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prain aata fiow tne first cortical implant of a semiconductor
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various prob.ewns and delays, ve feecl tnat ye anaiyzed most of
the vata and nopefully answverea sciie guestions ralilsed oy the
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Dbustract

Previous lLescarca conducted at the Alr Force Institute of

Teciinology (AFQ%), coliected and parciaily anauyzed data from a

muiltlcelectroud array implantea on the visual cortex Or a dog's
brain. The work presenteu here 1s the coupletion ol tais
data anaiysis. LBlectroencepualogram (LEG) recordings wvere
made and Vicuai Lveseca Respouse (VL) tecaniqgues wvere used on

MOst ¢i wuc data. ‘I'ne LLG strip charcv recordings wigplay

:
evidence or 1ow frecuency alpila waves, tnus indicating taat
the wcewiconductor arrey implant 1s a suataple netaod Lox
citraccocing booon daata.  Sunnacion/averayging oL che Gata {rom
inaividual clectiodes liiustrate tweat tone strooe stamulugs
leaiiea 1nto tae wata coddaectlien clrecurtry.  There 1soevaulace
tnat ©aC w0l pProbaov.y oecaine accustoed o tie ctrome cidnalg

anu Qlso Tthaat Lo ALY avray Soaowved Sigilb 0L GoGRatGcLOl Valld

lupdanutea on tae corten, B OLaiull evoenid Ieonolad Wi LOUnu

during tuee Loccer days 0l tuLoning, LUL DICause 08 tue oUscctoeuw

acuerioratic Of toe ALUY Givey, Cain CAnlnoe Oe 0.a 4oL coltain.
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Tl FiRkLY CORLICAL ITEPLANT OF A SEHICOLDUCTO

R HULTILZLECTRODL
ARRAY:  CONITHULD DATA AHALYSIS

I. Introduyction

The mystery of how the bpbrain functions has pbeen the
subject of gpecurtation tor centuries. In recent decades
howvever, scientists and engineers have been investigating
specitically how tne cerebral cortex, present only in the
mammalian brain, processes ifunctions such as; hearing,
speech, vision, thouqgiuit, etc. Research in the above areas
seems Lo nave intensiiied in tne last thlrty years, since tne
aavent oL the transistor made posgiblie tiae developnent of nore
accurate andg svawle instrumentataion, to measurce and record
cerebral cortex eicctrical activity.

Mow,withh tne recent progyresg in very iarge scale integra-
tion (VLS1) ICs, not only 1is the accurate neasurement of
cercoral corten clectricar activity possibae, but also the
simuration oL cercbral neuron activity scens to be a very
realicvtic goal, O particustar interest to rescarcicis in the
ficiu oL pattern recoynitlon 13 the opecratliob of Lhe nuLian
vigual cystei. Uniocusang tue scecerety 0f the hunan visual
Systeln kiay fcac to oreantarougans on the area oi visual sccene
anadysis (22:3). Visual sceane cnaliysisu covers such diverce

SUDHLCTY as Target acquisitaon, LaCeine inuspection of aanuiac-—

turcred parts, resding WMAC,INEs, Qi1 CLCECUIOCNCeIRLoG DLl
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(LLG) analysis; to name but a few.

The most coulinon methous of measuring hunian visual system
activity in tne cerebral cortex are tace electroencepnalogran
and tie visual evoiked response (VLR). These measurement tech-
nigues were invialiy deveioped using scalp electrodes on the
subject, nornally nunan, and analyzed in an attenpt to discover
sonetning avouvt Drain functaon (l&:I-1). Visual evoked re-
sponse reroers to tae overage or sunmation of cortical activity
recoracd from tne scalpy electrodes while the eye 1s exposed to
a known inpuc cignal of repeated ctrobe flashes or geometric
patterns.  Advibouyln tavse siynalg are usefuli, they can

infiuencedu Dy sucu tanings as drugs, aiscases, ancstnesia

TS SN

tevel, aad attention.  Yacy also repregsent sunmation of mil-

liong of locul sivnarls and as a resuit, attempts to model tue

W,

visual recogynction function using LELG or VER gseem to be analo-

gous to unaiywsang tae internas vorkings of an inconsistent

Lmacnine vy ifistening o tne noise it wances (186:1),

Since externidi neacurenents dia not seen to be avle to
provaide e Line raiin Gatd 12cdCu to model the visualr systein,
O 1L SULLACE WeIS UlvVelOpiu, Larly criorte atteng.ted only
GLOSSO MediUle.ehbs wecouse to rcaily nodel compoctesy tne
toladl QUliVvaty o L0 wrdin, Tae Lighais of widlions or nour-
ONs LOULG Lave L9 e ealiubed and andaiyced, SLULtineousiye.

SUCH Gl CHOLGUS weda Ui b cadlioue, Wata cleasent spaclianys on

i) 1

o
NCU proClwulcs ~A5CU i vicctroudys luwpaanted in cae Lrawn or q‘
)
!
h
L
;
[
the oruer O Gpptoadlicyecay 50 zcrons (23:40) have nov vecn E

Leasiniee  Dowott maoe the larsoenl nuzitiple cacecurowe waowl to
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us beiore tne vork repeated herc. He was able to acuicve a
J

1.9 masltineter (peoween-electiroue) spacing using 400 (20 x 20)

clecrroucs (6,9,10), The original work by Lorenve de Ho!'

(26:2) 1ilustrated trat the anacony o0f the cereorai cortex was

renarkapiy unitrorm. Turls unirormity suggests that the proces-
S| 2

WL

sing pertorunea by diiferent functrional arceas of tne cerebral
cortex ig avpenaent on the input signals (16:1-2), If tnis 1s
in fact the case, taoen tiue esaminacion of the bagic runctional
clcaenteg in a single arca ot tue cortex could proviue answvels

vhoclhh way e universaslly applicuapie to otuer brazn itunctions.

e, ||

An inaxcation twar tuese vasic functionad crowentcs couid

e coruiiiar arrangenents oL neurons is sugyested by several

el

researcacia (leri=3),  Arcer conslalring cu¢ neuron pattern ov

"wlv.ong dragran” oy tie oye brasn syostewn (20); Kaovrisky, ana

he

Luocy and Wicscl, aiony otncrs, sujyyest tnat tiese coluniag way
DC Lue DCLU 1CVEL dU Wailn Yo outa-nn tine vision system Lmodol
(20,23). Yoe cosuwnarl arrangensent or neurons aite lawveioed
buasic coautatzonal cocuments (BCL'L) and are taougbt to have
JU dedsc oac ihgUt Cchabnel anag several ouitput chaasaels at
ledso i toe jsllisary viGulli cenivir. vane LBCL's secuw to e

lnterconnceecs LO dugiorene L1reas in the corvenr; Lor ¢ioamgid,

PSP X

INee L CUnacCuloilg Lavie el wmdp,sta Lio. Lae prinary to uvae

“

COCCii, Vidlan coiten. creos (Ldii-2).
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leveis (i.e., the clock had to operate between 0 and +5 volits,
where +5 represented loygic state "1" and had to cnange state
witnin a rew nundried nanogeconds.) (18:11-6)

Yhe Tine velay bDetector. The external clock genera-
tor converted the syncen into a 'L cowmpatibic sauare wave, but
Since this vould oniy picik up one of the four row gignals, a
tine delay wag necdea to allow pogsitioning tne puises of the
external clocik vitanin eacih campiing winaow,., The regulting 17TL
signat (the cioch) aad a maxiwun tine delay of aoout 3.5 msec

(16:351-C) .

[es]

Lae Extespal Clogi Centredins. Tihe cuiternas crock
controLiCr was ueLiyned Lo ctart the cliock av any po.nt in tae
data and stop 1t aiter a vegiuvnaled nunver oI samples nad
becn tacen.  Tois wvac accolplisued by the circuit counting the
nu.woelr oL CooCh puises anu tonen turnaiyg the eztorna! clock on
Or OlL o whoen a otart or sucp counc, Sut tnrougi toe date entry
CoutroLier, WAL reacadd.  Wnls epculceu Lol CLOCE WOoULd AlwWays
stavt av Lt desiced poaut in toe wata (1C:a1-0).

Trne chceinal ¢LeCl Conurolics Centeiva arouid two cagic-
ilgit pidsieeabla counters.  Woe waca cntry conuveellor aisowved
Up LO Ciyale Gugals L0 De enteica 4nu LTored 1l LUe Leiuoly oL
Lo adudiiey cvuntes.  Culiter oo Waln uLew Lo count Luae puubor
CL ULHCH pUIath,y O 200 Lo Ly WdiL preset oo the (lO."Ji\]ﬂ(.’d
CLOLU LY pOsite oGL LY CLouln. Counvaer Lvo counrtod Lhd nuaiwtl
UL CHOCH plUllud lidhoinitilu Lo Gau o= cunvesees, <0 1ts

. PO N - . N Lo - Lt . . . P . Ceo ot ‘
WO v e LU LD Ll Ul el plleac ool (SRR (J\.-J.J,"L')-
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was avairlapsie in tue AFLIY Signal Processing Laborctory.  Since
tne data were recordeu in analog form, they had to be digi- ‘

tized and ucenultiplewcd.

Hayes' toesis was divided into three areas:

1. ‘'The syncuronization (sync) signal conditioning

PR NP p—

phase.

2, Digitization and pre-anaiygis phase.
3, Date anaiysis phase,

Tne syncnronization signal conditioning pnase was the
nost counprex aivca of Hayes' tucsis eifort. He was required to
Aesign and »ullu five circuits to acconplish the pulse saaping
4iad vimlng necessary to digitize tne data. The circuits buirlt

v - woere an enxveraas cloch generator, an enternal c.oock control-
ler, a dauva entry controtler, a node controiler, and a tine
dc..ay uGlecior.

Clrguiis Lullic.
Lae bLugernaa Ciges (dpergtoxr. 7o make sure tac
Lnarog-co-bryaeai Conveirver  ob upne  Bclipoe wvas syncuironizod

witio Ltne daca, tae cauernad clock option was chosen on the

PSNDE S

couputer. Usiny thils, tue wigltizing and demu.tiplixing cousd
Le done LuilttaneouLly.  Tae ISynCo Lignal on Lhe tapo wanL usod

AG Liic CutuINAdl CLOCA LOULCY.  DoCuLLC G Laloaitcotion:. oi tuc

Lelisoe conpucel, @it Lae acilln goia 0L tae syacs cignad (it 1

) , 1
VWAL NOU GOl wtlnsl2 Wlth CuimaeLnie oianlastod=transleior L0gac or 1
YUY, Ltae Lynca Cousd nov e ULuu ualtClay.e LHoCrrcust was

Glealjied wnicis JoUuda Sl peh anag convere tne slgiia cvo Wk
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Table 1

Recoruei Chaunels

I I I
1 SIGLAL DLFILITION | RECORDLR CHANNEL |
| I I
I I I
I 1., Lxternai Sync (Row One Tape On) 1 Hz | i I

4. Array bata Anglifiers
L
Ampiificer 1

Lmplifier 2

Piplitier 4 14

Ampiificer 5 - Dadrercentiatrl External
Lt

Eicctrode On rog's bar wih Tuc
ITnuitierent bavcvroue Ul Yne array

|
I
I
I
I
I
I
% I Anpiifser 3
|
I
I
|
|
|

1 iz gource signal {(nov coliccteu wurany the farst 1ev days

[N

oL teLuangd.

Hayeo
Hayes wao Che parst eatoens:ve colori Lo anclyze i data

coliecicu vy Meactey ana Lenvone  Yne coaputer cuosen co o

thie WOolk waL a vata Goreril Lelipse $/7250 nminacoig:ucer, waldch

'3
"
5
!
_41
'
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Data Collection. Two types of data were collected; pay-

siologicat data and cortical blogliectricas data. The Hensley

4_ 1. LWER L. LT

and Denton thesis 1s only concerned with the cortical bioeiec-
trical data. 7The data wvere coliccted over a period of sgeven-
teen aays. Data were coilecteu every aay for tne first twelve
day:, anu then every otner day. For the first severali days,
aata were coliecteu in the differential nmode oniy (see expla-
nation in cinapter I). For the remainder of tne days, collec-
tions were done in both diiferential ana apsolute modes.,
e strewe. In order to extract responuse information

froim thce visuar cortex a stilnuius must be ugsdu. 1In this case

afont MR A Te 2 aX i 1 MR . . 2 e " - K. 2%

a4 strobe Lamp was uceu to provide the ctimulius to produce  VER
data., Two types 0L STropes were usgea auring tane testing.  The

1) first strove, & small incaugscent ianp was uveu for tae first

T

iz vays.e It was tuined on £or an average oi 180 milliseconds

(mo), curing the puise perioca of 500 ms. The {reguency or

tuls strooe is 2 lz.  Tae second stroode Using a Llasi tuve was
only on for & ns. “ae "on-tinme" vas caocrvencd to reducce any
Corrupicing 2riccte tie oQulLe wave SuLone fay ave 1mponcda on

'

Lthne uecay periou oI the Vil The secend scrove had o
rrecuency or 1 b, tae period pueing 1000 no.

Sforagyge. The data were storeaw oi an hAwnpex PR 1200, 16
tracic I'l rgecoraer (14 doca tracins ana tvuoe vorca tLroaceks).
rTapstce 1 ghowe waotl vas stored on cacn casundl,.  Lesices cio
Lour Caanmels Waltl Lbe oucput row data ana the voico traca

cuannct, tuc.c Lo whe row oone (1) iUt Sighal ol SyRon ana a

11-4
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IT. Data Hequisiiiou and Aaddyols History

The principle bpackground for this thesis is included in
the work of Hensiecy and Denton and tnat of EKayes. Hensley and
Denton desiynea the semiconductor implant and colliected tne
data used here; Hayes conducted tne first systewmatic analysis
of the uata. A basic understanaing of these two thesis ei-
foivs is necded to understand the problemns which were confron-
ted in thig thesis, This section will describe the relevant
portions or tne two previous theses and briefliy explain the

theory benind soie o the actions taken here.

~
—

|~

Hepsley 4nd Deptoea

1..

Tpe hrray. Yhe AFPLIT mulitielectrode array used was a

o

four—-by-iour array oi JFLY's and acgociated inaividual
electroucs as shova in rigure 2-1,  Ian toe electrical diagran,

gacn source 1s snown connectew to a sgytare "sensing pad"”

(i,e. electrouce) curough walcu conutact is wade with the visual
cortex. Whe scrics connecuion oif the JFLYT gates and awrains
make up tane array "rows" ana "cosuwnns", respectively. A
rererence erccerowe () 1o algo provided (19:246).

Vaon nutce.cenca cignals (Fiyurce 2-2) are appi.cea to the
LOWS, LiLormavion present ol Luhe wource. Of a particular row
arc passed tnrouga tace JIPLT draing to the column outputs,.
Tuug, scyuential Lclection of tae rowg grouwuces a wuitipicaed
output at cacn coivun., Figure 2-3 zuovs Lthe vpasic rormat of

tne colunino output (11:20),

Ir-1

P L L

P i = S

. TR

N, VR

... , ,, .
"—JML—’J—‘“—“‘.*“"' ‘

Ny, IO




coincidc vith the three main arcas addressed in the proovlen
stateunent,

Chapter 2 wiil present a sumnary of the development
of the AFIT multielectrode array, and the theory wviicn tails
thesis wilt use. Tiilsg i3 to include a summary of LEensley and
Denton's thegis and aiso llayes' taoesais.

Cnapter 3 discusses tne hardware necegssary to condi-
tion the timing signals, so taat a WYL signal wili pe presen-
ted to the A/D conversion device. Aaditionally, twe hardware
daevelophent necessary to synchironize the timing sidnals with
the data sicnals 1s presented.

Chaptcr 4 addroegscs, inctiaily, the fawmiliarization
witi tne real-time data acwusicion processor, tne lHLSSCOLP lIC-
500, lleut, the soitwart uesign necessary to periorn tae A/D
conversion, wne VI, ang tae video movie vili be aiccusseod.

Cnapter 5 prcesenuvs cue oata reduction detelis.  Speci-
ficaiiy, how the dGata were tLransidcrred froi tne multichannel
tape recorcer alnd aow thie VER wato vwers odtalncu.

Chnapter O discugsoes tuc resudis and analysis dravn
on tuoe dava coilected, as to its vaeiidity and to wneiacr or
not aduitional LnLormatvich was obrasneu to nelip nodol tae cye-
brarn Lyobci.

Cucyoel 7 oroegents ConCiUalions and Cfecomienditions on
Aot CoLicCiion 2auw Lidad=tone daova anaiyslo uc.ong cine LASTCOLP
HC-50U vudwicoaninel heat=%ine Procdosor with fulture nu_tichiectrode

Qrray  Liijsianti.

1-10
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Data collected by Hensley and Denton (19) were recorded
on 14 oi tne 17 cays during which the array was implanteca.
The numover or tests ranged rrom two to rfour depending on
whether or not the doy was or was not anestineslzed. Each
test was conducted under siightly different conditionsg, and
care must we taken to anaiyze tiie resuits accoraingiy. First,
a A/D conversion must be done and all tne data demnuitipliexed.

Next, tne software to conputce botlh tue VLR and the other

signal processing  algorithus wentloned above, nust be developed.

This soitware mnay have to be tailored to accomwodate the

paranctery peculiar to tie varioug individual testis,

Aoolig.Lions

Tne gate were originally coitlected at a ciocik rate of 250
liertz (Lz) because wmost ilnformacion pusniisned on the freguency
oL Dra:n sig¢nals indicates tuoat 25 bz is tue nmaxiiln rreguency
component (19:33), If this agcsunption is true, tuhe lyquist
Criteria (sanmpling of a signal must be greater taan twace the
madilili Yroguency)  has been  gsatisfied. It nab; tacicrore,
been  doeciucd  to retain 250 Ha as toe date gawgiilyg rate ror

the A/D counversion.

Dpproccl and Preuciallon
The ovjective ©f tals reLearCa 3o tuc coligiclbion o0&
the data aanaiyois begun by oot Lénsl2y ana benton (1Y) anu

Hayeos (1¢).  Whe presentaiion wild  Cooeatiali; bo oruiriua to

-9
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DU L oo U LU Ll el OVRLCUMC DCLOLC Tae processor can
I T et nbugddy cad s w1 dl pULlpose processor
Wall oliaa., LG Lao iy piousCuis caced by layes (18), care
MUsU Stal. oo tanaenl Lo eancure tuat the vata ana the strope
Slgile! dlue 10 oynC. In wnlg way, a valid averaged evoked
responae Cuil e COupiitoed,.

