mA Max 2 mA Max

$From laboratory measurement
“Based on Vg = 30V on LM358 only, or Vg = 15V
“*From data sheet typical curves




+12v-

~§:IV(A, = 18%)
Vo=§21V Vo = 0-10.5V
CMVyy = CMV,,
€23v o-10.5v
% b3
TUH/T424-1 TUHIT424-2
FIGURE 1. Worst Case Signal Levels with + 12V Supply
M
v ‘
Vw O—{ Fw\r -
o] fann
LM14ss p—O Vo= 101V . p—O Vo= 18 a5V
R Vq =+10V ,m ? =y .
a
v + i o 1ox
R = = ] = =
TU/H/T424~3 TUHI7424-4
FIGURE 2. Operating with AC Signals
AC GAIN The LM1458 requires over twice the supply voltage and

For AC signals the input can be capacitor coupled. The in-
put common mode and quigscent output voltages are fixed
at one-half the supply voitage by a resistive divider at the

non-inverting input as shown in Figure 2. This quiescent out-

put could be set at a lower voltage to minimize power dissi-
pation in the LM358, if desired, so long as Vo 2 Vi pk. For
the LM 1458 the quiescent output must be higher, Vq 2 3V
+ Vin pk thus, for small signals, power dissipation is much
greater with the LM1458. Example: Required Vo = Vq £ 1V
pk into 2k, VsyppLy = as required. Find quiescent dissipa-
tion in load and amplifier for LM1458 and LM358.

LM358 LM1458
Vo= +1V Vo=4V
VsyppLy= +3.5V VsuppLy =8V
E2 1 42
P === —=0.5mW P =— =g mwW
LoAD= 3= ¢ LoAD =7, =8m

Pp=Vsld +(Vg—VallL

=3.5VX0.7mA+(3.5—1

Pp=Pg +(Vs—Vo) IL
1

nearly 10 times the supply power of the LM358 in this appli-
cation.

INVERTING DC GAIN

Connections and biasing for DC inverting gain are essential-
ly the same as for the AC coupled case. Note, of course,
that the output cannot swing negative when dperated frém a
single positive supply. Figure 3 shows the connections and
signal limitations.

NON-INVERTING DC GAIN

The non-inverting gain connection does not require the Ya
biasing as before; the inverting input can be returned to
ground in the usual manner for gains greater than unity, (see
Figure 4). A tremendous advantage of the LM358 in this
connection is that input signals and output may extend all
the way to ground: therefore DC signals in the low-millivoit
range can be handled. The LM1458 still requires that
ViN = 3-17V. Therefore maximum gain is limited to Ay =
(Vo—3)/3, or Ay max = 5.4 for a 20V supply.

There is no similar limitation for the LM358.

R[z

Pp=2.45+1.25=3.7 mW
PToTAL=3.7+0.5=4.2mW
“From typical characteristics

av
=22 MW+ (B~ d)—

Pp=22+8=30mwW
ProTaL=30+8=38 mW
“‘From typical charactacistics




ZERO T.C. INPUT BIAS CURRENT

An interesting and unusual characteristic is that iy has a
zero temperature cosfficient. This means that’ matched re-:
sistance is not required at the input, allowing omission of
one resistor per op amp from the circuit in most cases.

B AAS
20V
Vipg = 317V O=AAA~ -
LM1453 b—O Vo =3-17V
Vo * 117V e
28V + im

T =

TW/HIT424-5

BALANCED SUPPLY OPERATION .

The LM358 will operate satisfactorily in balanced supply op-
eration so long as a load is maintained from output to the--.
negative supply. e

L

Vi = 0115V O—AAA-

-

p—O Vo » 135y

Vg = L1-185V
S0V

FIGURE 3. Typical DC Coupied Inverting Gain

*20V

—0O Vo= 317V

i’..

