A HOUSI NG FOR A CCRCU T THAT IS TO BE | MPLANTED | NVI VO

AND PROCESS OF MAKI NG THE SAME BACKGROUND OF THE
WODRMENTI3EN 1 . Field of the invention [001] TheCPUSHeN11653

invention relates to a circuit housing, and, nore

specifically, to a housing for a circuit designed to

be inplanted in-vivo (i.e., an inplantable circuit)
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protected fromthe environnent in which the circuit is

i ntended to operate. For exanple, a human -inpl antabl e

gl ucose sensor circuit nust _be_ho itKin a

sui t abl e hougﬁﬁgGBQUBBtﬂFp?%?eégvﬁﬁiggégsor fromthe

human body and to protect the human body fromthe
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which is incorporated herein by this reference, ..
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[0021' There are several applications that reguire
a circuit to'bé protected from the environment in
which the circuit is intended to oberate. For
example; a human-implantable glucose sénsor circuit
'must'bethQSed within a suitable housing to both
profect the sensor from the human body and to protect
the human body.from the sensor. U.S. Pat. No. ‘
6,330,464, the disclosure of which is incorporated

herein by this reference, discloses such a sensor.

[003] . A housing encasing an implantable circuitg
should have at leaét some of the following
characteristics: (1) the ability to ﬁrotecf the
electronic circuitry of the sensor from ﬁhe ambient
in~vivo éhemicaliand,physical“environment, (2) - the
Cability to‘pr§tect tissue adjaceht to the sensor from
any adverse reaction which could result as a
conseQuence of contact (or.leachablés) fnom within the

circuitry — in addition, beyond the adjacent tissue,



consequence of contact (or |eachables) fromw thin the
circuitry - in addition, beyond the adjacent
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any detectable significance into the general body
environment; (3) the ability to permt wreless
el ectroni ¢ communi cati on between the circuitry and an
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SUMMARY OF THE INVENTION

[{004] The present invention provides a housing
that meets many of the criteria outlined above. In
one aspect, the present invention provides a circuit
encased within a completely enclosed polymer housing.
Preferably, the housing is made of an organic polymer,
such as PMMA. In some embodiments, the circuit is
first enclosed within a glass housing which itself is
then enclosed within a second housing, such as a
ﬁoﬁsing made from an organic polymer. In other
embodiments, the circuit is first encased within a
brick of epoxy and then the epoxy brick containing the

circuit is enclosed within a housing.

[005] In another aspect, the present invention
provides a method for enclosing a circuit in a polymer

housing. 1In one embodiment, the method may include



brick of epoxy and then the epoxy brick containing the

circuit is enclosed within a housing. [005] In another
wW@3wsean73st he present invention provides a net hpdI/i82005/011653

enclosing a circuit in a polynmer housing. In one

enbodi ment, the nethod may includethe follow ng steps:

(a) pIaC|ng the circuit in a nold; (b) pouring a
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n-conprises nononers; and (c) polymerizing
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I'n anot her enbodi nent, the nmethod may
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ousing to fill the spaces between
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P o0 Lot ohr BB AL P ;Ao o o SR of L he

twusi ng; pl aci ng the housi ng contalnlng the opti cal
epoxy and the circuit into a pressure vessel and
[006] In another embodiment, the method may

include the following steps: inserting the circuit
into a polymer housing; injectihg an optical epoxy
into the polymer housing to fill the spaces between
the circuit and the inside walls of the housing (in
some embodiments the injection is from the bottom up
to force out trapped air); capping an open end of the
housing; placing the housing containing the optical
“epoxy and the circuit into a pressure vessel and
increasing the pressure and temperature within the
vessel; allowing the optical epoxy to cure; and

removing the housing from the pressure vessel.

[007] In another embodiment, the method may
include the following steps: inserting the circuit
into a glass housing; injecting an optical epoxy into
the glass housing to £ill the spaces between the

ciréuit and the inside walls of the housing; injecting



i ncreasing the pressure and tenperature within the
vessel; allowi ng the optical epoxy to cure; and

WO 2095107381 t he housing fromthe pressure vessel PCT/O820P5/011653
I n anot her enbodi nent, the nethod may include the
followi ng steps: inserting the circuit into a gl ass
housi ng; injecting an optical epoxy into the glass’
drougitigatio ebiolly ttheospapesyhet wesrsithe cinssuittingnd t he
I nsi wal I.s _of the housjing; jnj [.hgan opti.cal .epoxy
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cappi ng .an open end. of the gl ass. housi.ng; .and cappi ng
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and ot her features and advantages of the present
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i 'ncor por at ed herein an ormpart of the
syfecidniczattioothehekpombhugi nat @éramainatis enbodi nents of
the present invention and, together with the

descri pti oBRIEGT DEECRIET VNt OF eXiph abRAHE-Pr i nci pl es
of the invention and to enable a person skilled in the
[erd])i nent Tawet ateompkeyand dsavwimesi rwieinth gme In the
gdrawngs, \jke reference nunbers ipdigate identical or
specification, help illustrate various 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 invention. In the
drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the
left-most digit(s) of a reference number identifies

the drawing in which the reference number first

~appears.

