A HOUSING FOR A CIRCUIT THAT IS TO BE IMPLANTED IN- VIVO
AND PROCES"@S OF MAKING THE SAME BACKGROUND OF THE
INVENTION 1. Field of the invention [001] The present invention relates
to a circuit housing, and, more specifically, to a housing for a circuit
designed to be implanted in-vivo (i.e., an implantable circuit). 2.

zDissyssion _%Eeﬁ%fmé%%rﬂdg%&?ﬂ There are seygeal appl ?;'%.S that
require aﬁ%lt‘ggi)epg\&;gg@ gorf@pg %@Vﬁfﬁﬁ%ﬁ’l which the circuit

is intended to operate. For example, a human implantable glucose sensor
circuit must be housed within a suitable housing to both protect the

sensor from th ma y and to_protect_the human body from the
sensor. U.S. P%#ﬁkilo. %HJQ A 4T§%%pcﬁ§‘g%§3r§o§f which is incorporated
1 herﬂr‘é% tt&i§ rgfleé'eg]%@,egig%nﬁes such a sensor. [003] A housing,
i Asfie)

encasing an implantable circuit should have at least some of the following

toogharacteristigs (1 4ae @bility 40 profect the, elactranic cirguitryof the
sensor from the ambient in-vivo chemical and, physical environment, (2)

ROUFP GhiliRffy RS (RS adiaRentto tHe SbriddrfbRy for 2

circuit designed to be implanted in-vive (i.e., an

implantable circuit).
2. Discussion of the Background

[002] There are several applications that require
& circuit to be protected from the environment in
whnich the circuit is intended to operate. For
example, & human-implantable glucose sensor circuit
must be housed within a suiltable housing tec both
protect the sensor from the human body and to protect
the human body from the sensoi; U.s. Pat. Neo.
£,330,464, the disclosure of which is incorporated

herein by this reference, discloses such a sensor.

[003] A housing encasing an implantable circui:
should have at least some of the following
characteristics: (1) the ability to protect the
electronic circultry of the sensor from the ambient
in=-vivo chemical‘and,physical environment, (2) the
abllity to prbtect tissue adjacent to the sensor from
any adverse reaction which could result és a
consequence of contact (or‘leachables) fxom within the

circultry - in addition, beyond the adjacent tissue,
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any adverse reaction which could result as a consequence of contact (or
tnieaghables)from within the, Cirguitny:-4n %Q@Qﬂb@@@@ﬂhﬁrﬂgj%@@é ctable

‘tissue, Docket No. 2232-196 | the encasement must not permit
sifgathablas of any'detectdbe Signititanceinothesgeherapdys: (3) the
abenvironment(@yihie: ability te: pernat wireless slecionic.eamaimigation tween
+hbetwe§nnthevcircuitr(¥ and an gxternzlI reader for power and signal; .(4) the .
““Sbifity 16 permit a8 paslade‘ofwavelengiRS of light néce&8aryTor optical® 7
{ 4functioningtof the gensor; (8)the alilitydo supposrtthe sdrfacevchemigtryis of

;requir form a chemical recagnition. *ftont-end’ (6)-the housi . req
T o el Siecs, (s
S hRonatoxitidnid "Biocotipatible”; 4h¢ (8F providea Gufficieritiyrhigheraliabiisy ©o
£ toymeet thespecifications of.a megicakprodyct. SUMMARY) OF T HE 1 oy sing

INVENTION g\)o4 One aspect of the present invention prov[des a L
ShiEemPtiblé, aRGhiplntabfd dpparattis® cBmpfising: 2 fullfpe 1ousing
nu@nclosed heusing;a circyitencasec-withinwe brickof epoaxy, whereindhede &

brick of epoxy containing the circyit is housed in said housing; and a
3ot anok diopihed bersben 4 outer iface oFneHHCR
a andiandinersuiface .of the fully enclosed housing.

of epoxy™® ©F

SUMMARY OF THE INVENTION
[004] Cne aspect of tThe present invention provides a
biocompatible, human impiantable apparatus, comprisiﬁg: a
fully enclosed housing; a cilrcult encased within a brick of
epoxy, wherein the brick of epoxy containing the circuit is
heoused in said housing:; and a second epoxy disposed between

an outer surface of the brick of epoxy and an inner surface

Ih

0of the fully enclosed housing.

[0051 An alternate aspect of the present invention
provides a biocompatibie, human 1mplantable apparatus,
comprising: a fully enclosed housing; a glass housed within
said housing, the glass housing comprising a glass tube
having an open end and a glass ball sealing said open end
of said tube; a circuit encasad within a brick of epoxy,
wherein the brick of epoxy containing the circuit is housed
within said glass housing; and a second epoxy disposed
betweesn an outer surface of the brick of epoxy and an inner

surface oI the fully enclosed housing.



[005] An alternate aspect of the present invention provides a

roiggompatiple, human implantable-apparatus, .gomprisingsafully nvention
enclosed housing; a glass housed within said housing, the glass housing
PIEdmphisinga §iass tibe fRAving dnt SpefrEnttantta Glassvalisdaliny Saie™ @
poopenkend ofsaidtubesacircuit-encagad within a-bdck-af:epoxy, whereis1d;
.. the brick of epoxy containing, the circuit is housed within said glass, he
S RiNG and  sekBA BHBKy opodl etvidth antbadr suiface dhifie  ©7°
f clricklefrepoxy and@reinnér surfacesofttie fullyenclosed:hoysing:2006] the
e funer agpect ofihe present invepion provides g methad farflly, ;o
encasing a circuit within'a polymer housing, comprising: acn%/gt e
P CdintAtiA ZLMBId; Nifjetting a-fofrhalation into the mold so that the
formulation completely surrounds the circuit, wherein the formulation
comprises monomers and polymers; and polymerizing the formulation.
[OP67] An additioridl Gspetr 6t the brESéErt invéntidn’ rovites A ethad fgt = 1o
pAully @peasing accircult within arhousing: cepwrising dnsetting:the cirewtin a
__into, the glass _housing; injecting an optical epoxy.into a glass housi %;
hSHbtifg an SPHCAEHOky it &Setond hotiing: insahing Tiothe sbeofd =SS
nchousing thérglasshousing containingtheepoxy into a glass housing;

injecting an cptical epoxy into a second housing; inserting
into the second housing the glass housing containing the
circuit; capping an open end of the glass housing: and

capping an open end of the second housing.



circuit; capping an open end of the glass housing; and capping an open

[ oed of the second Heusing, 3J008] Jhe abave and gtherfeatiresatdges of
advantages of the present invention, as well as the structure and

Co8perati6n of prefeftdd Bmibddimeritd of the presdft irehtion,drecture and

opdescribed in detail beleywrwith sefereaee toi the aeeompanying-drawings:e sent

._BRIEF DESCRIPTION OF THE DRAWINGS [Q09] The accompanyin

S AWIAGE Wi arSIHECHDEiied heRSh Shs (BHA B G o To eidnce to

t hepecificatioan helpdllusteate nearious embodiments of the present invention
and, together with the description, further serve to explain the principles

of the invention and to enable a person skilled in the pertinent art to make
and use the invetitiont In e~ didwings, ike référencéRbimbers indicate

[ogentical- or-funclionallysimilar elements -Additigpallyythe Jleft-moast -, rateq
digit(s) of a reference number identifies the drawing in which the .