LM1458

Ve = 3-1TV O—AAA——— +

*R1 = o for Ay = +1
Ay < 5.4 for 20V Supply

TU/HI7424-7

TL/HIT424-6
A1*
—-O Vo =0-185v
Vi = 0-18.5V O—AAA—— im
* - -
Rive=se for Ay i1 TUHIT424-8

Ay not limited

FIGURE 4. Typical DC Coupled Non-inverting Gain
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FIGURE 5. Split Supply Operation of LM358




MOTOROLA

TECHNICAL DATA

6-Pin DIP Optoisolators

Transistor Output

... consist of gallium-arsenide infrared emitting diodes optically coupled to high voltage,
silicon, phototransistor detectors in a standard 6-pin DIP package. They are designed for

applications requiring high voltage output and are particularly useful in copy machines
and solid state relays. 6-PIN DIP
® High Voltage — H1101,2 — 300 V OPTOISOLATORS
— H11D3,4 — 200 V TRANSISTOR OUTPUT
® High Isolation Voltage — V|gg = 7500 Vac pk Min 200 AND 300 VOLTS
e Standard 6-Pin DIP Package
e UL Recognized, File Number £54915 QD A
o VDE approved per standard 0883/6.80 (Certificate number 41853}, with additional
approval to DIN IEC380/VDE0806, 1ECA35/VDEDBO5, IEC65/VDEDSE0, VDE110b, covering
all other standards with equal or less stringent reqyiremems, including IEC2041
VDEO113, VDE0160, VDE0832, VDEO833, etc. —— 883
e Special lead form available (add suffix “T* to part number) which satisfies VDE0883/
6.80 requirement for 8 mm minimum creepage distance between input and output i
solder pads. .
® Various lead form options available. Consult “Optoisolator Lead Form Options’ data
sheet for details. CASE 730A-02
PLASTIC
MAXIMUM RATINGS (T = 25°C unless otherwise noted) {
r Rating Symbol Value [ Unit J I
INPUT LED SCHEMATIC i
Forward Current — Continuous Ir 60 mA
Forward Current — Peak 3 1.2 Amps
Pulse Width = 1 us, 330 pps
LED Power Dissipation @ Ta = 25°C Pp 120 mw
Derate above 25°C 1.41 mwWrC
OUTPUT TRANSISTOR
Coltector-Emitter Voltage H1101,2 VCER 300 Valts
H1103,4 200 to—o } N §
Emitter-Collector Voltage VECO 7 Volts 2 \l K s
Coltector-Base Voltage H11D01,2 Veso 300 Volts Jo——— ¢
H1103,4 200
Collector Current — Continuous ic 100 mA
Detector Power Dissipation @ Ta = 25°C Po 150 mw
Derate above 25°C 1.76 mWrC
TOTAL DEVICE
Total Device Power Dissipation @ Ta, = 25°C Pp 250 mw
Derate above 25°C 294 mWrC .
Operating Temperature Range T -S5to0 +100 °C 1. ANODE
pe g P! g J 2 CATHODE
Storage Temperature Range Tstg -5510 +150 *C 1IN
Soldering Temperature (10 s} Tsol 260 °C 4. EMITTER
. 5. COUECTOR
Isolation Surge Voltage Viso 7500 Vaclpk) §. BASE
Peak ac Voltage, 60 Hz, 1 Second Duration {1}

[})] surge ge is an i | device dietectric breakdown rating.



