WD 2005/ 069430 PCT/ US2005/ 001800 | CI RCU T BOARD ASSEMBLY AND METHOD OF
ATTACHING A CH P TO A C RCU T BOARD BACKGROUND OF THE DI SCLOSURE [ 1] Chi ps
can be at\;v?)Chﬁ'g to a circuit board. For exanple, antenna arrays can be
assenbl ed” O ‘“ff)b’z?ckaged transm ssi on/receive (T/R) nod{IT@Es206%9ikeged

nodul e assenblies maybe brick array or coplanar tile arrays. Such packaged
assenblies may include fasteners, interconnect structures and connectors,

i ncluding, for exanple, coaxial cable, "fuzz" buttons, ribbon and/or wre
bonds. Such packages and connecting structures contribute to increased

wei ght and bul k of the assenbly and increase the anmount of board area used.
Assenbly may al so require nunerous sjieps which contribute to the tine and
cost of manufacture. BRI EF SUMVARY [26 An antenna array is assenbled by a
met hod whi ch includes direct attaching a flip chip transmt/receive (T/R
nmodul e to an antenna circuit board. A fillet bond is applied to the circuit
board and the flip chip T/R nodul e around at | east a portion of the

peri phery of the flip chip T/R ~r nodul e. BRI EF DESCRI PTI ON OF THE DRAW NGS
(3] These and other features and advantages of the invention will readily be
appreci ated by persGiSCEKI BOARD ASSEMBLM ANDOMEBETHODAIDF owi ng det ai | ed
description of an exenpl BAGHINGAICHINTO A GHRELAT BBARD| ustrated in the
acconpanyi ng drawings, in which: [4] FIG 1| illustrates an exenpl ary

enbodi ment of a chip attached to a circuit board. [5] FIG 2 illustrates an

exenpl ary enbodi nent of BACKGRCUNBROFTHE ®ISCLIOSURE board. SUBSTI TUTE SHEET
(RULE 26) WD 2110 5/0 6 9 4 3 0 2 PCT/US2005/001800 [6] FIG 3 illustrates

acex enyipry EibOsk¥B Bitachd @ aCirbittohrdd ¥8F &kaiiplid) aRRRnAd 4rfYs &n HehkRmbled
using packaged transmission/receive (T/R) modules. Packaged module assemblies may be brick
array or coplanar tile arrays. Such packaged assemblies may include fasteners, interconnect
structures and connectors, including, for example, coaxial cable, “fuzz” buttons, ribbon and/or
wire bonds. Such packages and coi’mecting structures contribute to increased weight and bulk of
the assembly and increase the amount of board area used. A ssembly may also require numerous

steps which contribute to the time and cost of manufacture.

BRIEF SUMMARY

{2] An antenna array is assembled by a method which includes direct attaching a flip chip
transmit/receive (T/R) module to an antenna circuit board. A fillet bond is applied to the circuit
C board and the flip chip T/R module around at least a portion of the periphery of the flip chip T/R

module.

BRIEF DESCRIPTION OF THE DRAWINGS

(3] These and other features and advantages of the invention will readily be appreciated by
persons skilled in the art from the following detailed description of an exemplary embodiment

thereof, as illustrated in the accompanying drawings, in which:
[4] FIG. 1 illustrates an exemplary embodiment of a chip attached to a circuit board.

[5] FIG. 2 illustrates an exemplary embodiment of a chip attached to a circuit board.
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| ocations and a chip attached to the circuit board at a chip location. [7]
FIG 4 illustrates a schematic circuit diagramof an exenplary enbodi nent of
a T/ R chiv@ 200806050G 5 il lustrates a functional block di agram of a .
controller of a T/Rchip. [9] FIG 6 illustrates an exdfpVey%)0¥Wa#8i nent of
a chip attached to a circuit with an wunderfill. [10] FIG 7 illustrates an"’
exenpl ary enbodi nent of a chip attached to a circuit. [11] FIG 8
illustrates an exenplary enbodi nent of a chip attached to a circuit. [12)
FIG 9 illustrates an exenplary enbodi nent of a method of assenbling an
array of T/R chips to an antenna pahel. [13] FIG 10 illustrates an

expl oded perspective view of an exenplary enbodi nent of a panel of a

fl i bl +Cli i b . TAl LE SCRI.PTI THE DI OSURE [ 14
ST half, 2 Warfedoh AERbA: b e P R baact with oy B8 e,

dr awi ngpcatiérs@nd & ckipatichedioaht cenitibbarddt adHihlokitlon. r ef erence nunerals. [15]
Fig. I illustrates an exenplary enbodi nent of a chip 1 connected to a -
circuit board 2. In the exenplary enbodinent FIG 1, the chip 1 is a

t ransm{1) r eEkS. 4 6llysatey a dhetharie cirbiipdidgramn sfudck efiplaiy@mbodinicntdfia THOeHipl 2. I n the
enbodi ment illustrated in FIG 1, the circuit board 2 is a nulti-|ayer
antenna panel circuit assenbly. The nulti-layer antenna panel circuit
assenbl8] mapIhé iflhseaiebb danctionat bigtlddiagram af 4 esntdller efaDHickpt s, the chip 1
could be a receive chip or any other chip suitable -for attaching to a
circuitboard. The circuit board could be any circuit board suitable for
attachi{9lg SEESH illudttatésHinFek empldote@byditdént 2FASThGH iz Be B tdPCEIrtii Gath/2d01800
chips- The_circuit board 2 is a nediumfor distributing power, RF, and

di gi t aM® ‘?‘@ﬁlal s. The RF signals may be distributed to an antenna array 9
whi ch could be on the circuit board or attached to the circuit board. [1
The T/ hip is.a "flip chip:, wt onnegti,n ortions.or. "bunps" 3 arranged
on theI[quC]ndEIrdéis"d@“SgFlef e’%?ﬂfpﬂ)aqetflg‘?d?@?}’ﬁﬂg%f}f‘gﬁ@"tc e‘Jct(f?rarcé?H’(&ndi ng contact pads

4 on the upper surface of the

{11] FIG. 8 illustrates an exemplary embodiment of a chip attached to a circuit.