[0010] FIG. 1 illustrates one embodiment of a

circuit assembly according to the present invention.

[0011] FPIG. 2 is a flow chart illustrating a
process, according to one embodiment, for encasing a

circuit within a polymer housing.



functionally simlar elenents. Additionally, the
left-nost digit (s) of a reference nunber identifies

wo b@sdoessi ng i n which the reference nunber firBE€T/US2005/011653
appears . [0010] FIG 1 illustrates one enbodi ment of
a circuit assenbly according to the present invention.
[0011] FIG 2 is a flowchart illustrating a process,
[@0a@1di ng FIL6 . ofle ienbodi penit Sedlokorenk asiarg & @ rcuit
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( acirc assenbl y according to an
igriediigent of the invention. [0013] FIG 4 is a flow
chart illustrating a process, according to another

[ﬁWQQQinenmggtom epcasfhgwaclcartcuitlwattdtnira ol yner
ousing. [0014] FIG 5 is an expl oded view of a_ .
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a PMERLIieNnyikBOLSE FbGymériso@dstipss sectional view of
a circuit assenbly according to another enbodi ment of
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of a circuit assenbly according to another enbodi nent
[G01He i n¥&At-i Gnis a cross sectional view of a

circuit assembly according to another embodiment of

the invention.

[oole6] FIG. 7 illustrates a circuit assembly
according to another embodiment of the present

invention.

[0017] FIG. 8 is an exploded view of a circuit
assembly according to another embodiment of the

invention.

[0018] FIG. 9 is a flow chart illustrating a
process, according to another embodiment, for encasing

a circuit within a polymer housing.

- [0019] FIGS. 10A and 10B illustrate a circuit

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

[0020] 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



[0018] FIG 9 is a flowchart illustrating a process,
accordi ng to anot her enbodi nent, for encasing a
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1B illustrate a circuit covered with different anount
of epoxy. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT [0020] FIG 1 illustrates one enbodi nent of
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and one or nore electrical and optical ents 112
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escribed in- U S Patent No. 304, 766. The housi ng
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enbodi nent,, for _creating circuit assenbly 100. Process

%’@Wg@éﬁl CnPPAYSPEE 202, where a pol yneri zati on
hagaror gig, added 108 obgl -4 N PHER A0n PN
process 200, -according to one embodiment, for creating
circuit assembly 100. Process 200 may begin in step 4
202, wﬁere 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 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 housing.

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

circuit 101 is relatively large, cirquit 101 can



contai ni ng nononers is poured into the nold (e.g.,
filling the nold halfway) . In step 206, circuit 101
wo goophiersed in the nold. In step 208, 'nore of PEEUS2005/011653
encasenent fornulation is poured into the nold so that
the circuit is conpletely imersed in the encasenent
formul ation. In one .enbodi nent , the encasenent
Heatomal ativermeilycbeutegedodoneng. the phieyeatioditiem , t he
encasenent fornul ation,consists r entd all.
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dardicy g prichhen pheplusi MBePMALRG BMMA as a
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
epoxy used to hold the components 112 in place, which
Acdnductive epoxy is formulated primarily and maximally
for its electrical conductance and cure properties,
does not have sufficient mechanical strength to
withstaﬂd the pull and stress from PMMA shrinkage as
the encasement reaction progresses. Consequently,

some attempts to encase a circuit from an MMA monomer



circuit housing because, as the encasenent reaction

progresses, and the viscosity increases as the
wa@beosndkmsge occurs simul taneously, the el ectri ceCT/US2005/011653

conmponents 112, which are nounted on the circuit board

110 typically with conductive epoxy, are pulled from

the circuit board 110 during the polynerization
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monomer and a portion of pre-polymerized PMMA

dissolved within the MMA monomer.

[0026] The net shrinkage is‘proportional to the
amount of ﬁonomer which is reacted to become polymer
within the overall volume. If the overall encasement
formulation volume, is portioned to include, for
example, about 70% pre-polymerized PMMA, and about 30%
un-reacted MMA monomer (into which the 70% PMMA has
been dissolved), then the degree of éhrinkage which
occurs drops in, direct proportion to the monomer
compénent within the overall volume. In practice, an
encasement formulation of 100% MMA monomer shrinks
volumetrically about 14% overall. By dropping the
formulation to only 30% MMA, shrinkage in the amount
of approximately 0.3 x 14 = 4.3% would be expected. In
practice, approximately 4% shrinkage is measured from

making this improvement.



encasenent formulation to include a portion of MVA
nmononer and a portion of pre-polynerized PMVA

wale@sabmsed within the MVA nononer. [0026] The P€L/US2005/011653
shrinkage is proportional to the anount of nonomner
which is reacted to becone polynmer within the overal
volune. |If the overall encasenent fornulation vol une,
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[0028] In some situations, however, 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 sufficiently stroﬂg, and to
increase the amount used per connection beyond good
manufacturing standards would then create other
problems. Another important consideration is for wire-
bonded circuits. These “frog hair” gold wires are
typically 25 microns in diameter which is about 1/3 to
1/4 the diamefer of a typical human hair. Small
amounts of movement relative to the fixed board

components can rip these wires from the attachments.



reduce shrinkage proportionately/ and further

reduction in shrinkage may be possible. As a practical
woraiosa0735t he sol ution viscosity beconmes extrenedT/UkL0g$011653

at these higer ratio | evels nmaking the high solids

solution extrenely difficult to handle, transfer, etc.