ELECTRICAL CHARACTERISTICS

=

Charscteristic Symbol Mo [ Tyo [ Max | usk |
INPUT LED {Tp = 25°C unless otherwise noted)
Reverse Leakage Current IR - — 10 pA
Vg = 6V}
Forward Voltage Vg -— 1.2 15 Volts
{lg- = 10 mA)
Capadta‘nca c — 18 —_ pF
(V=0Vf=1MHz)
OUTPUT TRANSISTOR (TA = 25°C and I = 0 unless otherwise noted)
Collector-Emittar Dark Current {(Rgg = 1 M{l) ICER
(Veg = 200V, Tp = 25°C) H1101,2 — — 100 nA
(Ve = 100V, Ta = 25°C) H1103.4 —_ — 100 nA
{Ta = 100%C) Ali Devices - - 250 pA
Collector-Base Breakdown Voitage V(BR)CBO Volts
fic = 100 pA} H1101,2 - - 300
H11D03.,4 —_ - 200
Collector-Emitter Breakdown Voltage V{BRICER . Volts
fic = 1 mA, Rgg = 1 M) H1101,2 1 - - 300
H11D3.4 — — 200
Emitter-Base Breakdown Voltage V(BRIEBO 7 — — Voits
(ig = 100 pA) .
COUPLED (Tp = 25°C unless otherwise noted)
Current Transfer Ratio CTR %
(Vcg = 10V, IF = 10 mA, Rgg = 1 M) H1101,2,3 20 — —_
H1104 10 — -
Surge Isolation Voltage (Input to Output) (1) Viso 7500 — — Vohs
Peak ac Vohage, 60 Hz, 1 sec
Isolation Resistance (1) RiISO — 1ol! — Ohms
(V = 500 V)
Collector-Emitter Saturation Voitage VCE(sat} — — 0.4 Volts
(ic = 0.5 mA, Ig = 10 mA, Rgg = 1 MQ)
isolation Capacitance (1) Ciso —_ 0.2 — pF
(V=01f=1MHz
Tum-On Time ton —_ 3 — us
Vee = 10V, ic = 2 mA, R = 100 Q
Tumn-Off Time toft —_ S —
NOTE: 1. For this test LED Pins 1 and 2 are common and photouransistor Pins 4, 5, and € sre common.
0
I = 3 fige = 10501
= 10 = g 2 | Vee -I-_ v
5 = 2 -
5 2 5 ——
E Rgg = 10501 £ —] IF = 0mA
3 1 Veg = 10V 3§
e = Ta = 25°C : & I 1
B 1 8 I~ SmA
7 2 —
02—~ ]
a1 1
1 H § 10 20 % -6 -4 -2 0 20 & & 8 10

Ig, LED INPUT CURRENT {mA)

Figure 1. Qutput Current versus LED Input Current

T2, AMBIENT TEMPERATURE ("0}

Figure 2. Output Current versus Temperature



TYPICAL ELECTRICAL CHARACTERISTICS
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MANUIN V)

#include<dos.h>
#include<conio.h>
#include<stdio.h>
#include<graphics.h>
#include <io.h>
#include <ctype.h>
#include <string.h>
#include <fcntl.h>
#define FALSE 0
#define TRUE 1
void DisPlay(int a,unsigned int b);
void smooth(void *ptr);
void main2(void);
void startsnd(void *ptr);
void playsnd(void);
unsigned getsndstat(void);
void pausesnd(void);
void resumesnd(void);
void stopsnd(void);
void linel0(void);
void line400(void);
int FindDvr (char *IDStr,unsigned int IDOfT);
void textwindow (int x1,int y1,int x2,int y2.int fcolor,int beolor);
FILE *patfilel,*outfile,*fi, *patfile2;
char file[12],name[15];
void main()
{
int gdriver=DETECT,gmode;



repeat:

unsigned char far *mem,lsb,msb;

unsigned int A,B,sum;

unsigned long int i;

int P{8][7],D[8][4};

int T1,T2,AP,AM,AL,SIMint.g,t,ch,pp,num,mux;
short int s;

char path[20],f[20],*again, *ptr;

int BS=0x8;

int BA=0x0000;

int PORT= 0x2EQ; /* PA-MA12(-H) port address
clrscr();

textwindow(1,1,80,26, BLACK,BLACK);
textwindow(10,3,68,20, WHITE,RED);
gotoxy(23,7);

cprintf("SELECT : *);

gotoxy(23,9);

cprintf("1. RUN SIGNAL");

gotoxy(23,11);

cprintf("2. LOAD FILE TO DISPLAY");

gotoxy(23,13);
cprintf("3. QUIT");
gotoxy(23,16);
cprintf("OPERATION THAT YOU WANT : ");
scanf("%d",&num);
if(num>3) goto repeat;
if(num==2)
{
main2();

goto repeat;