[12] FIG. 9 illustrates an exemplary embodiment of a method of assembling an array of T/R

chips to an antenna panel.

[13] FIG. 10 illustrates an exploded perspective view of an exemplary embodiment of a panel

of a flexible antenna circuit board.

DETAILED DESCRIPTION OF THE DISCLOSURE o

[14] In the following detailed description and in the several figures of the drawing, like

elements are identified with like reference numerals.

[15] Fig. I illustrates an exemplary embodiment of a chip 1 connected to a circuit board 2. In
the exemplary embodiment FIG. 1, the chip 1 is a transmit/receive (T/R) device chip 1 connected
to a circuit board 2. In the embodiment illustrated in FIG. 1, the circuit board 2 is a multi-layer
antenna panel circuit assembly. The multi-layer antenna panel circuit assembly may be flexible
orrigid. In alternate embodiments, the chip 1 could be a receive chip or any other chip suitable

- for attaching to a circuitboard. The circuit board could be any circuit board suitable for attaching
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circuit board 2. The chip | has been connected to the circuit board 2 by a
flip chip or direct chip attach process. The bunps 3 are connected to the
contact p 'Af_b% a conductive nmediumb5. The connections nay conprise

m cr onave;’ REVVAHAfbg, digital and/or DC power i nterconnecrivsomsobgigeen t he
chip 1 and the circuit board 2. In an exenplary enbodi nent, the chip 1 may
operate at mcrowave or RF frequencies up to at least 11 Giz. The chip may
conprise an RF T/R chip or T/R nodule and may conprise, for exanple, an
SiGe T/R chip 1. [17] The bunps 3 may conprise sol der or solder alloys, for
exanple tin lead or indiumlead alloy3. The contact pads nmay conprise a
conductive material, for exanple netal which may be plated copper. In an

al ternate enbodi ment, bunps could be on the circuit board and contact pads
coul d be chipscEhgrcuit heardd ppxmedigmdorisiribuiing power, Rieansbdigits! sigoals. SASRY) may be
Pl aced OYgh.@madbeliSfibliof id A4Bnnd Bay SIRARLAIR. SASNZGGY 103 BULENEs LBCB) - 11
an exenplary enbodi nent, the dret ey c lI"ayer "can be, fTor exanple, one of

t he CYCL@eunt0664dSeries el ectronic resins (photo BCB), which is avail able
from Dow. BCB rmaybe spun onto the chip in a liquid state at the wafer |evel
and cured. The bunps 3 and RF traces on the chip are placed on top of the

di el ect ri{bs]l affee TYR chip dr BfliRehipl swthscoandtting gotionsrer faumipsaB astnged on die t he

bunped i nt ercqnnect .. n the deyices are attached 1 In the exenpl ary
S T R R L R e R e T A A

el ect ri cajdwit KRR CITe\Ripadhe bden ohrebifd to thOFirARBIRIGE ERANY cHif 8 direbi@fhed Wi th
silver particles. In other exenplary enbodi nents, the conductive nedi um may

cpmpr i se attadhgseaess Tbabyngps Jaserpnaedteddo thecontsst padsa)y aoonductivg medium Aalhehe
ceRnecte i or . I AL El -0t her
sui t abl qu egﬁcg}sglg Icé&%gsne ug%%%%%%o%%%@é%&?%?& Sﬁlre\reiglgercr?g %ﬂ‘?rl%s 3 of
a chi p 1 betwvean therchipil andiheritcut boatdl 2d Irednte2emplatyveahbodbeenti sieecchipSUiB&yIdpéiaflEBE SHEET

(RULE 26) WD 2 0 O 116 91 311 PCT/ US200S/.001800 [19] | G..1, a
fillet bah@weo‘rayeﬁfg%ﬁaquapﬁw t&f‘ﬁFaé%té{K' Ff‘?lBﬁ‘aéjF"‘%‘H‘ésleéH&Sﬁjﬁc%‘r‘f exanpl e
around am@&ﬁadmaaeanfageoxﬂ&séepﬂaeeyyanqﬁe,msmhmc%;pi.or bonding the chip 1 to
the circuit board 6. The fillet bond nay conprise non-conductive and/ or

hi gh vi scosity adhesi ve and/ or may conpri se
[17] The bumps 3 may comprise solder or solder alloys, for example tin lead or indium lead

alloys. The contact pads may comprise a conductive material, for example metal which may be
plated copper. Inan alternate embodiment, bumps could bé on the circuit board and contact pads
could be on chips. The bumps 3 and RF traces on the board (not shown) may be placed over a
dielectric layer, for example bisbenzo—cy.clo-butene (BCB). In an exemplary embodiment, the
dielectric layer can be, for example, one of the CYCLOTENE‘4000 Series electronic resins
C (photo BCB), which is available from Dow. BCB may be spun onto the chip in a liquid state at
the wafer level and cured. The bumps 3 and RF traces on the chip are placed on top of the
dielectric layer to reduce RF losses and reduce mechanical stress at the bumped interconnect

when the devices are attached.

{18] Inthe exemplary embodiment of FIG. 1, the conductive medium 5 may comprise solder
or electrically conductive adhesive (ECA), for example epoxy resin loaded with silver particles.
In other exemplary embodiments, the conductive medium may comprise anisotropically
conductive film 51 (ACF) (FIG. 4) and may be connected using pressure or thermosonic contact
52 (FIG. 5). Any other suitable electrically conductive medium or media for connecting bumps 3

of a chip 1 to a circuit board 2 could altematively be used.
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epoxy, for exanple silica-loaded epoxy with a viscosity of about 4000
cent apoi se The bond 6 may conprise material which has a high flexure

nodul us | e about 42 giga-pascals (Gpa), for holding the c
subst ant¥ ﬁ’f’}/‘%ﬂépdly to the circuit board 2. In the J)QWZQ.?%OlsOgnbOdI ment

of FIG 1, the fillet bond 6 is attached at |east to a portion of the

si dewal | 61 of the <chip 1. The bond 6 extends up the sidewall 61 of the
chip as far as 50%to 100% of the thickness of the chip 1. In an alternate
enbodi nent, the bond 6 could extend | ess than 50% of the thickness 62 of
the chip sidewall 61. In an exenpl ardy enbodi ment, the fillet bond 6 extends
up the sidewall 61 to about at |least 2/3 of the thickness 62 of the chip 1.
[20] The bond 6 may_ extend at |east partially into the space between the

chi p 1[18hd InK&Gcl.rachiliet bonsiiscplared pronndbatdenst eportieri phthe eliprip faaieyareptpodi ment  of