" efeterené@ humBerfirBEappears. [OFL0T BTG HitGstFates oné @Mbodiment-Tate

va@fid cisCUiinpssEmblyaccerdingre the-peesent invention {80114 £|G.2isa her
flow chart iIIusératigv% a process, a,ccgrgigng to one embodiment, forl . o

Y e asiﬁﬁea circuit h”laoﬁdlyméﬁlﬁ& ing °°FVE to  explain = the

principles of the invention and to enable a person skilled
in the pertinent art To make and use the invention. In tThe
drawings, 1like reference numbers indicate identical or
functiconally similar elements. Additionally, the left-most
digit{s) of a reference number identifies the drawing in

wnich the reference number filrst appears.

[CG10] FIG., 1 i1llustrates one embodiment of a circuit

assembly according to the present invention.

FO011] FIG. 2 1s a flow chart illustrating a process,
according Lo one embodiment, for encasing a clircuilt within

a polymer housing



4 [0012] FIG. 3-is a cross sectional view of a circuit.assembly according
to an embodiment of the invention. [0013] FIG. 4 is a flow chart illustrating
a process, according to another embodiment, for encasing a circuit within
a polymer housing. [0014] FIG. 5 is an exploded view of a circuit
assembly according to an embodiment of the invention. [0015] FIG. 6 is a

[oeross sectional viewsef & circilit-assembly-according tg angther
.embodiment of the invention. [0016] FIG. 7 illustrates a circuit assembly

A& orint P ARdther BRbSHiment df e PrESEt iRvENtidn. [0617] FIG. 8

inigaartexploded view of a circuit assembly according to another
embodiment of the invention. [0018] FIG. 9 is a flow chart illustrating a
[Ofrbkss, aédording tosanother enttiediment 1fos englsing a circuit within at

prBolyer housing, {00191 FIGS. 104 and 108 llystrate a citeyit, covgred
with different amount of epoxy. DETAILED DESCRIPTION OF TH

& PREFERRED EMBODY r housing.
[0014] FIG. 5 1s an exploded view of a circuit

assembly according to an embodiment of the invention.

[0015] FIG. 6 is a cross sectional view of a
circult asssmbly according te ancther embodiment of

the invention.

[0016] FIG, 7 illustrates a circuilt assembly
ccording to ancther embodiment of the present

invention.

[CGO017] FIG. 8 is an exploded view of a circuit
assembly according to another embodiment of the

invention,

(00181 FIG. 9 1s a flow chart illustrating a
process, accerding to another embodiment, for encasing

a clircuit within a peclymer housing.

[0018] FIGS. 10A and 10B illustrate a circuit

covered with different amount of epoxy.
DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0029] FIG. 1 illustrates one embodiment of a
circuit assembly 100 according to the present
invention. As shown in FIG. 1, the present invention

provides an assemblage including a circuit 101 housed

Docket No. 2232-198
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[0020] FIG. 1 '%H‘ugtrates one embodiment of a circuit assembly 100
according to the present invention. As shown in FIG. 1, the present
invention provides an assemblage including a circuit 101 housed Docket
No. 2232-198 5 within a fully enclosed housing 102. Preferably, as shown
in FIG. 1, housing 102 is capsule shaped, but other shapes may be used.
wiGirguit 10Eumay berayl electraniecireyitinaving ajaindedisirgyit board 110

S1,{';})r‘1ﬁrdnor.1(re1 or mor eI%ggrLcal andl%gticlasl com Souryegt% ﬂlﬂ_iﬁLZe tta%rlllecd to the
Gircitboard 110. ‘Circuit 167 may indlude a conventiona 5ensor, such as

) otthe&%@p@@e%bévﬁin&ﬂ@i Patent Mol @,M?ﬁﬁﬂhe heusing 102
2 1@@%}?&% bousing made.from.PMMA, which is g polymgr of mefh

I
methacrylate (MMA) monomers, or from other organic polymers.%OOZl]
ArEIG s fIBREEhart Altistrating & Poeess 200, Aceutditgtosond 2

at@mbadiment, for-creating i cirguit assemply 10Q.Rrocess 200.may begin in
step 202, where a polymerization initiator is added to a mold. In step

Lr504 U BnCAEERBAL RO ATUIARSIT Tontditfng AdnonferdSs Hotired into the
demeld (e:g., ifilling the paaldrhalfnay)slestep7206, circnd 103, 4s placed in
1 pe,mold, In step 208, more ofthe v swva, which is a

polymer of methyl methactylate (MMA) monomers, or Lrom

other organic polymers,.

[00211 FIG, 2 is a flow chart i1llustrating a
process 200, according tc one embodiment, for creating
circult assembly 100, Process 200 may begin in step
202, where a polymerization initiator is added to a
mold., In step 204, an encasement formulation
containing monomers is poured into the mold (e.g.,
filling the mold halfway). In step 206, circuit 101
is placed in the mold. In step 208, more of the
encasement formulation is poured into the mold so that
the circult 1s completely immersed in the encasement
formulation. In one embodiment, the encasement
formulaticn includes monomers. In cne embodiment, the
encasement formulaticn consists of or essentislly
consists of MMA monomers. In this manner, one can

encase circuit 101 in a polymer housing.

