LIGHT EMITTING DIODE FOR HARSH ENVIRONMENTS [1] The
whresgnt application claims the benefit of provisional patent appheatiomn cszese
serial no. 60/905,590, filed March 8, 2007, incorporated herein by
reference in its entirety. Held of the Invention [2] The present invention
relates generally to Ilght emlttlng diodes. More partlcularly the present
inventiop elategio-efiggemiting disgedaha RN
Background of the vent n [3] A light emlttlng dlode or ED isa
semiconductor device that emits a particular spectrum of incoherent light
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various |mpur|t|es to form a p-n junction that emits photons when current
EHBRE from the p-side of the junction (anode) to the n-side of the junction
(cathode). The color, or wavelength, of light emitted by an LED depends
FigikbAftHeRaYenaMat forms the diode's p-n junction. For example, an
LED constructed from aluminum gallium arsenide (AlGaAs) radiates
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radlates een and blue light, one constructed from indium gallium nitride
eNflses SR Radiates near ultraviolet, bluish-green and blue light, etc. [4]
Generally LEDs are formed by depositing a p-type layer onto an n-type
Bagiiears AhthRJHHE Coupled to the p-type layer, is mounted to the
top surface of the LED chip, and a cathode pad, coupled to the n-type
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anode and cathode pads 5 6 (respectively) on the top surface of LED die
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[6] LEDs have been used within in vivo, non-hermetically-sealed sensors,

W%r}%érﬁ%&%e applications, printed circuit board 10 is comm%;f[%g%%f%éw%

umina), or a ceramic composite, while LED substrate 3 is typically
sapphire, silicon or another similar material. While these materials are
generally impervious to water or water vapor, wires 7 and 8, LED pads 5
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(007} Figure 3 depicts the effect of water infiltration on a prior art LED die,
mounted to & printed circuit board, whose electric conneciions have been encased in &
polymer material, While printed circuit board 10 effectively blocks water from infiltrating
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[008b]In a second aspect of the present invention, there is provided a light

emitting diode for harsh environments, comprising: a substantially

transparent substrate; a semiconductor layer deposited on a bottom

surface of the substrate; a plurality of bonding pads, coupled to the

semiconductor layer, formed on the bottom surface of the substrate; a

plurality of micro posts, formed on the bonding pads, for electrically
ingpHireekiny itk wneeinitting Biddd i afprntdg gﬁ&?@fﬂbﬁ%‘; BAY weress into the
p&iffuser mountediem topshifans Lhitherubsialfothdiffusstbe light emphasize

emitted through the top surface of the substrate Wh%!é%n the diffuser
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a diffuser may be mounted to a top surface of the light emitting diode .
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3 in an impolja&tali)le sensor (such as a glucose sensor), wherein the LED is
PEEMA R Withif ¥ 80R-hermetic encasement, and the implanted sensor is
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the presence or concentration of an analyte in a medium comprises an )
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pads, coupled to the semiconductor |layer, formed on the bottom surface
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inPRdss topalettkicaliticamageting 4he dightbemiting dindeetesaprinted circuit
board. The sensor further provides an indicator element having an optical
characteristic that is affected by the presence or concentration of an
analyte, wherein the indicator element is positioned on the sensor body to
receive radiation that travels from the radiation source, and which
transmits radiation into the sensor body. The sensor also includes a
photosensitive element located in the sensor body and positioned to
receive radiation within the sensor body and which emits a signal
responsive to radiation received from said indicator element. [0011]In
another embodiment, a method for mounting a light emitting diode to a
printed circuit board in a flip chip orientation is disclosed which comprises
(1) removing a reflective layer from a first surface of the light emitting
diode; (2) bonding a micro post to each bonding pad on a second surface
of the light emitting diode, the second Surface being opposite the first
surface; (3) bonding the micro posts to corresponding bonding pads on
the printed circuit board so that the light emitting diode is mounted in a flip
chip orientation; and (4) mounting a diffuser on the first surface of the light
emitting diode to diffuse the light emitted through the first surface of the
light emitting diode.



Brief Description of the Drawings [0012]The above and other advantages

of this invention will become more apparent by the following description of

invention and the accompanying drawings. WO

2008/112128PCT/US2008/002999 [0013]Figure 1 depicts a prior art LED

mounted to a printed circuit board. [0014]Figure 2 present a picture of a
iew of the prior art LED mounted to a printed circuit board.
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[%&}S]Figuré“s YeprAdhRsnsRb of o REFTIIFAEEHGN DpfolsafrReigsrdia, licht
effiaingecoi: dprinied erduihbeard, whesBiagmpansnisiadyaerbegmenat@dsirate;
a"!éﬁ%i%&%l?/&?rl@y%%e g@;&bsit@d on a bottom surface of the substrate; a plurality of
bonding pads, coupled to the semiconductor layer, formed on the bottom surface of the
substrate; a plurality of micro posts, formed on the bonding pads, for electrically
connecting the light emitting diode to a printed circuit board; and a diffuser, mounted to a
top surface of the substrate, to diffuse the light emitted through the top surface of the
substrate, wherein the diffuser includes microballoons to increase light reflectivity.