*/



if(num==3)
{
textbackground(BLACK);
textcolor(7);
clrser();
return;
}
SIMint=FindDvr("SBSIM",0x0103);
if(SIMint==0)
{
textbackground(BLACK);
textwindow(10,3,68,20,WHITE,RED);
gotoxy(23,11);
cprintf("SBSIM driver is not loaded !");
getch();
textbackground(BLACK);
textcolor(7);
clrser();

return;
do

t=1;

clrser();
textwindow(1,1,80,26,BLACK,BLACK);
textwindow(10,3,68,20, WHITE,RED);
gotoxy(22,7); -

cprintf("SELECT VOICE FILE :");
gotoxy(22,9);

cprintf("1. 30 dB 2.40 dB");



gotoxy(22,11);

cprintf("3. 50 dB 4. 60 dB");
gotoxy(22,13);
cprintf("S. 70 dB 6. 80 dB"™);
gotoxy(22,16);

cprintf("OPERATION THAT YOU WANT : ")
scanf("%d",&num);
switch(num) .
{
case l:ﬁ=fopen("c:\soundSQ.voc","rb");
break;
case 2:fi=fopen("c:\sound40.voc","rb");
break;
case 3:fi=fopen("c\sound50.voc”,"rb");
break;
case 4:fi=fopen("c\sound60.voc","rb");
break;
case S:fi=fopen("c\sound70.voc”,"rb");
break;
case 6:ﬁ=fopcn("c:\sound80.v6c","rb");
break;
default:t=0;
}
}while(t==0);
clrser();
textwindow(1,1,80,26,BLACK,BLACK);
textwindow(10,3,68,20, WHITE,RED);
gotoxy(17,8);
cprintf("Please enter file name (*.dat) : ");

gotoxy(17,10);



name{0]=12;

ptr=cgets(name);

patfilel=fopen(ptr,"wb");

clrscr();

textwindow(1,1,80,26,BLACK,BLACK);
* textwindow(10,3,68,20, WHITE,RED);

gotoxy(22,8);

cprintf("SELECT TIME SCALE : ");

gotoxy(22,10);

cprintf("1. 10 msec");

gotoxy(22,12);

cprintf("2. 400 msec");

gotoxy(22,15);

cprintf("OPERATION THAT YOU WANT : ");

scanf("%d",&num);

/* 8 bit DMA port address */ "
P[0][0]=0x87 ; P[1][0]=0x83 ; P[3][0]=0x82; /* DMA page register address */
P[0][1]=0x00 ; P{1][1]=0x02 ; P{3][1]=0x06; /* DMA current address register */
P[0][2]=0x01 ; P[1][2]=0x03 ; P[3][2]=0x07; /* DMA word counter register */
P[0][31=0x08 ; P[1][3]=0x08 ; P[3][3]=0x08; /* Byte-transfer DMA status register */
P[0]{4]=0x0A ; P[1][4]=0x0A ; P[3]{4]=0x0A; /* Byte-transfer DMA mask register */
P[0][5]=0x0B ; P[1][5]=0x0B ; P[3][5]=0x0B; /* Byte-transfer DMA mode register */
P[0][6]=0x0C ; P[1][6]=0x0C ; P[3][6]=0x0C; /*Byte-transfer DMA clear flip-flop register */

/* 8 bit DMA commands */

D{0][0]=0x44 ; D[1][0]=0x45 ; D[3][0]=0x47;/* DILIA mode command */
D[0][1]=0x00 ; D[1][1]=0x01 ; D[3][1]=0x03;/* DMA enable command */
D[0]{2]=0x04 ; D{1]{2]=0x05 ; D{3]{2]=0x07;/* DMA disable command */
D[0][3]=0x01 ; D[11[3}=0x02 ; D(3][3]=0x08;/* DMA complete status */



/* 16 bit DMA port address */

P[5](0]=0x8B ; P[6](0]=0x89 ; P[7][0]=0x8A;/* DMA page register address */
P[51{1]=0xC4 ; P[6][1]=0xC8 ; P[7][1]=0xCC;/* DMA current address register */
P[5]{2]=0xC6 ; P[6][2]=0xCA ; P[7]{2]=0xCE;/* DMA word counter register */
P[5](3]1=0xD0 ; P{6][3]1=0xD0 ; P[7][3]=0xD0;/* Word-transfer DMA status register */
P[5][4]=0xD4 ; P{6][4]=0xD4 ; P{7][4]=0xD4;/* Word-transfer DMA mask register */
P{51[5]=0xD6 ; P[6][S]=0xD6 ; P[7][5]=0xD6;/* Word-transfer DMA mode register */
P[5](6]=0xD8 ; P[6]{6]=0xD8 ; P[7][6]=0xD8;/*Word-transfer DMA clear flip-flop register*/