FIG 1, cui ard 2 and
touches a{aeal gtgchmtqhe ouﬁﬂ%&gg%@?o (Fr%on "Lljérpe%gsq\?ﬁ{hggmgn{boad6 gﬂng beyond
t he bufifte b3nd ﬂihﬁcmpteselnah-cuaiadn\fdﬁndlohﬁlgfl ivistesity hdirgive andiyr sy ctmiséed to

provide some control alized coefficient of thermal expansion (CTE)
i st EERRHPEFeEBlA lcaméfpww@&veféPSI}vcﬂ?ﬁ‘f%lt 4900 epBRRIsyelEDPE O t ouches

the S%gféod\ﬁis@tma?&ﬁl mﬁﬁmah&ﬁ R4 Hodultk Sfﬂ%ﬁhrplem%u{ Y gg&- piend material

maybe sel ected to have desirable strength, sufficiently f1 exural
modul uérahdor holdimg UrEchn tlctubstantialli righidy tchﬁhp cirguit bomed 2erﬁ)cthh ementpdary t he bond 6

may —ext e d i 8#" ]glg“fﬁtl hﬁe ﬁﬂétbond g?sga%ta&x flgt gast otagamogé)gaxe sbc{gwglaégﬂgtéR chi p 1

with b King ~connections fina circuit

board ¢hig B.ﬁl'l’(be)oﬁtbﬁ Bﬂeﬁcﬁdpm sidevall b1 6fithé ciyOfITat as 20%M6 toged oﬁh@tﬁfekﬁ@e f or
housi ng connectlgtg structures. The el ectrical conneciions can

t hr ougPf BREPohd R 2R GheTRRE © @Mﬁﬂeg}el?ﬂfj‘ t%@“%ﬁ’ﬁ%“@e%ﬂ‘%éo"é’a%fgﬂ’ﬁ and t he
chip cafxh&s 826%8%1F%ﬁe\%1?610'IF;QHE:Eeer@&H&nPdﬁzrhé}ﬁ RORMUBLAYEeiBRAs W a fillet

bond and/ or underf W t hout any other connecti ng or securing structures.
[21] Fhesidgwall 6h®taba@f@$13a$12é°a<@ﬁtb¢@roy-n@ﬁﬁbdfﬂmmlpdf acircuit board 2 with a
chip 1 attached. A fillet bond 6 extends around at |east a portion of the
chip 1. In the exenplary enbodi nent of SUBSTI TUTE SHEET (RULE 26) WO

2005/ 0B84 30I's bongGmaysetemiyt trastparially into the space between the chip 1 and the circuit

board 2. For example, in the exemplary embodiment of FIG. 1, the bond 6 extends between the

chip 1 and the circuit board 2 and touches at least the outer edges of the bumps 3, without
extending beyond the bumps 3. The material used for the fillet bond 6 may be selected to‘
provide some control of localized coefficient of thermal expansion (CTE) mismatch which could
weaken the solder joints. The bond material touches the solder joint and reduces the solder
mismatch. The fillet bond material may be selected to have desirable strength, sufficiently high
flexural modulus and to be CTE matched with the chip. In some embodiments, the bond 6 may °
extend around the entire edge or perimeter of the chip. A T/R chip 1 with bumps 3 for making -
connections to contact pads 4 of an antenna circuit board 2 can be connected to the circuit board

2 without a package for housing connection structures. The electrical connections can be made
through the conductive medium connecting the bumps 3 to the pads 4 and the chip can be secured

to the circuit board by the conductive medium, a fillet bond and/or underfill, without any. other

connecting or securing structures.

[21] FIG. 2 illustrates an exemplary embodiment of a circuit board 2 witha chip 1 attached. A
fillet bond 6 extends around at least a portion of the chip 1. In the exemplary embodiment of
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FIG 2, the fillet bond 6 is not applied to the area on the circuit board 2
vri;rre mcrowave or RF signal traces 7 extend out fromunder the chip 1.
The bond 6 may be applied around the perineter of the chip 1 in areas where
there ar qPMeMdhave/ RF traces. Not placing the fill epcThdsshogyer RF
traces 7 may be particularly suitable for applications with frequencies
above 6GHz and/or in applications in which degradation in RF signals in RF
traces 7 covered by dielectric nmaterial is not desirable. The degradati on
of signals can be caused by the difference in the dielectric constant of
the epoxy as conpared to the enpty space or air over an uncovered RF trace.
[22] FIG 3 illustrates an exenplary enbodi nent of a circuit board 2 with a
chip 1 attached at one of a plurality of chip locations 10. A fillet bond 6
ext ends FIGINHe filletberds isaopappliednd thf arédh thetitdit bo e stdBicBovaie R RF