[0028] In some situations, however, even with 4%
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Surprisingly, it waé discovered that this solution
works best when the applied epoxy covers the

components in such a way as to result in a relatively
“smooth” surface topology, but this is not a
requirement. This “smooth” surface topology is
illustrated in FIG. 10A. For comparison, FIG. 10B
shows.a “non-smooth” epoxy coating. As shown in FIG.
10A, the surface 1002 of the epoxy coating is smooth

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 encasement. As mentioned above, it

was discovered that if the surface was smoothed by the

10



101 to allow it to withstand the remaining 4%
shrinkage fromthe PMVA (70/30) encasenent cure
woeastdBal is to reinforce the circuit with a PCT/US2005/011653
preappl i ed epoxy |ayer. For exanple, follow ng
assenbly of the electrical conponents to the circuit
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[0033] In some embodiments, to prolong the life of
the circuitry 101, it may be desirable to prevent
molecular water Vépor that has seeped through the
housing 102 from condensing to become liguid 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
condensing is to prevent the formation of heat induced
bubbles in the encasement polymer. MMA monomer 1is
extremely volatile. The polymerization reaction of
MMA to PMMA is also exothermic. The exothermic heat
yield from a typical reaction begun at room
temperature will commonly increase the temperature as
the reaction progresses to a point whHere the remaining

un~reacted monomer will boil and create bubbles of all
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topol ogy, then de-lam nation was less likely to occur.

The stress fromthe 4% renai ni ng shrinkage is then
wa@bmenmsdl as i nternal stress within the PMVA ePCHESI0B51011653

body itself. This stress may be renoved in a

conventional way by annealing in a final operatlon

[0032] Sone or all of the epoxy used to rei nforce the

sdizkeUittrappBdmaythin sheecenbddaemssy; - | 7el pdeventi ght

bl ocki n nt uc 0 th
aSge PP gfgbxﬁgghoﬁré\e/%ﬁt%u‘%%ﬁadgﬁ W%ht%bgr%%pagat i on
v@a@sscza_n;heh aheuhotbengi wican d ,wd teer etpdmcroed s ng t he

opti cal nal to.,npise ratio of the ste [dO
e urln

Cé’élﬁ@néﬁboa heheREIE0 BYRTRNY THS e oef UeE Gt ry

t%%lpoﬁ?m@%ﬁzgglgﬁstéabfﬁoﬁ0 RIeNe Hp gl feid1dry , widthe .
vapor that has seeggd t'hrough the housing 102 fr.om
reefearsidngreedbeeBie it d. vt | Wg%/aﬁ%tlér

ﬁ%%%%tWEQEthEoggégguﬁ@tPéa&@&@rthé@eﬂsﬂﬂkﬁﬁt|a| I on

FEShtam nant s present cannot becone sol vated, which can
dreac urd zedr toi & packaree (DOBHxGRANGLS d’apﬂoéfvent t he

wat er__vapor n o

B ST oﬁ% yﬁéea?ﬁgﬁggc%%n%ﬁﬂ%?ﬁ%%ﬁt e encasemant

teeiperRu rbVA mbmenpreissuej(mem ypm:i@a kethThe .
ion reacti on of

pol yneri za
%ﬁ@%snéélﬁah%ﬁé éQgt Hﬁ??ﬁ%e%eat SreorInm%a fﬁ‘lcc?a

' éd%%&deO%oaagumtatth@o&ha@ﬂpﬁiﬁgtwpbmyIdoannnnndq/does
increase the t enper ature as
not delaminate once formed. The housing is clear and
without bubble or void defects to prevent water from
condensing; and as an important byproduct, provides

excellent optical clarity without bubble defect.