/* 16 bit DMA commands : X

D[5]{0]=0x45 ; D[6][0]=0x46 ; D[7][0]=0x47;/* DMA mode command */

D[5][1]=0x01 ; D[6]{1]=0x02 ; D[7][1]=0x03;/* DMA enable command */
D[5]{2]=0x05 ; D[6]{2]=0x06 ; D[7][2]=0x07;/* DMA disable command */
D[5]{3]=0x02 ; D[6][3]=0x04 ; D[7][3]=0x08;/* DMA complete status */

/*Select DMA channel */

ch=7,

[*Determine memory location */

BS=8;

/* Determine conversion frequency */

switch(num)
{
case 1: T2=4;T1=40;
. bk
case 2: T2=40;T1=1000;
break;



[*Select conversion channels
mux=0;

mux=(mux*16+mux);

*/

initgraph(&gdriver,&gmode,"");

/* Disable DMA transfer first

*/

outp(PORT+3,0); /* (1-1) Disable A/D DMA request*/
outp(P[ch][4],D[ch]{2]);  /* (1-2) Disable DMA transfer */

[* Define the A/D channel MUX */
outp(PORT+2,mux); /* (2) Convert channel 0 to channel 7%/

[*Tnitial 8254 Timer
outp(PORT+15,0xB4);
outp(PORT+14,(T2%256));

outp(PORT+14,(int)(T2/256));

outp(PORT+15,0x74);
outp(PORT+13,(T1 % 256));

outp(PORT+13,(int)(T1/256));

*/

/* (3-1) 8254 Counter 2 Mode */
/* (3-2) 8254 Counter 2 LSB */
/* (3-3) 8254 Counter 2 MSB */
/*(3-4) 8254 Counter 1 Mode */
/*'(3-5) 8254 Counter 1 LSB */

/*'(3-6) 8254 Counter 1 MSB */

[*1Initial DMA controller */

AP=BS; [*Page register Al19-Al16 */

AM=(int)(BA/256); /*Base address MSB A15-A08 */

AL=BA % 256; [*Base address LSB A07-A00 */

outp(P{ch}{6],0); /*'(4-1) Clear DMA F-F ¥/

outp( P[ch]{1],AL); /*'(4-2) DMA address A0O-A07 or A01-A08*/
outp( P[ch][1],AM); /*(4-3) DMA address-A08-A15 or A09-A16%*/
outp( P[ch][0],AP); [¥'(4-4) DMA address A16-A19 or A17-A23*/

outp( P[ch][2],0x3D);//(DL%256));

/*'(5-1) DMA word W00-WO7%/



outp( P[ch][2],0x01);//(int)(DL/256)); /*(5-2) DMA word W08-W15%*/

outp( P[ch][5],D[ch}[0]); /*'(6) Write DMA mode ¥/
startsnd(&path);
playsnd();
outp( P[7][4],D[7][1]); /¥(7) Enable DMA */
[*Enable PA-MA12 DMA transfer and 8254 Timer Trigger ------=n==------ —*/
outp(PORT+3,0x0C); /*(8) Enable PM-MA12 DMA */
/*'Check conversion status - */
do
{ .
s= inp(P[ch][3]) & D[ch]{3]; /¥(R-1) Read DMA status */
outp(P[ch][6],0); [¥(R-2) Clear DMA F-F ¥/
} while (s==0);
/*Disable DMA transfer first K/
outp(PORT+3,0); /*'(S-1) Disable A/D command */

outp(P[7][4],D[71[2]); /*'(8-2) Disable DMA transfer */
mem=(unsigned char far *)MK_FP(0x8000,0x0000);
for (i=0;i<318;i++)
{
Isb=*mem;
msb=*(mem-+1);
A=(((msb*16)+(Isb/16))/10);
fwrite(&A,sizeof(unsigned int),1,patfilel);
DisPlay(i,A);

mem=mem-+2;



fclose(patfilel);
for(pp=1;pp<=1999;pp++)