Tile gecunu palt or tne problenr 1s the analysis of the

v

data ueing signal processing technigues.  Thne £irst analysi
nethod to ve applled ig the averaged evoited response wvhicn
crtracts  thoe evolicd response Ifronm tne backgrouna EEG aota.

‘e

Softvare wiwl be deveioped to perform the averaging of
the gyncuronized data files. Once this ig acconplisaed
aaditional gighal processing technigues wiid De applicea,
time permitting, Solie 0of the most ceniion methods used to
aictinguish the signayr from tne noite are Hatnan f£ilcering
(21), Fouriecr and Valca trancrornacions (22,41), Ueiner and
time-varying fiitcering (11), and amplistude hostograpns (4),

Finaliliy, @ viueo Ltape wil. be naae of tie cnanging siynal
leveis at eachh of  the 16 array clectrodes. RLs  analysis
may give informaticn on  cine firiny orf the DBCE's as thae
subject was stimusares wvith tae ctrooe Ligat. hyaxn, tuls
wiil be primarily a soitware ¢irort to transport tne data
fijes Lroin  tae sgecial purpoLe coaj.uter Lo the Doligoe
ProceLsolr in tae giynal processing Jaoovictory, puliding 040,

A secondaty objeCtlve oL Luls Liesis 15 to uevelop algor-
ithius and proccouurcs waica Ccan e used by the neast larger

array lnplantolzlon ciooerlachcs

1-8
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Because or time laimitations caused by circuit construction and
processor limitations, however, the data analysis was not

completed by layes.

Statement of Problen

Currentiy, vork 1is underway to degiygn and fabricate a
larger array with 256 electrodes. However, berore the
second implant operation connliences, the data from the first
implant should be anaiyzed in order that a decision, as to tne
validity of the data, can be made. Therefore, the main
effort of this thesis wilt be to conmplete the cgata analysis
process.

There are threce main arcas which will be investigated in
an effort to solve tinis problem. Pirst, an analoyg-to-
digitas (4A/D) conveision nust be periormed on the data.
Tihis step giscretizes the wvata signals winich  allows the
application oy siynal procescing algoritnnu. A special pur-
pese reai-tine gGata  acqusition  processor  nhas been recently
acqguircu by tne AFIT Signa!l Processing Laboratory which can
perform an &/D conversion on up to 16 ¢channels of daca, sinui-
tancousdy. In tnis way, the syncuronization oi the daca with
tre tiiing Siyhaas can be acCllplisied vithout extensive  and
Colprea Cateinal Luiving cilrceuitry. “Waus, softvarc must be
wviitten ©o perrodw  the O/ couvession and genultipiex tae
COlUml  anw row uata of cacn arrday elccriode into separace

tiseo. However, boecause  wals conpbter 18 80 new a deii-
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nitrogen environnent) (18:5). Finaliy, witlh the assiztance of
personnel irom tue herospace liedical Researci Lavoracories,
Wright-Patterson AFB, Ol; the multielectrode array was implanted
in the visual cortex area of a laboratory beagle. Data were
collected in two wmodes (19):
1. The absolute wode, where the signals frow eacn of the
16 electrodes in tne array were measured with respect
to a common electrode in the array.

2. Tne differential mode, where each electrode signal
was measured vith respect to the signal of the elec—
trode in the neighporing coiuwn.

Eensiey and Denton were unabple to periorm a detaited
analysis of the data becauge of time limitations. Therefore,
adaultionud taesis worxk was perirormed ny Roaney E. hHayes (138)
to analyze and deternine tine vailaity of the data collected
from tne inglanted ariray. In bis research ecrifort Hayes needed
to scuve tue following three proolens:

l. Circultiy wag reguired to conuition the data timing
signals because the procescor usod to periocsn tne
anaiog-to-digitali conversion on the data signals
operated witn transicstor—-transictor logic (W'L). This

weans that tne clock must operate betvieen U and +5 vodits.
2, L control circuit was ncceaca Lo encvie tac syucuronization

of tne strobe caca signad and the dace L1onm Lhe array

celectroues to conpute tuoe average evosed reseoonse (LR,
3. Finally, oncce tuac data vere digitiazoed, codouare had to

be developed o perwilt ¢aaayeis ol tne datd.
I t b
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g succeeded in favricating a device which operaced in air, the
-

X device falled wien liawersed in a saline solution similiar to
€l

B tnat founud on tue surtace of tne cortex. Thus, rurther re-

- search into a method of encapsulating the switcning circuitry
was reqguired to protect the chip against godiun ion contamina-
tion.

The neit thesis concerning the multielectrode array was
written by George German (106), and specifically addressed the
areca wnich caused the device gabricated by Fitzgerald to fail,
tnat of cirrcust passivation. Gerwnan evaluated sixteen diiffer-
ent cowbinations or wmatcrials and applicacion processes;  how-
cver, only two aaterialgs were found wiilch would resist the

degrading ecifccts ot CSF, puosphosilicate glass (FSG) and

e poliymiue (18:36). Gerwman desiyned ana tested tie urive cir=-
cuilry wi.cun provided tne multiplened drive signals to the
array wnidle it was inmmerced in a gsinulated CSF solution.
Additcionalily, ae noted tnat twue Junction Fiela Lifrcct transis-
tors (JFDW circuitry wihilolted noa-uiiioria switching charac-
teristics.,

The lhperant ol tiae gcuiiconauctor wultieclectrode arvay

into the vigual corter ol a Goy was enyinecirceu py Russell W,
4 ifensteey and Davia C, Denton (L¢).  fUaey encowsuisted the array
X
Py Witil pOaYiilde, Docéuoe oL the availenility oi thg Cecunology
: on Wrigut-Fatcoersoa al'l, to enLune the survaveonlltlity orf tuae
X
> i _— ) , i
> array in tae CBF covironueni, Toe eoceinal wiive ¢lrcuitry
® Wal redesigiiea Lo pernaat cluusaies Loocdng viwnout connecliing
«
o the array vecaunce it regulred sweclis sanas ivy (DLorage dn o
.
.
E i=5
t.
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- : ment of DBCE interaction, several rescarcuners have attenpted to
B

b

use microscopic electrodes Luplanted on tue surface oL tne
cortex at vigtances whicn approximate the separation of the
BCLs., Somc of the most significant rescarch in tne area ot
implanteud musrtiple electroues nhas tailen place at tae Air Force
Institute oi Tecimnoloyy (AFiIT), Tanecre have been five previous
laster's Tneses which dealt with the subject of nuitipile
eiectrode placement on the gsurrace of tne cerebral corte:,

The initial proposal of an ALY nultielectrode array was
nade by Joseph Tatman (42),  Ye taeorized tihat it wousd oc¢
possible to construct an eleccrode array or 100 rows by 100
coluins with cleccreacs on 50 micron centers ana nave a systen
data rate of onc miilion words per cecona. lHoyever, to test

é), the tueory of a multipiexed electroue array ana to simplaty
construciion, @ rour LY LoUr @isctrode array vwas Ltaoricated.
Tatwan's atuceupt vo favricate an opcraciovnal 1IC was uhluccess=
fui, but iy efiorts asd saov that ruritalr voryg in tihls area
waL varrasted, LL The probrems e eacocunteced auring che

fabrication puause coulu e OVCLCOLC,

Tne errorits bewun oy Tatnan wvere carcicd on by Gary
Fitzgerasd (14).  Sonie or the prowiens chcountercea by Tatnun
WCLC £ ivVeu;  &poCiricaidy,y Lue Laocs ©0f oanlc contacu wata tue
i ) metalizouw Leoue and Loe 1cLaaye puatis 1 coe paobusivation

fayecs 'Ypo pasuavation layer 1 a Layos oL maiverial waicn
protects tne svitcawny corcultyy 110w Lud ceruonosginal Liuld
o (CoF), waicn il pramaraly a saline soaucion, vuc aslovye the

eloCctioul Huriiees Lo contacit Lne coruveil.  aOttaotun Micdgerala

——————y
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j‘ Tihe liode Copntrotier.e The node controliler was used to

set/rescec flays witnin other circulis. These £:1ays enavicd or

disablied tne external clock generator, set the cxternal ciock

T T

controllier to respond to tne tirst or last occurrence of tine
stinuius control signal (the strobe), and set tie external

clock controllier to either start or stop the external clock

dependinyg on whether normadi cortical activity (strooe not

pp——
Il
B

-

.

present) or VER (strooe present) data were being sampled.

Digitization and Pre-anaglysis. Hext, Hayes periormed tue

"

aigitization and pre-anaiysis paase by designing routines to:

l. Control the analcg to digital to analoyg (A/D/L) device

P —
- .

from tne Belipse §/250 miniconputer.

2. Sceie the digitised data to betwveen # 5 voits berore
L)) anailysic.
3. Remove piys.cal caaracteristics in tue data which werce a
function oL tone wata coiiection pioccss as folliows:

de. The gain dactor inccrtia during data co.section.

b Lle¢ctrouc pragsces.

c. Artifuacts caugsced by ayglingy of tpe array or
cuanging of tue pinca-oil volitages wn tae array
arive cirvuitroy.

DoLa Hnollkase  Analysas on the date, wae final phase ol
toc leyes Tucois, was priudaclly a S0UCwWaile wCiign and Luplemen—
tation prcwiciie  layeos Ccitaer Lowlricua or acvelopea routines
to acconpiisih tul voilowing (lo:111-11-18);

1. Prouuce a viavo drupiay co rilustrate Lhe spa-

tio-tenporay coricliotion oi auajacent BCL's,

| ARG AR L S T A 3 e A R N R D S A DA P M L A A A A IR S NI RO o
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2, Calculate the averaye evoked response (AER) at
the BCE level.
3. Determine a iow frequency cut-oif to allowv imple-
mentation oi a soltware low=-pass filter wnicih woulid

be used to improve tue results of the previous

two routines. K

The spatio-tenporal correlation reguired two routines. ?

The first invoived the congstruction of a topological arrange- i
ment of tue data, 106 gsampies (one per eiectrode) at a time,

witn the awmplituue or cacy electrode represented by a varia- d

AL

tion in yrey leveli. lext, a routine was designea to racexve

output ifroi tne Lirst routine and tonen to aisplay the 16 grey

- - o . .o . . - )
levels, one & 2 4 sanple at 2 time, on a nmonitor at a variablie 5
y
rate. Finaliy, tie 4 z 4 display orf grey levels was observed !
.l
to see il a gpatio-tenporal correiation existed witnhin the -
data reccivea Lrow tie surisce ol tne cortex. .
An average evored response (GLR) analysis was perrorned g
K

to show tue relationskep 0oi the visual stinuruz (strobe) to

BCL activity on tue cortex guriace. Toac routine cairacts une

VLR frow tne algitizeda LLG wata by using the dryitizea utrobe
file oo a warker whica deinineaved che peginbinyg and end of
caclh stinulation. Yaeld by reaulny tone warcers, toe alygitiscea

p]

LLG data was soparated into DLOCia Woicu veLrde suaiicd and

averayed, fue resuit was a piliow showing tioe VOUR wacreasing

iincaryty (1@ consiscent) walace Lol LabGO BOILe fonacd to sum

W T WL, T .
-
'

as a Rool illean Scuare (Lit.5.) wprocoesc.
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The rinal analysis routline involved filtering or smoothing

Fcﬂn the data to inprove the results of the topograpuic and VER
4

(R

anatyses. rirst, a finite impulse response (Fik) filtering

algoritium computed the convolution sum of the filter coefrli-

cients and the aujusted data magnitudes (i.e. data rescaled,
attenuated and wean subtractea to remove electrode bias).
Then a noving averaye was conputed by using either a Bartlett
(triangyuluar), Lanning, Laiueing, or Blackiman window.

layes wae oniy &o.e Lo periorm a preliminary analysis on
ohe day's vortn or cata duce to tuie delays encounteired during
the hardwvarce doevetopuent phasc. As a result, some of his
conclusions wildl ve further investigatea in this thesis ef-

fort. Specifuicaliy, wunether or not tne shape of the LVR is

) dependenc on tue size of the data £ile averaged. That is, is
the VOR concistent during the cstinulus period., Also, duplii-
cation of the VLD obtained by lencley and Denton (19) from
data collccueed 10w eicarroues actacaea on the dog's ear and

tie refercnce clecuroas within the AR Array will be attempied.

g Finally, answetls will be souynt as to now degreuation of toe
V . . - - “ - . N .- . .- . N

F’ clectredes iniaucnced tue relilabiiivy of tue data.

3

{ LheoLy

. .

- Dicitivotibu e Lo 2ata. 2he nirot parc of tine taesis

o CNRCOLLAGLRS LY C.yLliaadlon 0L The wrald aava obtained by
F 

| lencicy anua Ddeittod. Dlvltaiting can Do o accoaplisned DY
h.‘- . . . . . . . -
o chsursn, tiac tie oooouret Criceria o nei (See Coapter I).
r.f This TheGlein oueizey "H CuUeaiUOGL aind.ovul runccion x(t)
"
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wnicn nas a limited Fourier spectrum, taat is a spectrum z(jw)
sucn that 2(jw)=0 for w > Um, is uniquely described from a
knovicage of 1ts vaiues at unirorniy spaced time instents, T
units apart, wnere T=2x/Ws and Ws >= 2Un" (7:2). 1In other
words, if a function x(*) has little or no energy content for
frequencies above some value fm (where Wm = 2 x fm), then
sanples of x(t) tawsen at a rate fs >= 2fwm will preserve the
nature oi x(t) and anaiysis of tnese samples will give

information about the anailoy process.

Extraccing Vik, 7The anaiysis tecnnigue used to

xtract the VLR {row the nmecrmal cortical activity iz summation
/Javeraging. 'The data are daivided into & nunber of seccions,
each section beglinning when one strooe riasacd and onding just
berore the ne«t strope rfiash. The gsections can pe Sunined,
then averaged (if necded) to enmpnasize the evoked response.
Tnis aswsupes that tnere 1u a congistent brawnn response to tne
stinuiue tnat is synchron.wed vith the strooe wiilie the normal
corticur actaivity and tie noisce are random and correrated wicth
the scimurus.,  Tohncererore, ii waveiorm £(L) conusiuts of two
coitpohence: tue evokea response cl(t), and noise (anything
else) nl{i); cooen
L(L) = () 4 n(L)

THC CVOLed IewpGiie SloUad DLC0ne ANCLoasingay clealr with
SULI@TLoil Lince it shourd ropeat; therelLeild, conLuruccivedy
ddu. e neloe Giw tne Nornai cort.cas acuviviiy saeoul.d not
consliuctiviLy auu (12:204, 35:07-20, 42:2u-4l).

Spallom e brUi i COLEwAnlLCle shchaul Quadysss tecunague
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attenpts to find any spatio-tenporal correlation in the data.
This can be acconpgiisned by congstructing topologic arrange-
ments of tne data, 16 sanplies at a time (one from each e¢lec-
troue), displayilny ticse in succession on a video monitor, and
exanining tne outgut to see if any correlation can be detected

by wvigsual observation.
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ITf. Hardwale Degiyn and Inplepentaiion

dutroductioun
Tae manner in whicn tie data were collectecu dictated the
actions reqguireu to pre-condition the data and timing signals
for analog-to-wuigltas (A/D) conversion and subseguent anaiy-
sis. Speciricaliy, data vere coriected over a period oi 17
days (19:61), bput only eiglht of tnoge days proviued datya whicn
could Le anoayzed.  Yhe reasovns S50me 0oL tue dava couta not be
analyzeu arc 4S 10L10WS:
1. Tueire was no voxce trach recorded on days 1, 2, and 12,
2, Tne row one turn-on zignai (RUVOL) was not recorded
on day 10 anu vas dizlorted on way 16.
3. 4 strowe si4gadl wooL ot recordod onawy 1lé.
4. Date weile recoraeu every othoer way alfter vay 142, so
tnere are no ata ror ways 13, 15, anaw 17,

Yy recoraed

[

Dato rroa tie RULCIiCleCUuroue aridy wWere ogiginal
on ¢ 16 conanneld ' recorder by Hens.ey and benton (19),  liow-
ever, S0we 0L tne recorder cadanneis vwere rouna to invioduce
dilstortion L tae inpul gignals (1¢:1:i-1),  Oniy Lour caannc:s
WVeLC rounu Lo 1ntroduce nNoO auuiiuicihal wiotoritian and tuese
werce uscu to recoiu the outpue data. & pioch ulagyraw of tae
array ana wue output cilreuitry i1s saown on tigure 3-1.,  Tarce
otuer culiivic WalcCd did deyraue tuce iagut signals were uscd
to record tihe row one turn-on signus (KUPOCH), toe ctimuius

control (slrowd) zagnas, and a 1l ihe cuovcs voivnal (Cctarting
S . St

T
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ilulticelectrode Array and Outjut Crrcunery  (19:28-44)
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witnh day 4). As a resuit ot tune distortion, these digaita:l
signals vould reguire conditioning to neke a salpling pulse

whicih wouud be compatible witih tne procesgor. DNMdaitionaiiy,

alala 2l W TY_S

eaclhi signal rrow the array must pbe denultipiexed prior to

.

digitizing the data. The ROTOS proviaes the means to control

thne timing of the denudcipiexing of the data.

|

Luaptation ou Hayes! Circuliry

Pricr to digitizing tihe data, circuitry to snape and
convert tac gampling puises to UL levels was required. Tais
arca wvas audresced by Layes (148); therefore, 1t was aecided
tnat a portion or the circuitry nhe ueveloped could pe uced to
acconpiien the reconditaoning of the sanpling pulse. The
ciiculit wwrauran oL thce EBxternal Ciloci Generator waich is the
sync or ROYOS reshaping circuit ig dilusiraced in Figure 3-2.

