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SECTION 1
ACTIVI INTTURATED CIRCUITS
3. Cochren =« W, Carlson

A ASS WHs 1.f, amplifier velng gyretor tuned circuits
has Been built, The asplifier showa in the schematin
diagram of Figure | hae tue pyrator<acplifier stages
connccted s coscade, The gyvator-seplifiers are a vars
fetion of circuits described 1w earlier reporis made
under this gramt, particvleriy ie Bepart He. 6, Jaouary

1, 1958, pp. M = 17, end Scientific Beport of 1 Jenuary

196%, pp. 5 = 7. s these cirsvits the same transistors
are used ac & gyrater fesenator and to provide g3le as &n
asplifier,

A schemstic diagran sf the type of prratosamplifies uded
in the i.f, amplifier is shewn in Figure 2. Ths basie
gyrator eirevit is that of Sipress sed i:ttl. Trapeistars
Qj: Q2. and Q3, are part of the gyvator| Uy awd Q5 are cues
rent soufces of bizsing the gyrater] and Qg is an emitter
follov=r. This scthod of biasing wscs trassistors of
both pelarity types, usvally a disadvantae in intege=t-
ed eifenits, but eurrent soufes trinsistois d¢ net have
to be of high quality aud the lsteral type transinter?
would ke eyitatle, There 2.0 asviral athee ways of
blacing the gyrator: Qy and Qg eouid be replaced by

field effcect transistors eporated s5 curreat Bpuress

&8 ehewm i Figure &, Seimntifis Repert of | Jasuary 1969,
PP 20 e+ one of tve oethads slloving the use of
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transistors of the game pelority type as used (n the
gytator proper could be smplered, Those are che feeds
buck schesms using transistors sad breakdms diedrs ¢
ghown in Flgure 5, page 21, and the tve terminal curssnt
source of Figureas 11 and 12 in Beientifie Repert of

1 Jasuary 1969, pages 27 « 28, eperation of which is
descrited oa pages 11<14., The seversl! ssitiods of
biasing should ease the task of realiciang the vivewit
in integrated form,

Nmnﬁctmumliucoemmﬁotth
gyrater by introducing at each port a negative conds
wetanee ters te diminieh the real parts of the short
€ireuit (oput admittances and therely increase the Q,

If the T netvork of resistors comnecting the emitters

of the first three transistors is conve ted to an eguis
valent delta wotwork, it (8 Seen that the gyreter is
equivaicnt te the gyrater eof Figure 3, Bciemtific Boport
of 1 January 1969, pp. 19 and deseribed on pages & and 5,
Por a gyrator of thie kind, the manivws § is equal te ene<
half of the geomeivic scan =f the bota's of transistors Gy
and Q3 if the eurrent seuress 2ve ideal, but sinee

they é&re nol, the § will be somevhat less, If the

Q 15 less then desired, it may W increased by ncans pf
Bel if ths Q i= greater than desired, 1t may be deceeased
by placing @ conductance in shunt with ouc of the ports,
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The voltage gpain of the resonsat emplifier at the
resenant froquency is approximately

V. 6. = Q (R Rgy) (RyEaimiep'”?,

where By 15 the sum of Ry, and Ry, and it 18 es~umed
that R is very wuch grester thanm F,. :

The borduidih of the §,.f, srplifier {2 10 SHe, The Q of
each stage is 29.4, 1In the first etage of the s=plifier
the tranaisters used gave & Q of about 16 requiring B2k
for B; te increace the § to the desired valve. 1o the
second stape high leota trensistere yielded 2 Q of about
S0 requiting & 159 k resistar in shunt with ene port of
the gvrator tu reduee the Q. The tww types of transisters
were ured to illusteste the type of cortection made to
increase or decroade gyroter Q. The veltage gain of the
amplif ' ¢ ic about 2,500,

i. Siprees, J, ¥,i1 Wiet, ¥, B,, ¥, 8, Pateant 3,001,157,
Septesber 19, 196!,

2. Lin, H, €,1 Tan, T, 5, Chang, C, Y. Van Dot leest,
B.} and Formigoni, K,, lLeterz] Complementary Transister
Btructvre for the Sisultancous Tabrieztion of Functisaal
Blovcks ; krue. TERE, Vol. $2, KRe. 12, pp. 14911495, Dee,
1964,
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METALWEGICAL STUDIES OF MICROCIRCUIT INTERCONNECTIONG
V. B, Newek T, Hucl P. Ealmon

It is convenient to deoscribe the efforte of this quarter undsy
thres items:
1. Calibration of reflectivity scasuremonts with
& reflectance ctoandard, and precision of these
meacurem=nts,

2. BReflectivity meosurements on Au/P: {.im couples
on glaes,

3. Analyties] mievcscopic solution of the diffusien
problem,
(1) 2 comporison vos wade between the spectra] refleetance of
AU films end bulk Au {literature values) \ing & fresh Mg0
standard prepared in the mamast deseribed in Quarterly Report
No.1. Agiccuont with 107 vae ebtaincd, Reproductibility
(precision) of ewr reflrctivity mrasurcmente is a few peveent.