{
cleardevice();

patfilel1=fopen(ptr,"r+b");
playsnd();
outp( P[7][4],D[7][1]); *(7) Enable DMA */

/*Enable PA-MA12 DMA transfer and 8254 Timer Trigger --==--==-=-------
outp(PORT+3,0x0C); - /¥(8) Endble PM-MA12 DMA */
[*'Check cemversion status 0
do
{
s= inp(P(ch][3]) & D[ch]{3]; /*(R-1) Read DMA status */
outp(P[ch]{6],0); [¥(R-2) Clear DMA F-F %/
} while (s==0);
[*Disable DMA tramnsfer first *
outp(PORT+3,0); /*(3-1) Disable A/D commend *f

outp(P[7]{4],D[71[2]); /*(S-2) Disable DMA transfer */
mem=(unsigned char far *)MK_FP(0x8000,0x0000);

for (1=0;i<318;i++)

{
Isb=*mem;
msb=*(mem+1);
A=((msb*16)+(1sb/16))/10;
fread(&B,sizeof(unsigned int),1,patfilel);
sum=(A+B)/2;



DisPlay(i,sum);
fseek(patfilel,-2L,SEEK_CURY);
fwrite(&sum,sizeof(unsigned int),1,patfilel);
fseek(patfilel,0L,SEEK_CUR);
mem=mem-+2;
}
fclose(patfilel);
}
switch(num)
{
case 1:linel6();
break;
case 2:1ie400();
break;
}
stopsnd();
getch(;
closegraph();
clrscr();
textwindow(1,1,80,26, BLACK,BLACK);
textwindow(10,3,68,20, WHITE,RED);
gotoxy(17,11);
cprintf("Do you want to smoothen graph ? (y/n) : );
f10]=17;
again=cgets(f);
g=sttncmp(again,"y",2);
if(g==0) smooth(patfilel);
closegraph();
goto repeat;
}



void main2(void)

{
int g,i,num;
unsigned int no;
char f]20],*again;
do

&=L
clrser();
textwindow(1,1,80,26,BLACK,BLACK);
textwindow(10,3,68,20,WHITE RED);
gotoxy(22,8);
cprintf("Load file name to read (*.dat) : ");
gotoxy(22,10);
scanf("%s" file);
outfile = fopen(file,"rb");
if((outfile = fopen(file,"rb"))==NULL)
{
gotoxy(22,14);
cprintf("FILE %s is not found." file);
gotoxy(22,17);
cprintf("Do you want to try again ? (y/n) : ");
f10}=17;
again=cgets(f);
g=stmcmp(again,"y",2);
if(g!=0)
{
textbackground(BLACK);
textcolor(7);

clrscr();



return;

}

}while(g==0);

clrser();
textwindow(1,1,80,26,BLACK,BLACK);
textwindow(10,3,68,20, WHITE,RED);
gotoxy(22,8);

cprintf("SELECT TIME SCALE : ");
gotoxy(22,10);

cprintf("1. 10 msec");
gotoxy(22,12);

cprintf("2. 400 msec");
gotoxy(22,15);

cprintf("OPERATION THAT YOU WANT : ")

scanf("%d",&num);
switch(num)
{
case 1:line10();
break;
case 2:1ine400();
break;

}
fseek(outfile,0L,SEEK_SET);

for(i=0;i<318;i++)

{
fread(&no,sizeof (unsigned int),1,outfile);
DisPlay(i,no);

?