Basicasly, tue Licernas Cioci Generator first piovides

For ROYCS wmpriircatsion using a iotorotlta 174t Opecrctional

hmprifiier (Op-hwp)e dlext, the signal was inscrted into a 7414
Scnmitt Triggelr inverter Lor rechaping and conversion to a
transistor-to-cransisceor level (990) square wave y: i
1. Increaving tie risce and fall tirwes of thne
lcading and wrailing eudes, respectivery.
2. Cnanyging tuoe log:e "1IY giate Lo +85 voivy and tae

togic "0Y gtate Lo U volts.

Tacn Lae soudre woave was aaput to o a 74123 Dual hultivipracol,

WIACi (N conjucTion wivnh a 725055 Tinmer IC, witovew 101 botn

P SR

PULLC LOLIULGiliilyg ald & valaanle pudce vautn cloecn. Tn i1oliow-

I11-3




T —— T T T T T R T T @ T e

2
v.
r.
v.
i
:
4
]
L
7
. -t
-
5 B —~
f. 6 e | ﬁ e
—af .
: = 7T 2o o
N 11 9 M
L, 0010 FA L . 9
1 Z I0LYHATA o T mre B
- micto/al €U -1iTnw u -~
3 dA N1 3
: el AP ¢ =
) T T ™V | =
b, G Z &
(@]
: wyoxoat-o | g3l __€2Ine 1] - Po0
3 T oo
| o D
| L : € 3 =
= mio°
p. 100 9 n/.A./d@DN ! A =
- P
”. rL - fe o) [4 - T .UL
w wgoy 5 | il HIOOIHL . _ i3
05-019 ¢ ¢ = GWY Iy Vo iy iy
4 < HEWIL _ LLIKHOS ; N e oy 3]
! < |4 =3 z : V] 3
] g sssze 7 nitd — GtlIOW A 0
. 11 1 ] 1 Nl
SOLM 35
‘ s aY 3
e Jnio -
3
m 6C ;
, @ ©
4
- —4
.. =
A ~
o
D
<
n a1
2 w.
.

I11-4




A Sk g et bt b it e Shane 2 Lallare. Sioe 4 Dt diesh 2t A St et Mhesh Buin Sl T TN TR T TN T TR Ty TR T T .1...-*

ing discussions tails variabie puigce widtn clock will be
referred to as the VP clock.

The time delay introduced by tne timer IC permits posi-
tioning of the VP clock within the sanmpling window of cach row
of electrodes on the AF1T array. Tne variablie pulse wiath
feature was added Lo the Externa: Clock CGenerator c¢ircuit to
make the VP cloce compatinle with thne HASS5COLY 500 internal
ciocks (converter pulses). It was necessary to vary tue pulse
width of tne VP clocik to permit tie lHASSCOIIP to ¢gencrate
converter pulses eguad to tihe nuwber or channels being samnplead.
This wmodificacion required that a 0 - 100 kiloonm variabie
resistor be connected acrost terwinal pins Reut and Vee on the
nmuitivibrator IC. Fiqgure 3-3 shows how the VP clcel is posi-
ticnea and hLiow the coaverter pulses appear relative to the VP
cleck and the data from cach row oI ciectrodes.

in addstion to tice ROTOS siynal, tne DExtcernal Clock
Generator circultry was usced to conditioa tace stimnuius control
(Strobe) signal. “als signal proviaded a control to gtart andg
stop tae VP cloci, ¢giving a posicive dendrcation polnit peitween
normai and evoieu response test data. Conultioning of toe
strove 15 zsimirzar to taat uvsed for the VP cleek ana proceedas
as Loliovs:

1. The strobe Liginol L0 The Lape recoruuvi Way
ampliricd using a Loterola 1743 Uu=anip.

2. Tunis signas vas tien vou o a 7414 Scehimatt
Trigger witlCil proviaou pulod Sud;.aliy, Sharpening

OL 1'i18C and rall tines, ahua fovel convelrsolon Lo

I11-5
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X between 0 and +5 volts.
As a result, the TTL square wave strobe puise which vas rormed
coulid be uged to control aata coilection. Tiis portion of tre

circuit is iliustrated in Figure 3-4,

Sceparatction of tne normal and evoked response cortical
data into geparate records was required Lo accomplish one of

the primnary cbjectives of this thegis. That objective wvas
Y J J
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Figure 3-4

Externa. Coioci Generator, Strooce Condivioning (lu:ii=0)

C.

to coigpule Luc vicdal CVOReu LCeup0nse 110 tue uata collecie

4]

the suriace oi o voe corled, 1n Crdacid that Cconclusiovias #ay b

on

drawn al to tue | resence anu operat10i oL Lhue DiLic conputu=-
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tional elenenvs (BCBE's), A circult was designed and ouiltc
wiilClh: used tue leading edge of the strobe signal to start and
stop tne VP ciock (sce Figure 3-5), Basically, during tuac
sampling of cortical date tne appearance of tue first strove
puise indicates the end of the normal brain actavity. Tne
strobe 1s then used as a control to turn oiff the VP clock
signal conpleting tne coliccition of the normal brain data for
one test. Sawnpling ol tne normnai BLG data occurs as rollows:
1. When tue strove, wihlcen is connected to the ciock
input of a 7474 Dual "D" Flip Fiop, is off,
a nigh (Loyic "1") appcars on the "not Q" output
oL tne [lip riop.
2., 'Ihe nign sigaad 1s sent to the control input of
tne tri-svacte gate caugsing the VP clock to pass

to tiue lLSSCONP Processor,.

6]
r
gl
[ 29
o
&)

3. Sampling 15 conpleteu wilen tiae strobe

rorcinyg tie "ot " output low (Logic "OM),

-~

causing the tri-state gate to cucoii, blocking
the VP cloci.

Then Lo camplie VigUads @VOLCU Yos3ponse aaita cie stroove
start tuins wae sanpling cLoct on.  VER Lawpling occurs as
toullovy:

1. Prror to ctrome stert tac "D" Ladp fiop "Q

i

output i 46y 4dd vue tri-statoe gate o cuvorf.

.

o huen uwhe vtione bogino tae "Q" outgpgut is forced
H

ibatgite

3. Waad nhaegn 1o recolvea wy Lac crr-ostaue gace
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being tested for cacn data coilection.

-200040

I

-400040

I

-60000 ' -

-80000

1

- 10Ccao

- 120000 |- L__

- 1400690 L - ' .
0 20 40 60 a0 100 120

ure -2, Day 3 Strooe Sunmed

Ine Laaig Rals Cesdeetion

The turid uacta collection 1nvolvea condecting ¢ach rovw
twice, Sepaiat.n out one oi tune deta cuannhels anu the strooe
CHannCa LL0i CaCa COLLlCLion, Gaid [ulninhy tace sumnation pro-
Grain Ol LdaCu L0 COLpare agdnst one anotucr. 1E tae outputl
WAaAVeLCUas Gau BOU .00 Saliilail, ehoiwel watae collicetion nwad
to Lo attelpees aatir repcsilticenahy the VP LUl an an actelipt
Lo prouuce peliel repeatinisLley. A good position meanite an

1.

area that Jeincanes Laiiey ddav anu scavice tarougnout tie Geuia

Te repedcaels Ly prloodca Wao thougynt ©o we causced by a siope
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the clock widtn had to be adjusteu to snow {ive trigygers N

4

(conversion pulses) on the second oscllioscope. {

]

2

Once tue aava were coiliectea, the array.out progran wvas
again used to separate tne colunn data from the row data
files and the strobe data. Waplie the strobe data were being
separated, tne array.out program was made to print sanple
vatues onto the screen in order to tell what vaiues were
asgociated with an “on' and an “off' strobe. Once thece vaiues
were determianed, tihen tne strovestm.Cc prograim was moailied to
recognize a strode pulsc.

Care naau to be taisen to ensure that tihe sunuing progran
Suliincu tne riLes correctiy. To checkk tnis, the strobe file
wvas uscd not onty as tihe trigger file buv also as tue data
file. Figure 5-2 shows tne output wavedlorm f£rom tnis procdure.
Tne wavelorn. 1s a sguare puise, just as expected.

Sunnation started on tue separaceua files. Strictly
throuyn cnance it was discovercd that cava corleccea at two
dilffelent tines aid not prouuce tie sawne summation waveriori.
Tuls 1ed to tiae wasiing ol more stiip caart recording ol san-
plea wota., Tne strlp chart recording provea taat the repeated
sanplings wele noc  wigitiziang tuae data  in tne sane nanner,
vihen in taeory tney chousa 1ave ocan. Tars Lack of
repeacavility was av yiist tpnougnt to be causceu by the tape
recoryer, Lut, thhrougu 4 test in villdcn the tine delay pulse
Was repOultionea 0N Ltne datd, & pletly close auplication ox
output wags oovaincd. Tulg breaiktarough weant Loat ail tae

aata haa Lo be recollecied asain with tue AQupilcation criceria
o L
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Table 2 -

a e .

Showing the Collections and Files liade for Day 3 and Day 7

DAY 3

NORiAL TLSY

(differential testing only)

VER TEST

e

collection files made collection files maaue !
day3atnnlrl gay3dinmirlcl-cé4 day3dfevrrl day3atevrrlcl-cé ~}

day3dfnnti2
day3dfnmir3
day3diniiré

DIFFERENTIAL

)

colicction

day7arnivirl

day7uaiinnlr2 aay7einner2el-cé day7orevrr uayJaurevir2cl-cs -]
day7araniiard aay7alnulrdcl-ca aayTarevrr3 aay7aievrrdcl-ch -3
day7uaiiisré dgay7urniniricl-cé uayZurevrré gayluievrirécl-cé 2
.:‘

RESOLUTE TESYIRG f
N

aay3dinmnir2cl-cé
agay3arnniricl-cé
aay3dinmlricl-cé

(Gifferential and

TOSTING

RORILAL TLSY

files maae

day7dinmtrlcl-cé

NORLAL TLSY

day3afevrr
day3dfevrr3
day3drevird

collection

davy7uievrrl

day3dicvrricl-cé
Gay3atfevrr3cl-cé
day3ufevrrécl-céd

absoiute testing)

VER TLST

files nade

dayTufevrelcl-cd

VLR TLST

colliection files made coliection illes naue
day7zbunirl dayZabnntirlcl-cé aay/anevrel aayZavevrrlcl-cé

aay a2
dayZaunii.g3
day7abiiairé

gayZaonnizzcel-ce
cav/avnncicl-ca
gay7avaiirécl-ca

veyTaosevar?
aayTaweverd
gqaylavevrié

dayiavevirdcel-ch
way Tapevir3cl=cé
Gaylawevirificl-ch

]

df - difrzcrentiar testiny

ab = abLo.ute Tosting

Nl - noriai teocing (o strowe prescnt)

eVE - evoied respohse testing (strowe Liesent)
r# = row co.lectea

cl-c4 - colu.ils one taroughh four Lopardtea out
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in Chapter IV anu Appendix D, The array.c progranmn was then

used to demultiplexz ali the row data files., Table 2 snows

that it is possible to coliect 64 files £or just vay 7 alone,
<4
thus illustrating the maynitude of the cata reduction effort. -3

The next step was to run the denuitipiexed riles out

91

througn a D/A board to a strip chart recorder to show the

anaioygy representation oif the LLG signals at eacn electrode.

N. X

Da.connrand {(given in Appcnaix D) accoapiished tuois task. Sowe
of the results are given in Apnendix B,
HWoirk thien conuienced on wriltihy a sulkliiily progran vnicn

would atttewpt to bring out any evoned regponse. A gUmming

L. JV

program vas vritten vihiiCh suLiaod a specifiled length or data

N ’

(i.e. sumiicd eacin 250 lengtn biock witn oine anowner). This

T

assuited tine ctrope tlasanea at exacuiy 1 Uiz, and tnat tiae

"IN

I

sanplinyg wvas done at coactly 250 bz, Upon recnecking tue

stroves for difrcient days=s, 1t becaue evaiuenlt tuat tuoe

assuicu strobe Lreyuencey was noL accurave. Taus, 1t becaue

obvious tnat tue strobe cignal vould nuave to pe coslecteda

.

alony witn the four aata caoaniavis, and tiat  tae sunnation

JEOQL Uil WwOULLa 1ave Lo 0l desiynéd Lo reco nanze tie beginning
) J o

Ji

of a gtroue pulsc in order to LUl Lae propQl 1eCOrU Lenytil

hd e bl o

L ©Leony 2uid Coaiscoica
Lae foul wats chaiieis aaa Lo e recoLldecicu LiwliLalLCously
wibtih Lo SUr0uCe Wil ANVOLVUU Wuliulily LU0 LDCGLLaCce DOX

(see Cuhuapter 113) Lo trassait tace Gara 1o viee &0 board,

W, ST, N

TestalUiloCliadlliu ae LO DEe it Lo lhuicawy o Cuanhcly anu

<
t
o
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by the A/D or D/A converter, acnoted by tne letter

3. Source input, denoted by the letter "s", pro- f

)

vides the capability cto count an external clock :

_ ‘ i

signai. |

4. A clock ground, denoted by the letter "G". ]

The VP clocik is connected to "¢" ana ground on the second T

CiOCK. Tie output is taisen from terminal "1" and inserted é
into tine clock input on the AD12F liodule (A/D Converter).

Verification that the nunoer of converter puises is egual :

to the number of cihanncls peing sanpled is periormed with a ;

duail channel ogsciiloscope. One channel 1s connccted to :

terminal "¢" on clock two, while tne othier cuannei is used to
w monstor the nuuaper of coaverter pulses present within the vp
E P

clock pulse widtn oi tune VP clock.

Picot baia Conicction

Tue data were collected using tne HASSCOLP Quick Choice

Lo (e e o e .
. IJJ.‘A_"‘,"_.‘4"'A'L !L; TI

option to digitize the desired row signal rrow atl four data
Channels and to store it oato anotuer file. For cach aay of

testing, tuere was a normal and a VIR test waich had to pe

’ .
ek

collecteu. Arso, during tie i1atver days an apsolute test was

2

aigo conducted. Tnic nmaue a total of rfour vests per day, or

J' e

sixteen data coliections per day (sce table 2)., Wihilie datca
collection toou place, cirorts were wade to aevelop a progralk

whicCih would Soparcie out the four colunn siguals froil caci row

of data. Thic becawe tne array.c prograw vaich is described

DI, .
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accessea on the front panel, waile two software controlied

n "

ciociis are internal. In order to sample "n" channe.s tne VP

clock must be set to ailow "n" converter pulses to appear

within its puise width, as shown in Figure 3-3.
The cable connection contfiguration of the VP clock and

the MASSCONP converter pulse clock are shown in Figure 5-1.

DA OBF AD12F CK 10 O’Scope
0 0 [ SR
_{ <_"—Q1 O1 © © —ty |1
G ™
< —“é> O co 2 ]2
- 2 8
OAX O O =
GUTHUT 3 9 1
170 O O Q__© hi-1
2-CHL (o] 0 14{ Ocnt
STHIP
i 32
CHANT HIHBON yehi-2
hECORDER CABLE pin e
- INPUT
. KEY:
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Figure 5-1. Cab.e Connaction Coniiyuration of the VP Ciock
and tace NA.S5COLEP Convercer Pulce Ciock
Lacn ciock on tne LHaSS8COLP clochkh board consists of rLour
terminals:
l. A normal ouicput, denoted by a nunber iron 0 to 7.
2, Control input cccepocs an exitcernal clock which

decverniines the nuabel oL converter puises reguired
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V. Data

Initial Steps

Tne first steps in analysis of tne data focused on four
main areas:

1. Reviewing tne tapes and making a log oi wgat was done

bacsed on tuhe voice track (see Appendix A).

2. Studying liecnsley and Denton's thesis in order to

unaerstand now the data were coliiected.

3. Studying Hayes' tuesis ana his circuilt to understand

his anaiysis efrfocrt.

4, Learning awout the HASSCOLPY 1IC-500 computer.

Tane 1iC~500 computer is wore iflexible wnen it comes to
dat. acguisition tuan tne Lelipse., DBecause of thisg, 1t was
decideu tunac very izittle of Layes' cilrcuitry would be necded,
Tie circult tpat i1s wescribeu in Caapter 111 vas designed Lor
tne sawnpling/diyitizacion paase, and Lt alloved for wistinguish-

ing between nornal data and strovea (VER) uata.

LASSCOTP 500 Luiticponned Sampriing

Beiore tue A/D conversion oi tne cata could vegin it was
ncecesLairy to set up the processor in vtie nulticnanner sanpliing
coniiguration. Tals conraguration requlicd ©wWo clociks.  Tioe
first was tne VP ciock generated rron tae LOTOS au awlscussed
in Cnapter 111, Ciock two casie rron tive HASSCONY CR10 wodulc
and provided tue converter puises to sauiple tioe data caanneis.

e Cil0 liouwule provides 10 progyranmable cloens, elght are

o aa
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varisun.c vas generated (See Appenuix D). Tne results fron

this test are given in Chapter Vi.

Pigitai-to-inalog Conversion

To show that ELG signals are coilected oy each electrode,
the denultiplezcd digitized signals have to be sent tunrough
the Digitai-to-inalog (D/A) converter to a strip chart recorder.
The commana that docs tile conversion, da.command, is given in
Appendix D, and samples of tue strip chart recordings are

shown in Appcendix B.
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s ; channeis the file contains. In thic case, five channels were
l usualiy samdled (rour data channels and one stroobe channed). i
b
} The denmultiplezeu channels can be plotted on the graphics )
teriinal screen and the data stored in the file specified. ;
t VLR Lutrection k
: i
[ Once a dava and a strobe tilc are coillected the appro- i
>I prratce suiaahg program can be used. If an unfamiliar strooe j

} 1o Duiny ULy, the array.c prodgram siould be medified to snow
r tne stiowe values.e Tails can casiiy be done by taking off tine 1
! COiitvnt warhs (/**/) on rine 140 and reconpiling the program. :
[« i
g {(Uue 1ine wvilll rcad: :
t printi("ypouifl Sd 1 = Sd  \n",count,ypbufilcountl]); 3

m ’
Once tae caaracter of tne strobe is deterained, tine strobesunm.c
progran can be modificd so it wiil recognize an "on" sirobe

pulsce, Tedls 15 very important co taot tne data start  sunming
at the same pogition each tiwe wv.oieh respect to tae strobe
puise,

L

Al

Tie nest stey in the thne irort was to analyze now

[

varying the sanple siwze crfiectys the VLR waveroria. According
to Layes, "rne form of tue response 13 aependent on the number

0L Cpocus averaged, wuerc one epcin is tpe data recorded

between ctimuii" (16:V~2), In oicer Lo prove ol disprove this

statement, 1t Was geclued twou ULe tie data atrcauy collected

’. and to only vary tuce numer 0@ cwal.acions actually perroraed
§ by the sunning prograw. For tuis moulrication, the progran
_ N
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f bie. If tinis 15 not done, faithiul reproaduction of tue data

.