[0022] In some situations, for example, situations
where the formulaticn includes MMA monomers and

circult 101 is relatively large, circuit 101 can

Docket No. 2232-198 &



encasement formulation is poured into the mold so that the circuit is
completely immersed in the encasement formulation. In one embodiment,
the encasement formulation includes monomers. In one embodiment, the
encasement formulation consists of or essentially consists of MMA
monomers. In this manner, one can encase circuit 101 in a polymer
behaousing.g 0022} In semegsituationsy fortéxampléeysituatiansi avhere the
oJoupulation ipcludes MMA manomers and -cirouit 101 is relatively large,
circuit 101 can Docket No. 2232-198 6 become severeﬁ/ damaged during
dagheolyrherisdion Yproekss {ié s dukifg€tép 206} H9¢ eatise bf this
ocdarage s ysually,atirbuted tothershwinkagedhat ocguss natyrally, during

. polymerization of MMA. In the joining of bonds between monomers

) CdShtahed Within e mat SofttiSiPBPNA, fHe ihfernfsleddar $pading is
netetdusedwithin acgolyrrer astheireaction progressesp Ahisiis a s

ell-known_phenomena and typical of mast, if .not all, polymer reactions.
T Rt VOIUMGtrie SAAEAge That OCEURS Aariig the bolymiér Zation o
ThRKMA frorheat ongmeh solutionds approximately 1406mde023]iFhis

noshrinkpgecan,in some, cireumstances, create,a particylarproblem when
using PMMA as a
shrinkage that occurs during the polymerization of

PMMA from neat monomer solution is approximately 14%.

[0023] This shrinkage can, in some circumstances,
create a particular problem when using PMMA as a
circuit housing because, as the encasement reaction
progresses, and the visccsity increases as the
shrinkage occurs simultansocusly, the electrical
components 112, which are mounted on the circuit board
110 typically with conductive epoxy, are pulled from
the circuit board 110 during the polymerization

process,

[0024] The relative strength of the conductive
epoxy used to hcld the components 112 in place, which
conductive epoxy is formulated primarily and maximally
for its electrical cecnductance and cure properties,
does not have sufficient mechanical strength to
withstand the pull and stress from PMMA shrinkage as
the encasement reactlon progresses, Consequently,

some attempts to encase a circuit from an MMA meonomer
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circuit housing-because, as the encasement reaction progresses, and the
viscosity increases as the shrinkage occurs simultaneously, the electrical
components 112, which are mounted on the circuit board 110 typically
with conductive epoxy, are pulled from the circuit board 110 during the
polymerization process. [0024] The relative strength of the conductive
engpoxyasdd fo hold tieicompenents 112 in placef whichi conductive epoxy

c1isdgmulated primarily and, rmaximaly é%@%%ﬂ@%"ﬂlﬂ condugtance and

cure properties, does not have sufficient mechanical strength to

[owitBstand the pidhand stess from PMMA shrinkage-as thegncasement
reaction progresses. Consequently, some attempts to encase a circuit
P dn W%‘%b%nﬁ’ﬁ BIRREERD. 923371987 Ehtasement formulation

poflegulin asndr-funetional ocirctitbeeausemaf ur-sepairable mechanical

damage. [0025] Ta solve this problem, one %s%)ceaqut1 of th% Jresent

damage YTh 7 ncage UL sg
invention is a method by which the polymerization réaction can be

podynmducted Withtlk ddmbgeds the envased cirelit!1i0d. Because pre-

(aPRymerized RMMA of large molecylanweights (appraximately up through
1 ' million + mw) can be

dissolved in MMA monomer, and because the shrinkage is

a direct result of bonds forming from discrete

monomers, one possible solution is to formulate the

encasement formulation to include a portion of MMA

monomer and a porticon of pre-polymerized PMMA

dissolved within the MMA monomer,

[0026] The net shrinkage 1is proportional to the
amount of monomer which is reacted to become polymer
within the overall volume. If the overall encasement
formulation volume, 1s portioned to inciude, for
example, about 70% pre-polymerized PMMA, and about 30%
un-reacted MMA monomer (into which the 70% PMMA has
peen dissolved), then the degree of shrinkage which
ccours drops Iin, direct preoportion to the monomer
component within the overall volume. In practice, an
encasement formulation of 100% MMA monomer shrinks
velumetrically about 14% overall. By dropping the
formulation to only 30% MMA, shrinkage in the amcunt
of approximately €.3 = 14 = 4,3% would be expected. In
practice, approximately 4% shrinkage is measured from

making this improvement,

Docket No, 2232-198 8



dissolved in MMA;monomer, and because the shrinkage is a direct result
of bonds forming from discrete monomers, one possible solution is to
formulate the encasement formulation to include a portion of MMA
monomer and a portion of pre-polymerized PMMA dissolved within the
MMA monomer. [0026] The net shrinkage is proportional to the amount of
[GR8rRdmer vittich islicactad t6beconta! polypfera withirt thie peeradivolume.

sdﬁhﬁso;ﬁ@@#f&@%@%ﬁpw{ﬁﬂéﬂﬂn yplume,.is portigned to;inclyde, for

example, about 70% pre-polymerized PMMA, and about 30% un-reacted
SARER HTOTomEr GRIGAWRILh tHe 209 PMMA tas beén<iisstived), then the

14degreeof shyinkage which: oeeunsiropsin, diract propartion tedhe

..monomer_component within the overall volume. In practice, an

S CASEMTER B METRITHOSH L0OSTINMA rsHomar <hrinks veturietically

praboutrl 4% overall. By deoppridg the tiosmytation:toreniy 30964 MMA,
shrinkage.in the amount of agggoxim%ell){.o.?a Xilodfa: %\.fg‘/gl\évould be

beT I & C 31t A .
eefpuesc?eé). In° p?a"lrcti%%r,1 ap%?gmma?gﬁy % 'S 1ﬁ&rlwl‘(age is Meastitéd from

a aking thisl ssroveatartt. DotketNo; 2282119888602 EAccordingly, the
rf@sult of altering pergent, splids provides an imprguement in system stress
regﬂggion in shrinkage may be possible. As a practical
matter, the solution viscosity becomes extremely high

at these higer ratic levels making the high sclids

solution extremely difficult to handle, transfer, etc.

[0028] In some situations, howsver, even with 4%
shrinkage, which is a great improvement over 14%, some
percentage {about 40~50%) of circuits 101 can not
withstand the 4% shrinkage of the encasement. The
surviving circuits tend to have greater amounts of
conductive epoxy to increase mechanical strength
slightly of the surface mounted parts. However,
conductive epoxy is not sufficlently strong, and to
increase the amount used per connection beyond good
manufacturing standards would then create other
problems. Another important consideration is for wire-
vonded circults. Thase “frog hair” gold wires are
typically 25 microns in diameter which is about 1/3 to
1/4 the diameter of a typical human hair. Small
amounts of movement relative to the fixed board

compenents can rip these wires from the attachments.