[0035] " Referring now to FIG. 3, FIG. 3 is a cross
sectional view of circuit assembly 100, according to
one embodiment, along line A. As shown in FIG. 3, the
circuif 101 may be fully encased within a brick of
‘epoxy 302 (or “epoxy brick 302”), which is encased
within housing 102. )

[0036] FIG. 4 is a flow chaft illustrating a
process 400, according to another embodiment, for
creating circuit assembly 100. Process 400 may begin
in step 402, where a housing 500 (e.g., a sleeve 500
or tube or othér housing having an open end) (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 reaction progresses to a point where the remaining

un-reacted nononmer wll boil and create bubbles of
wW@bdositazmsi t rapped within the cured pol yner. ToP@EI/ESmn/011653

any possibility of heat induced m cro-bubbles and

voi ds within the housi ng where water vapor could

condense, substantial overpressure may be used during

gl ol pfe ringailog PEAchipnbe MppehSprei Fiaala poliver
referred _emodi , i 0 P S

Fhc b e & 3chr Scs il oS ORI IR

NY esswn Zed FIG.abpr e$save bhatmexcesds a heotdpdrd2

pressure of MVA nononer th | yerl zat i
%QQﬁﬁﬁﬂit&Féﬁh?hpgeﬁrSggu$%%a?fo%B%%G%égé?bo?ﬁfﬁﬁévg% s
Fubhles ARG poaviadesmadveryonl peiea pecharpael slwdace
bond with the underlying epoxy coat whjch does. not

sl alareYohte 2NoPALEY The? RBESTHE F %1 Hhit &t

a%&%oﬁoﬁugwugsor(s\g%dmg ects to prevent water from
condensi ng, and as an inportant byproduct, provides

L[Q?ﬁfﬁi I ent 1Qptdical sohar Eb%xg & Bogitp bubbl s defant .

0035] Referring nowto FIG 3 !}%IG. 3 is a cross
sieotiiondl0 lvisewtdi teitheupi raysenbs yranol a et ori g 1Yo
one enpodi t, al ] S i ;
TheB T dor ey By POFFS 202.e Ntk T IE & o
2penp130503ar 'TepexygpbADEk 3828hbly Wl Th ¢§ls=asre agHd

314 Ry 2 opr de8ee a00 OhcEB I ey 16 SR Her 02
Lol MY ,arfdhblug 504 may be cleaned by rubbing a Q-
tip‘with IPA on the surfaces thereof. 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 éptibal epoxy.

[0038] In step 410, the circuit 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.
Preferably, no bubbles in the optical epoxy are formed
during step 412. In step 414, the plug 504 is placed
into the open end of sleeve 500, thereby sealing the

open end of the sleeve.

[0039] 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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creating circuit assenbly 100. Process 400 may begin

in step 402, where a housing 500 (e.g., a sleeve 500
wo@eossuBsor ot her housi ng having an open end) PEPESIDEAN11653

5) is created along with a plug 504 for plugging the

opening in the housing. For exanple, a

cylindrical sl eeve 500 and plug 504 may be machi ned

Wirmira gpoleprery’ kad cks G@6R - asTher edovy PV 0105t hdyich

THIE h OCEH 592 ad aEoAE P o e hpahe R S of

elyeese H0:1 irfdrslcedve1880eandipbugs 5odvared haide & r om

PVWA, the P sl eeve and plug nma anneal ed at
S el 5050 & o P B RLPBaF Ohre (St ED 403)
033 I stiep t4R4 epergXpriiskappti ed pyefetdisl €itreat t
101 so that the circuit is partially or fully encaséd
tidie 1P R S BRE WSS KRS0 BPPEReF &BY T f 077 n%mﬁ{?%s?éfrbl y

l%%iér '1%% eR 426, Asserhlyr503k §b,@e%~/@ and plug

are cleaned. For exanple, assenbly 503, sleeve 500
|nidypi lug 804 rdprbahel daned By aRabet ngt &S 3¢ wtdr | PA
n..the sur es t ep,4 i Qxy
e BT 0T S el Pt By Technal ooy
ofr B {d et)i-c@*HVA ,anthegiecher iepbheesidbly de aseainalsy t he

i cal, epoxy.. [.0038] JIn _ste 1 th i Fcujt. .encased
§§%¢ﬂ %%385% 9%&18% FF?STglﬁsgg%bl%néd%)l%éub aced
it themleave 500eccvi SDOp 412, ehbed prepas echeapt i cal

epoxy is injected (i.e., intr into, sl eeve "
. tg%o ayssembl}} 503 do(es %o’t hageoguggg%ormtv% t}?eore has

a circular shaped cross section, then the maximumn
width of the assembly may be equal to or slightly less
than the inner diameter. As illustrated in FIG. 6,
the optical epoxy (e.g., a refractive index (RI)
matching epoxy) fills spaces between assembly 503 and

sleeve 565.