é waveiorm ic not possinie. Once a row is sanpled anu stored,

}‘ it can tanen be denudtiprezed into the ind.aviduar coluun erce-

| trode siygynais using tie conpiled array.out alyoritoawn. f1ne C-

4

1 progran,arcay.C, 1< given in Appendix D, Whis progran taiies

|

:. _ tone muttipicered rile obtained using the nulticponnel zaapling

[ ; comnrany, test.nmuiticoinny, and gscparates it into bowvever many

y

¢ Iv-3
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simply the speed at which the A4/D converter is triggered. For
mutticnannel transfer, two clocks must be used. One clock
generates the sampling rate (the interval between frames) and
the other determines tne actual converter speed.

When allocating file space on the disk for eacn transfer,
the foliowing formula sihould be used:

Disk Space =

# Samples in a frame x Sanpling rate x time 2 2 bytes

Analod-to-Dicital Conversi
The Quick Choice metnod was utilized to perform tne A/D

conversion or digitization. Tihe data were coliccted by rows

using the nultichannel samnpling option. leferring back to Fig-
L g 3

urc 2-3, tne data had four rows nmultiplexed within cacn output
channel (or colunn)., By moving tne time delay detector via a
potencioameter, tne rour rows can be singled out for saunpling
by tiae teste.nulticomin commnand. This conmand is eapiained in
Appenaix D. Care nceas to be exercisea to ensure tnat tue
time delay trigger is positioned near tne widdie ol each rov

section of data and tnat tine signal is as horizontal as possi-

A N D R

~w¥
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Cnoice aiiows the operator to interactively speciiy the com-

mands that would otherwise be typed directly into the UNIX
command interpreter or "snell". A good explanation on how to
use Quick Choice is in the MNC-500 Quick Choice Users lianual

(43) .

Data Irapsrer

Data may be transferred between the input channels and the
system daisk by way of menory buffers. In a fully bufiered
transier, data arc not gstored to disk until sampling is com-
plete. Tnis metpod is limiteu by the amount of available
menory and contiguous file space. In a partially buficred
disk trangier, data are also placed in memory buffers, but
the bufiers are wiitten to disk while tibe transier i3 still in
progress. Tunis wnethod aveids menory limitations, but the
transicer rate 1o still limited by the speed ol the diske Par-
tialiy buifered trangliers are preferable if one is transiering
large anounts of data (i.e. > 200,000 sawpices); fully buiiered

transfers arc prereraicie for aigher speeus.

The CR10 moaute containg ten independent ciocks. Ligac
of tne c.iociku nave connectorg on tne L{ront or tace card. A
SingLe CLOCK can be used Lo trigycl canpring. lultiple clocks

can be gated togetuoer to ¢reate comples wavetforms.

Lrangoer Ratcw 44 SAlLiby

For ging.e=cuannc. calpling, tude data tiransier rate is
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i‘ IV, The HC=500 apnd Software

!

{ Tue HASSCOLP 1iC-500 computer was the oniy coumputer used
iﬁ in this thesis. Tne NC-500 is a 32-bit unix-based mini conpu-
{ ter system wiicn allows three dedicated subsystems to perform
f high speed computation, graphics display, and data acguisition
‘ simuitaneously. The computer will accept Fortran, C, and

Pascal programs, altbough C is tne preferred language. It has j

a l-iillz 66010 CPU which works with a 10-Iiliz 63000. Its &- _

( slot bacik plane Hultipus handles 6 Hoytes/s. It aiso huas 16 i

libytes of virtual memory (43:112-113), For this thesis, the j

system was coniigured with a 27-ilbyte Winchester drive and a ]

w 700-iByte, 5 1/4" floppy disk drive. An upgrade ig plananed i

which will increcace the nara dicii storage to 166-ilbytes and t

add one nkagnetic tape arive, Appendix F contains more details ;

on tic LASSCOLYP [C-500's speciiications,

Cuics Cuvico

Software functions arce controlleu tirouga a peogram cailed

Quick Cuoilce (the HC-500 nenu systew), by direct access using 3
the ULLX cowiiand interpreccers (the C snelil), or by uscr woit- .
o ]

ten progians.  Toie tuesis uscea tie Quacik Cv “ce oplion to b
oo ‘ A 3
dlgivilze tue aata. € programs vele &igo written to wcnurvipicn 1
thic gata ana conpgute tie evoaca ccu.onse,  Quics Caoxlce ariovs )
the operator LO speciiy actions necaeuw thirouyn & serics of q
choices gaven in wuat it calsu e "meau", bocentiaily Quick X
1

;
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Figure 3-6

Block Diagraw of Incrementatr Interrace

UALSSCOLP /D board. Collection oi the wvata from tue tape
recorder ror tnis tihesis reguireu only rive inputs, the four
coluwmn ouuvputs Lrok tae array anc the ctrobe signal. lLiovever,

the capuoility eixlsis to installi 16 LHC connectors snould

future tueses efforts roeguire it.
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' control input, ailowing tne VP clock to pacs to

f_ the NASSCOMP Processor. (
s

[- In addition to the circuitry discussed, a 7404 Hex Inverter 1is

b

g regquired to cuange the VP clock to a negative going pulse, 5O

h it is compatibie with the HASSCOLP internal clocks. T[Finally, ]

the "D" flip flop nust be cleared prior to tne start of eacn

N test. In the breadboarded configuration tuis is accoupiisaed
3 by shorting the "clecar" pin to ground througih a "normally |
] open" pusa butvton. The gpecifications for the integrated

circuits usea in all tne previousiy discusgsed circuits are

% contained in Appendix G, |
{ incicmancal Saupling Inserface
).

Actual transier oi watoe irom tue musttichaninel tape recor-

L ) 1

der to the noALSCCLP Reai=-Tine Processor reguired the conscruc—

tion oL aan iatericce. Tnis interface wildi periorm tae paysi- N

ST am]

Cai CORVEOrsiOn UL tae cransmission wediull Lrom coaxiai caple

; frow e Tape fecoldel outputs to tne ribpon cawee input on

tue 4H/D couverver vooru (See rigure 3-6).

Tiae interiace wao constiructcea Lo accomnmodate tie connec- -
tion oi 16 coanral cavltes with bitC connectors vo receive tae
& oucvpul Lio tue tave recorders Mg internad connection was

then nade Jrow vae LLC connoccetore vo @ 32 pan rivoon connec-

tor. Onc oiuc 01 itwe riboon councctor receives the 16 signals

from tioe LaC connecrors, vosle tue 1o 2ins on trne otier side

arc a Cosllon groeunda telainal. & riboon caovle transnits tne '
- data ©o the increwchtas O conwecutive samp.any inpuc on tne
) I11-10 '
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in the data resulting from cnanging capacitance in the array
JFLETs,

Upon collectiny dgay 7 data, it became apparent that
Hensley and Denton had changea their strobe to a different
type. The strobe turned out to be a cuicik spiike instead of a
square pulse. This meant chnanging tiae stropesum.c to recognize
the valucc ascociated with this new strobe. This change also
had to be validated using the same procedure as berore, Figur

5-3 shous the nev strobe pelng sunneu while using tae new

5000
3000 |
4000 ¢-
5000 {-
2000 1

1000 |t

N A\ ANNASANANNNNY
1000 NVV\J\f\pV /\fVAV
L L {

2000 ' 1
n 20 40 60 &a 100 120

Figure 5-3. Day 7 Scrouse Suuiea

strobe as toe trigget. Tie ures spine 1s velry evident,

4

After this, cach days strobe was ¢accihceo to walke sure that the

V-G
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contains a tabie listing the floppy diciis and what is recorded

upon themn.
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- values in strobesum.c wvere still good. The plots frow the -
l\ ..
summation program are given in Appendix C, ALl the data i

p collected and denultipleied during this last phase of data .
colliection are storeca oan 5 1/4inch floppy disis. Appendix E N

|

"

-

The last testing whnich needed to be performed was using
the varisum.c routine to test the erfect which the number of
summations has upon tioe ourput wavetforim. ‘Tne data which nad

been digitized and sunmed previousiy were used in thiis progran

}

wvith onty thue nuwoccr of summations changed. Tiie resuits of

this test are discussed in Chapter VI,
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VI. Regults and Apalysis

Investigations were carried out in three areas on the
data collected from tne nultielectrode array implant
experinent, performed by Hensley and Denton (1¢) in October
and llovember 1962, Initialiy, hardware was designed to
condition and control the timing and sync signals. Next,

software was developeu to digitize and denmultiplexz the 16

F_l

signals from the AFLT array. Tiius, each electrode signa

[t}

could be converted to an analog file for examination or LEG
characteristics, Finalliy, a C ioutine was written to calcu-
late tne visual evoskeu regsponse of the signals coilected off
the cortex surface., The resulty of those investigations wilil

nov be digscussed.

Data Conditioning abe CONLIQLIIIRY Halguarlg
The tnitial area to be audressed, as outiined in Chapter

I, was to preparce tne cata 1or wigitizavion. Tnig was achieved
tiirougls the construction of uardwaice wnich gencrated synchio-
nization ana timing purses (See Chapuer 111). Sync signals
wvere acveloped wulch et up a4 gemarcacionh beiween toe normal
ELG dato and tpe evoaded response data waleh astovea the tvwo
types or dava to be storea in geparate fiiec. & sanpiling
pulse (V2 cioci) was constructed Lroii tae row onc control
signai (row onc turn=-on signai, LROTOSY waich sanpied five

cnanneis, pernitting sinuiteneous A/D coaversion. PFinaily, an

Vi-1l
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& interface was fabricated to convert from a coaxial to a ribbon

cable transmission medium. This facilitated the simultaneous

=~ O

digitizing of five data channels. Tnus, the hardware construct-

¥ ed supplied tne necessary sampling signalg for the correct .
4
il

h operation of tne software. o

p -_'

3 -

.

3

Ly

Analog ELG Recordinys

As a result of the software developed, reduced data were

™ vv-r yor

recorded in two forms. The first set to be discusged is the

denultiplexzed data froum cach array electrode wanicn appears in

anaioy LLIG forwmat. DNumerous strip chart recordings were made a
by performing a digital-to-analog conversion on the files from .

eacu electrode. 4 typical analoy recording is iliustrated in

Figure 6-1.

s
]
o,
.
‘V
1 -
1
|

1
Recorded at 5mm/sec !?

Figure 6-1. Day 3, Row 3, Coluwan 4 Elc¢ctioue Recording -

The data iliustrateu In tae avove figure appears to

SRS J¢

contain bursts of seven lHz alpoa waves. Tae appearance oi the .

alpha wvaves seens to indicate tpat the arcray i1is a suitavle

W

netnod oi coliecting iniformation from the cortes surlace.

Additional recordings are contained in Appendix B, Adlthougyll,

Vi-2

LT - PRI LT . . . f
AP PR WP SR WA W PN S AP iy o ¥ - - R ¢




AadiC A At g i S ML A SRl 0" He & Tl S A M A -0 TSl Al Vil i N e WMoY e e T - S /S Bbhey At ek clines Sole et JMERCEM S Svus ] - i Y- AN |

alpha freguency waves were found in the eariy days of testing,
recordings of later tests, day 6 and beyond, showed some
undersireaobie effects.

Some of the data appeared to be contaminated by the
strobe stinulus signal and 60 Hz interference. Recordings
fronm day eignt seem to show that the strobe signal was intro-

duced within the cortical data channels. This anomally may

have been caused by thne close prouzimity of the strobe circuitry

t to the array output circuitry. Additionasliy, the large magni-
! \ L . . , : . L
& tude of the strobe (0 to -6 volis) was another factor wnich
3

= may have caused its appearance in the data. Tihils is especialiy

prevalent in data collcctea aiter day 7 when the stropbe vas
cnanged to a gnort duration nigh magnitude cpiiie. Tie efrect
of 60 lz interference can be obcerveu 1in data coliected froiw

day 6 on. However, tinilgs interference appears to be uncorre-

lated and nas litile exrrect on tihe evohed response calculations,
It is also interesting to note that tihe presence of 60 Lz
incerrerence was mwost prevalent in the aata coliected in che
differential wodc (Sce appenuix B-6). Data collected in the
absoliute mode was measured rrom a row output anplirier to a
reference ciectrode.  DRiffciential data was measured becwveen
two row output awpliiiers. Tihe data colrlected 1n tne aosolute

moac tor day 9, rowv 1 coiuun 1 suows no discernapnle presaence

ot thestrove. Therciore, peraaps tiae l1ack oi a positive
P ground in tne ditfforenticl noue aliowved tne strobe to leak

R into the cortical data.




Chul /A P )
l A N

L

20 2NN 2un 2

'

v *Y*T?.'.'r‘r
| T

Another anomaliy obgcrved in the analog data caused
noticeable variations in tne evoiied regsponse calculations.
This was the lack of repcatability in tne analog data. In
other words, recordings made of data taken from the saime data
sampled twice shoved marked diffcrences (Sec Appendix B-8).
Although these diiferences appeared as minor perturbations on
the stripchart recordings, the VER piots shoved markcd differ-
ences. As mentioned previously, by sniiting the VP pulse to a
more stable (flat) area on thue cata signal tne eftects of
these pertcubatlions vere minimized.

One final observation regaraiing the analoy LLG data would
seem to provide iniormation as to tihe state of deterioration
of tue array. Data recorded from the rov 3, coiunn 1 and 4
electroaes collected on cay 11 secms to show only strobe and
60 Hz interference (Sce Appenuix B-7)., Examination of a photo
taken turu an electron microscopc 0oi tuce nulticlectrode array
(19:63) adcer it was renoved sinowed signiiicant degradation of
tne array elecurodes.  In racce, the electrode at position row
3, coiuwn 4 1 Missing In Loe paotograpl. Thereiore, the tack
of any noticeable brain actavity ot the day 11 strip cnart
recording may; 4indicuate array degradacion svarted sooner than
was thouguv by Hensiey and Denton. Tois subject 1s adaressed

again 1n the ro.iovany scction.

VER Haveiosiuwo
First, 1t wiil penotcea that tho meoiaous and tne routines

usea to e¢xtract tvae VIR waveloir.s were vasziuaced bycoiiecting

Vi-4
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- anu sumning a known waveiorm (i.e. a sine wave)., 71he next

area oi concern ucalt with the nunber of sawmples winich were

-

collected in eacn tesct. Theoretically, a specitfic sanple size

could be der.ved using statigtics. Realistically, tihis method

i e WL

should be used 1f each ganple cost the exzperimenter sonmetning,
sucn as money or tiwe. In tnils case, samplies cost practicaiiy

nothiny. If anytihing, tue question was not "How wany sanples

snould onc taike?", but nore, "How nany samples can one take?".
Lecause oif tne memory constralntis addresscu previously, a
Sauple size of greateir tuan 200,000 was not posgiblie using

fuilly ouirfered dava transier. Yartialiy oufiered transiers

e i

nau been ruled out wecause of increasec tine for coliection,

even tnough it permitica Llarger samples sizes, !

w

Lppendin € contoins wne sunwmed VER plotys for most oi tne
¢ayse. Some of tne Vik plous ror specivric electroues are
uissing vecause oL tae inavility to acaieve a reasonavice tevel

Oof repeatabidiity when data Lrom a gpecific eicctrode vere

FS

SOU. RS

SampiCa and plotted twice. Bays 3-5 suaow VERz unuer tne first
strove used by Henszey and beanton., When the plots are
physicaily arranged in rovw and column Lormat DY ¢aciu day, sone
ouscrvetions can pe madc.

1. All the wayos saow & marged decrease or negacave

Sspiie at the exact sawe tine as tne strobe cut-

JUPEION |._J NP |

OLL, analcating a leaikaye or Lhie strobe signal

i into the data channcis.

2. As tne days o LeLtlng piOliessed, i vaveiorus

p

: Smoota vue concadueLably, aind by day € the VLR |

4 4

3

3 ]
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plots show minimal! pertuoations. Tnis couid in-
dicate that tne doy was becoming accustomed to tie
1860 millisecond square wave strobe signal.
3. Some coliective column output signals appear
smoother than tae rest. This is especially ap-
parent in column 4 vaveforms for days 5 and 6.
This couia indicate a degradation of the cir-
cuitry by the CSF in the dog's brain.
It is known that wien the AFIT array was removed Ifrow the
dog's brain, sowme of the electrodes hau deterioratea. Hensley
and benton believed that the damage vas a result o the extrac-
tion proceaurc (18:82) since tne cortex area under the inmpiant
appearcd nornal. However, looking at now the VER waveiorms
changed as the days progygressed indicatces that thie inpiant was
propadly aftccted by tae CSP prior to renovad,

From pilctures in Hencley and benton's thesis it appears
that; row 4 clectrodces nau armosti conigletely peen stripped
awvay, cosuinn 4 outpur cnannel aud rows 3 and 4 input signal
channeis nhaa begun to deterioracve, ana row 1l's internal
circultry had also been stripped avay. What is not known is
hiow scon tnig deteriorac:on Legan, anu Viiat eriect it had on
tile uaca coiiected Lrow Caca Cicctiroul,

10 miniwmize tae ericcts oif tiae sguare wave gtrobe on the
uata, hensley and Denton cuangeu tpe otronve stiwnulus marder to
a spike waverorli on day 7. ‘lacy apparenviy oelieved tuat the

sguare wave strooe marker could we biasing toe dota too much.

Vi-6

f
A
e’ i e e cmemm m A mame o n o ssemee = ox =

. M o a4 X — v

2 s 4 e . e A e iam i e ™o -l



v

et

PR T TN AR N A S S

St il Tt S LSS Ve B Ad G el Sl Sl g Bt i 0t A S AR Bl S S SR AL A A SNl BN AR S i SEN SouL A A g A= R Mty

If the data coliected while tne new strobe stimulus was
applied 1is laidout in columns and rows, it is harder to tell
the spike strobe cut-orff point. One also sees a suuden in-
crease in activity in thne waveforns, naybe because the doy was
not accustoned to this ney strooe.