Docket No., 2232-198
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encasement by-reducing shrinkage from, for example, 14% to 4% by
reformulating MMA/PMMA specifically for the encaéement process.
Formulation ratios of 60-80% PMMA in MMA are preferred, although not
required, because of a present practical limitation. Although to a point,
higher ratio values would be expected to reduce shrinkage

[ qupportionatelycand dgrther redyetien kpshrinkage-may he pgssible. As a

._practical matter, the solution viscosity become extremgl _high, at these
Q%géa%'e S makirg x ﬁg%&ﬁti%‘%xﬁ%ﬁe%ﬁiﬂié&lt to

ir 0 Ly stre
r'ratio levels making the ﬁ/lgﬁ S0l
t chandle-transfen, ettt j@A28kintsSome sitaations; hdwevera ewer with 4%

cirikage. which.is.a great improyement over 14%, some percentage
(about 40-50%) of circuits 101 can not withstand the 4% shrinkage of the

[ Reesement, The - surviving SirgHits fend tq haye greater amounts of

. conductive epoig to |ncrea‘se1~mechan|cal strengtf sllgrltly of the surface

LOhobhtet! paits Howevar t &shanctive pssFrAdt dfidently strong, and

sHioi inciease thenameentused ey /Gnnestion bayond goot manufacturing

resétgggarrgs vggulgl thlegicnrga%ec oth%repéqbrlemstAQother important
Consideration is forwire- Bonded ¢ircans These ‘lngb Aa ‘- §old wires are

artypicatly 25cmicrony @ diameteravhich is ab6utl LiBtong assembly

of the electrical components to the c¢ircult beard and

cleaning of the assembly, an epoxy is applied over the

Clrcoult, which epoxy both under-fills and overfills

the components attached to the circuit board.

Surprisingly, it was discovered that this solution

works best when the applied epoxy covers the

components in such a way as tec result in a relatively

“smooth” surface topology, but this is not a

requirement. This “smooth” surface topology is

i1llustrated in FIG. 10A. For comparison, FIG. 10B

shows . a “non-smooth” epoxy coating. As shown in FIG.

102, the surface 1002 of the epoxy coating is smooth

or substantially smooth.

[0031] Although the epoxy adeguately strengthens
circuit 101 against damage from the shrinking polymer,
the resultant stress caused by the remaining 4%
shrinkage then becomes manifest as de-lamination
between the adjcining surfaces of epoxy and PMMA
within the final encasement. As mentioned above, it

was discovered that 1f the surface was smoothed by the

Docket No. 2232-198 10



1/4 the diameter of a typical human hair. Small amounts of movement
relative to the fixed board components can rip these wires from the
attachments. Docket No. 2232-198 9 002 91 Accordingly, in some
applications, it is desirable to mechanically strengthen the circuit 110 to
allow it to withstand the remaining shrinkage from the PMMA encasement
votutresreaction pl00304 Qnenway tolmechanicalhyx strengthenrcicuit 101 to

~13llow It fo. withstand the V%@@‘%‘“Qgﬁ% shrinkage, from.the PMMA (70/30)
encasement cure reaction, is to réinforce the circuit with a pre- applied
tcepdxyEtayer/Ror edarplel felfowing dassertsly ofithelelegicaFcur.

ThEompepentsAo thegircuit:hoard-and -cleaning,of he assembly, an epoxy
is applied over the circuit, which epoxy both under-fills and overfills the

abEorhpBents afftddidthto therGifduitboard! Stifprisifigty St iAaStiscdvered
bothat this sotution. works best whep the appliegkepaxy eovers the

components in such a Wa%/Fas oresultin a re_Iati\4er "smooth" surface

ofopology bt thig s fidt & retfent This Sidoti tffat&opology is

rolfdgated inFIG. 0A, For.comparison, FIG, 0B shows,g sagn:smooth
epoxy coating. As shown in FIG.

the circuit 11C may, in some embodiments, include a

light blocking pigment (such as black or wavelength

specific) which prevents unwanted light propagation

and scatter about the circuit, thereby increasing the

optical signal to noise ratic of the system.

{0033] In some embodiments, to prolong the life cof
the circuitry 101, it may be desirable to prevent
molecular water vépor that has seeped through the
housing 102 from condensing tc become ligquid water.

If liguid water cannct form from the water vapor, then
potential ilon contaminants present cannot become

solvated, which can lead to cilrcuit failure.

[0034] One way to prevent the water vapor from
condensing is to prevent the formaticen of heat induced
bukbbles in the encasement polymer. MMA monomer is
extremely volatile. The polymerization reactlon of
MMA to PMMA is alsc excthermic. The sxcthermic heat
vield from a typlcal reaction begun at room
temperature will commenly increase the tempesrature as
the reaction progresses to a point whHere the remaining

un~reacted monomer will boll and create bubbles of all

Docket No. 2232-1%8 11



10A, the surface 1002 of the epoxy coating is smogth or substantially
smooth. [0031] Although the epoxy adequately strengthens circuit 101
against damage from the shrinking polymer, the resultant stress caused
by the remaining 4% shrinkage then becomes manifest as de-lamination
between the adjoining surfaces of epoxy and PMMA within the final

s 1 eneasementAs: nentioned=aboves dt wassdiscovered thatif ¢he surface
was smoothed by the .Docket No. 2232-198 10 voelume_and application of

T SRR b Shat it -aowthg e PUNIA (0 AGrA e st the

vosarface topoldgye then deramihation vwaksslesy tikely to @eetdr. The stress

coframthe 4% temaining shrinkage is.then. ahsorbed as infernal strgss

~within the PMMA encasement body itself. This stress may be removed in
thy eenvitionsd wWel by ahREaRRg in BTiral dp&rationc5Ho32] Sonde or all

prafthe-epoxyused fe reinforcgothe eirsuit 110 maysimsomeembodiments,
include a light blocking pigment (such as black or wavelength specific)

PLifich preverits BnaRted ight ropayatbh®and SchftéFabout the circuit,
prhereby increasing theeoptical signal toneise ratiovef thepaystem. (0033] In
prg%gﬁ?%ng?dgﬁgnﬁgg% g¥oggtggé”%8£ymerization

temperature. This pressurization process both

prevents bubbles and provides a very c¢lose mechanical
surface bond with the underlying epoxy coat which does

not delaminate cnce formed. The housing is clear and
without bubble or void defects to prevent water from
condensing, and as an ilmportant byprcduct, provides

excellent optical clarity without bubble defect.