[609] In accordance with embodiments of the present invention, semiconductor
LED devices, chips, and chip-on-board circuitry in general, are disclosed that are
designed to withstand harsh environments, including within non-hermetic circuitry
packages, housings, and encasements. In one embodiment, a semiconductor LED device
includes a substantially transparent substrate, a semiconductor layer deposited on a
bottom surface of the substrate, several bonding pads, coupled to the semiconductor
layer, formed on the bottom surface of the substrate, and a micro post, formed 01'; each
bonding pad, for electrically connecting the LED to a printed circuit board. An underfill
layer may be provided between the bottom surface of the substrate and the top surfﬁce of
the printed circuit board, to reduce water infiltration under the light emitting diede
substrate. In another embodiment, a diffuser may be mounted to a top surface of the light
emitting diode substrate to diffuse the light emitted through the top surface.

[0010] In another embodiment, a semiconductor LED device s constructed for

use in an implantable sensor (such as a glucose senser}, wherein the LED is contained

within
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[0016]Figure 4 depicts the limited effect of water infiltration on a flip chip

whERdie-meunted to a printed circuit board, in accordance With.al»0zma2999
embodiment of the present invention. [0017]Figures 5A and 55 depict an

unmasked, prior arc printed circuit board and a printed circuit board
masked in accordance with an embodiment of the present invention,
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wi ri%st%gtsg]n\é%pgggg, wherein the radiation source includes a substantially transparent
substrate, a semiconductor layer deposited on & bottom surface of the subsirate, a
plurality of bonding pads, coupled to the semiconductor layer, formed on the bottom
surface of the subsirate, and & plurality of micro posts, formed on the bonding pads, for
electrically connecting the light emitting diode to a printed circuit board. The sensor
further provides an indicator element having an optical characteristic that is affected by
the presence or concentration of an analyte, whereln the indicator element s positioned
on the sensor bedy to recelve radiation that travels from the radiation source, and which
transmits radiation into the sensor body. The sensor aiso includes a photosansitive
slement iocated in the sensor body and positionad to receive radiation within the sensor
body and which emits & signal responsive o radiation received from said indicator

slament.

[00111  In another embodiment, a method for mounting a light emitling dicde to &
printed circuit board in a flip chip orentation is disclosed which comprises (1} removing
a refiective laver from a first surface of the light emitting diode; (2} bonding a micro
post to each bonding pad on a second surface of the light emitting diode, the second
surface being opposite the first surface; (3) bonding the micro posts to corresponding
bonding pads on the printed circuit board so that the light emitting diode is mounted in
a fiip chip orentstion; and {(4) mounting & diffuser on the first surface of the light
emitting diode to diffuse the light emitted through the first surface of the light emitting
diode,

Brief Description of the Drawings

[0012]  The above and other advantages of this invention will become more apparent
by the following description of invention and the accompanying drawings,
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[0021]Figure 9 presents a schematic of a diffuser mounted to a flip chip

wkElsdRacgordance with an embodiment of the present invegitign.c,aes/aa2000
[0022]Figures 10A and 105 depicts a picture of a flip chip LED with a

diffuser, in non-energized and energized states, in accordance with an
embodiment of the present invention. WO
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mou In a sensor, In accordance with an embodiment of the

resent invention. Detailed Description [0024]1Embodime f the present
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printed circuit board,

[0015]  Figure 3 depicts the effect of water infiltration on a prior art LED die,
mounted to a printed circuit board, whose components have been coated with &
nolymer material,

[0016]  Figure 4 depicts the limited effect of water infiltration on & flip chip LED die
mounted to a printed circuit board, in accordance with an embodiment of the present

Hvention.

[0017]  Figures 5A and 5B depict an unmasked, prior art printed circult board and 2
printed circuit board masked in accordance with an embodiment of the present

invention, respectively.

fooig] Figure & depicts a process for mounting an LED die in & flip chip crientation
on a printed circuit board using thermosenic bonding, in accordance with an
embodiment of the present invention.

[0019]  Figure 7 presents an electron micrograph depicting an underfili containing a
mixture of glass microbalioons and cyanate ester, in accordance with an embodiment of

the present invention.

[00201  Figure 8 depicts a flip chip LED die thermosonically bonded o a printed
cireuit board with an underfill layer, in accordance with an embodiment of the present

invention.

[00z1] Figure § presents a schematic of a diffuser mounted to e flip chip LED, in
accordance with an embodiment of the present invention. :

foo22] Figures 10A and 108 depicts a picture of & fiip chip LED with a diffuser, in
non-energized and energized states, in accordance with an embodiment of the present

inventon.