On day 7, a test had been done using a metal bucket and a

black clcth to shield the lignt from the dog's eyes., This is

an interesting test because it allows summnations to be performed

since the strobe is present, but tne data suould aiso be

absent of any evoiked response, Unfortunateiy, only one row
was capable of being collected from this test pecause the data
wvas ungstabie. If tnis row is used as a comparison for tne
evoiked response gava coliected, one notices in day 7 tinat
there avre usually tvo spikes that appear at the beyinning of

the piots wituin the first 20 milliseconds. Some of thne plots

ao not sunovw tucse spixes, but usually these plors also indicate

a lessened vrain activity. In fact, as vitn the sguarc wvave
stroove, tne prots snow a lessening in waveform pertupations
irom aay 7 to day &. &fiso evident is a colunnar cocreiration.

The colunn wvaverorins pevween tihe two days are very simisiar,.

Since tue wata were algitized by rows and not oy coiuang, tnis

again lnaicatces tnat tacere may aave been sometaing aciecting
the coluan output channels Lrom tue array during tue actual
teosting witu taQ wodg.

On aay 11, the strooe's wagnaiude  vas doubled. This
causcd a noticvavle clailye (L wost ol tile vata encept coiunn 1

data (for vovi apsoiUte anu uilicrentiay testing)e This is
J
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also seen in day 8's data. Tiae fact tnat day 11, coluwn 1 wata
also exnibits tne same waveforn as day 8, column 1 aata signifies
that there could have been something wronyg with colunn 1l's
output cunannel at that time.

The final area of anatysis covercd tne effect that
changing tne nunber of summations, to derive tne VLR, had upon
the shape of the waveform. As mentioned previously, Hayes
believed tndt varying the nunber of suimhations would greatliy
change the waveform because of pogsible non-stationaries.
Using the varisum.c program tane plots for 40 sunmations and
60 sumwmations are sihown in Figure 6-2 and 6-3, respectively.
There are differcences, but they are minor compared to tae

general sihape of the vavetorn, waicn 1s tne sane in botn

[}

sumniations. Tnese dirfferences in tae VER waveioris are proba-
bly caused by varlacions in tne sumnation of uncorceiated
noise. Tihus, tie reliaoility of the metuods useu to eihtrace
the VLR secnis to have been verilied. Unioirtuaately taue ichngtih
of tiae tesc onuy atioveu o0 sunmations.

This variablie sunmation test was perrornied o tnde ondy
data which wverce awle to be c¢coriectew L0 an ear prooe
referencca to tae L-gpapoed clectrode on tac arcay (ahw;kacr
#5). It was nopéu thal a piol maccaling Henotloey and Ccuncon's
piot (figurc 6-4) cou.u be auplicateu.  Uniortuaaloly Lhls Wds

not done, aitiioUgyi SOMEe SikillaiitiCu ale NULIClrabac.
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VII. Conciusions ang Leconmendations i
=

:

e

This thesis acconpiished most of what 1t set out to do.

Thne EEG <strip chart recordings display evidence of tow

P & N VL

frequency aipha waves, thus inaicating that the semiconductor
array imprant is a suitabie method for extracting brain data.

The fact that sixty cycle num (evident in tbe ELG strip chart

k
K
d
1
j
1
i

recordings) does not appear in tine VER curves confirmns the
theory that the summation/averaying metnod can effcctively
fiiter out uncorrelated noise.
MHoct of tie data coilected by Hensley and Denton wag
éy studiea and comparisons nade vetween vaveforms of difrferent
days and ailrreccnt tests. The tests conducted using the

piikcd strooe o aays 7 thru 11 are provbaoiy tne nost useful

[

since evidence inaicatec taat the longer strobe's signal
leakeu into ciie aaté coliecticon circuitry. Unfortunately tiae
Splikeu strone was not useu until well after tne array wvas
implantcd,., DBy tihilec tline the CSE in the dog's biain probably
haa begun to wcteriorate the implant. Tals creatcy a Lack of
conilde¢nce to soune decree Ln the fact tuac a poscsibie evoiked
reLPoONLe was Louide

Tnis thesis nas aevised a wethou by waicn furtner
experiments can directiy sam..e tane data and analyze 1t
wvitonout tine use 00X SOMG fLCOrding ulvisC. By using the

interface oL and LuC alyltizing and sulining algoritams, near-

Vii-1
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reaitime data analysis and feedouck 1s possible.

Fipnal Rewargs and Loeccumendations

llone or the writing so far adequately exprcsses the
arount of work the analysis required and the numerous frus-
trating problems encountered. Tne worik and the frustration
were pvrouynt on in part by tine fact that tnis thesis followed

after two other thesis eiforts (densley and Denton's, and

liayes') whicu supplied tne data and aiso the first data analy-

[

sis attempt. Critical intormation nceded by this thesis was
not docuiented, tnus nucn eifort ang time was spent in areas
wilc Siouid not have been reguired. Two major ezamples of
tne lacs of docunerntatlon are:

1) No 1oy wac written down by Hensley ana Denton as to
viuat teste wero done cach day and no indication as to wnen

taecy coangyed ctrowbes ana what the ciiaracteristics or cacn

strobe werce. Althouyh there is a veice track on the tepe, the

intorwdation recorued theie i very sikctceny and onc stilil necas
Lo have a written ftod. Appendlx & nowv containg the log for
gays 3 toru ll, taden Liom the voice track. Pae 1oy docs not
inciude davs 1 ana 2, and 12 znu 16; since uwata from thcese
days cound noc we dilgintiszew ror reasons mentioacu in Caapter
11X, pagye 11I-1.

Z2) Laves leli no Scuciiatic o vine circult wvnich ae design-
¢de Tortunateiy, tals tuecsic aid not nced to use amucecn of
Hayes' circuatry,

This doues NOL neccusariiy wean thav tue tvo prioy tuesils

Vii-2
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APPLIDIX C

VER Summation Plotg
This appendix containg the VER sunmation piots. The time
scale along the x-axis represents 540 williseconds. Tunis
lengtn of time was chosen to show as much detail as possible
in the wvaveforms. In some instances an ev: shorter time
lengtn could have broudunt out more detail, L .t to keep the

time scale consisient, tihils was decided against.
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APPENDIX B

EEG Analog Recordings

The strip chart recordings illustrated in this appendix are demulti-

plexed data collected from a single electrode. They are representative

of a "typical" analog EEG output. All data shown here were recorded at

25mm/sec (millimeters per second). J
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[ ‘ Date/Day# | Tape Counter | Comments 4
3 | Position # | ol
' Nov/8 1412 Cain set at 5000

|
|
| Data starts

I  Start 60 count flash test,
I differential mode

I Test ends

| Start 60 count rlash test,
I  Absolute mode

| Test ends
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!
1
]
|
t
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!
1
|
!
|
]
1
|
{
1
!
!
!
I
i
|
|
|
L

3 lov/9 i I  Gain set at 2000
| |  No normal data recorded this day g
| 1528 I Start 60 count ilash test, .
; | | absolute mode ]
» | 1561 | Test enus ]
| 1595 | Preliminary dififerential mode test K
! 1627 |  Start difrerentiali node test ”
| 1631 I Test ends ¥
———————————————————————————————————————————————————————————— E
4 Nov/10 I 1644 I Cain set at 50 ‘
| | Gain to low for data to be useful ,
| | Anmpiifier #5 used .
! 1609 I 60 count aifferential test begins o
i 1628 I Test ends 2
5 Nov/11 1848 Ampiirier #5 used )
1866 60 count differential test begins

60 count avsoliute test begins

| |
| |
| 1665 | Test enus
| |
] | Test ends
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APPENDIX A

Data Tape Log

Tape Counter |

Position #

LSl 2endi Bl Y )

Comments

Gain set at 500

Ricky stinulated w/strobe
End of DbData

Cain set at 1000

Amplifiers on, testing begins

normal

100 Count
Test ends

mou
Strobe starts,

VER data
test begins

LIt e S el el el S dr anad

——— e W e . - — . T . - Sl - S S T T P o e S U SR Wt G e e G G S e SUR T W G A e - e B G S e S e G G0e

Voice

track starts

Data starts

100 count
Test ends

llorwmal test

Test enus

VLR test

starts

G e et s A e s Sam S S S T e o Mt e S G Y e S B W e . = S s e e S e S P W S T M D S S B e R e e d S i o

1C0 count
test ends
100 counc
Test enus
Test witn
head
Test

noirnal test begins
VR test pbegins
bucket over Ricky's

pucset over strooe

- " = — - — - G - S T W - —— e - S W S - @ e e G A e B e A e o G G Gl G B Wy S S e G e .

Cain

flew strobe
count riasia

Start 06

dilifercential

Test eonus

set at 1000

i3 introduced
test,
13ode

Scvarc GO count flash test,

aonooluce
Test enus

woug

Start 60 count fiash test,

aifferentiai mode,

coveredu
Test ends

strobe
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The spiked strobe should pbe used from the outset.
Good documentation should be Kept tnroughout the
experinent,

The spatio-tenrporal correlation technique should
be accomplisined.

Other signal processing technicues, such as Kalman

filtering and Fourier and VWaish transformations,

" could be attenpted and thelir results conpared.
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guous rile space ror data colliection added somne nore problems.
Although contiguous file data collection means faster collec-
tion; on a system with no repack capabiiity for tne nard disc,
this means limited file lenygtns. A work around is to collect
directly onto a floppy disc and then the file can be
demuitiplexea into the column outputs and these files also
stored on fioppy disc. Lven then, menory size limits coltec-
tion to under 300,000 sanples at a time. Tnis system turned
out to be adecyuate for thig thesis. HBowever, the followv on
thesis using the 256 electrode array will definitely neca a
nucn larger contiguous file spce and menory capacity since

sixteen cmanneis will be sampled incteaa of tive.

The stored daca and tae Ampex machine, wihica was used to
play the data bacii, brought in another set of probleus,
First, tne data were well infused vitn silzty cyclie uum wihen it
was recoraed. This ig very apparent vien looiking at scne of
the LLC strip cnairte., Also, at some point the aata becarnie
distorted witn noise and jicter. Tae tape recorder would also
develop SGueaks aiony certailn portions of tue tape which also
caugsea treienaous aistortion in the deta. liany times the wata
had to be collected over ggain in tne boper tuat thilig sgueak
wvouid not appcair. FPortundtely Lnis recorder nced not oe used
in furitner inpiant experienis.

Recommenuations ror furtner inpiant experinents include:

1. Wiie gpnould be spenc pLoparing a plan for tescing

witn concrol testo incaudod Lol conpdlison purpgoscs.
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efforts were negligent. Their problewn wag lack of tinme. For
exauple, Hensley and Denton collected tneir data in late
October thru ecarly Rovemoer, a time when thneir writing snould
have been nearliy complete. For future experiments, a plan of
analysis spould be written down prior and foilowed as closely
as possibie with a written log kept for future reference.

Another area of major provlens lay witn the conputer.
Poor documedtation caused many of these problems. The learning
curve for this conputer turned out to be tremendous. Anyone
who plans to attempt further data acquisition and analysis
with tne MHMASSCOLP [HC-500 shouid at lieast attena the data
acquisition course gaven by liassconp in Boston. It would also
pe very neipiul to attend the grapnics course, if tine and
money are availablie. A background in comnputers and computer
pregranming (especially "C") would pe invaluap.G.

Lack of needed eyuipuent caused wore probicis for

which sonme work—-arounug nada to ne deviseds A D/7A board was

X
: needed to obtain tue strip cnatrt recoruings or tine LEG signals
3 from the individual elcctrodes. Tnls board had to be borrowed
[ ¢
- from anotner lab on base wnencver it wvas neceded. AL30, anotner
g
3 one oi the tnesig opjectives could not pe accounplicined be-
.v
h-
I cause neiltner the magnetic tape Grive nor 4 nouem upad cone in
| €
. (botii nau becen ocdered), The tape drive suoulrd be availlable
| for the next cuperiment. Tt ig hicnwey recownended that the
spatio~tenporal correlation techmnigue Lo tested with tae larger

q
} L
= array's uatca.
4
L' - - . - 3 . .
} The fact thav the uata acquis.tion proyransg necu conti-
b
3
k. Vil-3
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APPENDIX D

test.multicomm command

dacq -TA -D/dev/dacp/adf0 =M =-cf2 =-cs3 =-cn5 -¢cv10000
-ch250.000000 -G -n5 -r0 -il -B -d/usr/collier/filename
-175000 -A70.000000

Ry TN AUSILPLIY. § VOGP WONONONLES. Y e

This comnand line tells the computer to read in through

the A/D board five channels starting with channel 0 and incre-

menting by one up to channel 4. The five channels are sanpled

L NERE L

at a frequency of 250 hz with a converter speed of 10000

channel/s. Two clocks are used with one triggering (or gating)

L)) the other. The computer samples 75000 bits of data. 1If it
has not finished sampling the data in 70 seconds, it times
out. Tne data that is sampled is stored under a specified

filename.

da.conmand connand

dacq -TD -D/dev/dacp/ daf0 =-ci6 -cH250 -ca50,000000 -nl -f0
-i0 -B -d/usr/collier/ifilename =-30000 -Al20.000000

This command tells the computer to take 30000 bits of
data stored under a specified fiiename, at 250 hz, and run the

data tnrough the D/A converter out through channel 0,
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DACQ Switches

-Af alarm timeout value in seconds
-B set main menory big buffer mode

-Ds device pathnane

' -F set file transfer via driver mode ?
ii -M multiple ciock setup :
4

%- -Tc device type (A = a/., D = d/a) 1
‘ -b differential input on A/D !
-cHL clock frequency in Hz :

-cdi clock dutv cycle in percent
-cfi first clock number !
-cli clock number to use for single channel clock 4

-cni nunper of channels for multi-clock waveform

-Ccsi second clock number

]

-cvi converter speed in cnannels/s

s -LA’ 4 -

-ds disgk fiile name

-fi first channel in incremental mode

-gi gain for incremental mode ;

-ii increment betwcen chnannels in iacremental node i

-1i transfer length in itens !

-ni nunber of chammels in incremental node }

~rs file name Ior randol cnannel list é
X -5 sinultaneous sampies (D/A, A/D) 3

. i" in a switch listing means thnat tne mnodule is expecting an -
integer vaiue in place oi tue i

\' . "t" indicates a floating-point number

s" indicates a string of characters, such as a disk file name

D-2
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cc filename.c -lpg -lmr -lm -o filemane.out

cc

filename.c

-1gp

-lmr

-1m

fiilename.out

S I T S Y L VAT AT S WA W U . WO W Y

Compile command for ‘C' programs {

—a s

PR

[
Calls up the 'C' compiler program. ;
1
The name of the file written in ‘C'. :
[lust end in ".c". i
i

Tells the compiler to call up the graphics
library.

Tells the compiler to call up the object
archive library.

Tells the compiier to searcn the math
library.

Tells the compiler to output an object
file.

The name wiilch the compiled object file
is called.

ek AR
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=g

-a

-Cs

-f

-gxbi
-gyoi
~1lni,bi
-1lni,nk
-ri
-txbi
-txsi
-tybi
-tysi
~-xa

-xbi
-xhf

-Xi

-xif
-x1f
-xni

-xt

-ybi
-ybf

-yi

-yif
-ylf
-yni

-yt
-hxbi
~-Aybi
~-Xi(pP,Ms
-Yi(P,T)s
-lni'mbi
-lni,msi

-
[

integer

L
1}

X data file ror line i, Permanent or Temporary
Y data file for iine i, Permanent or Temporary

P
*

flcating pt #

g -~ T T .