[0035] Referring now to FIG, 3, FIG, 3 is a cross
sectional view of circult assembly 100, according te
one empbodiment, along line A. As shown in FIG. 3, the

circuit 101 may be fully encased within a brick of

epoxy 302 {or “epoxy brick 302”), which 1s encased
within housing 102,
[0036] FIG. 4 is & flow chart illustrating a

process 400, according to another embodiment, for
creating circuit assembly 100, Preccess 400 may begin
in step 402, where a housing 500 (e.g., a sleeve 500
or tube or other housing having an open and) (see FIG.
5) is created along with a plug 504 for plugging the

opening in the housing. For example, a cylindrical
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the circuitry 101, jt may be desirable to prevent molecular water vapor
that has seepéd through the housing 102 from coridensing to become
liquid water. If liquid water cannot form from the water vapor, then
potential ion contaminants present cannot become solvated, which can
lead to circuit failure. [0034] One way to prevent the water vapor from

s16QRdensing is:to prevent the fermationet-heatdadueesh bubbles inthe
encasement polymer. MMA m norperis %xtremel volatile. The
O olyfietl3aion TeACHoR of WNIA 3 PRI s W46 BAGHEFmIE T

Ase@theﬂnifmhe’&te yield frohe artypical reactiansbegun abrogm Stenperature
-alleormmoni inerease (e lermagralure as. e reaction proresses o 2

oinf wherée the remaining un-reacted monomer will boil and create
50Qulsbldsiofadl DotketrRon2282 198 F¥iFes tkaspediithin thevéured

arPOlYMEr. ﬁgfrsgeahﬁ@gawsébéIitgﬁm@tr@@d&@ﬁd micre-uhbles and
voids within the housm%g where water vapor could condense, substantial
2DeVerpressuraGHay bessdd ddring the polymerization reaction. More
specifically, in a_preferred embodiment, a mold containing PMMA/MMA is
W&%Zéd withift asﬁrg S%Pregfeéec98f<§ﬁajt fs f}%ﬁ Jpefgsgﬁ?z%dt oa pressure
cithat exceéds the vapor the circuit is partially or fully

encased within an epoxy brick 302, thereby forming an
asgsembly 503, In step 406, assembly 503, slseve 3500
and plug 504 are cleaned. For example, assembly 503,
sleeve 500 and plug 504 may be cleansd by rubbing a Q-
tip with IPA con the surfaces therecof. In step 408, an
optical epoxy is prepared. EPO-TEK 301-2 Epoxy from
Epoxy Technology of Billerica, MA and other epoxies

may be used as the optical epoxy.

[0038] In step 410, the circult encased within the
epoxy brick (i.e., assembly 503) is placed into the
sleeve 500, In step 412, the prepared optical epoxy
is injected (i.e., introduced) into sleeve 500.

Prefe

=

ably, no bubkbles in the optical epoxy are formed
during step 412. In step 414, the plug 504 is placsed
into the open end cf siseve 500, thereby sealing the

open end of the sleeve.

[00389] FIG. 6 is a cross sectional view, according
to one embodiment, of the circuit assembly 100 along
line A after step 414 is performed. In the embodiment

shown in FIG. 6, the circuit 101 is fully encased
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pressure of MMA monomer at the polymerization temperature. This
pressurization process both prevents bubbles and provides a very close
mechanical surface bond with the underlying epoxy coat which does not
delaminate once formed. The housing is clear and without bubble or void
defects to prevent water from condensing, and as an important

W L Yo dait, Previdesr exkelfdht optithF cliFtywithe dEBubihIé deféde0035]

noReferring.naw o FiG. 3:FIG 23 isia.£ress »segtionakviewof glicuit,
assembly 100, according to one embodiment, along line A. As shown in
ma|§e3 gheY cireGit 163 mdy He'fity efcaSed Withis abiiitkist 8poxy 302
cy(oriepexy brick 8022), avhichis encased 1 withinhousing: 102. [0036] FIG.
4 is a flow %Fart iI{Lil]strating a process 400, accordir}g%to a other
“h&hbodimarit, for crgat?r?g éi\ffcufjéa‘s”s(‘ém‘b?y 160 FProcess r‘h%&tbegin
thin step 402; avirerevee housing 5006 gy iaysleere BO0cor tishe endther
1ofjgusing having ga.onen edlee G, 2Lk glgaled,diong with a plug

504 for plugging the opening lousing. For example, a cyﬁndrical
s 1DBeket!NS 22232108 12:8leeves300 aftsdiey 504 may Peemaehined from

Tha Pobaner; fodcguch asaragkak BMMAQr other-arganic pelymer, -
sgrt((d*d)-{(h*h)], where w is the width of assembly
503, h is the height of assembly 503, and d is the
inner diameter cf sleeve SOO: In embodiments where

{ the assembly 503 does not have a uniform width or has
a clrcular shaped crosgs secticon, then the maximum
width of the assembly may be equal to or slightly less
than the inner diameter. As illustrated in FIG. 8§,
the optical spoxy {(e.g¢., a refractive index (RI)
matching epoxy) fills spaces between assembly 503 and

sleeve 500.

[0C40] Referring back to FIG. 4, in step 416, the
new assembly (i.e., the sealed sleseve containing the
epoxy and assembly 503) 1s placed into a pressure
vessel., In step 418, the pressure within the vessel
is increased to about 125psi using Nitrogen or cther
inert gas. In step 420, the optical epoxy is cured
for an amount of time {e.g., 20 hours) at a
predetermined temperature {(e.g., 40°C). After the

predetermined amount of time has elapsed, the assembly
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As shown in F[G‘.ES, sleeve 500 may have a notch 592 adjacent to the
open end 594 of sleeve 500. If sleeve 500 and plug 504 are made from
PMMA, the PMMA sleeve and plug may be annealed at approximately
80C for about four hours (step 403). [0037] In step 404, epoxy is applied
over the circuit 101 so that the circuit is partially or fully encased within

1 sam epoxy Hrick 302; therebyformingran sagsembly503: 10 Sted 406,
assembly 503, sl 500 and plug 504 are cleaned. For example,

magégénﬁgly \SSo‘Qefps%(%e\é\ﬁe '500 and plug 504 may be cleaned by rubbing a Q-

[oR y4th IPAron the surfaces thereof In.step 408, an, optical epoxy is
prepared. EPO-TEK 301-2 Epoxy from Epoxy Technology of Billerica, MA

POZrd dttferepddies Thag be'dséd a¥'the vptieaf SpM&L $6638] In step 410,
enthesciraitrencaseslwitbin:then gpaxy bsiek (ke.c assembhe5@3)is placed
_.into the_sleeve ?OO. in step 412, the prepared optical epoxy is injected
thﬁ.e‘?ﬁhﬁ&ﬁﬁcé@) into sleeve 500. Preferably, no bubbles in the optical

roBH2Yy are fored; duying step 412. 1y stop 414, the plug 504 s placed

into the open end of sleeve D?ﬁmareby seaﬁﬁg the ‘open &nd of the
asglenie Y[0089] FIGLBYs rEross seclivRalview; acording. t

assembly 700 1s similar to clrcult assemply 100 in
that assembly 700 includes a circuilt 101 housed within
a heusing 10Z. However, in assembly 700, the circuit
101 i1s also housed within a glass housing 702 (e.g., é
tube or other shaped housing), which itself is housed
within the housing 102. The glass housing 702, in
some emnbodiments, is closed at one end and open at the
opposite end. The open end may be plugged by a glass
ball 704 or other sultable plug. FIG. 8 is an
exploded view showing the components of assembly 700,
according to cne embodiment. Glass hcusing 702, in
some embodiments, may be constructed from an infra-red

(IR) blecking glass.