chips and chip-on-board circuitry that are designed to withstand harsh

wenyEenments within non-hermetic, or near-hermetic, circuitp¢-packaggsoon
housings, and encasements, as well as a diffuser that advantageously

spreads out the light emitted by the LED in order to excite a maximum
number of sensor indicator molecules. [0025]A harsh environment, as
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diffusible material, only a narrow, exposed diffusible surface area 16 is

wRIesgnted to the harsh environment, as depicted in Figure 4, 10,006 o 010000
embodiment, the height of the gap between LED substrate 33 and printed

circuit board 20 is preferably about 20-60 pm, more preferably about
30-50 pm, and most preferably about 40 pm. In one embodiment, the
l f s prefe
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M tohet ézmpmmmuré'efﬁawé PBRNb B dRTBRTS A RERHE SRR Tty B [BRSer
pr@ﬂ’eﬁé’ﬁ@' el adsomkar g efembhos epagaictkiy ahetitiz Blopdnsten feids

tha g f&sr%?e S%tal Iaé/%{ar %1'39{15 s:%%%%é&@”lffr%%n% b@@@é&ﬁ“%@ﬂ)?{han the

propriate’ me rSons 4l he‘art, such as, f
Saé‘ﬁaﬁﬁé‘@ @’d@@&@ﬁﬁ@ﬂrﬂ%d@f@%ﬁ?ﬂ%ﬁﬁé*ﬁfﬁfﬁ% acid and hydrogen
peroxide (i.e., a piranha bath), base etching, etc. In step 2, gold micro post
0079128 atenwelticdyripigd thevinbsanically drsiuied, torpiatsally @xpose metal

cogc?zﬁﬁ&c&%& a}{ée‘ﬁfréfé}%ﬁ?%s@{ %LHQV%@W%@ d@@ﬁftgﬁneath the
onding to pads b, 6. In ste %P E&Wer%%d to become fLAJ gs e
Cﬁﬁ’%‘ﬁrgsé@“%{ﬁﬁ@g%’roﬂ?ﬁﬁ%gﬁ@%? R A L
cirgattefeaus@] £22 @mcp'mbwmwvh@ammc@@@n@]lwalpnm armipdcisiph as,
fo@@@mﬁqgsjﬂpgﬁ%wfaﬂﬂéw@a dmavhepravided detwaeniihedimalind by
and the printed circuit board. se of this unde f|II [ is to
B L
abpointeld cincieduaetciimitp remisidbatssaniin sionrohendss ofdupata Ripusiy,
th&@%éeegﬂfx@an&ﬁﬁdwgws&qmt y%&%l@? o the E&?ﬁb@ﬁéﬁt@JYmﬁtﬁt@@Me
material discussed above, water or water va ates into
sulipcRri i AfEHaY SiHgHG St A AACHIE %{P%"‘&Bar?sﬁ?”m art
printait hircaily boarsel fréwmangreatiilife Bithe Hrideristslippeinsd Rypltaboard 20,

commercial under-fill materials permit substantial water vapor diffusion,
and are, consequently, inapplicable for use in a harsh environment.



[0032]Embodiments of the present invention provide an underfill material
wihatdgsybstantially impermeable to water vapor diffusion angthermfergsces
are appropriate for use in a harsh environment. In other words, the
present invention provides an underfill material that has an extremely
reduced and minimal permeability. Generally, the underfill material is a
AR RSk SRS IOF SRRl CYARAE S 2 BRe T30 o A LG rel@nt
~which a filler, such as, for example, solid or gas-filled glass microballoons,
INYE%r latex microspheres, white alumina ceramic, titanium(IV) oxide,
etc., is added. The weight percentage of filler to the total weight of the
[HE8RIpositighi s & GeRiEkaRy LTI APOTICBE S BTN WAR, i thEID chip
RatEespondingiveig ttarreeniage el arbwneste thadatnliweighiahtaevth an
< FRRSSIon f2.Tom Apout 8506 10, 2boul 2036wl In aprelened, o
embodinent, RETiMer is about 30% Wiw and the polymer-is agbo”ut 5}38‘%
in@ide ] 0OB BN entbbriferiire G rd et hRyes foPis aafmbaéticfoasm, for
e%émlaa@,dghm@ﬁ@m gika&gmﬁépgaﬂ_&m_mglmeétwﬁh%}gﬁévé@w _
ielectric constant. and. very low Intrinsic water, v r diffusion. properties,
e R B IRl R Be AT i o i Lot
emfiedtbrifecs Werkak épbmipstaporalifusitiahdpcyidelgieibcsparated
byopiimizaken. a8 discussedbelowmEne Bierabaleapsmayhave ailstate 3
SEble sizs for example, hemicroballgons may be as small as about 2
pr% {6 %%plarpge a9 abou %’1 pmtf?i%‘ross“secluon. N o%é”’emcbodi’men% anee
ackoEiskiog prdudbie erTaguse dsedfisdmpicre Sulresimpbanided theadrtriie
el tReEGARIGsomponeakaftha.syMaslisieany, B34 n.ripsetesred

PSRN AR 018 Eynies LT TN QRGO 3 SEHOR Brmie™

pogB0s e thiaatikabonsys iaredistadiudtetan a FH Ided sfiavstrbieapriome flip
chPREDER AR YPANe ke IRnetimed W) Rk rmosonically bonded to gold
lycidoxypro g{étrim.eth,gx sil {%ﬁ (GPS) is added. The microballoons are
pa 8&&6%%@5 %c;%agﬁé Ciﬁ@g $ solution and agitated (e.qg., stirred),
separated from the solution by vacuum filtration, dried for about 1 hour at
(0G50t 11072 i GR SR SAHS BNy AL AR IS STRAASS
beadelitichalfepmdignéaf B8 Sqread coplivbadlyl. aTsmadlrpme vhtiaf calbmaiit.