[
9
i
K
]
[
4

Plotp Commands

suppress grids

suppress azes

string of plot characters.one per line; set marking
suppress frane

bundle for x grids

bundle for y grids

bundle for pliot line i

mark plot line 1

region to draw in

bundle for x tics

size for x tics (% of frame size)
bundie for y tics

size for y tics (3 of frame size)
no x axis mark label

bundle for x axis

axis high liimit

origin of plot

axis tic/grid interval
axis low limit

axis no. of tics/grids

no x axis title

no y axis mark label

bundle for y azis

y axis high limit

y origin of plot

y axis tic/grid interval

y axis low diimit

y axis no. of tics/yrids

no y axis titie

bundle for alternate x axis
bundie for alternate y axis

A ta® At ta aMERA 2% A A A A AEERL 0 __t.CL oS AmmAM A A_A

XK XX

text bundie for mark cnaracter for p.iot line i
size of mark characters for plot line i
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Array.c Program

/*This program is to extract from an already created binary
D/A filie, a specified channel. After extraction tae cnannei
is displayed using grapnics routines and then written to a
user given output file. The program repeats untii user wants
to stop.*/

#include <stdio.n>

tdefine FLBUFSIZE 600
fdefine BUPFFSIYE 600
tdefine HMANCHANLHELS 5
#aefine MINUSONE (-1)

/*the control array for the mgiosc command*/
int controifl3] = {
0, /* 0 starting index */

0, /* 1 nunber or 'x'points plotted, filled in later*/
100, /* 2 starting x value */

. /* 3 starting y value */
0x36,/* master controil word, enable scaling 36=11110%*/
1, /* Gata points per increment */

0, /* offset, filled in later by scaling routine */
scaling multiplier */

scaling divisior filled in later by scaling
routine */

0 secondary addition, used to raise off pbottom
of scieen */

0, /* 11 sync windo width */

0, /* 12 sync value */

3
4
5
1, /* 6 increiuent vaiue */
7
8
1, /* S
1

int xl,yt,yr,yb,nulli;

main ()

int fb,channum,DOliL;

cnar data_in_tfilel30],cdaca_out_tilel30];

short int gpbuir[BUFFSILZE];

int nchan;

static short rileouf[FLBUFSIZE * LAXCHANILELSI;
int ¢;

int ELDFILE = 0;

int Dbuiferflag;

char stopchar;
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int 3;

int count,count2;

int wvunun = 2;

int fpin, fpout; /*for use with read and write */
int n_bytes, data_itens;

/* initialize graphics, files, how many channels per how many
frames*/

DONE = 0; /* flag to let user quit */

/* get info from user */

printf("BeforecontinuingIneedsomeinformationfron you.\n\n");

printf("Tnis program rcads from an EXISTING binary file, \n");

printf("aigplays a selected channel, then writes that cnanneil\n");

printf("information to a given output file. ")
ngiasngp(0,0);
while(DONE ==0)

{
/* this user info inside loop, will nced for every
extraction */
L))
printf(" I need from you the following; \n\n");
do
{
printi(” Tne nunber of channels per frame; ");
scanf ("sa",&ncnan’;
if(nchan <= 0 || nchan > NAXCHALNLLS)
printf("\niluiiber oif cnanneis is oetween 0 and %ad \n",lAXCHAKNLCLS)
}
wiaile(nchan <=0 |l nchan > HAXCHANNELS);
do
{
printf (" The channei number to extract ");
scanf ("sd",&channun) ;

}
while(channun <= 0 || channum > ncnan);
channun = channuw - 1;/* bring from 1 - 4 to 0 - 3range */
printg (" Tne LXISYVILG binary input file name: ")
scant ("3s",cata_in_rlile);
fpin = opcen(data_in_file,0); /*0 - reads */
if (fpin == MNINUSOWL
{
printfi("Error in openinyg %s , \n",data_in_file);
exit(1l);
printf (" Tne output file name: ";
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scanf("sa",data_out_file);

if ((Epout = open(data_out_file,l)) == -1)
fpout = creat(data_out_£ile,07660);
if(fpout == MINUSONE)
{

printf("Error in opening %s . \n",data_out_file);
exit(l);
}

/*init graphics */

mgipin(-1); /* enable all planes */

mgihue(3);

ngifb(1l,3);

mgiclearpin(2,-1,0);

fb = 1;

ngifb(3-rp,fb);

mgigetvcoor{vunun,&xl,&yb,&xr,&yt,&null); /*get windo
coordinates rfor scaling*/

while((n_bytes = read(fpin, filebuf, (FLSBUFSIZE*nchan*2))) > Q)
/* do the extraction, graphics and writing */

{
count2 = n_bytes/2;

/*extract the cnannel from the file buffer */

if(count2 > 600)
count2 = count2/nchan; /*3do only 600 max for graphics
or do up to what ever count2 is*/

for(count = 0;count < count2; count++)
{
gpbufflcount] = filebufl(count*nchan)+cnannunl;
/*printfMygpbufil $d 1 = $d  \n",cont,ypoutilcountl);*/
}

/* count now contains tune number of items in the graphics
buffer count is <= 600 will ccale only the numper 0L points
obtained. except for last oi rile tnis number snoula oe 60C.
*/

/* now scale the data to the windo */
scale_data(gpbuiff,count);

controll(l} = counc;
bufteriliag 1
r’
)

ngiosc(gpbut

H
£,control);
ngitb{rfb,3-ib);
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mgiclearplin(2,-1,0);
ngaaol (1¢,mgfaad (spufterflag)l);

while(bufferflag != 0) ;
ftb = 3 - £fb;
/*urite gpbuff to tne data_out_file */
/* for(j=0;j<count;j++)
putc(gpburi(jl,fpout); */
write(rpout,gpbuif,(BUFFSIZE * 2))
} /* end while */
/* close the files */

close(fpin);
close(ipout);

hVa A sudb ok nll Sl Mal
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endfite = 0; /* RLSLY 7THE ENUD OF THE FILE MARKER */

mgiciecarpin(2,-1,0);

printf("Would you like to do another chan ?2?2? 1=Y or 2=H \n\n;

scant ("$d",aj);
i3 ==2) /% || (§=="R")) */
DONE = 1;
else
DONE = 0; /* dont stop */

} /* end while */
nyifb(1,3);
mgiclearpin(2,-1,0);
ngiGgeagwp();

} /*end maain */

/***’k****'k**'k’k'k*******************‘;:7':**7':*’*************************/

scale_data(gpouff,count)

short *gpbufl;
int count:

int maxinun, Riniicum, oid_inaximum;

maximun = findunax(gpburf,counc);
minimun = rinumnin(gpouiz,count);
old_maximun = masiiolg

/*nake data zero relative */

if(minimuia < 0)
control (7] = aps(nininun);
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33

34

35

36

37

daylldirlcl
daylldtrlc3

daylldfr2cl
daylldfr2c3

daylldfricl
daylldfr3c3

daylldirdcl
daylldcrdc3

dayll[5
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dayllafrlcé

daylldfrzcz
daylldfr2c4

daylldfr3c4

daylldfrdc2
daylldfrécd

strobedllr>

strobelldfrl

strobelldfr2

strobelldfr3

strobelldfré
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16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

......

dayérécl
day6rdc3

day7dfr2cl
day7dfr2c3

day7dfri3cl
day7dfr3c3

day7dfrécl
day7dfréc3

day7pucrécl
day7bucré4c3

day7abrécl
day7apréc3

day8dfrlcl
day8dfrlc3

day8dfr2cl
day8dfr2c3

day8dfr3cl
day8dfr3c3

day8dfrdcl
day8dfr4c3

dayabrlcl
day8abrlc3

day8abr2cl
daytabr2c3

day8abr3cl
day8abr3c3

day8abrécl
day8abr4c3

dayllabrlcl
dayllabrlc3

dayllabracl
dayllabrac3

dayllabr3cl
dayllabr3c3

dayllabriécl
dayllabréc3

dayé6réc2
dayé6récéd

day7dfr2c2
day7dir2cd

day7dfr3c2
day7dfr3céd

day7dfrdc2
day7dfrécé

day7bucréc2
day7bucridc4

day7abrdc2
day7abrécé

day@dfrlc2
day8afrlc4

day8dfr2c2
day8dfr2cé

day8drr3c2
day8dfr3c4

day8dfirdc2
day8dfrdcd
day8abrlc2
day8abrlcé

day8abr2c2
day8abr3c4

day8apbr3c2
aayfabr3cé

day8abriéc2
dayBapbrécé

dayllabrlc2
dayllabrlc4

dayllabrac2
dayllabr2c4

dayllabr3c2
dayllabr3c4

dayllabréc2
dayllabréc4d
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strobedé6ré

strobed7dfr2

strobed7dfr3

strobed7dfré

strobebcd7r4

strobed7abr4

strobed8dfrl

strobedddfr2

strobed8drir3

strobed8dfrd

strobed€anrl

strobed8abr2

strobed8abr3

strobedfabr4

strobellabrl

strobellabr2

strobellabr3

stropellabréd
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Files On Disk
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day3rlcl
day3rlc3

day3r2cl
day3r2c3

dayer3cl
day3r3c3

day3rédcl
day3r4c3

day4dfrlcl
day4dfirlc3

dayd4dfir2cl
daydufr2ce3

dayd4dfr3cl
day4dfr3c3

day4afrdcl
dayddiréc3

day5rlcl
day5rlc3

dayS5r2cl
day5r2c3

dayb5r3cl
day5r3c3

day5ricl
day5ré4c3

dayb6rlcl
dayé6rlc3

dayé6r2cl
dayér2c3

dayér3cl
day6r3c3

day3rlc2
day3rlcé

day3r2c2
day3r2céd

day3r3c2
day3r3cé

day3rédc2
day3récé

dayé4dfrlc2
dayédfrlc4

day4dfr2c2
day4datr2cd

day4dfr3c2
aay4dir3cé

day4dtfr4c2
dayddfrdcs

day5Srlc2
day5rlcé

daybr2c2
day5r2cé

day5r3c2
day5r3cé

aaybréc2
day5Srécéd

dayérlc2
dayb6rlcéd

dayér2c2
dayéracé

day6r3c2
dayér3céd

E-1

strobed3rl

strobed3r2

strobea3r3

strobed3ré

strobed4dfrl

strobed4dir2

strobed4afr3

strobedd4dfré

strobedbrl

strobed5r2

strobed5r3

strobed5r4

strobedbrl

strobedb6r2

strobed6r3
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/*This is the subroutine which is called to find the first
strobe pulse. It then returns to the main program with the
pointer set.*/

int findstrb(strobuff)
short strobufrll;
{
int l,j:
short *bpl, *bp2;
bpl = strbbuff;
for(j=0; j<STRBBUFFSIZE; j++)
{

if(*bpl > -100 && *bpl < 100)

{
return(jl;
}
bpl++;

} /*end for loop*/
return(~1);
}/*end findstrb*/
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recognized.*/

if(*strbptrl > -100 && *stroptrl < 100 && nottop ==1 &&
optndx > 100)

{
optndx = 0;
nottop = 0;
strobecnt++;
}
if (*strbptrl < -1C0)
nottop = 1;
if ((ndata_bytes != && nstrpo_bytes != 0))
{
Aloptndx] = Aloptndxl + databufldatandxl;
optndx++;
datandi++;
stondx++;
strbptrl++;
}

/* end while */
for(i = 0; 1 < BUFFSIZE; i++)
Aflil = Alil/stropecnt;

/*This section writes the summed array out to the output file
and clioses out the pointers. It then calls up the plot program
and querries whether the operator wants to sum another file.*/

write(fpout,A,(120%4));
close(fpdata);
clogse(fpstrb);
close(tpout);

printf ("Plotting tne output file \n");

strcat (BTOA,data_out_£file);
strcat (BTCA," >tempfiie\n");
system (BTOA) ;
system(systentext) ;
strcpy (data_out_file,planks);
strcpy (BTOA,"btoa");
for(i=0; L<BUFFSiZE; i++)

Alil = 0;

strobecnt = 0;
printi("Wouldyoulike tosumanotherfile??? 1l=Y or 2=N\n\n");

scanf ("%d",&3);

if (g == 2)
DONE = 1;
else
DOKE = 0;

} /*end while*/
} /*end main*/
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printf("Strob file is empty\n");
exit(l);
}

nottop = 0; /*nust be at the top of a strobe or £indstrb would
have returned a -1 and then exit before here*/

/*This section reads in a buffer of the data £ile and set the
datandx to the stbndx so that the data corresponds to the
first strobe pulse.*/

ndata_bytes = read(fpdata,databuf, (FLBUFSIZE * 2));
datandx = stbndx;

strbptrl = &(stropbutflstbndxl]);

printf£("\n\n Starting summations. Please wait.\n");

/* Here begins a while loop which continues as long as there is
data in the strobe file and the data file to read, or until
strobecnt is equal to the number of iterations specified.*/

while (ndata_bytes > 0 && nstrb_bytes > 0 && strobecnt < iters)
{
/*test to see if need to read more data*/
if (datandx >= (ndata_bytes/2))
{
ndata_bytes = read(fpdata,databuf, (FLBUFSIZE * 2));
datandx = 0;
}

/*test to see if need to read more strobe file */
if (stbndx >= (nstrb_bytes/2))

{
nstrb_bytes= read(fpstrb,strbbuiff,(STRBBUFFSIZE*2));
strbptrl = strbbufi;
stbndx = 0;

}

/*This section checks to find the next strobe pulse and sums
the values in the array. If a stropbe pulse 1s not found,
the counters are increased by 1."optnax" must have advanced a
mininum of 100 data points nerore it will recognize anotner
strobe puise. Tnis tries to guarantee tiaat no unusually nigh
noise 1is recognized as a strobe puise, but 1t allows a
variation in strooe period. Once another strobe is recognized
"optndx" is set to 0 and "nottop" is set to 0 signifying thne
strobe pulse top again, Once the strove puise falis again,
"nottop" is set to 1, signifying a low stat of tune strobe.
This is necessary to occur betfore anotner strobe pulse 1is
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exit (1);
}
printf("\nThe output file nane: ");
scanf ("$g",data_out_file);
if ((fpout = open(data_out_ifile,1)) == -1)
fpout = creat(data_out_riie,0766);
if (fpout == MINUSONE)
{

printf("Error in opening %s .\n",data_out_file);
exit (1);
}
printf£("\nThe strobe file nane: ");
scanf ("3s",strob_file_in);
if ((fpstrb = open(strb_file_in,0)) == -1)
{

printf("Error in opening %s .\n",strb_£file_in);
exit(1l);
}
printf ("\nlow many iterations do you want? ");
scanf ("$a",&iters);
printf("\nIs the plot to be printed? 1 Yes or 2 No "),
scanf("%s",plotorprint);
if (plotorprint(C] == '17)
{

strepy (systemtext, PRINTTEXT) ;

else
{
strepy (systentext, SCREENTEXT) ;

/*This section initializes the variables which need to be¥*/

stbndx = 0;
datandxz = 0;
optndx = 0;
A[BUFFSIZE] = 0;

stropecnt = 0;

/*This section reads in a buffer of the strobe file and calls
a subroutine 'findstro' to locate tne first strooe. If no
strobe vaiues are rouna or ii tine file is empty, the
appropriate response is given and the program 1is exited. If a
strooe 135 founu, 'nottop' 15 set to 0 to indicate tauat we are
at the top of the strooe. 'findstrb' also returns witn the
stbndxz set to a number o we know winen the first strooe
begins.*/

if((nstrb_bytes = read(fpstri,strboufi, (STRBBUFFSIZE*2))) > 0)
{
if ((stbndx = findstrb(strbbuif)) == -1)
{
printf("No strobe in strobe file\n");
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f‘ Varisum.c Program i
!
1 /*This program does tihe same thing as the strobesum.c progranm i
] above, except it allows tne operator to speciry how many i
ii summations he/sne desires it to perform, and piots the output i
as usual*/ I
r . . . : .
[ /*This section defines or delares all variables*/ :
- #include <stdio.h> .
1 fdefinc FLBUFSIZE 125
v #define BUFFSIZE 125 .
L‘ #define STRULBUFFSIZE FLBUFSIZE*2 j
' #define NINUSONE (-1) N
#define PRIlITIEYT ‘"plotp =-YlPtempfile -xhl00 -g [mxd\n" :
{ fidefine SCRLENTEXT "pliotp -YlPtempfile -x100 -g lmnd\n" X
o char systentext[501]; 1
¢ char BYOA[50] = {"ptoa "};

char lotorprintl(2];
char blankesl30] = {" "};
int 1i,j,DONL,stondx,datandx,optndx;
int nstrb_bytes,ndata_bytes;
“ int A[BUFFSIZE] = 0;
short strbbuiff{STREBUFIFSIZE];
static short dataouflFLBUFSIZE];
int fpstrb,ipdata,fpouc;
char data_in _filel30],data_out_£filel30];
char strb_rfile_inl{30];
short ‘*strobptrl, stroptr2;
int nottop; /*if a 1 at neg of strobe, 0 means at top of
strobe*/

e Y

AO RARS

int strobecnt
int iters;

main()
{
while (DONE ==0)
{
/*This section queries the operator as to which files should
i be opened or created, and taen opens or creates them.BError
P nessages are given AL an incorrect response is given and tihen

k the program exits.Tnis section also guerics the operator if

t the cutput plot iz to be sent to the printer.*/ :

g S

d printf("\nPlease name Existing binary input file name: "); 1
- . - 1

s scani ("$s",data_in_file); '

e fpdata = open(data_in_ri1lie,0);

£ ' if (fpdata == NINUSOLE)®

3 {

-~ printf("\nkrror in openinyg $s  .\n",data_in_fiie);
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scanf("3sd",&j) ;
if(j == 2)
DONE = 1;
else
DONE = 0;
} /*end while*/
} /*end main*/

/*This is the subroutine which is called to find the first
stropbpe pulse. It then returns to the main program with the
pointer set.*/

int findstrb(strobuif)
short strobuffll;
{
int 1i,3; .
short “*bpl, *bp2; ;
bpl = strbbufr; :
for (j=0; j<STREBUFFSIZE; j++) i
{

if (*bpl > -100 && *bpl < 100)

{

return(j);

}
bpl++; i
} /*end for loop*/ ‘
return(-1); -
}/*end findstrb*/ -

sl
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strobe pulse. This tries to guarantee that no unusually high
noise is recognized as a strobe pulse, but it allows a
variation in strobe period. Once anotner strove is recognized
"optndx" is set to 0 and "nottop" is set to 0 signifying the
strobe pulse top again. Once the strooe pulse falis again,
"nottop" is set to 1, signifying a low stat of tne strobe.
This is necessary to occur before anotner strobe puise is
recogniced.*/

if(*stroptrl > -100 && *strbptrl < 100 && nottop ==1 &&
optndx > 100)

{
optndx = 0;
nottop = 0;
strobecnt++;
}

if(*stroptrl < ~-160)
nottop = 1;

if ((ndata_bytes != && nstrb_bytes != 0))

{
Aloptndx] = Aloptndxl + databufldatandxz];
optndx++;
datandx++;
stbndx++;
strbptrl++;

}

/* end while */
for(i = 0; i < BUFFSIZE; i++)
Ali) = Alil/strobecnt;

/*This section writes the summed array out to the output file
and closes out tne pointers. It then calls up tne plot program
and querries whetper tne operator wants to sum another file.*/

write(fpout,i,(120%4));
close(fpaatca) ;
close(fpstrd);
close(fpout);

printf("Piotting tne output file \n");

strcat (ETOA,data_out_£file);
strcat (BYOA," >tempfile\n");
system(ETOA) ;
systen(systentext);
strcpy(aata_out_rfile,bianks);
strcpy (BT04L, "DLoa™) ;
for(i=0; 1<BUFFSIZE; i++)
Ali) = 0;
strobecnt = 0;
printf("Wouldyoulike tosumanotinerfiie??? 1l=Y or 2=U\n\n");
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2 stbndx set to a number so we know when the first strobe
‘ begins.*/
{4

Cutll
m N oA w8 A2

- if ((nstrb_bytes = read(fpstrb,strbbuff, (STRBBUFFSIZE*2))) > 0)

2 - { ;
b if ((stbndx = findstrb(strbbuif)) == -1) ,
- {
’ printf("lo strobe in strobe file\n"); i
exit(l);
} )
} 2
else 1
{ 4
printf("Strob file is enpty\n");
exit(l);
}

nottop = 0; /*must be at the top of a strovbe or findstrb would
have returned a -1 and then exit before here*/

/*This section reads in a buffer of the data file and set the
datandx to the stbndxz so that the data corresponds to tne
first stroobe pulse.*/

PRI g 4

. ndata_bytes = read(fpdata,databuf, (FLBUFSIZE * 2));
DY datandx = stbndx; l
strbptrl = &(strbbufflstbndxl);
printf ("\n\n Starting summations. Please wait.\n");