[0043] FIG. 9 is a flow chart illustrating a
process 900, according to one embodiment, for making
assembly 700. Process 900 may begin in step 902,
where a sleeve and a plug, such as-sleevé 500 and plug

5C4, are created.

{0044} In step 904, the sleeve and plug are

annealed. The sleeve and plug may be annealed at 80°C
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to one embodirp’ent, of the circuit assembly 100 along' line A after step
414 is performed. In the embodiment shown in FIG: 6, the circuit 101 is
fully encased Docket No. 2232-198 13 within an epoxy brick 502. The
epoxy brick 502, which houses circuit 101 is placed within sleeve 500,
which may be a cylindrical sleeve. When sleeve 500 is a cylindrical

I cgleeveand fwhen civowit 1017s fullye entased within dhe @pexy brick, it is

preferaple that thedistance betyveen the_ upper right hﬂ?ﬁj corper and
(elo(\%'e'r left corner of e’po%yﬂ?eri(%? %2 %“éaescf’ug?p o %Jr%ﬁig §'leSs fiah the
baihher diamétes vf sieeveks02.2 That i, in somecémbotimentsitis

e xRreferablesthal v =5 sartg(aid)s(heh)s where w is the width of assembly
503, his the height of assembly 503, and d'is the inner diameter of
4151887650, fif embbditents wheté g assenibly S0 d6éSRot Fiavde a

g lusifornpwidthorits aneireulas shaped crass segtion thenthe maximum
L Width of “tqe; assemblgldtir}rap/ be equal to or slightly less than the inner

° L §iidter A MUSHHARY MFIG 6, e oplCa Ehoxs (g - S tefrabve

thimdex i(REe dnatchingrepexy) fills spaces between assembly 503 and

+ sleeve 500. [0040] Referring back to FIG. 4, in step 416, the
[0045] In step 208, a bonding agent is applied to

the glass housing 702 and glass ball 704. The bonding
agent used may ke trimethoxy [2-{T7-ocxabicyclo
{4.1.0lhept-3~yllethyl] silane, which may be purchased

from Sigma~Aldrich Corporation (catalog no. 413321)

[0048] In step 8910, a batch of optical epoxy is
prepared. In step %912, the epoxy coated circuit board
is inserted into the glass housing. In step 914, some
of the prepared epoxy 1s injected into the glass

housing 702.

[0047] In step 216, some of the prepared epoxy is
injected into the sleeve 500. In step %18, glass
housing 702, which houses the circuit, is inserted
into an open end of the sleeve., 1In step 920, the
glass ball 704 1is inserted into the open end of glass
housing 702, thereby sealing the open end of the glass
housing. In step 222, the plug 504 is used to seal

the open end of the slesve.

[0048] In step 524, the sealed sleeve, which houses

glass housing 702, which houses the circuit 101, is
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new assembly {i.e., the sealed sleeve containing the epoxy and assembly
503) is placed into a pressure vessel. In step 418, the pressure within the
vessel is increased to about 125psi using Nitrogen or other inert gas. In
step 420, the optical epoxy is cured for an amount of time (e.g., 20 hours)
at a predetermined temperature (e.g., 40C). After the predetermined
plamednt-oftime Haseelapsedy thes assermblye Ddokep Kos 2282-198 14 a ~r

1 riS Femaved:fromihe pressure; vessel and then fipal yoachingd (giep 422).
[0041] The method described above allows the possibility of annealing a

C ePRMIA HOtRINg héfoté cércaserfieAtRithodCpGting ahyeaddiiendl stress

2 comdhecircuitel Gl d8R42LFIG. Fillustrates,an afemativercircuite assembly
700 of the present invention. Circuit assembly 700 is similar to circuit

2S5 S8l T A asseribly R0 HeitiEssa &rédit 103 HbusaE within

f ia housingr102Hawewer, 9a @ssembly 700, the circuit 101 is also housed
within a glass housing 702 (e.g., a tube or other shaped housing), which

[ Oiteftfl is houseth euithiin thie: helising 102 CRhésglass housiip 02 rin

illustrated as a seguence of steps, 1t should be
understood by one skilled in the art that at least
some of the steps need not be performed in the order
shown, and, furthermore, some steps may be omitted and

additicnal steps added.

[CO50] While various embodiments/variations of the
present invention have been described above, it should
be understood that they have been presented by way of
example only, and not limitation. .Thus, the breadth -
and scope of the present invention should not be
limited by any of the above-described exemplary
embodiments, but should be defined only in accordance

with the fcllowing claims and thelr equivalents.
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some embodiments, is closed at one end and open at the opposite end.
The open end may be plugged by a glass ball 704 or other suitable plug.
FIG. 8 is an exploded view showing the components of assembly 700,
according to one embodiment. Glass housing 702, in some embodiments,
may be constructed from an infra-red (IR) blocking glass. [0043] FIG. 9 is
a flow chart illustrating a process 900, according to one embodiment, for
making assembly 700. Process 900 may begin in step 902, where a
sfééVe &fid aRage5ucas sleeve 500 and plug 504, are created. [0044]

In step 904, the sleeveapdplug are rannealedpihe: slgeve and plug may
be annealed at 80C Docket No. 2232-198 15 ( M;_ for about four hours.
Iﬁ%?@ﬁ@@é,sfhec@gr‘ﬁﬁdﬁéﬁ‘t%' (e.g., sleeve. 500, plug 504, glass housing
702, glasstball i70dnepoxybrickbO2netc.) are cleaned. For example,
sleeve gp% %r:lg Plug 504 may be.cl ar&e% inan yltrasonic bath with IPA

followed by a rinse st%%?aa%% glass lousmg 705 an%‘“glgspg ball 704 may

s be Lelehhed ultiasormdalowithy KOHcohol Solutions lart: therd s
rinsedath water: 4 nousing; and

a second epoxy disposed beiwsen an outer surface
of the brick of epoxy and an inner surface of the

fully enclcesed housing.

2. The apparatus of claim 1, wherein the
housing is a polymer housing and the polymer is an

organic polymer.

3. The apparatus of claim 2, wherein the

polymer housing comprises PMMA,

4. Trne apparatus of c¢laim 2, wherein the

polymer housing consists of PMMA.