m crowave/ RF traces 7., At each chig | ocation 10, contact pads 4 are

ar r angecFigR! tAS i §Xtend; opblipy underythy pirtle eFhe bend: @ mpp baieAptiadaroned figt tern of
bunps 3 (HEnfarer bk OB 1 iRt Wh@GRer®hetd e filtinRrdwavE/ier (HBP SN B ﬁlg%hgpnatact pads
4 are arrangeé to make appropriate mcrowave, RF, anal og, él ital and/or DC
power i rbcaddioovee BF itmnes hmawbe partibdarhsuitatile forcipphcations withufrequsoeies aBoveThe chi p
| ocations. 10 are arra d ont oard .2 so_that the | pS form.gn array
100 of c?sﬁ}%é a%{{ nmaatpf’g%ﬁgréﬁ '_“A‘ﬁﬁatg‘é%f Hpn 3 5515"ﬁ%d{' Rﬁ-{]%%e%k CQVFEQa%am
form ng digledE Matetialdafiot HeiAbN EThedegtddtionloP sibfald £aA®E Saubed By thé\@ffekdneslint board
2. Sone of the RF traces 7 may forma p~ divider network 72. In the
exenpl arthe diglseic sepftanyfithezpozy ag qpmprred 49 Y empty 5PIcs OXRiQV¢EN YIsPHER§ARFC a 1: 8
pawer diyjder network 72 conprising 7 1:2 power dividers 73a-c. The array
shown' Th FIG 2 may conprise a sub-array of a larger array (not shown).
In an exenpl ary enbodi nent, the array could be as |arge as hundreds of
square r RE LR g.gﬁa ; thag; ‘ j.gnal
traces gﬁ?f osnﬁl?gl dikvi qg? iT\let %%m‘%ga@gﬁtﬁg%? H@oﬁt%tg {alzgglg}a 0 eﬁ%qg%hﬁcgthF
cont act omeads plutality obchiih lochtiqns|10c At fillehbdr@l 6xiterids emnndatjeastis partioa ofithep (not

shown) on.the.chip 1 for .connect. t beam f qrm.n ort (BME port) 11 of
t he chi pcr}'ir.’ pl‘-?ll—“erterﬂgeé%%re 7o Hﬁifmé{?%ezﬁ%ﬁ?‘:é& 2 ?‘Bem&g}‘@gﬁ%‘ﬁl 88’&”&1’518%? P¥spondi ng
t 0 bunpsartdagéd sty \iicull Bodrl2 it padterth doftEspoAIINEHithd htttrd of BEmpsBAFIGOI Yo a _

anplifier (LNA) port 12 and a h power anplifier (HPA) port 13 of the chip

i
1 (FI G wwyfac ¥ CpTE %Wmm%ehg @n%pg%o%mmwdeo make appropriate

microwave, RF, analog, digital and/or DC power interconnections between the chip 1 and the

circuit board 2. The chip locations 10 are arranged on the board 2 so that the chips 1 form an
array 100 of chips when attached. An RF signal 71 is input from an array beam forming network
radar receiver/exciter to RF traces 7 on the circuit board 2. Some of the RF traces 7 may form a
dividernetwork 72. Inthe exemplary embodiment of FIG. 2, the RF signal 71 is divided through
C a 1:8 power divider network 72 comprising 7 1:2 power dividers 73a-c. The array 100 shown in
FIG. 2 may comprise a sub-array of a larger array (not shown). In an exemplary embodiment, the
array could be as large as hundreds of square meters. RF signal traces 7 connect to RE contact
pads 41. Signal traces 7 from the divider network 72 connect to at least one of the RF contact
pads 41 at each chip location 10 which corresponds to a bump (not shown) on the chip 1 for
connecting to a beam forming port (BMF port) 11 of the chip 1. RF traces 7 may also attach to
RF contact pads 41 corresponding to bumps (not shown) on the chip 1 for connecting to the low
noise amplifier (LNA) port 12 and a high power amplifier (HPA) port 13 of the chip 1 (FIG. 4).
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PCT/ US2005/ 001800 [ 23] In an exenplary enbodinent, the TR chip | of FIG 3
may operate in the receive node at a frequency range of between 7-11 CGhz, a
gai n of RahiReepyt ENUation of 5 bits, and phase of 6 bits. In the transmt
nmode, it may operate in a frequency range of 7-11 Ghz, PMT{US280¢WiI8900f 17.0
dB, power out of 20.0 dBm (power in=3dBm, an attenuation of 5 bits and
phase of 6 bits. Sone of the contact pads 4 may conprise pads 4 for
connecting bunps on the chip 1 corresponding to ground or to various ASIC
functions performed by the controller 31 (FIG 4). In the exenplary

enbodi mrent of FIG 2, for exanple, agroup of interior contact pads 43
correspond to bunps on a T/R chip for connecting the T/R chip to ground.

O her contact pads 4 may al so conpect.the T/R chip to ground. [24] The chip
1 may cbliri Bengxempamsmbodirentthe dR;chip L of FiGid W@aﬁqagrsy%&m%vmﬁe%f FI G
4, for ) | ' : ' I : BMF
port 11 ERRprisgE oFBirBeck PEDRs, B e or b O SR o S end HIBL ¥ 8
connect dits.t Inthe kdnsmitamsie ot mgywpewke i 2 ftequeancy fangawfi7dl lgahs, vatipd gdinef 1718, a

first at t hi,f 16 . gai lifier. 17 and
second AP BTS00 260 RRB3 S aHB AT AP oA aPn g DRI AR P ELSPR. ot age
het er o- gf pelcitact phdsStht dmplikphils Hfdr BorBIrgbuRpSon the chipd dogespondingrsle, a

signal 74, for exanple fromarray radiating elenent, is input through the
LNA por &rousd acieyasenstANIe fenstionsocdamed Rirfieiconteqllen 31 (FIG: 4)e fadboexemplarphase

shifter aal l5 £ ] swi tch
23 ot SEOpRRALLAE, 2, b Efample o Bobf bRkl Hialehctig oftespthd huips B0 °1C o
st eeri nd/Rebipdoricotmectingtbe BR-chioo grobid. Othecdontactpade4 may Alsowgimectthe I t ches 23
and 21 %ﬁoth switched to positions which are not shown) to the gain o
anpl i fi SPPTAEUPYenuat or 15, phase shifter 16, gain anplifier 17,

attenuator 18, switch 22 (switched to a position which is not shown) to the
driver lifjer, .1 and HPA port 13 t,0.the radi ati el nt of radar
array B omhERRE Rpe oot e Rapai et R R Ea RS e A 1 e
out si de 40for tXtehpl€, HEBRID 1 QANpriséstiatd RF sifh? p6rid, RanielFRBME pét ¢ DHRITINGCporé
digital/analog controller 31. The caontroller 31 may perform a_ggl I cation