/*lHere begins a while loop whicn continues as long as there is ]
data in the strobe file and the data file to read.*/

while (ndata_bytes > 0 && nstrb_bytes > 0) ’ '
{
/*test to see if need to read more data*/
if (datandx >= (ndata_bytes/2))
{

LTt e St
rom X &

)

e ndata_bytes = read(fpdata,databuf, (FLBUFSIZE * 2));
3 datandx = 0;
5 }
[
.- /*test to sce if need to read more strobe fiie */
- if (stbndx >= (nstrb_bytes/2))
e {
E nstrb_bytes= read(tfpstrb,strbbuff, (STREBUFFSIZE*2));
d strbptrl = strbouif;
[ stbndx = 0;
S }
[ _
@ X /*This section checks to £ind the next strobe pulse and sums !
{ the values in the array. If a strobe pulse is not found,
o the counters are increased by 1l."optndxz" must have advanced a ]
¢ mininum orf 100 data points pefore 1t will recognize another 1
¢
D-12
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messages are given if an incorrect response is given and then
the program exits.This section also queries the operator if
the output plot is to be sent to the printer.*/

printf ("\nPiease nane Existing binary input file name: "):
scanf("$s",data_in_file);
fpdata = open(data_in_fiie,0);
if (fpdata == ININUSONE)'
{

printf("\nError in opening %s .\n",data_in_file);

exit (1);
}
printf("\nThe output file name: ");
scanf ("$s",data_out_file);
if ((fpout = open(data_out_file,l)) == -1)

fpout = creat(data_out_file,0766);
if (fpout == HINUSOIIL)
{

printf("Error in opening %s .\n",data_out_£file);
exit (1);

printf("\nThe strobe file name: ");
scani ("$s" ,strob_rfile_in);
if ((fpstrb = open(strb_file_in,0)) == -1)
{
printf ("Error in opening %s .\n",strb_file_in);
exit(l);
}
printf("\nIs the plot to be printed? 1 Yes or 2 lo ")
scanf("3s",plotorprint);

if(plotorprinti0] == '1")
{
strcpy (systemtext, PRINTTEXT) ;
else
{

strcpy (systemtext, SCREENTEXT) ;

/*This section initializes the variables which need to be*/

stbndzx = 0;
datandx = 0;
optndx = 0
A[BUFFSIZE]
strobecnt =

~e

:O;
0;

/*This section reads in a butffer of the strobe file and calls
a subroutine 'findstrb' to locate tne first strobe. If no
strobe valiueg are found oir if the file is enpty, the
appropriate regponse 1s given and the program is exited. If a
strobe is found, 'nottop' is set to 0 to indicate tnat we are
at the top of the strooe., 'findstrb' aiso returns with the

D-11
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Strobesum.c Program

/*This program inputs two files, a strobe file and a data
file, then produces an output summation file. The sunmation is
triggered by tne strobe pulse in the strobe file and the
output is written from the addition buiffer. Tne program will
then piot tie summed file to either the screen or the printer,
This program looks for a strobe that 1s unique. The aigorithm
is based on a strope that is negative at 'off' state and then
goes to +100 or -100 within zero to show a strobe has occured.
The presence of a leading data point within this range
triggers tne algorithm to start summing the data at the zero-
th elenment in the output buffer.

If a different strobe is to be used, it must first be clearly
identified as to its digitized values. This program can then
be modified so that it will recognize tine leadiny edge of the
¢ strobe.*/

1
|
-
'
i"l
J
]

/*This section defines or delares all variables*/
#include <stdio.in>
#define FLBUFSIZEC 125

#define BUFFSIZE 125
LK #define SYPRDBUFFSIZE FLBUFSIZE*2
#define MIUUSOLE (-1)

fdefine PRINTTEXT "plotp -Y1lPtempfile -xhl00 -g luxd\n"
tdefine SCREENTEXT "plotp -YlPtempifile -x100 -g Imnéa\n"

char systemtexztl[50];

char B7T0Al50] = {"btoa "};

char plotorprintl2];

char blanksl[(301 = {" "};

int 1i,3j,DOLE,stondx,daatandx,optndx;

int nstrb_bytes,naata_bytes;

int A{BUFFSIZL] = 0;

short strbouff{STRBBUFFSIZE];

static short databuilFLBUFSIZE];

int fpstrb,fpdata,fpout;

char data_in_riiel30],data_out_£fiiel30];

char strb_file_in(301];

siiort “*stroptrl, stroptr2;

L int nottop; /*if a 1 at neg of strobe, 0 means at top of
strobe*/

int strobecnt

main()

{

¢ - while (DONE ==0)

: {

/*This section queries the operator as to which files should
be opened or created, and tnen opens or creates them.Brror
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else
control{7] = -minimun);
maximum += controll7];
/* scale data to y axis */
if (maxinum > yt )

{
controll9] = maximum/yt; /* scale down */
if ((maximu % yt)>0) controllSl ++;
}
else

controll€] = yt/maximum; /* scale up 8 */
} /* end scale_data */

i S IR R

b

/***************************************************************/

int findmax(gpbuff,count)
short *gpbuff;
int count;
{
short shortmax;
int k,returnvail;
shortmaz = gpbuffl0];
for(k = 0; k < count; K++)
{
if(gpbuiflkl] > shortmax)
shortmax = gpbufflkl;
}
returnval = shortmax;
return(returnval);
} /* end findmnax */

/***************************************************************/

int findmin(gpouii,count)
short *gpbufr;
int count;

{
short shortimin;
int m,returnnim;
shortmin = gpburffl(0];
for(m=0;m<count;m++)
{
if(gpbutilm] < snortmin)
shortmin = gpbuifliml;
}
returnmim = shortmim;
return{returnanim) ;

} /* end findmin */

/**********************END OF FILE**********i*******************
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APPENDIX F

MASSCOUP HC-500 Specifications and Capabilities

Specifications

Processing elements: A 10-MHz 68010 CPU and a 10-MHz
68000, the latter handling page fauits in virtual memory while the
former executes another program. The CPU has a 4-kbyte cache,
a 1024-element transiation buffer, a 1024-entry I/0 map, and
three serial lines.

An optional FP-501 floating point processor performs single-
and double-precision arithmetic and holds 16 sets of 32 double-
precision (64-bit) registers.

An optional AP-501 array processor executes single- and
double-precision floating-point vectors, locally stores 32-bit ele-
ments, incorporates a 68000 that moves data to and from virtual
memory, and requires the FP-510 for double-precision tasks.

Memory: 1 Mbyte (Minimum), 6 Mbytes (maximumy); up to 16
Mbytes of virtual memory per process.

1 @ Mass storage: A 1-Mbyte floppy-disk drive, a 40-Mbyte (for-

{ matted) Winchester disk drive, and a 45-Mbyte s-in. tape car-
tridgn (all optionai).

Network: An optional plug-in Ethernet controlier and supporting

software.
L- Backplane: 8-slot enhanced Multibus with transfer rate of 6
o Mbytes/s; eight aiphanumerical terminals can be attached through
E backplane.

Ports: Three serial lines through CPU.

Graphics: Two 19-in. terminals (optional) attached through Multi-
bus, each with its own 68000 and 128-kbyte program storage.
The monochrome version displays 1024 by 800 pixels, the color
unit 832 by 600 pixels by 6 or 10 bit planes. Each has 60-Hz non-
interlaced refreshing and a 117-element keyboard; a mouse (or
puck) and tablet are optional.

Operating system: The real-time RTU with virtual memory is com-
patible with the source code of Unix System Il and of Berkeley
4.2 Unix and includes communications, text-processing, and sup-
port utilities; editors; source-code control system; and Bourne and
C shells,

Programming languages: Fortran 77, C, and Pascal.

R

I

L Minimum OEM configuration: CPU, power supply, 1 Mbyte of

¥ RAM, 8-siot backplane, and cabinet.

3

i

} From Electropnic Degsign, volume 32; July 26, 1984; page 112.
L
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The following section is based on "Designing For High Performance
Data Acquisition," Computer Design, Septenber 1983.

MASSCOMP's I1C-500 is a 32-bit Unix-based mini-conputer
system built for realtime scientific and technical applica-
tions. The system architecture distributes the processing
load among three dedicated subsystems that perform high speed

computation, graphics display, and data acquisition (Fig F-1).

Figure F-1, MASSCONP's 1iC-500 Architecture (5:2)

These subsystems are linked by three hign speed buses: a
proprietary bus linke the main central processing unit (CPU)
with puysical memory storage; Intel's lultibus connects system
peripherals to the graphics display processors; and twin S1D
buses channel data petween the systen and user input/output

(I1/0) devices.
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The data acquisition and central processor (DA/CP) allows

P YW

the MC-500 to collect realtime data. The DA/CP is a frontend,
user-programmable, data acquisition controller and allows
input or output analog or digital data at rates up to 2 M
bytes/s. When coupled with an analog input interface, the

DA/CP enables the minicomputer to acquire analog data at a 1M,

RN, X1

12-bit sample/s rate. The HC-500 also features a continuous

2M-bytes/s transfer rate from an analog to digital (A-D)

converter to MC-500 memory.

Clock Control

The DA/CP uses 2901 bit-slice chips for its data path,
and 2911 chips for its program sequencer. Usually, bit-slice
based processors have wide instructions to simultaneously
control the sequencer and the data path. Instructions ranging
from 64 to over 100 bits are common. However, the DA/CP has a
narrow instruction width of only 40 bits, and includes instruc-
tions for controlling the data path and the sequencer. This
approach results in a compact instruction set. MOVE class
instructions control the data patih and cause the sequencer to
increment the program counter, BRANCH class instructions

control the sequencer in program jumps based on the previous

MOVE instructions.

While the narrow instruction width saves program-store
random access nenory (RAM) space, this savings could easily be

n' lost in decoding !NMOVE and BRANCH instructions from the same i

bits. The clocking scheme simplifies decoding and also reduces -
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gate delays in decoding instructions and achieves 125-ns exe-
cution times for all DA/CP instructions.
The DA/CP's clock control circuitry is shown in FigF-2(a),

while Fig F-2(b) illustrates the specifics of clock timing.The

8-MHz CLOCK
SEQUENCER SEQUENCER CLOCK
£LOCK
ENABLE
Do———— ALU CLOCK
[— ALU CLOCK ENABLE
INSTRUCTION
REGISTER
INSTRUCTION }
Reister INSTRUCTION RESISTER
£LOCK CLocK
ETABLE
(@
[ 12505
SEQUENCER /
LOCK
ALy
CLOCK
[l
| AU BRANCH KLU
| INSTRUCTION INSIRUCTION ‘NSTRUCTION
®

Figure F-2. Clock-control Circuitry (5:2)

arithmetic logic unit (ALU) clock enable signal is represented
by 1 bit of the MOVE/BR instruction. When set, this bit

enables the 2901's internal clock, The rest of the MOVE/BR

F-4
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L | REGISTERS
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1
L' Figure F-3. Data Storage (5:3) ‘l
r :
b All MOVE class instructions allow merge operations on the 3
b input bus to the ALU. The 2-byte wide input registers can put !
data on low byte, mid byte, or both , while a data-store i
!
L. location provides the other input bus bytes. The merge opera- i
E—' tion is useful for assembling bytes from an STD bus module ‘
L into words in the data-store before sending them to system
}. memory. For example, all 12-bit A-Ds on the STD bus (exc I
?_‘ Masscomp's) transfer data 1 byte at a time. An STD bus read :
E; operation can put 1 byte in the data store, and the next read .
". . can merge that byte with the rest of the data from the STD bus i
: input register on the input bus, :
F-6 |‘
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{7 e All MOVE instructions can write selected bytes of a data

E‘ store location while writing the output registers on the :
output bus., This feature improves the performance of some
conmon DA/CP operations. For example, a Multibus direct memory
access (DIMA) address kept in the data store can be updated and
returned to the data store in the same instruction that writes
it to an output register for use in a DMA. The DA/CP also has

shift and rotate operations on byte, word, and gulp data

e ANAL A A A L S MR LT

types.

00~ BARE )

Although all MOVE class instructions produce a 24-bit

F‘ result in the ALU, test condition in the BRANCH instructions

g

exist for the byte data, word data, and the full 24-bit gulp.

Arithmetic tests fall into two groups: unsigned integer tests,

65. and tests on 2's-conmplement signed data. Full 24-bit arithme-

. _TW

tic is onliy done on Multibus addresses for DMNA. Since these :

are not signed numbers, the tests provided are for unsigned

integers. Word data can be unsigned integers, like those from
a lé6-bit digital I/0 device, or 2's-complement data from a
biploar A-D converter. Thnerefore, a set of signed and unsigned
data tests are provided for word data. All the unsigned
integer tests and several of tne signed data tests are pro-

vided for byte data. BRALCH-IF-TRUE and BRANCH-IF-FALSE in-

structions exist for all the tests. There are 32-aritimetic

C . test conditions in all.

Addressing

The DA/CP has a 1lK-instruction proygyram store and a separate,

DA T

F-7
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RPN

256-1location data store. Direct addressing allows a BRANCH

class instruction to jump to any location in the program store
and a MOVE instruction to access any location in the data
store.

Moreover the DA/CP has an indirect addressing mode that
uses the contents of a data store location as a BRANCH ad-
dress. Changing the contents of this data-store location
alters tne program flow. This feature is useful for elimina-
ting code from a program loop after it is no longer needed.
For example, a routine can include code to test input data for
a threshold crossing. Once the threshold is detected, changing
the value in the data-store location that was used to jump to
that location eliminates the threshold-detect code from the
routine. This yields faster code than using a threshold-
detect flag bit that is tested every pass through the routine
to determine if the threshoid-detect code snould be invoked.
In addition, DA/CP features indirect data addressing in the
data store. A pointer register on the output bus can be
loaded with a value and its contents can be used as the data
store's address source in subsequent HOVE instructions. This
feature is useful for implementing ring buffers in tane data
store. A block of data-store space is allocated for the
buffer, and a load address and an unload address are also kept
in the data store. When data are put into the ring buifer,
the load pointer 1s moved into the pointer register and used
to address tne data store for the load. Tne address is incre-

mented and saved for the next load. The same process is done

PR Sl SUR L 2 PN . DR U Y T D I I S N LT Y PRSP T

. b

L
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for unloading the ring buffer. For nigh speed data output
devices, it is necessary to compensate for normal Multibus ]
latency by prefetching sone data into a ring buffer.

The DA/CP has also eliminated interrupt service overnead

by overlapping it with useful instructions and maintaining an

interrupt-disable default condition. This interrupt means no

overhead penalty for nmultitasking data acquisition. :
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APPENDIX G

Integrated Circuit Specifications

OPERATIONAL AMPLIFIERS

KiC17486G L

fiC1743C6

S ——
HIGH PERFORMANCE MONOLITHIC
OPERATICGNAL AMPLIFIER

.. . designed for use as a sumrung amphtier, integrator. of gmphtier
with operating charactersstics as a funchion ot the ¢xternal leedtiack
components.

Noncompensated MC1741G

Single 30 pF Capacitor Compensation Required For Unity Gain
Stort-Circuit Protection

Offset Voltage Nuli Capability

Wide Common-Mode and Difterential Voltage Ranges

Low-Power Consumption

No Latch Up

OPERATIONAL AMPLIFIER
INTEGRATED CIRCUIT

MONOLITHIC
SILICON EPITAXIAL
PASSIVATED

METAL PACKAGE
CASE 601

(bortom view)

FIGURE 1 - POWER BANDWIDTH
{LARGE SIGNAL SWING versus F REQUENCY)

FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE
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FIGURE 3 — CIRCUIT SCHEMATIC
1Q COMPENSATION
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FIGURE 4 — OFFSET ADJUST AND
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MAXIMUM RATINGS (T4 = +25°C uniess otherwise noted)

Elaf R A el

e

Rating Symbol MC17248G MC1748CG Unat
Power Supply Voitage vt +22 +18 Vde
2 -22 -18
Oufferential tnput Signal Vin +30 Volts
Common-Atode 1nput Swing (D CMV,, t15 Volts
Qutput Short Circu it Duration tg Continuous
Power Dissipation (Package Lirmitation) Pp 680 mw
Derate above T = +25°C 46 mw/oC
Operating Temperature Range Ta ~-55t0 +125 Oto +75 °c
Storage Temperature Range Tsg -65 to +150 -65 to +150 °c
ELECTRICAL CHARACTERISTICS (V* = +15 Vdc, V™ = -15 Vdc, Ta = +259C unless otherwise noted)
MC1748G MC1748CG
Characteristics Symbol Min Tyvp Max Min Typ | Max Unit
Input Bias Current Ip sAdc
Ta = +29°C - 0.08 05 - 008 |05
Ta = Tiow 0 Thigh @ - 03 | 15 - - 08
Input Offset Current ol uAdc
Ta = +25°C - 002 | 02 - 002 |02
Ta= Tiow 10 Thign - 0.08 05 - - 0.3
tnput Offset Voltage (Rg < 10 k £2} Vol mVde
Ta = +25°C - to | 50 - 1.0 |60
TA* Tiow 1© Thigh - - 6.0 - - 15
Differentiat Input Impedance (Cpen-Loop, f = 20 H2)
Paralle! input Resistance Rp 03 2.0 - 03 2.0 - Megohm
Paralte! Input Caoacitance Cp - 14 - - 14 - oF
Common-Mode Ingut Impedance |t - 20 Hz) Ziin) - 200 - - 200 Megohms
Common-Mode Input Voitage Swing cMY,, 112 £13 - £12 +13 - Vok
Comman-Mode Reject.on Ratio {f = 100 Hz CMyg, 70 90 - 70 20 - a8
Open-Loop Voltage Gan, (Vg = 10 V. A =2 0k onms) AyvoL VIV
Ta = +25°C 60,000 | 200,000/ - 20,000 [ 200.000 -
TA * Tiow t© Thigh 25,000 - - |15.000 - -
Step Response (V| - 20mV, C¢ = 30pF. Ry = 2ki2, C_ = 100pF) =
Rise Time 1y - 03 - - 0.3 - s
Overshoot Percentage - 50 - - 50 - Y
Stew Rate dVgyy/dt - o8 - - 08 - Vius
Qutput Impedance (F = 20 Hz) 2oyt - 75 - - 1) - ohms
Short-Circurt Outout Cuerent Is¢ - 25 - - 25 - mAdc
Output Voltage Swing (R = 10k onms) Vo $12 214 - $12 14 - vok |
Ry = 2k ohms T4 = Tig,, 10 thgn! 10 $13 - +10 £13 -
Power Supply Sensitvity VIV
V™ * constant, Ry < 10 k ohms S+ - 30 150 - 30 150
v* = constant, Ry < 10k okms S- - 30 {1s0] - 0 |1s0
Power Supply Current 1t - 167 | 283 - 167 |283 mAdc
ip” - 167 | 283 - 167 [283
DC Qurescent Power Dissipation Pp mw
Vg * O) - 50 85 - S0 85