méihgnsiangasedadlianion.promatels, resianehased adhasions and the

promoters, bridging reagents, etc., may also be used. [0035]Generally, a
p"&?@%ﬁ‘(ﬁﬁ‘@%‘ﬁ%@ﬁ%@ SN G R BERFEER o EB iRt iEsi e
priatmbd‘_eci&_it ﬂm’c_"@s &m@&mit@ mfmﬂlampaf[fh_@@eﬁotjimmamdmad above,
wadldteriahis-dafined-As dhe LaHo ahithe AeHmPE e mataral inihe;

permittivity of free space, and a good insulator has a dielectric constant
maRTGh? &S CRRTIRS LN ie Pt RSB RERTILYST Sy £ Sofcprior art fip chip.
Typb@vpmmia?isrﬁérﬂzi Frl%&én@sq&mmmwuﬁamm campdms)dsfzhﬁﬁ are,
col BRI OnGYANAIR GBI if -4 HESHSRRoRAERLNN Is 2, and glass is 3.8.

The dielectric constant of a mixture of materials is simply a weighted
rof3206 GG dlslecie 2ansian's, o hs SRR IS RuES HADRIRA O
valués listed above,
substantially impermeable to water vapor diffusion and, therefore, are appropriate for
use in a harsh environment. In other words, the present invention provides an underfili
material that has an extremely reduced and minimat permeabiiity, Generally, the

underfill materiai is a polymer, such as, for example cyanate ester, Epo-Tek 301-2, eic.,

05,




the dielectric constant of snow, comprised of ice, water and air, may be

wiepiesented as follows: (%oair)*(1) + (okwater)*(80) + (okice¥{dyv2k008/002009
Although air and ice both have good insulator values below 5, it is obvious

that the relative percentage of water is most influential on the final
insulative properties of snow. [0036]In a preferred, high-impedance

+PReAIMEAL, dhe: dader-filllayer %m%ﬁgégme@y@@@tﬁa%s&smn%s or

% dielectric orglstan 3f27 lass, hawrgﬂ?ﬁa die t%%c? tant of%?g a%(

¥ RIVRAE S e 1O FRTBPE DRI 5 T ORide
wagly reehsosie @fe“iimdertﬂ&lmr%@hﬁaium woptisébrefiectivdtplivhésne: about
sIgh IMReFAnCe RIORRtieR &B%éé&@%@ﬁgf% %efééﬁéé@%ﬁ’@@%@ﬂ%@%ﬁé@@w

under-fill layer under normal diffusi n |t the diejectric constant
weRth et uﬁ&%ﬁ*@gpﬁﬁﬁr‘@mg é"s?’ ﬂrcﬁéﬁaﬁ@%ﬁ’@ “an air
effitedispherid fldnds aﬁﬁaﬁﬁ@ﬂéw@h&b’eﬂﬁhﬁb@mna annal| tbiekmess of

about 1 pm. When cyanate ester is filled with microballoons (e.g., about

[088%%), thm%maa@mm&@meﬁh@sa@wm shichdsdreamealiade by
JRELIRRA MBI, Of £OUISE,NOUIALDE SaB 115 0IRSS SROGIES WELR, 10w

e air wi e m| aﬂoons I’ ins dry and sta WI'[ ve

inGREEiBRER e e Ty Hﬂmgsetﬁé?ﬁé%ﬁW@ﬁﬁ@%cﬁérmﬁ fe
scmgr@m@keg@awﬂmamwdargr@@twgdm@var@ua@wﬁﬂm

erial and_not the JCI‘Ob s. The diele nt of
dgﬁgeﬁ% gg%“ézargpl‘esen!tsé: as foﬁé}\}‘(‘lfs (o?{alr#& % g}6cya }ge ée%%g] %1’?55 %3
ssze<mg¢a@@;3i@ By roozmiens sRUsHmERE GRIPIRE dydRdfcasdiepe as aboul
1 fraetignyisssuseamiblg &é@ﬁ%&%éﬂﬂ%&aﬁﬁéﬁbﬁ@ﬁ%@ﬁ%ﬂ@@h@@ﬁﬁ irche

ofe el Sl stead il e drsbanaleciol e ate,
s'hoted above, Cyarate este asa ery ow water vapor
ermeatlon coefficient. As water encroaches, the effectlv%value of

(089 &hate BStdt TitTEA SROSGMEIh SRR ETET e AR Rgre Ry etrs e
glisss thizmlgipding ad dretabpleat edenpameris, embbtiBartnpssitéors of 95%

etmmtm@/p@gz&%g%mmw ?@F&?@Et%%édé@tea;n% mm&y&efta
malntalins good In ative I‘Opel‘l ljgure S a ectron
R W SR SR s (B e R al S
minidralaticts aadteydnat besterpontsictor tan cel wlith amdagﬁmidmﬁem,(m@}

seaé?a%atfmwmmaéﬁ is,amRRdimentidheglass missaballpensaigout 110°C,
air-filled, have a diameter of about 11 %m and a %II thickness of E%Pg na,