[0040] Referring back to FIG. 4, in step 416, the
new assembly (i.e., the sealed sleeve containing the
epoxy and assembly 503) is placed into a pressure
vessel. In stép 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., 40°C). After the

predetermined amount of time has elapsed, the assembly
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Preferably, no bubbles in the optical epoxy are forned
during step 412. In step 414, the plug 504 is placed
WO ni05/101381 open end of sl eeve 500, thereby seal PEDyUSIDE5/011653
open end of the sleeve. [0039] FIG 6 is a cross
sectional .view, according to one enbodi nent, of the
circuit assenbly 100 along line A after step 414 is
iperfemoved. flront hbeepedsneat vehowwh dmd RIIGn ginalhe
circuit 101 is fully encasedw thin an epoxy brick 502.
ARGy S reipclélzge)z, whi ch houses circuit 101 is
| aced within sleeve 500, .whi.ch ma wvl.i ndri cal
@qogé\je. g‘leécg‘\?g gﬁﬁcFéb%dc%?%%r%)%a %Iéeﬂe%q/e and
pehen railneyi bfl@hnealtull ¥ EMEASEdusitdile fidree epoxy
brick, it is preferable that the. distance between the
Wmﬁhﬁ’lﬁgﬁ&tCBFﬁéﬁngnﬂnYoﬁ\g L E1R2L ot HerS o Tepoxy
Hyd ¢k RQ2+bapaqual to or slightly less than the inner
di ameter of sleeve 502. That is, in sonme enbodi ments

idodoy Prefrarablhe sthaktwatesash 4{&Ehatikd*d)rduivihere
wis the width of assenbl 503, h is the hei.ght of

amssevllyy 7903 ofafiedPreseRk LRAVSRt R anet GBS eeve
VT o oA 0 Rag & i f eul or LHaped eross.
tSedt iaasentdian 700 imadiunem ai di hoeit t hel duwesdst yidyirtbe
R L g A L OO
roef riactdve iHutesed( Riixhiat ehghgsepoxygidg | 1&2 sfraces a
Jﬁ%g“ﬁ?“g% %3?2&%;%%3h%ﬂging), which itself is housed
within the housing 102. The glass housing 702, in

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.t

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

504, 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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sl eeve 500. [0040] Referring back to FIG 4 , in step

416, the new assenbly (i.e., the seal ed sl eeve
w@omsaTisng t he epoxy and assenbly 503) is pl ap€nUus2®011653

a pressure vessel. In step 418, the pressure within

t he -vessel is increased to about 125psi using N trogen

or other inert gas. In step 420, the optical epoxy is

four atboluar fanrabouns . ofIniﬁEeme9@ﬁ 2o romponegt sa

predetern1ned aLur r
B Giat SnTeRedshRTPEIaL s ( Cufaes HlGg AdAT diles
| kﬁi&eWbMyl%pbayobedckrsnﬂthet@rbsamﬂenhﬂaﬂﬁd arbt hen

final machi ned e 22) . 41 he t hod, .

edorehad L5hgee P Bua ohes pelL Y S CRAIRTLAR 45 a

SMYAhousi Rgthefora @ma-.sen:emeamwwtrma iNg@NEnd
additional stress on the circuit_ 101. [0042] FIG 7

dlilsgs beasadadan 04| eBAnatRse BREEul 14 &88bMISP B of the
ALE3ent ul@‘fg%}q%alw GUEL RSseIPlOh IO d 1S:tSidHd hd O

circuit assenb in that assenbly 700 includes a

Uhemcuuhsk@lwhébs@dtﬂmth|n a housing 102. However, in

assenbly 700, the circuit 101 is al so housed within a
[loasq houimngt%©299é,ga bendibe agewt Her atdpgeag to

hOUS' ”%é; oMl gh bhsel _7%@9&‘5@911""7‘514 X dﬂ.}%ents '

gl"ass Rousing sone enbo
adem&e@saﬁ @ﬁ@ eedtamdeopenyaIZfrﬁrwxnhmnyaﬁcend The

PN LY 59 BL9959, 072,01 §98cn may be purchased

from Sigma-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 prepared epoxy is
injected into the sleeve 500. In step 918, glass
housing 702, which houses the circuit, 1s inserted
into an open end of the sleeve. In step 920, the
glass ball 704 is inéerted into the open end of glass
housing 702, thereby séaling the open end of the glass
hoﬁsing. In step 922, the plug 504 is used to seal

.the open end of the sleeve.

[0048] In step 924, the sealed sleeve, which houses

glass housing 702, which houses the circuit 101, is
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ball 704 or other suitable plug. FIG 8 is an expl oded
vi ew showi ng the conponents of assenbly 700, according

wo eoosne7senbodi nent. d ass housing 702, in sSOMePCT/US2005/011653
enbodi nents, may be constructed froman infra-red (IR
bl ocking glass: [0043] FIG 9 is a flow chart
illustrating a process 900, according to one _

péalcedi enb, af premakiagvassehtirye 7 0 hPrigess 106 Smay

.beqgin i te 2, eye and. as-
L el T R e e
tQherbharel esveénandaptdgtarsannedl €8. T el edpartand
pl ug may be anneal ed at 80 0 about four_ _hours. In
2§t@6u§66,tgﬁepESﬁEBE%nfi {e 9$il é%%é“%ﬁ%f”%fﬁé“%04,
a8ls28$1H04SI REME02d grassthal br o repoxgsdir iaakd G02n
etc.) are cleaned. For exanple, sleeve 500 and pl ug
504 InEy chénefedRBEPI A2&h- ul trasonic bath with | PA
fol | oned b{ a rinse step, and glass housing 702 and