Bowever, Bulfequent ncesurenente on Au films did not give the
same agrecment with bulk values, especially at =633 milaii=
microns. It was then discovered ihat the Lz0 steadard bad de-
graded in the laboratery envirorsent ever 3 period of severzl
daye, Freeh Ms0 standards had te be prepare) for cach day's
teflectar.e masur-ments, Another problem with ithese Mpo
standards vas their lack of eehssivensis, 80 that they “ould
not he uwiod in the inverted position te obt#in calibratisns
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thiough the glass slide (substrate), These comniderations led
to the use of Fastman Kodak “"white reflectance paint”™ which
is stable in air, very cohesive and durable, and (s "white"
for 350 € N €BOO millimicrons. This paiat will be our
standard instead of MgO for all future work,

(2) Reflectivity messurements have been made on Au, Pt, and
Au=on=PL filma on glass substrates, Mest of the vork veported
here is from the thesis submitted Ly Thomas Hull te Northeastern
Univerefty in partial fulfilloent of the requirments for the
degree of Master of Scicnce,

Au=on=Pt thin filn couples were dspositad on Corning 7059

glase wmicroscope slider by therma] evaparation [rom tungsten
filaments at about 10" tarr, The glass subsivates were held
st 200°C for the Pt deposition end were alloved to eool to
ambient temperature for the Au depesition (Lo inhibit diffusion
during the evaporation preccdares). Regions of pure Au and pure
Pt were deposited on the gawe substiate 2ad in the same pomp-
down cyels as e Au/Pi eouples by woans of & spring-loaded
tws=position misk, These singic~ncutral regionz vere wied

for elrctrieal resistivity, veilectivity, and film Eiichiess
comparisons,

Approximite caleulations weing bulk values for § and £ in the
expression for the diifusion cosfficicnt, Db e .g,.", in=-
dicated that an observable refjrctance change alght be expaeted
after 1/2 hour at 500°C for a 6000 A Au fiim, viewed .rem the
Au side, Exploratory teflectance ueasurements were made after



each of series of hea trestsents for one houwr at 507C istervals
frem 350% = 700°C., Thess heat croatnonts resulted (» the forsas
cion of slisters in the veglon of the Au/Py couple 2t tecperateres
greater tham abowt 200°C. New specir=ns weio fabricated wiih a
thin tantalum exide wnierlayer next to the substiate in an
attempt to reduce the blistering, The isprovensat wae wargival,

Samples wvere fabricated and tested foy spectval vefloctivity

an a funetion of heat Lieatmont for Pi thickocsscs ranging

from 250 A ts 1350 A and Aw thicknesses rangiepy from 4000 te
6000 A . The thinnees of the Pt filus wes due to the difficulty
ia obtatning thicker films weing theee 1] evaporatioa frea tungten
filamente, In the futere, electvon boan evaporation will be
weed, althoush this will intraduce otl ¢ vav stieas in the astuvre
ef the films deposited, Heat treatssnls vwote carried et at
6757 for one hour inerements. A typical set of veflectivity
results is given in Fips, 1 and 2 fon the Pt cide (viewed ihrough
the glass rubttvate), Variews e¢henges eccurivd thet ceased aftes
four hours, although we Zefinite trends eouvld be discermed from
the limited date, Figuves 3 aad & present the speetval veflectivity
of the Pt and Au standzids aseociated with the Au/Pi ceuple of
Fige. 1 and 2, The Pt fils ehowed a dramatic incredse 18
reflectivity after anc hour, wheveas the Au film shoved & slight
dacteass in Pefloctivity, with some shifts of the speciral

wutve in both eases, FTigure 3 1 a zraph of the reflectivity
(st 450 w23 of Au, Pr, and the Pt side of the Au/TL eouple 2s

& funciin of anncaiing fempevature, v this sessle, the Aw
deereased markedly and the Pt increassd warkedly
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These waoxpocted ehan: 8 may hasc ebsdured those expocted due
te diffuston, and this wmitter I8 cader invest{pation,

The follewing table presenis the sellectivity and room tewj=
erature vesistivivy of a Au/Pu wouple and acemmponying Av and
Pt filems for 1250 A of P and 5500 A of Au before and alter
annealing for owe hewr at 6757c,

E Peflectivity (490 v) Elee, Resist, (reem Tesp,)

(Arbitrary Units) (sieven: = i»)
Specieon Initie! Fipel Isigial Fimal Bulk
Au : 290 250 % = S 2.44
P 62 152 30 0.3 10,5