A et il ek &0 B He YRRE SxtE A r?e?‘ﬁ%"da riB&e BP6YE:
opitinpetyesatirdistorpwitiotheloyaibatéesteiarEhbavesi ghhepercpriteiges fondins

si§RbedIment A8 AR AL kY ?%9@%9@”&9% Sty Whw syaRade ester,

2% wiw GPS and 1% w/w black colorant.
[0035] Generally, 2 dielectric is defined as an insulating medium between two
conductors, i,.e., @ material that is an electrical insulator, The dielectric constant for 2
material is defined as the ratio of the permitiivity of the material to the permittivity of
free space, and a good insulator has a dielectric constant below 5. For exampie, the
dielectric constant for air is 1, solid polypropylene is 2.18, FiR-4 (3 common circuit board
composite) is 4.5, water is 80, cyanate ester is 2.7, ice Is 3.2, paraffin is 2, and glass is
3.8. The dielectric constant of 2 mixture of materials is simply & weighted average of
the dislectric constants of the components. For example, from the values listed above,

g



[0039]In another embodiment, the underfill layer is formed by adding a

whghlespgattering filler, such as titanium(IV) oxide, glass micresphgiessgiSsss
to an optical epoxy, such as Epo-Tek 301-2. In this embodiment, the

light-scattering filler advantageously increases the reflectivity of the
underfill layer. An adhesion promoter may also be used as well.

Q2 RIS SRR AR AR AER fie thermaranically, BndslerRed as

rinted circuit boarg with an underfoill, la er, In accordance with an

rolaHSo LRI the BHESET e Garet dentl Ay Br oo R nove
gm&%ah%@%mm Gafnas WDqsehatd:hﬁ mejatviz E@*miﬂm@a’st@@? JP@wost
nfARA%S BOnRlthoraied denikboardipges 21, 22. Underfil layer 40

may be combined with a flip chip mounting orientation to prevent water

ingursion for other circuitry compone . e i eyl
Lo : uct?%g r?(??gé é’ct[r%ﬁgg 8%%‘%%%%%%% m%@?&%%%%ﬁﬁg?%gyf éza%%:%om
CYPIER/BFIBU SR G MED® HIEHETT ¢RRSHItcH st Sdiatr Hudes BeieiRstEnFRTalARecr
3.000H019d Hulus suidctashienaPedl]kigdreat:presanis B snhematioefa

diffuser mounted to a. flip chip LED, in accordance with a i
SRR At s e e ST R e
prpigtise BIRUIEbSArGRYShdATaeEH Vs ety Besoderilidnas wdrfassmal
diimounian edhannperssr agastmoseirmpadimentediffuser¥nisodiment,

shaped in the form of a do r hemisphere to,distribute the light emitted
coRl g DTS R o B e S0 & e arb g
wall tiekiarsd|9f alvate firom dbelyrvenatuesiends foedxdin prsregsiorak 3022,
atiLOtRer eRpResimantsHhe.dihizer R0 enuid Nave: aiherrbane sasa@lvapor,

th tirpngrove ”ﬁ t igtributio Additionally, a light-scattering filler, such as
wtangg fobalG8ifs itaia BiaeV&e may Be |ﬁcorporate5 INto
midiffuslEsoBe ey dve dighstdistrivthiorvesinardiensutieafiigayer Thus, the
fra%%w_t dé_fﬁf%%%ﬁiiiﬁ@éf%i&ﬂ%%Eﬂné@?tﬁ%%é@ﬁﬁé@’éégb%ﬂﬁ?r@éégde&,ﬂ.e.,

ith diffuser in non-energized (Figure nd energized states (Figure

onf s PREURENE P prORRt HoePtE b an e e . o
théandieidicimissioRyptanrastaved jjHohow: et thidie Merrsinssea™(2.7)
+ mosasyammglrical distribution of light. The diffuser may be formed directly

on flip chip LED 30 by transferring a predetermined amount of the

roRSlymer{AlEr IR NS MPRR! SirACSokllipchip LED30-1BI0gA

pipétte, etc., or, alternatively, a pre-formed diffuser may be attached to the
el <Lt G B DRS04 3T ETe T ERLEBANS ATIUR T
thé BBsspsuntetienithibvatisensor, ws@mccoitlanice aitivaroemgiodisherisf tae 2

veRI 656 WaRYRARP RIS SMbaRiment. SeRae GAdRARENIAE GrRaAhiR

vivo analytes of interest within a patient, such as for example, Iu{_c_os
O RRRERFEHTT B GRB To Rt i B S FraEe Of FIREE et
hidhoalrdl, saisttalbie G, dammman@mmh?dmdm igaesziestitod alsove.
maXIRIASIRHALR’ A S pROHIBAPREL RRIGERS AKE AR MR ARes

printed circuit 20, preferably in accordanceé with the techniques
cribed abaye, The printed circuit board 62 is.enclose -
. y &
(o e eticﬁﬁi;eseﬁe ﬁ%%%?n%@gé? o%ﬁf@ﬁ?ﬁd%é%c%%%%r%d%&g%@%eﬁ leﬂ :

mirgErel IRASAANbTCSeHe A G7RRR EETAC B AFFAEERBIRETA Glisodiipent of
the BipdeROrdig@thilluminetentogieate) molpaidescitbal@pasiculafiied, have a