speci fi d2iand apHBAGer 18 dbalNAPasisywirhahly sonectedthwughiraryieswitch 2p0 2 23y
compri sq,Riath gliPsfpriders, Qe iiMhuatd¥ 15 Wiise iR L teVHISE paihlamplifi Y End 6)

a second attenuator 18. The gain amplifiers 14 and 17 may comprise two-stage hetero-bipolar-

transistor (HBT) gain amplifiers. In the receive mode, a signal 74, for example from array
radiating element, is input through the LNA port, processed through the gain amplifier 14,
attenuator 15, phase shifter 16, gain amplifier 17, attenuator 18 through a switch 22 and switch
23 to the BMF port. In a transmit mode, a signal 71 is input from the beam steering network to
the BMF port 11, which connects through the switches 23_and 21 (both switched to positions o
which are not shown) to the gain amplifier 14, attenuator 15, phase shifter 16, gain amplifier 17,
attenuator 18, switch 22 (switched to a position which is not shown) to the driver amplifier 19
and HPA port 13 to the radiating element of a radar array. The drive amplifier 19 may comprise

a single-stage drive amplifier outside of the “common leg” circuit. The chip 1 may also comprise -
a digital/analog controller 31. The controller 31 may perform application specific integrated
circuit (ASIC) functions. The switches 21, 22, 23 may comprise pin diode, FET or MEM

switches.
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WO 2005/ 069430 PCT/ US2005/001800 7 [25] FIG 5 illustrates an exenplary
enbodi nent of a functional block diagramof a controller 31 of a T/R chip
and exenpl ary ASIC functions performed by the controller 31. The ASIC
functi onWOrRYS/8#¥ i se digital control |ogic 32, RAM 33PCHHSRWIHYHEN0
circuitry 34 or digital-to- analog converter (DAC) 35. The digital control
| ogi c 32 may support word recognition, reception broadcast and nodul e
specific control words, current and next beamregistered data for RF
control, detection of faults to asynchronous comuni cation, whiny gig and
RAM based multi-beamregistering, driwing two different types of phase
shifters and/or may provide C negligi ble power dissipation in a standby

nmode. The RAM 33 may conprise storage of volatile nultiple beamdata for
beam st ed2§IngFIG tdllustrates am@mpmmoslmyer@qf afuyctionalptock diagram ofxcompybller a 0. 3

MV Line 3CRLYER o oo dWHURS SR Bl 305 A C R Sler 507 bGPl 2.

base cont as Ci I’CUI rrvers

conpri se, furfctionseayqoinerisy digttﬂg;ensﬂﬁdgmgzi RAIMr33] dddiipndlyirBuithi Jgoraigial-aet or
phase shifter, with, for g arrﬁ@ bits of caontrol to select 255, voltage
states. @BHPBEPTGHE JMGLAN ¢ sfhglfahﬁemirlgglar?& B FPRPEH ok rCasitions of

the ci rcq&%@%&ﬂcmmm@m édnaoﬁmres Qﬁmqh m%xt%@a rRfikekERMfor Of the

chip or e toacircuit board I'n exanpl e, “appropri ate
burps 3 &F ¢dngok Idpqgctmneofd@mmemtaeﬂwmnquommmumg vt g anch,dM Based t he

circuit bo 2 b onductd ve nedi.a. 5., [2 n. cer n ex |_ar .

enbodl e %faﬂlé rgwct%m?g’ VA ﬁvr?d@ffﬁem é’@g I‘# Ehasg. SE“?Y[S I"&yyprloylfiﬁst rates
exenplpg, ug.tﬂsrmaurmsipa@dn il a 6fahdbylmade! TedRAM 33 rﬁa}fboﬁ@ﬁde shedpe df volatiielnps 3
the Cc e attached to contact pads 4 on the board 2 bie sol der
ECA 5 m%“ﬂ‘ﬂ"faé% 3@530% bagm steerigg. Therddftipp sircyigaid may cOERRTSHOBIXAMBLE, Bf t he

chi P 1. Wndenf inhelRcdiver] £6.34A% VRSl é@ﬁvxféﬂ cen@m? tyﬂi«gi\ll@sr, Gk Th.e

underil e8 may conprise an epoxy, for exanpl e heavi ed or [oa e (with
silica) empiifenbidsairtwiseporiode drivean Téﬁ@mﬂraawcommsd lfcrrBMmpidaeolegoseytingan be
| oaded by, 0% nat e underfill

conpri se fgralmeg%hglfﬂﬁgg vgracmr@}f i tﬂg Y wgﬁ’ E%’ﬁ’gg’ S é%&‘? 8? BB ‘aﬁﬁf%lea

exenpl ar Woﬂ?&@ﬁtd@@@&nne&thﬁis Ghtivaet meéacfaﬁdﬁoas dnd cbiréspbndiey FRtions oflﬂ%a&lm@lft epoxy
i s di spensed throu a needl e onto the circuit board 2 around_the perineter

of an atbrardmay be maéehyﬂwh@wédléchw tttaplgner obthe ehip o medde togsirryit hasrdyr awn
under thgln] Gt y}orek;ﬂﬁ]ﬂe aPﬁro naebim s@%"&ﬁ@dbﬁ e cSibRedho VatkelfoRainb totady Poard

2, by ca act | n exe
pads 4 on the circuit board 2 by conductwe med1a 5.