5. The apparatus of <¢laim 2, wherein the

polymer housing consists essentially of PMMA,

. The apparatus of claim 1, wherein at least
part of the circuit is covered with an epoxy including

a light bklocking pigment.
7. The apparatus of claim 6, wherein the

circult comprises a substrate and a plurality of

components attached to said substrate.
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[0045] In step 908, a bonding agent is applied to the glass housing 702
and glass ball 704. The bonding agent used may be trimethoxy
[2-(7-oxabicyclo (4.1.0]hept-3-yl)ethyl] silane, which may be purchased
from Siama-Aldrich Corporation (catalog no. 413321) [0046] In step 910,
a batch of optical epoxy is prepared. In step 912, the epoxy coated circuit
board is inserted into the glass housing. In step 914, some of the
prepared epoxy is injected into the glass housing 702. [0047] In step 916,
some of the preparé®epoRy is injectedfitto the %éé@@%@o%ﬁﬂé’t’ébsgig@,

glassl oysing-£02,which houses thg SirgUi His dnserted: dnto:an opgn end
of the sleeve. In step 920, the glass ball 704 is mserted into the open end

of ghasdt hotiifg>707. 1RBRShy " Sealng the Shentérid of ieglRBE Réusing

Iy Steqr 922 theiplug &04<8 usedriorsead ithe rﬂpmlemi of the sleeve.
[0048] In step 924, the sealed sleeve, which houses glass housing 702,
which houses the circuit 101, is Docket No, 2232-198 16 placed into a
pressuré vesséhwherrteapressafe sl #ricredsediteabont E25psi sising an

inert gas andthe temperafureis ingreased to about 40C; After abgut

10. The apparatus of claim 8, wherein an optical
epoxy fills spaces between said glass tube and the

inner wall of said housing.

11. The apparatus of cleim 8, wherein an optical
epory fills spaces between sald circuit and the inner

wall of said glass tube.

12. The apparatus of claim 1, wherein the
housing is substantially cylindrical in shape and has

an inner diameter.

13. The apparatus c¢f claim 12, wherein the inner
diameter of the polymer housing is equal or about
equal to the sguare root of: (w®° + h?), where w is the
width of the epoxy brick and h is the height of the

epoxy brick.

14, The apparatus of claim 1, wherein the

housing does not comprise any glass.
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20 hours, the pressure is gradually reduced and the assembly is removed
from the pressure vessel and then final machined (step 926). [0049]
Although the above described processes are illustrated as a sequence of
steps, it should be understood by one skilled in the art that at least some
of the steps need not be performed in the order shown, and, furthermore,
some steps may be omitted and additional steps added. [0050] While
various embodiments/variations of the present invention_have been

describéd abdveP it SHBURR b e B thal ey idRe Been presented

byoway of example-anly.iand not limitation. .Thus, the breadth and scope

of the preser t i’nv%nryé){l ssheocui.xl n% bg limited by any of the
above-described exemﬁlary embodintents, but should be defined only in

accordancel avith ﬂn@daﬂ@giﬁg@am gmdnh@ir gqﬁ@amus.i@gckmmo.
2232:198, L¢ What !éo%'ﬂ%f}!g% LAfocampaile. hyman nplagiable

apparatus, comprising: a fu dchousmg; a circuit encased within a
beiek ofepoxyd itterelirthe Iiscklofeped/ comamingtié cifcuitisd

tube;

a clrcuit encased within a brick of epoxy,
wherein the brick of epoxy containing the circuit is
housed within said glass housingr and

a second epoxy disposed between an outer surface
of the brick of epoxy and an inner surface of the

fully enclosed housing.

16. The apparatus of claim 15, wherein the
housing is a polymer housing and the poliymer is an

organic polymer.

17. The apparatus of claim 16, wherein the

polymer housing comprises PMMA.

18, The apparatus of claim 16, wherein the

polymer housing consists of PMMA.

12, The apparatus of claim 16, wherein the

polymer housing consists essentially of PMMA.
20. The apparatus of claim 15, wherein at least

part of the circuit is covered with an spoxy including

a light blocking pigment.

20



housed in said housing; and a second epoxy disposed between an outer
surface of the brick of epoxy and an inner surface of the fully enclosed
housing. 2. The apparatus of claim 1, wherein the housing is a polymer
housing and the polymer is an organic polymer. 3. The apparatus of claim
2, wherein the polymer housing comprises PMMA. 4. The apparatus of
claim 2, wherein the polymer housing consists of PMMA. 5. The
apparatus of claim 2, wherein the polymer housing consists essentially of
PMMA.%: Thef fp&ratis 8 &1aim A, ?ié(f‘ﬂalr@inzéf‘tfle&@te P&rbf tAE circuit is
covetad withamepaasingluging 2 lght blaeking pigment. o, The
a$garatus of claim 6, wherein the ,ccgrcuitbcom rises a substrate and a

PIVEREF ST EBniboRents attached to'saidSUbsiafe. 18 8. The apparatus of
claim 1, further comprising a glass tube, wherein the epoxy brick
containing the circuit is positioned within said glass tube and said glass
tube is housed within said housing.



9. The apparatus of claim 8, wherein a glass ball is used to seal an open
end of said glass tube. 10. The apparatus of claim 8, wherein an optical
epoxy fills spaces between said glass tube and the inner wall of said
housing. 11. The apparatus of claim 8, wherein an optical epoxy fills
spaces between said circuit and the inner wall of said glass tube. 12. The
apparatus of claim 1, wherein the housing is substantially cylindrical in
shape and has an inner diameter. 13. The apparatus of claim 12, wherein
the innet“dianétefBPEHEpEIFNTeT Hotriny isequit b abbuE Seal -

sgpake-tot Qfowg +Hh2)rwhere wasdhe s width of the,epoxy brigk apd h is
the height of the, epoxy brick. 14. The apparatus of claim 1, wherein the
HETSING ocs Aot SarpAsE &ng GEsS 1S 185 biotomitile FrIRand

implantable apparatus, comprising: a fully enclosed housing; a glass
housing housed within said housing, the glass housing comprising a

glass tube having an open
23. The apparatus of claim 15, wherein an

optical epoxy fills spaces between said circuit and

the inner wall of said glass housing.

24. A method for fully encasing a circuit within
a polymer housing, comprising:

placing the circuit in a mold:

injecting a formulation intc the mold so that the
formulation completely surrounds the circuit, wherein
the formulation comprises monomers and polymers; and

polymerizing the formulation.

25. The method of claim 24, further comprising
the step of cevering the circult with an epoxy prior
to placing the circuilt in the mold, wherein a
sufficient amount of epoxy is used to cover the
circuit so that the resulting surface topology is

substantially smooth.