.wavelength ich flugresce different. waveleng ,
o S s b AR Lo

wigj sierse asTHes Filne SbaYR IGHIEMREHIBRFMIONEE CBR OIS 85 Riol 4B IWEIINT
70 Is measured by photodetector 64, and a signal is then detected by a
receiver located outside the patient's body. Many different sensor
architectures will benefit from the teachings of the present invention,
including, for example, U.S. Patent No. 6,330,464 (Colvin et al.), the
disclosure of which are incorporatelﬁ herein by reference in its entirety. In
this embodiment, the LED die with the diffuser is configured to have a
more symmetrical distribution of light which excites more indicator
molecules on the surface of the sensor. [0043]In various embodiments,
the present invention allows substrate printed



circuitry, integrated chip circuitry, and specifically, an LED die to withstand

whangh,enyieonment and submerged application using non-heragiic Rk aeabs
hermetic polymer encasements. The present invention also enables use
of non-hermetic circuitry encasements which are typically less expensive
to manufacture, can be miniaturized to a greater degree, and can be more

peelgglja: e ieALBBIRLAPRCAANSOVAHAN S RIDBNIBE 9 oy cyanate

resent invention further eliminate flip-chip installation use of solder an

e%f;%é 3’2 cﬁ‘%%aq#bégfo‘?%ﬁﬁﬁgﬁ#ﬁ%%tplications. For example, the
embodiments of the present invention use gold welded microposts instead

[08PLbIde bFitPtRERCWIRERE BB aRETEY BYth skl bsekdnasttihbt
scefehrsaider eampenenis:sych agdeaglasEhisdsalserbgneficial fordmiprovingy,
renic.reliahility i S ' hec I ' :
g e e S
ingEpstEdhe é@f&?ﬁéf%ﬁ%%% isedielades P SBRISTIRTPREY. TR 44T 8f o6&
asepahodiments of the present also provide intrinsic protection of board level
metallization using the chip body itself as a moisture diffusion barrier and

[ogAb) N2 R RIRR B NS i BT eAmD ey it

. - microns x cni lrcumtrerence. |nis results in S an S 1010,

R D By P L R G ) T R S T et

infeotnoutdiderfiiddevite s{0saslin furthenensstimenieprepedisant of

PR RLRINPEN ARG ot 170 2 GAN 0BT 01 dhaDAUEAR DDAl BadY I,
O under Increases e pond siren ) e Inorganic/organic interrace,

2 PO TR rE GRS e A HEDRIEA apegent

watetanaimsitio foobtheruirddtfil ciogteHnstiboted embirdbd ehesitheadiftiser

RS RIciesonto g LED iecRiAws Belies distdibution o exeliationdight

within an implantable sensor construct to excite more indicator molecules

CORIRATE 0 e R P ST (5T 00 107 TRMBEGB et Sueh @

fagipa./]Other benefits of the present invention include improved electronic
reliability.

[0041] Figure 9 presents & schematic of a diffuser mounted to a flip chip LED, in

accordance with an embodiment of the prasent invention. Flip chip LED die 30 s
thermosonically bonded to printed circult board 2¢ and has an underfil layer 40 as well
as a diffuser 50 mounted to the upper surface. In one embodiment, diffuser 50 is
shaped in the form of 2 dome or hemisphere to distribute the light emitted through the
upper surface of fiip chip LED die 30 over a wider area, and is, generally, made from a
polymer, such as, for example, Epo-Tek 301-2. In other embediments, the diffuser 5¢
could have other shapes as well that improve light distribution, Additionally, 2 light-
scattering filler, such as glass microballoons, titanium(IV) oxide, etc., may be
incorporated into diffuser 50 to improve light distribution, similar to the underfill layer
discussed above, Figures 10A and 10B depict pictures of a flip chip LED with diffuser in
non-energized (Figure 10A} and energized states (Figure 10B). The diffuser of the
present invention substantially increases the far-field emission pattern of the light from
the LED die and results in 2 more symmetrical distribution of light, The diffuser may be
formed directly on fiip chip LED 30 by transferring a predetermined amount of the

i1



In one aspect embodiment of the invention, this is accomplished by the
wigsa®@igelesmetallization and thermosonic welding, which preyiges:beftebese

biccompatibility, is not prone to metal oxidation over time, and there are

no toxic metals as with solder. [0048]In further embodiments of the

invention, the underfill composite material for flip-chipped LED die is

p&%ﬁ@?ﬁ@ﬂ%&%&h@dﬁ %&Wd@%&%ﬂ?&cﬁlﬂ@@twiégﬂ&mﬁﬁ%ﬁa&é or,
minimize water roachm tThe u % | com OSI'[ tfeﬁ'a IS