Pt eide of An/¥e 60 200 =

The electrical resiativity valusa fndicate (hat the files vete
prabably confinwovs, but Ehat the Pt [iin coricined 2 high
density of defects, with & lew density of dofects in the An
fil=s. Altheueh the thig Pt Iil.= weve ot epticzlly denss,
the refizctivity of the Pi film threush ihe gless matehad that
of the Pt in tie Au/Pe couple, This result is supported by the
theoretieal curve for Py ieflectivity vevauas film thieknoas
(0.8, Beavens, Gpticel Frupercies of Yris Selid Filps, Dover
Pub, Co., N.¥, 1965, p, 261), Thus, it appeers Ehat Lke im=
ereate iv reflectivity and deevease in vedlstivic . of the Pe
way be caused by a veevystallization of the File oven at this
19w temperaturs, (Cald has been 1eporied £ ve. yrtallize as
low as 150°C,)



This ndet}ne_i apply te Gyciims with eevplete selid selvdiliny
and a diffusion constent which it indepradest of cespasitiag,

Werk for ths mese mﬂa muam uﬁoezu:qnf
Au, ﬁ.d%ﬁmﬂﬁnﬁmamm
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CORAECTED REFLE.TIVITY

REFLECTIVITY VS ANNEALING TEWMPERATURE
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!Eg golgtiua to the finite slak with insulated fases
gud ;nigia} tenperature distribution is taken from gatslsﬁ

47
2
- < L wx [ pex!
ot S e
4 n=1t :

where g(g'; = initial temperature distributien

%=°

and Jaeger, p. 101,

¥ = tesperature

Le tetal thickness

k = heat transfer coefflicient

§ & tiwe ,
The diffucion anclegy is:

2 2
= T ==
1 Ft o ex [ ™ nrx!
€= ‘_f TE(x')ds +% e ga@%‘e—f g(x')eag%:—adx'
-3 : az‘-.l- o ' o

where € = eomposition

b = diffusion sonstant ,
%o gpproximate the multiesmponent film, the initial distri=-

pation ie;

(') = Cer 0<xch
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Appendix B - 2

£f(x') = 0, E<2<E

Thus, the integrale becone:
L : h i
‘/; £(x')dx -./; Codx' + 0 = by

and
h G L
j f(x")cos= =&' Ej. c°ea%§aéx' +0 = ;';‘- gin -'5%5

The golution becwowmcsy

= . B8
é—ef4-§2%é %’Eeés§=oin?{5 .

n=1
1f we coneider a surface analysis, then

£ =0

and ths eslution redusesz o)



&,

Biophysical Studies
S, Fine

'&iMﬂthmmmmm
months relating to the grent,

laor, ¥, Bimpsae €. 1., Flein, F., and iime, 8., *pathalogy of
mwm aser Radiation,” American journal of the
Madical Seiences, Vol, 207, April 1969, :

Presentations

Fine, §,, "The Apdication of lLasers to Rislogy and Medicinse, -
Canforence on Trends and Directions in Riological Sciences of the
Thirteea Colleges Curriculum Program Biolegy Teachess, Clark Col-
lege, Atlanta, Goorgia, Mareh 1969,

§. Fine - Participation in Skin Laser Workshop, Secend Intern-tional
Laser Safety Confercnce, Cinoirnati, Ohis, March 1969,

Fina, 5., Lasers - Charactesisties, Uses, Hazards, aml Riologieal
fifeets, Sewminar Sorice, DaviFonmental Health Engineoring and Sai-
enceo, Cradante Bohoel of Enginsering, Northeasters University
Mazch 1369,

Fine, &, , Lazers - Chmadiedstics and Uses s Bislogy and Medicine |
Burgical Sernanar Seriss, Boston Universilty Schaal of Modioine, March
1968

Fine, 8., Usc of Lasers in Riology and Medicine, Laser Applicatiuns
Course, Washington University, 8t, louis, Missour;, May 1969,
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3. laser and Relsted B¢ dics

The mapuserip. on predsumis aod tempovature in the sntetin: aqueous
ehamber on CO2 ivvadisiien has boon completed awd is beoing prepirad
for submiszion, Studies have boen initicted on the temperaturs clevation
for threshald injury te the eye on €0, ivradiation, Initisl c:loulatieas
have been carried out en harards ssswciated with jnceherent parrow i
beam divergence and sewicomductor lasey ivradisties,

Bupture and e sLvengih s dBuTescnts have beenm earried eut

on lesgitedinal sacples, The velative stresgih of lesgitedins] specin oo
ﬁmlﬁﬁmli%ﬁﬁ&!ﬁi!iﬁihﬁtﬁm.
Calenlatiave are being esivied aut to determine fu whiech Fegieons of

the aoFEa i é3a be (ondideseu 38 & Ehinwelled splinder,

LN

: G e f i nt
L RG] e = B =2 st

Flew studics arc Being conduited om 4 shuni created betvees the
a3cta awdl vight pulmonajy Zrtc¥y, O3gesrs vave clctivendpnetic flowmcters
are plesed areund the aavia preniasl distal e the shunt ia messuie
flew, The flow throegh the shuat iz the diffesence is flow as ==asavcd
@8 a function of hematoerit, asd after adeiaisivation &f Fpincphiine

and ieopretevanal,
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