[§I0499 bal PLEbaughythe saPRES cfeametP et tRERTMSER 13FSwi t h
: I | _solLut] doEh in idy gvadeer .
ngg&gfgﬁﬁgsﬁgpg9%§?H§n%§naFnﬁﬂ?%in?ﬁggM%pplied to the
ugldass thods brgone2skhllgilass b | agpsLhathehomdistg
agent__used e trj - - hi 1
St R L e e S RS
sfiomim, Siagain- AudithehnCoe posahé oot € eatred P mi4E3F3P Bnd

44&%%@%%n2 %%%Bsgégdeg.batCh of optical epoxy is

[0050] While vafious 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 spould not be
limited by any of the above-described exemplary
embodiments, but should be defined only in accordance

with the following claims and their equivalents.
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prepared. In step 912, the epoxy coated circuit board
is inserted into the glass housing. In step 914, sone
w@booshe73pr epar ed epoxy is injected into the gl BEBUS2005/011653
housi ng 702. [0047] In step 916, sone of the prepared
epoxy is injected into the sleeve 500. In step 918,
gl ass housing 702, which houses the circuit, is
wihaseritsedlintnedansopen end of the sleeve. Ih step 920,
the glass ball 704 is inserted into the open end of
. glass housing 702, thereby sealing the open end of the
gl asg .housi Bgocbipat £p1922hutdre phpigpBdbles used to
seal the open end,of the sleeve. [0048] In step 924,
P 'S¢ ASe d CSMBEVE I "RAi ch houses gl ass housing 702,

whi ch, houses chBeoskRCHbLs10d; 4spl aced into a pressure
vessel where the pressure is increased to about 125psi

usi ng & richéitt egassafdvi kel edpef bt kiref 1% 9%br eased to
t. 4 y ter .ab 0, ; ; I S
B Ty B e hE e T S e o the
rne wessehoaadnghen final machined (step 926)
[ 0049] Although the above described processes are
illustrated as a sequence of steps, it should b e
underxst oodhky apparskikl efl chathel ardhdtmin dthd east

some of the steps need not b e perforned in the order
KSRGS e POLUREFmBPES BEna at Bpe ey B e Wt ed
dyagdyyﬁﬁayymar,steps added.

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.

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

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

circuit comprises a substrate and a plurality of

components attached to said substrate.
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[ 0050] While various enbodi nents /variations of the
present invention have been described above, it should
wheooanassst ood that they have been presented bRCES200$/011653
exanple only, and not limtation. ..Thus, the breadth
and scope of the present invention should not be
limted by any of the above-described exenpl ary
enbodi nents, but should b e defined only in accordance
with the IIo hei r Al \Mhat
is clfainme % uﬁlggoﬁg%%$b e, f'ﬁﬁ%ﬁﬁl §ﬁ¥%b€%
aﬁ@ﬁ@b@t&&becownérsnngtha &pibky mn£¢b33ﬂﬂhnmghngtiand a
circuit encase g bri ck, oxy wher ej n th
Bk to Pseﬁ8§9t&8ﬂF R peat r S 1850 Y 5
Said hopsl ﬁ%_h%useahﬁlﬂﬁpﬂrﬁiy@ E$u§iﬁ@]ﬂ 1, mhergln
the housing is a polyner housi ng and 'the polyner is an

organi ¢ pol yner. . The apparatus of claim2 ,
whergjn the pgk}g%awg%fn@l&m' S@se RMYA.2 451.55Fhe
appar at us of . wherein the pol ymer housi ng

redrisiist sisefd PMVAcal anTheenppad a@fissafd (I shH Lube.
wherei n the pol ymer housing consists essentially of
PMVA. 6 . The apparatus of claiml1l , wherein at |east
part 10f. tihe eppewbtubsofouvkatd $ twhareipoxy dpiclasdi ng

epoxy fills spaces between said glass tube and the

inner wall of said housing.

11. The apparatus of claim 8, wherein an optical
epéxy 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 inner
diameter of the polymer housing is equal or about
equal to the square 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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a light blocking pignent. 7 . The apparatus of claim®6
, Wherein the circuit conprises a substrate and a
w@bkansadizsy of conponents attached to sai d subsPCHUS2085/011653
The apparatus of claim1l , further conprising a glass
tube, wherein the epoxy brick containing the circuit
is positioned within said glass tube and said gl ass
t ube 1liss haubedcamphinbsai dhwoasi figelantalfire appar at us
of cl %i m 8 ,m\/\@ersgi n.a glass ball is used to seal an
SEFET ENE o 58RI d°gl'dés tube. 10. The apparatus of
cl ai m §ullwhemneilnsad bptstay; epoxy fills spaces
be' t ween sai | ass tube and, the inner wall, of i d
housimg Lot PrRE RPpHPRreS OFEIaI e Mol iF
LRI C &lou@Raxy cEknFlr&s_&ﬁ@C@SgD@é yegrbes aial 0id citi topand
the inner wall of said glass tube. 12. The apparatus
epfd @ngl @ glasghereinSEALIABUSRHY PRET U &t isef}%@@
t%ei;n%rﬂdcal in shape and has an inner dianeter. 13.

e apparatus of claim 12, wherein the inner dianeter
of t ke alcpisr hvsgsidngitbivgsald oy lapdUtowjul- to the
square root of: (w2 + h2), where wis the width of
t he epoxy brick and h is the he(ight of the epoxy
bri ck.6.14ThEhepappatasusfofleimi hy 1 whavwmreithe he

U080 MGk COMRE LS 31 282 b 1o an

organic polymer.