2N R T LR (TS R RE RIS WAL TP

LERABOr encroachment and maintain optlmal dielectric value. [0049]In still

further aspects of the invention, methods for designing circuit or
[omierauyort! Chipsencbedid teighsitatesiecbeviiBiedsichasshieastoogimentsth

o PSS RPSSRR a1 ARSERING SUFLIR PISPIS RSN . » sensor o
ISC %Oseg ﬁ

environments, are Ow pass ter to filter “red tar

MaRfisiB Wgﬁéﬁqiﬁﬁﬁéﬁﬂqﬂiﬁﬁh‘éﬁﬁ'ﬁaﬁﬂﬁwtﬂ%%mﬁ%%’%%ﬁ%%%%‘%ﬁ dyels.
Fii ome\Wbhiedhis iwentian hasbeen desctbe drintednjrnatiomwituspecHic?,

m%&%?é’é&&@%&% é%géhw%é B%éﬁ‘z?é&’&&m@ H@%ﬁé&a@'& \éﬂE-!%HBBS‘r%{WH

be apparent to thosé's e art. Accordi e preferred

elSFHBBEMRE S PHTINEHTOR 4 SO h BRSI, %@r@f@m%’%@mam
Wiﬂﬂﬁé&%ﬁﬂi@@éﬂlﬂﬁm@ﬁ&éﬁm changessihay-be madeanithenticegatiagion-
nar AR, UG SPHILERd A SRRE:Ch N IDenHaR 5. 555 [R5 ound
on some or all of the outside surface of the housing. Flip chip LED die 30 Hlluminates
indicator molecules 70 at a particular wavelength, which fluoresce, at & different
wavelength, based upon the concentration of & particular analyte in the body of the
patient {(e.g., glucose). The fiuorescent light emitted by fluorescent indicator molecules
70 Is measured by photodetector 64, and a signal is then detected by & recelver located
outside the patient’s body. Many different sensor architectures will benefit from the
teachings of the present invention, including, for example, U.S. Patent No. 6,330,464
{Colvin et al.}, the disclosure of which are Incorporated herein by reference in its
entirety. In this embodiment, the LED die with the diffuser is configured to have a more
symimetrical distribution of light which excites more indicator molecules on the surface

of the sensor,

[004z2] In various embodiments, the present invention allows substrate printed
circuitry, integrated chip circuitry, and specifically, an LED die to withstand harsh
environment and submerged application using non-hermelic or near hermetic polymer
encasements. The present invention also enables use of non-hermetic circuitry
encasements which are typically less expensive to manufacture, can be miniaturized to a
greater degree, and can be more suited to medical implant applications, Various
embodiments of the present invention further eliminate flip-chip instaliation use of
solder and fiux as described in prior art flip-chip applications. For example, the
embodiments of the present invention use gold welded microposts instead of soider and
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What is claimed is: 1. A light emitting diode for harsh environments,

weOMmMRIiSNgs a substantially transparent substrate; a semicongueiRhlayaress
deposited on a bottom surface of the substrate; a plurality of bonding

pads, coupled to the semiconductor layer, formed on the bottom surface
of the substrate, a plurality of micro posts, formed on the bonding

ﬁ@?% SH %BH@%M&%H&H chag e doby S‘é%t%g Qé%ﬂ%é%@r Eéﬁ%&i@'siﬂch

board an under-fill layer, including a polymer and a filler,

a%%%sm%éﬁw&%ﬂ%@%ﬁ%fm%% RN ARSI AR FrarTh F RS
bt ivtdd:Clesditdbead dhtodifdulte. watepdsditifation’ adenrtist sldastngtix

r&f@&é%%é@&éﬁgﬁ%ﬁé BRIy 0L dgg %f%?’g%ﬁ AngARddheRalymer is

cyanate ester. 2. The light emitting dio 1, wherein the substrate

pp 3. Theli ht m|tt|n diode of claim.1, wherei r%#
E’)Ié\?‘?"%njllcorklk’r uc?tor gf/Derdi’ﬁﬂc u%es at?epa% o%é;! p mtd mﬁnﬁsnfz Ly mmﬁ? oard

ieerhinehdligibae windding thiwtreryiiisaiespi r‘aﬁwx@'ﬁ lﬁ%‘ﬁeﬁﬁ@ padis=# the
mPHRL R RIEGRESIS B8 alymer composite underfills to 20-70 microns X
chip circumference. This results in 100% and 1000's foid reduction in polymer ares
exposed and vulnerable to water vapor diffusion from outside the device

{00451  Infurther embodiments, pretreatment of any flip chip die and/or of the
circuit board with an adhesion promoter prior to underfill increases the bond strength of
the inorganic/organic interface, particularly under harsh environments, when water may
otherwise cause delamination of the underfill.

10046} in stili other embodiments, the diffuser constructed onto the LED die allows
betrer distribution of excitation light within an implantable sensor construct to excite
more indicator molecules and provids 2 much higher signal to noise ratio for the sensor.

[0047] Other benefits of the present invention include improved electronic reliability.
In one aspect embodiment of the invention, this is accomplished by the use of gold
metaliization and thermosonic welding, which providies better biccompatibility, is not
prone to metal oxidation over time, and there are no toxic metals as with solder,

[0048]  Infurther embodiments of the invention, the underfill composite material for
flip-chipped LED die is designed to provide maximum reflectance and oplimize light yield
and minimize water vapor encroachment. The underfill composite material is aiso
designed for application in harsh environments to minimize water vapor encroachment

and maintain optimail dielectric vaiue.