[26] In certain exemplary embodiments, the chip 1 may be underfilled. FIG. 6, for example,
illustrates an exemplary embodiment of a chip 1 attached to a circuit board 2. Bumps 3 on the
c chip 1 may be attached to contact pads 4 on the board 2 by solder or ECA 5. A fillet bond 6 is
attached to at least a portion of the of the chip 1. Underfill & is located between the chip and the
circuit board. The underfill 8 may comprise an epoxy, for example heavily filled or loaded (with
silica) or reworkable epoxy. In an exemplary embodiment, the epoxy can. be loaded by as much
as 60%. In alternate embodiments, the underfill may comprise silicon rubbers, urethanes,
silicones, and/or poly:mel.'s. In an exemplary embodiment, the circuit board 2 is first warmed. A
bead of epoxy is dispensed through a needle onto the circuit board 2 around the perimeter of an
attached chip 1. As the circuit board 2 cools, the expoxy is drawn under the chip 1, into the
spaces between the chip 1 and the circuit board 2, by capillary action. In an exemplary

embodiment, the underfill encapsulates the bumps 3.



enbodi ment, the underfill encapsul ates the bunps 3. WD 2005/ 069430 8
PCTI US200S/ 001800 [27] Underfill 8 may be used, for exanple, in applications
i n whi ChVé'?ﬁhBE 4§‘1,gnal s do not experience undesirable degradation from,

contact wt e underfill material. -Epoxy, for exanpl BCT/UstgpsMegrade RF
signals at frequencies higher than about 6GHz. \Were signal degradation is
not an issue, the underfill can be applied w thout avoiding RF traces. The
underfill 6 may fill up or nearly fill up the entire space between the chip
| and the circuit board 2. [28] In other exenplary enbodi nents, parti al
underfill may be used. The underfilBl may be applied such that it does not
fill the entire space betmeen the chip and the circuit board. For exanple,
in apﬁlic%ﬁiogf in mhich S deS|rabIe not to cover the RF traces with
under 47 el o e osed, fﬁ; XpBpledp @pplicasioys 1wy which theRE siggrlade 8t and in an

anoungxrad&he ﬁllﬂﬁEudbtle &@ﬁaamtﬁoﬁn‘%ﬁtﬁﬁt R’fm&kﬂﬁﬁ@&m%éhaﬁ fﬁ‘po&?'feréxﬁmgfet ached to

the circurt board. Partial underf be used 1 n application I n which
i t i smapddgrapRE signalggidraquensies higher tlnaheb@ﬁsﬁﬂm é’gh@mmgnaldp@tda@an ismos in which

the RE trac ut.oma ene t can control
the niuad femdbiin SR HBNEH wbth ARG RR K ek “BRR e T 8f " cover  me
t r ac egearlifitlapithe éntieddpadichetiiertl thdthfel 4ddehe eRellicidare2. medi um conpri ses ECA,

sol der, pressure and/or thernosonic connections. [29] FIG 7 illustrates an

exenpl ary enbodi rent of a chip | attached to an antenna array circuit board

2 by PGF Si.othdr bxdmpliry babodiments, partaV isietiid ke uséd. | Brainderfilianiy ke of t he
chip 1. . FIG 8l Iustraées an_ exenpl ary enbodinment of .a chip 1 _wth sol der
bunps2Ppligd gughtaal it dpes pot h@eﬁwgeamcayetme?e@mc%a%ﬂzz cirgyip badd.gEPr bunps 3

are CQ&H@T& ﬁ{iaptpﬂczlti%‘ﬂs fORhiBE it iPadRarte Rt t@bBV&&h@RF Wa@és%&l?u&ferﬁl fgger mosoni Q

cont act In"a thernosoni ¢ contact, the bunps 3 of the chip I' are held
agai nendetfilbmadyet selectivehtidaced ora lpmommdom amh atmowmtguch thatdt dagb petcoeet Ro

Cont aRtoepe B T Bty e 80 T Gt andePBil S e ofiepBetboB 1 on o

t he ciiiwhidh it {s304irable tNWdl@Mﬁeﬂg&H@RB&yccﬁﬁmﬁﬂé@ﬁBétﬁms ithehicwthd RFttta¢es medi um may
be applied by a varleté of nmethods. FIG 9, for exanple, illustrates a
bl ock™MRY BRFFEET ARPRAte ﬁ/wkéﬁﬁmwrmnﬁw emtrobte e%lqtﬁgel?fﬁv@yplagﬁ of T/R

chi PS1@RndRfiABIVARAR Hill G8H dov R Fhces! "GndBehill Q6h bd hitatWiREEHe cBndutfRre O

medium comprises ECA, solder, pressure and/or thermosonic connections.

[29] FIG. 7 illustrates an exemplary embodiment of a chip 1 attached to an antenna array
circuit board 2 by ACF 51. A ﬁllet‘ bond 6 is provided around at least a portion of the chip 1.
FIG. 8 illustrates an exemplary embodiment of a chip 1 with solder bumps 3 attached to an
antenna array circuit board 2. The solder bumps 3 are connected to the contact pads 4 by either a O
pressure or a thermosonic contact 52. Ina thermosonic contact, the bumps 3 of the chip 1 are
held against the contact pads 4 on the circuit board 2 and subjected to ultrasonic vibrations which
can cause the bumps to form a bond with the contact pads 4. A fillet bond 6 is provided around

at least a portion of the chip 1.

[30] Invarious exemplary embodiments, the conductive medium may be applied by a variety
of methods. FIG. 9, for example, illustrates a block flow diagram of an exemplary method of
assembling an array of T/R chips on an antenna circuit board. The method illustrated in FIG. 9
includes applying a conductive medium 201, placing the chip on a board 202 and bonding the
chip to the board 203. Applying the conductive mediurn may comprise at least one of applying
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i ncl udes applying a conductive medi um 201, placing the chip on a board 202
and bonding the <chip to the board 203. Applying the conductive medi um may
conprise at |east one of applying SUBSTI TUTE SHEET (RULE 26) WD 2005/ 669430
9. PCT/ U V8P ¥240300 t he conductive mediumto contact REKIES2005/a18M0r cui t
board or applying a conductive nediumto a chip, for exanple to the bunps
of*a T/R chip. Applying a conductive nmedi um may conprise, for exanple,
screen printing 20 la a nmedium for exanple ECA directly onto a flexible
circuit board or dipping 201b the bunps of a chip into a paste. D pping
201b the bunps of a chip into paste may be perfornmed using a pick and pl ace
machi ne. Any ot her suitable nmeans for applying the conductive nedium may be
used without departing fromthe scope of this invention. [31] The nethod