17. The épparatus of claim 16, wherein the

polymer housing comprises PMMA.

18. The apparatus of claim 16, wherein the

polymer housing consists of PMMA.

i9. 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 epoxy including

a light blocking pigment.
21. The apparatus of claim 20, wherein the

circuit comprises a substrate and a plurality of

components attached to said substrate.
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apparatus, conprising: a fully enclosed housing; a

gl ass housi ng housed within said housing, the glass
whoemsitomysconpri sing a gl ass tube havi ng an opepPCENS20851011653

a glass ball sealing said open end of said tube ; and

a circuit housed wthin said glass housing. 16. The

apparatus of claim 15, wherein the housing is a

pol ymer housing and the polyner is an organic polynmner.

17. e par.a f..clai er el el
nousi g COmmPLEaL PR L1 B el Spparattie. o Elarm b,
aErceiln ephe ypolwyeee ihousengptbosl s¢poxf PMME siBicekhe
appar atus ,of claim16, ,wherei,n_the. pol yrmer, -housi ng
Q?Gfr‘)@e@t §aé§sé’ﬁnai55m“§?u81mﬁl\/ﬁ‘/ﬁfj Slge rée%pvi)aalrlatoﬁ Sno d

Hdw@iMglS, wherein at |east part of the circuit is
covered with an epoxy including a |ight blocking
pi gnment. 21. The apparatus of claim 20, wherein the

circuif cempri;3es -atsubskratgiandsa phatadd tan of
conponents attached to said substrate.22. The

appardt eposty Eldilm spacear PREYCeBNPRI i T Bbth cd
O e e 2 T e TRAeY Ul 1 “of ear d hous ng.
24. A method for fully encasing a circuit within
a polymer housing, comprising:
placing the circﬁit in a mold;
injecting a formulation into the mold so that the
‘formulation completely surrounds the circuit, wherein
the formulation comprises monomers; and

polymerizing the monomers.

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

substantialiy 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.
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23. The apparatus - of claim15, wherein an optica

epoxy fills spaces between said circuit and the inner
wowrlos/1ef3ssai d gl ass housing. 24. A nethod for Pal/U§2005/011653

encasing a circuit wthin a polyner housing,-

conprising: placing the circuit in a nold; injecting a

formulation into the nold so that the fornul ation

conpl etely surrounds the circuit, wherein the

fornulatlon co i ses omer and pol rizing t he
monorfers. = wﬁéoﬁePﬁoﬁ a%mC?g1n$5a§5 X e

R NG k%ﬁp&&%@sOMMAOM@ﬁbmgréhe CIrCUIt Mﬁth an
epoxy prior to placing the circuit in the nold,

wherein a sufficient anount of epoxy is used to cover

the cjg cuigd }Hesglettl?x%td b@ecngﬁal by NGserd Ace-Hopol ogy s
substantially snpot 26. The method of clai m 24,

fishenaiat itdre fpottywesr C2aPFbASSt BPSTROPERT DY FRAY B 7
pressure vessel where the pressure is increased to at
| east about 125 psi using inert gas.27. The nethod of
cl ai M4, Takemneithothe £f ol puinal 8 onvicendin sdze MVA

no 28. The net L n the
Qﬁqﬁﬁaﬁﬁ%ﬂﬂ¥ﬂ¥FﬁgFS EﬁSW?ggskerggéolfﬁgﬁ&%%d PMVA.
25 ymihe 7@t hotizobychailom28, wherein the fornulation
conpri ses between 60% and 80% prepol yneri zed

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.

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

inserting the circuit into the housing;

injecting an optical epoxy into the housing;

placing the housing containing the optical epoxy
and the circuit into a pressure vessel;

increasing the pressure within the vessel;

increasing the temperature within the vessel;

allowing the optical epoxy to cure;

removing the ho;sing from the pressure vessel;

and
capping an open end of the housing.