[0049] in stili further aspects of the invention, methods for designing circuit or
microgrcuit “chip-on-board” substrates to be used in harsh environments, as well as
orocesses for assembling circuits intended for harsh environments, are disclosed. Also,
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5. The light emitting diode of claim 4, wherein the plurality of micro posts
warejegngeskto the plurality of bonding pads and to a respectprerplualii@bos
gold bonding pads on the printed circuit board, one micro post to each
bonding pad pair. 6. The light emitting diode of claim 5, wherein the
micro posts are bonded to the bonding pads using thermocompression
hOpslingLhesRRsOnie hanrdingittasgnicEpondling - WelliD Sandwidfx The
light emitting diode of claim 1, further comprising a diffuser, mounted to a
e?ﬁ?‘gf}rﬁé@é’ G & substrate, to diffuse the light emitted through the top
surface of the substrate. 8. The light emitting diode of claim 1,
[GRRRkein WalniBisisenten-seak@hecndreddo tREWENPRerIS aresfical
e@BeNhents tiRydieright aritiiagadiatsirkelrin dnavherio-theilndesiibrent
layer is ut 70% by weight r.an 9 iaht of fille
o R L Al e P e i R e
sefifafibterRidnPabBtANdgsivtecdetitativgamnt limiting . YeiiougRheraRERgY oo
raioRiehbalaighisnh ateineasaniarmnbalaon iscaoasiited spheradayingnh
h diameter of about 11 pm and a wall thickness of about 1 pm. 12.
efﬁg’light emitting diode of claim 7, wherein the diffuser includes
titanium(lV) oxide to increase light reflectivity. 13. A light emitting
diode for harsh environments, comprising:

14



a substantially transparent substrate; a semiconductor layer deposited on
a bottom surface of the substrate; a plurality of bonding pads, coupled
to the semiconductor layer, formed on the bottom surface of the substrate;
a plurality of micro posts, formed on the bonding pads, for electrically
connecting the light emitting diode to a printed circuit board; and a
diffuser, mounted to a top surface of the substrate, to diffuse the light
emitted through the top surface of the substrate, wherein the diffuser

What ielaiiersishicroballoons to increase light reflectivity. 14. The light
emitting diode of claim 10, wherein the light-scattering filler is titanium(IV)
dxide land dheoptitalenoxyis Epardekal Bmprisind5. The light emitting
diode of claim 1, wherein the microballoons are pre-treated with an
Adtvbsiaripio frstanarent selgstrBkRs light emitting diode of claim 15, wherein

17. The light emitting diode of claim

the adhesjon promoter is_silane.
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MBSty of bonding pads, coupled to the semiconductor layer, formed on the bottom
surface of the substrate;

a plurality of micro posts, formed on the bonding pads, for electrically connecting the light
emitting diode to a printed dircuit board; and

an underfill layer, including a polymer and a filler, disposed between the bottom surface of
the substrate and a top surface of the printed dircuit board, to reduce water infiltration under the
substrate;

wherein the filler includes a plurality of microballoons and the polymer is cyanate ester.
2. The light emitting diode of claim 1, wherein the substrate is sapphire.

3. The light emitting dicde of dlaim 1, wherein the semiconductor laver includes at least

one p-i junction,

4, The light emitting diode of dlaim 1, wherein the plurality of bonding pads and the
plurality of micro posts are gold.

3. The light emitting diode of claim 4, wherein the plurality of micro posts are bonded to
the piurality of bonding pads and to a respective plurality of gold bonding pads on the printed circuit
board, one micro post to each bonding pad pair.

6. The light emitting diode of claim 5, wherein the micro posts are bonded to the bonding
pads using thermocompression bonding, thermosonic bonding, ultrasonic bonding, or welding.

7. The light emitting diode of claim 1, further comprising a diffuser, mounted to a top
surface of the substrate, to diffuse the light emitted through the top surface of the substrate.
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8. The light emitting diode of claim 1, wherein the filler is a fight-scattering filler and the
polymer is an optical epoxy.

9.  The light emitting diode of claimt 1, wherein the underfill layer is about 70% by weight
of polymer and about 30% by weight of filler.

10. The light emitting diode of claim 1, wherein each microballoon has a diarmeter from
about 2 um to about 11 ym.

11. The light emitting diode of claim 1, wherein each microballoon is a gas-filled sphere
having a diameter of about 11 pm and a wall thickness of about 1 pm.

12. The light emitting diode of claim 7, wherein the diffuser includes Hranium(IV) oxide o
increase light reflectivity.
13. Alight emitting diode for harsh environments, comprising:
a substantially transparent substrate;
a semiconductor layer deposited on a bottom surface of the substrate;

a plurality of bonding pads, coupled to the semiconductor layer, formed on the
bottom surface of the substrate;

a plurality of micro posts, formed on the bonding pads, for electrically connecting the
light emitting diode to a printed circuit board; and

a diffuser, mounted to a top surface of the substrate, to diffuse the light ernitted
through the top surface of the substrate, wherein the diffuser includes microballoons to
increase light reflectivity.

14, The light emitting diode of claim 10, wherein the light-scattering filler is titanium(IV)
oxide and the optical epoxy is Epo-Tek 301-2.

15.  The light emitting diode of claim 1, wherein the microballoons are pre-treated with an

adhesion promoter,
16. The light emitting diode of claim 15, wherein the adhesion promoter is silane.

17. The light emitting diode of claim 7, wherein the diffuser is a substantially
transparent, hemispherical diffuser.
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