i || ust r attearopdugtivemediug ta eontaskpads 98 cirduitdionatyd ar Applyinga cOduadive mmsdiugi toeui t

board. The ghi to. a,cifeuit I utomatical | v. by a pick
and pl ac e n‘ﬁa@’ﬁ%’%@?"mﬁ ta’%r? mng%gf%p ar’ @‘Pe #@Bféﬁnr%ea N ?&?cﬁlg'e %?eg @W&f %1“5%‘53’ #ﬁc hi ne
maybe useglarhple dtReRpriting 2oie almsdiitn,dbr exatiplieECA, directPasiitea Abtiblk biduithoakd| ace

the chip 202 onta. the circ%it board. Directly attaching T/R npdules to a

f 1 exi bl e % APpiRe2OL thy PuRRS L3 chIp B apapigunDppritg 31 b the prmppsef 24P B ResKat i ve
to otherngaa%,sb HedSick! I OV | &gﬁaﬁ pat hs
and permt ag onfg?neeg%glsgeﬁglkﬂﬁ% g%@%@%léa%?aggeﬁg%%ggnganﬁgeg’gl g’\?ai | abl e
pi ck and cphductveemedipmrery be Riedkvithodt dripartiog dopui thasenpeiof thigwaiehtdl. e, f or

exanpl e, from Universal Instruments Corp. of Binghanton, New York. In an

exenpl ary enbodi ment, placing the chip 202 nay conprise aligning the chip
2pRa Wi t H31]he Thenedod Hlugirpsaddn BKS. 9@isocomprses plakiag the ahip?@ronghedizsnit borad.

fweuci al s ocat st.on.th i nd,.t cirguit: board. ..[32] After
bl g s pehy B pla e Uit ol BB tals o8 ittt PR b Tt B
bonded 2ZRemplarytehdodinRntrithe Piok andygladendchite BRgbe usadyo dPEOLD e bomips 6fg ckip3a, for
exanpl e ECA, or reflow ng salder 203b .in an oven or belt furnace, depending

on the cdMapets and hradp Biasasas Hp 2Q7%to the Airgyit kaar (Pigeetly astachinet 3 eedylssi nent s,
pondi ng_ D eNbiR chrbuit dHay RAGpOTERY IGATRIES GowaRRdidi Mleb AR ofhef B3EmbigP| Y1 NG

pressure 203 naybe used ng a cur 203 a, for exanpl e, ere the
conduct i veethmdsli i may alspprogdssharterinieonneoiaihslahd paromtcutomatesl aastinblyi of actie

arrays using commercially available pick and place equipment. Pick and place equipment is

available, for example, from Universal Instruments Corp. of Binghamton, New York. In an
exemplary embodiment, placing the chip 202 may comprise aligning the chip 202a with the
circuit board using, for example, a vision system and fiducials located at least on the chip and the

circuit board.

C [32] After placing the chip 202 in the desired location, the conductive medium may be bonded
203 to the board. Bonding to the board may comprise curing 203a, for example ECA, or
reflowing solder 203b in an oven or belt furnace, depending on the conductive medium being
used. In alternative, exemplary embodiments, bonding the chip to the board may comiprise
applying pressure 203c. Applying pressure 203 may be used during a cure 203a, for example,
where the conductive medium comprises an anisotropcially conductive adhesive or
pressure/thermosonic contact. In an exemplary embodiment, bonding the chip to the board may

also comprise application of a fillet bond 204 and or underfill 205.

[33] The assemblies and assembly methods described herein may be applied to large-scale

flexible antenna circuit panels. Large-scale flexible antenna circuits may be fabricated using reel
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pressure/thernmosonic contact. In an exenplary enbodi nent, bonding the chip
to the board may al so conprise application of a fillet bond 204 and or

under fi o206 33] The assenblies and assenbly nethods described herein may
be applieg to large-scale flexible antenna circuit paRET&S203/09i80¢cal e
flexible antenna circuits maybe fabricated using reel SUBSTI TUTE SHEET ( RULE
26) WD 2005/1169430 10 PCT/ US2005/ 001500 to reel flexible manufacturing
processes, which may allow the nmanufacture of large flexible panels with

si zes of several square feet. Antenna arrays nmaybe as |arge as 10 square
meters or nore. Individual flexiblelBanels may have a width of up to about
a neter wide. The maxi mum w dth of the individual panels form ng an

Ve | ablecrP e o B RO i el thsapRutsEhe et B e

i 1T ust r adrRfs with $3268loP SiREka PRSP Edet. | ASteithPMa9E mD bEXQRTRE 38 YO SiRAdh&BRbr of a
panel of a flexible antenna circuit board 2.  The circuit board 2 conprises

a ci r cumore: iindividugldlexiblgpangls may lvRactidthof up 40 abegtammeteowidse Thomagimumh de, a

si gnal / L E.Cal - ' I 0 [ . ne.l.ayer 203,
an’ai v SRUFe e il borlle @b ooty UG b EHREFNEBRE SBICY (* 05
and a splatemhdhives available forhwainplaify shipsomdirkitdpads.ur e radi ati ng el enents 207
nounted on the top-side. In this exenplary enbodi nent, each l|ayer is
separated from adjoining |ayers by a |layer of adhesive 208. The secondary
feed | ajpa] CcEIGH10 dlestratesan explofdes katpictiye viewaTan exemplanembaoaditnentof apadeh kapt on

circuit film,210. The. ci.r,cul at npunt.i n oard. 205 .co i ses pockets 211

St on " ef Aot mitea isntbont 3 e (it bopth £ terieds moieeon i orT 28 Stk

assenbl mmif@ﬂ StALBSA tol tRE BothRr Silid) A By¥naVpOWkGrchR ki 18R PoZleNSdtior-siadt ennap
| e

arrays with ghter weight interconnect structures, when conpared to oth
assenbl| Bwyndplanglayer 20, angiststindine segopdery fgedlayar204acki¢riigtor sroupbng beard

assenbl i V.. Resused. . I ' e . rante nd
Morart 25 SRS SRk SR Gk Wb RGP S m AL BRIRETC
appl i edtoprside. tothisexemplaryembedimentpgachisyebid dypacitedikonnadjbinigdayestyfadayer or any

other a i catjQn The ass |i es and assenbl t ho descrj bed herein
may pr 09&8%3“11% c gﬁﬁ _ée(‘,’?n‘ﬁgi tg%@f*w E8MPHFES & AN Qaglf‘ﬁggﬂ s gﬁ%r‘ 0tQMyi t al  and
DC poweiyith khstbk Sirci@aiiin216. ThcidBbior &founting board 205 comprises pockets 211 which

enclose three-port circulators 212.