22



PMVA by volunme. 30. The nethod of claim 24, wherein

the formul ation consists essentially of MVA nononers.
w@2005/Tbmset hod of claim 24, wherein the formubet/usmwos/011653

consi sts of MVA nononers. 32 . A nmethod for fully

encasing a circuit wthin a housing, conprising:

inserting the circuit into the housing; injecting an

opti cal epoxy into the housing; placing the housing

contai_ni ng.the opti.cal epox d N it 0t
presgére %Q?s@F?BPﬂc?éagf%ﬁMtié;rﬁ%éﬁéﬁifﬁgﬁlﬁq$%%ﬁg
c&gﬁ&ggési@mmgasing the tenperature within the vessel;
al owi ng the optical epoxy to cure; renoving the

~housing fromthe pressure vessel; and cappi ng an open
end afy thenRousinga33s Iheimethodiedraimithedhoustierei n
the housing conprises PMVA. 34. The nethod of claim
c32s iwtter gisaerhéaholisPhgF¥¥hsi sts essential ly of PMVA. -

- 35. The nethod of claim 32, further conprising the
step of encasing the circuit within an epoxy brick
prionst.o phacimeghtbecti ctain 34 t Her HRE | IRFPE36 1 T the

hod of _cl ai i ; i S
5 e DL LRy AT LDl RLORSHR P reased

prior to placing the circuit in the housing.

36. The method of claim 32, wherein the pressure

is increased to at least about 125 psi.

37. The method of claim 32, wherein the
temperature is increased to about 40 degrees

centigrade.

38. The method of claim 32, wherein the circuit
is inserted into the housing after the optical epoxy

is injected into the housing.

39!’ The method of claim 32, wherein the circuit
is inserted into the housing before ‘the optical epoxy

is injected into the housing.
40. A method for fully encasing a circuit within

a housing, comprising:

insertiﬁg the circuit into the glass housing;
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37. The nethod of claim 32, wherein the tenperature is

i ncreased to about 40 degrees centigrade. 38. The
waoredosaarsef cl aim 32, wherein the circuit is i nBEr/USIO5/011653

into the housing after the optical epoxy is injected

into the housing. 39. The nmethod of claim 32, wherein

the circuit is inserted into the housing before the

opt i cialjepoxyy i iopteckhédeppiig ttheohauglags H@usihg;

method for fully encasing a circuit wthin housi ng,
Compr IR TR &8t (FP1rg Cetle SEPFEUTT EPnE oS T RE™ g1 ARE 20
housingdjiedd it Aarhepeecahdepoxyihgt oha glass

housi ng; injecting an optical epoxy into a second
oSG  Caienineg Hhet GiERE18écond housing the gl ass
hous'é&bﬁ%ﬂHfﬁdﬂdﬂéd|@%dCbECEhE;g@é@@'ﬂguéﬂn@Peﬁh@nd of
the gl ass housing; and capping an open end of the
secorehirousd gy PEN Fhe Rét hbd 8fCendi hpddingher ein

t he second housi ng conprises PMVA. | 42. The nethod of:
cl ai m 40, wherein the second housing consists
esseml al IBheoofmPMidl o£3clihe A8t hwdepéit| dhen Hd;ond
further co Lisin%W@E§ step of encasing the circuit
R &P ®rick prior to placing the circuit in
t,he gl ass housi ng.

42. The method of claim 40, wherein the second

housing consists essentially of PMMA.

43. The method of claim 40, further comprising
the step of encasing the circuit within an epoxy brick

prior to placing the circuit in the glass housing.

44, /The method of claim 40, wherein the circuit
is inserted into the glass housing after the optical

epoxy is injected into the glass housing.

45. " The method of claim 40, wherein the circuit
is inserted into the glass housing before the optical

epoxy is injected into the glass housing.

46. The method of claim 40, 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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44. The net hod of claim40, wherein the circuit is

inserted into the glass housing after the optica
WwWe@pwEs073s1 i nj ected into the gl ass housing. 45.Pdhes2005/011653

met hod of claim40, wherein the circuit is inserted

into the glass housing before the optical epoxy is

injected into the gl ass housing. 46. The nethod of

cl ai m 40, wherein the step of capping an open end of

t he gl.ass, housin onprises t S of i !
glasg7balF gtmﬁgggg gng?%nygﬁhtégggﬁ%Foﬁ%ﬁﬁéﬁ%ggf
tke sglegs o rheusiing. 4Re Theioel hedond chraianrkd] Hrurttheer
conprising the step of  .curi t he optjcal .epoxy
STCal REG I ERACF! 585 ROGSIABY priorotar s fietiinty ¢ he
s s ousi-kad rbasthg.second housing. 48. The net hod
of claim47, wherein the step of curing the optica

epoxy conprises the step of placing the glass housing

cont aighi ngLhe QRLLCBlE epgxy 2Ad fhe-&id cuid deud &
pressure vessel and |ncrea3|ng the tenperature and
qurEssu s eniopliilcaflhepesys epmpa9se Thieheret el of ladimg

0, further conprisi the. s ' i
gt ariant ropne or s S Srn i (e B R
diheglassithousipng sisntre trhessécend houstamging the

temperature ahd pressure within the vessel.

49. The method of claim 40, further comprising
the step of curing the optical epoxy contained in the
glass housing after inserting the glass housing into

the second housing.

25