26, The method of claim 24, wherein the
polymerization step is performed in a pressure vessel
where the pressure 1s increased to at least about 125

psi using inert gas.



end and a glass ball sealing said open end of said tube; a circuit encased
within a brick of epoxy, wherein the brick of epoxy containing the circuit is
housed within said glass housing; and a second epoxy disposed between
an outer surface of the brick of epoxy and an inner surface of the fully
enclosed housing. 16. The apparatus of claim 15, wherein the housing is
a polymer housing and the polymer is an organic polymer. 17. The

apparatu% of claim 16, wherein the polymer housing comprises PMMA.

18. The“apparatts SFCIamT 18X wherdif thé 'pdiviier Housiiy consists of

PMMA: 19: The apparatus:-ef olaim 36nwhetein the polymer housing
consists essentially of PMMA. 20. The apparatus of claim 15, wherein at
least part of the circuit is covered with an epoxy including a light blocking
pigment 20 2L Eherapparatos of:clkaim 20] whéreinethe tireuit comprises

a:substrate and a-plurglify of (cpmpaaents.atigehed.fo spid subgiiate.
29, The method of claim 28, wherein the
formulation comprises between 60% and 80% pre-

polvmerized PMMA by volume.

30. The method of claim 24, wherein the

formulation consists essentially of MMA monomers.

31. The method of c¢claim 24, wherein the

formulation consists of MMA monomers.
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20a 22. The apparatus of claim 15, further comprising optical epoxy,
wherein the optical epoxy fills spaces between said glass housing and the
inner wall of said housing. 23. The apparatus of claim 15, wherein an
optical epoxy fills spaces between said circuit and the inner wall of said
glass housing. 24. A method for fully encasing a circuit within a polymer
housing, comprising: placing the circuit in a mold; injecting a formulation
into the mold so that the formulation completely surrounds the circuit,
wherein>the finftfaticitcéMiprises MorsiRamsiasd poRAserst angithin
pelyiaerizing the forpulation.. 25. The method of claim 24, further
- comprising the step of covering the circuit with an epoxy prior  to placing
the circditin the Mdld: Wherelr 4 Sofficiert amGuft$iEndxsHis thed to
cover the circuit so that the resulting surface topology is substantially
smooth. 26. The method of claim 24, wherein the polymerization step is
performed in a pressure vessel where the pressure is increased to at
least about 1-25
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psi using inert gas. 21 27. The method of claim 24, wherein the
formulation comprises MMA monomers. 28. The method of claim 27,
wherein the formulation further comprises pre-polymerized PMMA. 29.
The method of claim 28, wherein the formulation comprises between 60%
and 80% pre- polymerized PMMA by volume. 30. The method of claim 24,
wherein the formulation consists essentially of MMA monomers. 31. The
method of claim 24, wherein the formulation consists of MMA monomers.

22 32. ATI&R6ATEr fifly SrickSthy SRit&dit withth & RddsifgCompRising:

inserting #he eirewiy inta the glassiheysing; 231njesting aprepticah epaxy
into a glass housing; , injecting an optical epoxy into a second housing;
inserting o tha & c%rﬁé%o% g the %s?%%%%ilﬁ% dottaihiiythe circuit;
Cappingnan opehandioftherglass housing; and capping an open end of
thesec%@%ﬁ?H%”Qm open &nd of the glass housing; and

capping an open end cf the second housing.

33. The method of claim 32, wherein the second

housing comprises PMMA.

34. The method of claim 32, wherein the second

hcusing consists essentially of PMMA.

35. The method ¢f c¢laim 32, further comprising
the step of encasing the circuit within an epoxy brick

prior to placing the circult in the glass housing.

3. The method of claim 32, wherein the clrcouilt
is inserted into the glass housing after the optical

epcxy 1s injected into the glass housing.

37. The method of claim 32, wherein the circuit
is inserted intc the glass housing before the optical

epoxy 1s injected intc the glass housing.

38, The method cof claim 32, wherein the step of
capping an open end of the glass housing comprises the
step of inserting a glass ball at least partially into

said open end of the glass housing.
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33. The method of claim 32, wherein the second housing comprises
PMMA. 34. The method of claim 32, wherein the second housing consists
essentially of PMMA. 35. The method of claim 32, further comprising the
step of encasing the circuit within an epoxy brick prior to placing the
circuit in the glass housing. 36. The method of claim 32, wherein the
circuit is inserted into the glass housing after the optical epoxy is injected
into the_glass housing. 37. The method of claim 32, wherein the circuit is
inserted ftito & GIALSHOUSIAG bBtereTthe OpticHr epbky FOFectad o
thaglass:bousingu38 rithe metbod 0f laim32; wheretrs the=steproft he

ng an open end of the %Ia%sz houglﬂg cotnr%%ns«?;s the gte of inserting

C |
R e B et BB ThG TS e erPorthe Clase HaLBihg, 24
39

0 tRhecinetlsed: of:dlaim 82 figrther comprising the step of curing the
optical epoxy contained in the glass housing prior to inserting the glass
housing into the second housing. 40. The method of claim 39, wherein
the steBf cufing the BptidaPepdy:edmprises v step fplacinge of

curing the optical epoxy comprises the step of placing
the glass housing containing the coptical epoxy and the
clrcult into a pressure vessel and increasing the

temperature and pressure within the vessel.

41. The method of claim 32, further comprising
the step of curing the optical epcoxy contained in the
glass housing afier inserting the glass housing into

the second housing.

42, & blocempatible, human implantable apparatus,

comprising:

a fully enclosed housing: and

a circuit encased within a brick of epoxy, wherein
the brick of epoxy is comprised of z polvmerized
formulation of monomers and polvmers, and said brick of

epoxv ccntaining the circuit i1s housed in sald housing.



the glass housing containing the optical epoxy and the circuit into a
pressure vessel and increasing the temperature and pressure within the
vessel. 41. The method of claim 32, further comprising the step of curing
the optical epoxy contained in the glass housing after inserting the glass
housing into the second housing. 42. A biocompatible, human
implantable apparatus, comprsingsz@:fully enclosed housing; and a circuit
encased within a brick of epoxy, wherein the brick of epoxy is comprised
of a potymerzed: foimukationcof mmonvhters andpolymears,tamd said brick

-: 9% £POXy containing the.circlitis housed in,sald housing, 25 ABSTRACT
The present invention provides a biocompatible circuit assembly that

wiipeludes &eledit encadéd SRRINCE RBUSIHR. IiF sofecembodimentsS the

= Bowsingds 3 RVMMA-heusing and-kefore the eirguit issenclased within the
housing the circuit is encased within a_ brick of epoxy.,

within The housilng the circult is encased within a

brick cf epoxy.
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