{35] - The assemblies and assembly methods described herein may provide for higher density
antenna arrays with lighter weight interconnect structures, when compared to other assemblies or
assembly methods. Higher density and lighter weight assemblies may be used, for example, in
space based radar antenna and “smart skin”” avionics applications, in which flexible circuit boards O
are applied in a conformal manner over the body or skin of the platform, or any other
applications. The assemblies and assembly methods described herein may provide interconnect
structures for simultaneous microwave, digital and DC power interconnections, as well as
structural attachments, between T/R modules and/or flexible circuit panel array antennas, without

the bulk or weight associated with other assemblies or assembly methods.

[36] It is understood that the above-described embodiments are merely illustrative of the
possible specific embodiments which may represent principles of the present invention. Other
arrangements may readily be devised in accordance with these principles by those skilled in the

art without departing from the scope and spirit of the invention.
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structural attachnments, between T/ R nodul es and/or flexible circuitpanel
array antennas, w thout the bulk or weight associated with other assenblies
or asse ¥Lﬂﬁ%ﬂ9ﬂﬁ [36] It is understood that the above-descri bed

enbodi ment's ‘are nerely illustrative of the possible spdGHUReHIdIONENt S
whi ch may represent principles of the present invention. Qther arrangenents
may readily be devised in accordance with these principles by those skilled
in the art without departing fromthe scope and spirit of the invention. 4
0 SUBSTI TUTE SHEET (RULE 26) WD 2005/ 1169430 PCT/ US2005/0018011 11 CLAI M5
What is claimed is: CC 1. A nmethod of assenbling an antenna arrayl OO
conprising: direct attaching a flip chip transmt/receive (T/R) nodule 1 to
an antenna circuit board 2; applying a fillet bond 6 to the circuit board 2
and the flip chip T/R nodule 1 arou S | east a portion of a periphery of
the flip chip T/R nodule 1. 2. The nethod according to Claim1, wherein the
antenna circuit board 2 is a nulti-layered flexible circuit board. 3. The
met hod accor #Vingt isolapned &f: Clains 1 or 2, wherein direct attaching the flip
chip T/R nodule 1 conprises at |east making one of R/'F connections, DC
power connections and digital connections. 4. The nethod according to one

of Cains | tAmetkeoBassenilislirgy 4h anbdrkla afrdyaoblicBgpdsihgd p chip T/ R nmodule 1
conpri ses attachlng the flip chip T/R nmodule I wthout applying the fillet
bond 6 over dfegt aftichinga fhip Pt“ﬁ%“@i”F"é&‘l"?“BBh‘inad‘éel?a“PH@%t"FFG& 8&ddr ding to

one of O ai Mgl b5 HiRMbchd $RRREERCiHoald 7 SR Bip b TRAMbEIE 1 around at
C least a portion of a periphery of the flip chip T/R module 1.

2. The method according to Claim 1, wherein the antenna circuit board 2 is a multi-layered

flexible circuit board.

3. The method according to one of Claims 1 or 2, wherein direct attaching the flip chip T/R
module 1 comprises at least making one of R/F connections, DC power connections and digital

connections.
4, The method according to one of Claims 1 through 3, wherein said attaching a flip chip
T/R module 1 comprises attaching the flip chip T/R module 1 without applying the fillet bond 6

over R/F traces 7 on the circuit board 2.

5. The method according to one of Claims 1 through 4, wherein the flip chip T/R module 1

operates at frequencies greater than about 6 GHz.

6. The method according to one of Claims 1 through 4, wherein the fillet bond 6 extends
around an entire periphery of the flip chip T/R module 1.

7. The method according to Claim 6, wherein the flip chip T/R module 1 operates at

frequencies less than about 6 GHz.
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operates at frequencies greater than about 6 Giz. 6. The nethod according to
one of Clains | through 4, wherein the fillet bond 6 extends around an
entire j f the flip chip T/R nodule 1. 7. The nethod according to
d ain16?waﬁgggkﬁ*ﬁhe flip chip T/R nodul e 1 operates aPCTAUS2IOALI08s | ess

t han about 6 GHz. SUBSTI TUTE SHEET (RULE 26) WO 2005/ 069430 12

PCT/ US2005/ 1101800 8. The nethod according to one of Clains 6 or 7, further
conprising underfilling the flip chip T/R nodule 1. 9. The nethod accordi ng
to one of ains 1 through 8, whereinm2direct attaching the flip chip T/R
nmodule 1 to the circuit board 2 conprises connecting bunps 3 on the flip
chip T/TR nodule 1 to corresponding contact pads 4 on the circuit board 2
with a €ondudeimehadagrarding, to ppe ofiaimeet orot furthes eemprisinggindedillinethe fliger ei n t he
conduct&MET LAk p conprises at least one of electrically conductive
adhesi ve,” sol'der or an anisotropically conductive film 11. The met hod
according to Caim9, wherein said direct attaching conprises creating one

Of A P eSS O adhecoring b Sne b LlGSS 1 Beough U whercin dicect skaching the Fip g
T/R module 1 to the circuit board 2 comprises connecting bumps 3 on the flip chip T/R module 1

to corresponding contact pads 4 on the circuit board 2 with a conductive medium 5.

10.  The method according to Claim 9, wherein the conductive medium 5 comprises at least

one of electrically conductive adhesive, solder or an anisotropically conductive film. O

11.  The method according to Claim 9, wherein said direct attaching comprises creating one of

a pressure or thermosonic contact 52.
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