}

getch();

closegraph();

clrser();
textwindow(1,1,80,26,BLACK,BLACK);
textwindow(10,3,68,20, WHITE,RED);
gotoxy(17,11);

cprintf("Do you want to smoothen graph ? (y/n) :

f10]=17;

again=cgets(f);
g=strncmp(again,"y",2);
if(g==0) smooth(file);
closegraph();
textbackground(BLACK);
textcolor(7);

clrser();

fclose(outfile);

void DisPlay(int a,unsigned int b)

{

}

setcolor(WHITE);
lineto(a*2,b);
if(a==317) moveto(1,b);

void smooth(void *ptr)

{

int i,j;
unsigned int suml,sum2,avg;
int gdriver=DETECT,gmode;

initgraph(&gdriver,&gmode,™);

")

’



for(j=1;j<=2;j++)
{
patfile1=fopen(ptr,"rb+");
fread(&sum]l,sizeof(unsigned int),1,patfilel);
for(i=0;i<318;i++)
{
fread(&sum?2,sizeof(unsigned int),1,patfilel);
avg=(suml+sum2)/2;
setcolor(BLACK);
line(1*2,0,1*2,450);
line(i*2+1,0,1%2+1,450);

_ DisPlay(i,avg);
fseek(patfilel,-2L,SEEK_CUR);
fwrite(&avg,sizeof(unsigned int), 1, patfilel);
f&ek(pa¢dc1,0L,SEEK_CUR);
suml=sum?2;

}

fclose(patfilel);
} getch();

}

void startsnd(void *ptr)

{
union REGS inregs,outregs;
inregs.h.bh=2;
inregs.h.bl=0;
inregs.x.cx=0;
inregs x.ax=FP_OFF(ptr);
inregs.x.dx=FP_SEG(ptr);

int86(0x80,&inregs,&outregs);



void playsnd(void)

{

}

union REGS inregs,outregs;
inregs.h.bh=2;
inregs.h.bl=1;
inregs x.cx=0;

int86(0x80,&inregs,&outregs);

void stopsnd (void)

{

}

union REGS inregs,outregs;
inregs.h.bh = 2;
wmregs h.bl = 2;
inregs.x.cx = 0;

int86(0x80,&inregs,&outregs);

int FindDvr (char *IDStr,unsigned int IDOff)

{

unsigned dvrint,

intFound = FALSE;

char far *far *dvrVec;

dvrInt=0x80;

dvrVec=MK _FP(0,dvrInt*4);

(! _fstrncmp((char far *)MK_FP(FP_SEG(*dvrVec),IDOfL),
IDStr,sizeof(IDStr)))

intFound=TRUE;
}
if(intFound==TRUE) return(1);



return(0);
}
void textwindow (int x1,int y1,int x2,int y2,int fcolor,int bcolor)
{
int x,y;
textcolor(fcolor);
textbackground(bcolor);
for(y=y1+1;y<yZy++)
{
for(x=x1+1;x<x2;x++)
{
gotoxy(x.y);
putch(0x20);
}
gotoxy(x1,y);
putch(0xb3);
gotoxy(x2,y);
putch(0xb3);
}
gotoxy(x1+1,y1);
for(x=x1+1;x<x2;x++) putch(0xc4);
gotoxy(x1+1,y2);
for(x=x1+1;x<x2;x++) putch(0xc4);
gotoxy(x1,y1);
putch(0xda);
gotoxy(x2,y1);
putch(0xbf);
gotoxy(x1,y2);
putch(0xc0);

gotoxy(x2,y2);



putch(0xd9);

}

void line10(void)

{

int gdriver=DETECT,gmode;
initgraph(&gdriver,&gmode,"");
line(5,290,535,290);
line(5,290,5,285);
line(111,290,111,285);
line(217,290,217,285);
line(323,290,323,285);
1line(429,250,429,285);
line(535,290,535,285);
gotoxy(2,17);
printf("0");
gotoxy(15,17);
printf("2");
gotoxy(28,17);
priatf("4");
gotoxy(41,17);
printf("6");
gotoxy(54,17);
printf("8");
gotoxy(65,17);
printf("msec");

}

void line400(void)

{
int gdriver=DETECT,gmode;

initgraph(&gdriver,&gmode,"");



line(5,290,535,290);
line(5,290,5,285);
line(134,290,134,285);
linc(268,290,268,285);
line(402,290,402,285);
line(536,290,536,285);
gotoxy(2,17);
printf("0");
gotoxy(16,17);
printf(*100");
gotoxy(32,17);
printf("200");
gotoxy(49,17);
printf("300™);
gotoxy(65,17);

printf("mSCC");
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