@ For supply voitages less than ¢ 15 V, the Maximum Input Voitags 13 equal to the Suppty Voltags

€) Tiow 0°C for MC 1748CG
-85°C for MC1748G
Thigh' *75°C for MC1748CG
+125°9C tor MC1748G
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_f MCI74IS OPERATIONAL AMPLIFIERS
MC1741SC

HIGH SLEW-RATE INTERNALLY-COMPENSATED OPERATIONAL AMPLIFIER
OPERATIONAL AMPLIFIER
SILICON MONOLITHIC
The MC1741S/MC1741SC 1s functionally equivalent, pin com- INTEGRATED CIRCUIT
patible, and possesses t . same ease of use as the popular MC1741
circuit, yet offers 20 times higher slew rate and power bandwidth. .
This device is 1deally suited for D-to-A converters due to its fast
settling time and high slew rate. G SUFFIX
. . . [
® High Slew Rate — 10 V/us Guaranteed Minimum (for unity gain only) ““c':s‘e 5‘;‘,?:,;“
® No Frequency Compensation Required
® Short-Circuit Protection
® Otfset Voltage Null Capability
® Wide Common-Mode and Differential Voltage Ranges
¢ Low Power Consumption
® No Latch-Up
TYPICAL APPLICATION OF OUTPUTY CURRENT TO
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER
P1SUFFIX -
vecesov Viet® 20V PLASTIC PACKAGE
Ay e RZ 2100 CASE 626 -
A ss0n! {(MC174815C Cnly} “
Lk}
L 9
use a10%— 18 Sy Vet
a20% v g~
U 19,
a30—{ wmcrisosL s --—-o-——deﬁ_ veo
as0%} wmc |4GLL "2 = & oot
. KESET NULL
"0_9_‘ Ser ey VCC 1%y QFFSET N
asot?y —o
arotl 2
12 4
LS8 ago-o
hd -
16 3
L;.% Theoretical Vg B
ot SVge--isv Veel Al AZ A) A4 AS A6 A7 A8 N
Vo= -CRo) |= ¢ e D e el W
R1 2 4 8 1§ 32 64 128 256 .i
<
Ping not shown are not connected Adjust Vret, RT or RQ 50 that VQ with all digital inputs at high level 4
s equal to 9 61 volts "4
Setthing hime 10 within 1:2 LSB (=135 mV) 15 approns .
mately 4.0 us trom he time that ait buts are switched 2v I 255 -
*The value of C may be selected 1o minimize overshoot VU:W‘S” !i‘;'i’ﬁ’ﬁ‘s‘;'m‘ﬁ =10V [m] 9361V q
and nnging {C = 150 pfi
-]
MC1741S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versus MC1741S RESPONSE COMPARISON .
r. R TR T R TR e B nT N e :‘
4 . RN
AN
1
2 > :
Q & B N
> gt AN
- a .
|" L)
L i
s S
TousOry | Was SV

See Packaging Information Section 1or outing dimensons




SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

03

QUADRUPLE 2-INPUT
POSITIVE-NAND GATES
WITH OPEN-COLLECTOR QUTPUTS

positive logic:
Y = AB

See page 88

SNS403/SN7403(4, N)
SN54L03/SN74L03(J, N}
SNS4LS03/SN741LS03(J, N, W}
SN54S03/SN74S03(J, N, W}

HEX INVERTERS

paositive logic:
Y=2

See page 86

i

A 2Y  JA 3Y  GND

SN5404/SN7404(J, N)
SNS4HO4/SN74H04(J, N)
SN54L04/SN74L041J, N}
SNS54LS04/SN74LS04(J, N, W)
SN54S04/SN74S04(J, N, W)

1Y L) 8y

GND - SY £a 4y
w] [1] Ja] [n] [e] o] o]
i
.
i

Y.
A

SN5404/SN7404(W}
SN54HO04/SN74H04(W)
SN54L04/SN74L04(T}

05

HEX INVERTERS
WITH OPEN-COLLECTOR QUTPUTS

positive logic:
Y=A

See page 88

Voo 8A Y A SY  aA Ay
Ju] [ol fel [n] jw) 5] 04

P b

A 2y ETY ¥ GND

SN5405/SN7405(J, N)
SNS4AHO05/SNT4H05(J, N)
SNS4LS05/SN74LS05(), N, W)
SN54S05/SN74S05(J, N, W)

SNS405/SN7405(W)
SNS4HOS/SN74HO5(W)

HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR
HIGH-VOLTAGE QUTPUTS

positive logic:
Y=A

See pege 10€
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FLIP-FLOPS ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

AND-GATED J-K MASTER-SLAVE FLIP-FLOPS WITH PRESET AND CLEAR

72 FUNCTION TABLE v PR CK (S} 3] Q [ ] Q Gvo A 2 F-4
INPUTS QUTPUTS LIS LIS L A R
PRESET CLEAR CLOCK J K | O @ Do
L " X x x|H U o
H L X X X | U H — | L
L L X X x |[H we '
H H N L L |0 Qg [
H H Fa s H L H L rHeHs V[
%] 7] Fa N L H L H N CLA N <1 CK PR wvee CLA NC Ut
H H L H _H | TOGGLE SN5472/SN7472(J, N) SNS5472/SN7472(W)
positive logic: J = J1-J2+J3, K1-K2:K3 SN5AH72/SN74H22(4, N) SNSAHT72/SN74H72(W)
SN5AL72/SN74LT2(0, N) SN54L72/SN74L72(T)

See pages 120, 124, and 128 NC-No internal connection

DUAL J-K FLIP-FLOPS WITH CLEAR

Sew pages 120, 124, 128, 130, and 132

SNS54LS74/SN74LS74(J, N, W)
SNS54S74/SN74S74(J, N, W)

73 $ R ] 0 GND 2K p o] 20
D spjepansn
T 1
73, 'H73.L73 ‘Ls73 [95 |5
FUNCTION TABLE FUNCTION TABLE ¢ cf- cfa ¢
INPUTS OUTPUTS INPUTS OUTFUTS TS >] e s
- - A
CLEAR CLOcx 4 k| @ & CLEAR CLOCK J k| @ @ J———;_]L‘J
L X x X| L H L X x x|t Hw el
H RN L L 00 00 H ‘ L L 00 00 e v W vee 2Ck 2 u
H o W N N H i M L} H L o o
H P o U . ] L H H i L H L H SN5473/SN7473(J, N, W)
H S H H | TOGGLE H i H H| TocGLE SNS4H73/SN74H73(J, N, W)
= SNS4L73/SN74L73(J, N, T)
] L X , N,
X % % SNS4LS73/SN74LS73(J, N, W)
See pages 120, 124, 128, and 130
[74:] OUAL D-TYPE POSITIVE-EDGE TRIGGERED FL!P-FLOPS WITH PRESET AND CLEAR
v, cfa 0 ¢k 22R 20 20 18 13 W8 owp 20 20 2em
FUNCTION TABLE aininioiniolnEsInioinloinin!
\ T i
f INPUTS ouUTPUTS g | ,1, L !
PRESET CLEAR CLOCK D | a @ ! bex f
t u X  x|H L ’ ciag e i Lgem by dom e
] L X X L H | P"D“ o ‘ o £X ! ox
t L x X | He  He -2 B —d —
H H [ H|H L HaDansnaEk LTLJH’ Nalal um
- " y L L H c:. 1D 1CK PR QW GND 1CK 1O C:! vee i 2D ICK
" " Lt X1% 9 SN5474/SN7474(4, N) SNS5474/SN7474(W)
SNS4M74/SN74H?4(J, N) SNSAH74/SN74H74(W)
SNS4L74/SN74L741J, N) SNS54L74/SN74L74(T)

M = high level (steady 1tate), L = low level {steady state), X = irreievant
JL = high level pulse data irputs shouid be held constant while clock is high: dats is transferred to output on the fsiling adge of the pulse.
1 = transition from fow *~ high lav;l, L = transition from Righ to iow jevel
Oo * the Isve! of Q betore the indicated input conditions were established.
TOGGLE  tach output chanqges to the compiemant of 1ts previous level on each active transition {pulse) of the clock,

*This conti;uration is nonstanie, that s, 1t v.iil NOT Dersist when presat and clear inputs raturn 1O their inactive {Migh} level,
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§SI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

hd o« 4A ay x 34
= 125 [w] (0] [a] [n] {w]l (s ]
QUADRUPLE BUS BUFFER GATES L@ LDI

WITH THREE-STATE OUTPUTS

1 — BB

. - HaflaDeldaDallakl
. Output 13 off {disabled) when C s high. % A W X I 3v

SN54125/SN74125(J, N, W)

55

See page 142

ax
<Js
<]4

A - . « @ ey

: 126 Ininioinininiol
; QUADRUPLE BUS BUFFER GATES }[ le
. WITH THREE-STATE QUTPUTS —

L positive logic: "{&] {‘&‘
® Y=A T T ["
Output is off (disabled) when C is low.

€ 1A ) X 2a 2Y GND

' SNS54126/SN74126(J, N, W)

.- See page 142
¥y 4y 48 4A v » A
N " [] 1 n » ] [ ]
Qe 128 e
SN54128 . .. 75-OHM LINE DRIVER r
L . - €N74128...50-OHM LINE DRIVER

e (5] 7]

Y=A BababDaDaDalak
1w A 8 2y A s GND
O SN54128/SN74128(J, N, W)
- See page 104

S 132
QUADRUPLE 2.INPUT

® POSITIVE-NAND
SCHMITT TRIGGERS

- positive logic:
N Y= AB

1A " w m E) ¥ GNO

o SN54132/SN74132(J, N, W)
SNS4S132/SN74S132(J, N, W)

Ses page 98
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MONOSTABLE MULTIVIBRATORS ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

121

FUNCTION TABLE

INPUTS QUTPUTS
AY A2 B8 Q Q
L X H L H
X L H L H
X X L L H
H H X L H See Notes
H 3 "l ur
‘ H HlJV wr
+ 3 H FalEa
t x tlnw
X L I AT ]
See page 134

MONOSTABLE MULTIVIBRATORS

Reat/

Vi NC NC  Ceas Coar Ram  wC
Ill Iﬂllu lll

T

L3 A a2 . Q  GND
SN54121/SN74121(J. N, W)
SNS4L121/SN74L121{J, N, T)

121... Ripg = 2 k2 NOM
L121 ... Ryny = 4 k52 NOM

NC—No irternal connection

122

FUNCTION TABLE

INPUTS OUTPUTS
CLEAR|A1 A2,81 B2| Q
t X X X X | u
x HH X X|L ™
x X X L XL H
x X X X LlL W
x L X H H|L o
H L x t WM U
H LX HtiNn v
H X L M HiL H Sea Notes
H X Lt H|N U
H X LH t N U
H H | HH|N U
H I 4 W H ML YU
H s M H ML U
t L x H W[ T
t x L H M| U
See page 138

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

Reny
Vi Caxt NC Cop NC R Q

AY A2 »n 2 oar [] GNO
SN54122/SN74122(J, N, W)
SNS54L122/SN74L122(J, N, T)
122, . Ripg = 10 k02 NOM
‘L122. .. Ry = 20 k2 NOM

NC-No internsl connection

123

FUNCTION TABLE

INPUTS OUTPUTS
CLEar|a Bl @ @
L x X{ L H
x wox| L " See Notes
X X L}t H
H L t|n u
H fHlneu
t L WL U
Ses page 138

OUAL RETHIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

TRy 1

?
i Cont Cosxt 10 W AW 24

n . w 1)

pE

[T ]

1 3 20 7 2R,y GND
cLa Cext Cemt

SN54123/SN74123(J, N, W)
SNS54L 123/SN74L123(J, N)

NOTES: A. M = nigh level (steady states, L = low level (steady state}, t = transition from low to high level, | = transition from high 1o low
jevel, JL = one high-leve! pulse. I = one icw-ievel pulse, X = irrelevant (any input, including transitions).

roO®

To use the internal timung resistor of *121, "L 121, "122, or *L122, connect R4 t0 V.

. An external timing caracitor may be connected between Cyyy 8n0 Rayy/Cayxy (DOBITIVE).

. For accurate repeatabie pulse widths, cOrnect an external resis1or between Rgy/Coyr 8nd Voo With Rjq, open-circuited,
To obtain vanable puise widtrs, connect external vanable resistance between R, or Raye/Coxr and Ve
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SSI GATES ... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

1

TRIPLE 3-INPUT
POSITIVE-AND GATES

positive logic:
Y =ABC

See page 94

L q bod X GO B A x
L] 13 9 L]
]

jolfm} [n] fw; o] o]

SNSAH11/SN74H11(J, N)

SNS4LST11/SN74LS11(J, N, W)

SN54S11/SN74S11{J, N, W)

i |
H ! {
t L ) L] L) L] ’
TA W W v v 1A I
SNS4H11/SN74H11(W)

12

TRIPLE 3-INPUT
POSITIVE-NAND GATES

WITH OPEN-COLLECTOR OUTPUTS

pasitive logic:
Y= ABC

See page 88

lllllllllll 3 L} ?
LY " Y 3 x 2Y  GND

PRI S, S Ay

L

13 [w]l {0l {e]l [n][e] 5] s
OUAL 4-INPUT rI
POSITIVE-NAND
SCHMITT TRIGGERS
U
paositive logic: I L lj
1 ik inCintl ‘ [3i 1 ? r
Y = ABCD “w W W WY GhD
SNS413/SN7413(J, N, W)
See page 98
NC-—No internat connection
HEX SCHMITT-TRIGGER
INVERTERS
positive logic:
Y=A
SN5414/SN74141J, N, W}
Soe page 98
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POSITIVE GOING THRESHOLD YOLTAGE

TYPICAL CHARACTERISTICS?

LY
FREE-AIR TEMPERATURE

-
FREE-AIR TEMPERATURE

NEGATIVE GOING THRESHOLO VOLTAGE HYSTERESES
. -

FREE-AIR TEMPERATURE

190 — 020 v 0 .
s mfEsy T T T T ] s omEw T T Tty
19 + +— $oR—— ] 840 ——
! 18 e TN . E D.}~ [ : I i l[ ; ] E 80 [N
> i . i
(T 087 + ?L?Z P - ]
B I | g ! 1 ! { H ——— \\
108 b— C R § o T o s
[ 2 i H "
1. ’ y 085 i T & i
rae 3 o4} ! N
H | > |
1w : 083 s L
1@ '3 082 ? ! > t
FRT - O3 + —4 | 100
3 T 1 > * i !
100 0s0l— i '
AT -30-275 0 X S0 TS 100 128 -7 -0 -3 0 2% S50 75 100 1% -7 80 -25 0 2% 80 75 100 1%
Ta-Free Av Tomparature-"C Ta-Froe-Au Temparstune—"C Ta-FroeAw Temparston—"C
FIGURE 1 FIGURE 2 FIGURE 3
“43 1
OISTRIBUTION OF UNITS OISTRIBUTION OF UNITS
FOR WYSTERESIS FOR HYSTERESIS
Vee =8V Ve oSV .
Ta-28°C Ta=25"C
3 ] \
g ; I
R 9% ARE & < !
ABOVE [ [
1B my 3 !
i A { i Y. [
4 : 4 l
L L
T20 740 760 780 800 820 840 880 080 740 700 780 830 ¥20 840 §60 88O HOO
VTe=VT_—Hystaress—mV VTe-VY_ ~Hystoreni—mV
FIGURE 4 FIGURE §
THRESHOLD VOLTAGES MYSTERES'S OUTPUT VOLTAGE
- »
SUPPLY VOLTAGE SUPPLY VOL TAGE eyt VOLTAGE
20 20 - .
Ta=25°C I 1 Ta=28"C T Vee oSV l T 1 T
17 ] -l : A7 ] { Ta= ;ch U SO S vy.L_‘
1. o 18 > — |
Fort.ee Gong Thieshaid Voltage. V1o 1 » Ip—t— .
> 14 9 : o ' [ J )
s | H 3 . _
2 12 M
T |3 § | 1 |
> % >, - _ "
| —— N : i : [ t
os 3 op - $ It |
Negat.ve Going Threphold Voltaae, VT_ ) Hylteress, VYs — VT M T
oe o o8 o .l i
. $ > 1 -+
[} 04 i 1 )
02 o2 + T
° ° I ° 1] | 1
Ly ] wn ] "“s 1) " “n s " (1) ° 04 L2 ] 2 16 2
Vor-Supnly Voitsge-V VL -Supply Voltage-V Vi-ingut Volugp-V
FIGURE 8 FIGURE 7 FIGURE 8

TTypical values of ‘13, "14, and ‘132 circuit types. Oashed lines in Figures 6, 7, and 8 are spplicable for the ‘14 and ‘132 circuit types.
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TYPICAL APPLICATION DATA

|
I
I TTLSYSTEM

- RTL u}- }- -
SINE-WAVE ) >3
OSCILLATOR a -

) OUTPUT

TTL SYSTEM INTERFACE
FOR SLOW INPUT WAVEFORMS PULSE SHAPER

0.1 Hz 10 10 MHz

3300

AAA

W~

!

j —; |

INPUT o —— :: :
{

| |

[T |
A

MULTIVIBRATOR THRESHOLD DETECTOR

Open-collector

2T 4 INPUT
INPUT r i A ouTPUT '
- r a p-- o o o
i J ‘ 'y | by
l__:', : oy 1 | '
(I ! i e}, st s Snlnt oV st
i \: | POINT A : : | :
! (A : | \ | |
L4 d f | | 1 |
OuTPUT
PULSE STRETCHER
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