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ATTACHING A CH P TO A CRCU T BOARD BACKGROUND OF THE DI SCLOSURE [ 11 Chi ps
can be attached to a circuit board. For exanple, antenna arrays can be
assenbl ed wusing packaged transm ssion/receive(T/ R)nodul es. Packaged nodul e
assenbl i es waybe/desisck array or coplanar tile arrays. SuehufasHRes
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 steps which contribute to the tine and
cost of manufacture. BRI EF SUMVMARY [2] An antenna array is assenbled by a
met hod whi ch includes direct attachi ngl aflipchip 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 nodul e. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 3] These and ot her features and advantages of the invention will readily be
appreci ated by persons skilled in the art fromthe foll ow ng detail ed
descri ption of an exenPRAUIT BOARD ASBEMBLNANDIMEAROD Ofstrated in the
acconpanyi ng draw ngs, ATTARHING A GHIFFTGA CIRCUITSBOAREs an exenpl ary

enbodi ment of a chip attached to a circuit board. [5] FIG 2 illustrates an
exenpl ary enbodi nrent of a chip attached to a circuit board. SUBSTI TUTE
SHEET (RULE 26) WD 2005/ 0BAZBRGREEMSFONHE DIRBLOSURE 6] FIG 3 illustrates
an exenpl ary enbodi nent of a circuit board with an array of chip |ocations
and a chi p[i1at t athiyedai be dttached toracdirictit twadlr Horakarap kehirtenn® addyk odn be[agdemble®. 4
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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 connecting 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
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. I 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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]
[8] FIG 5 illustrates a functional block diagramof a controller of a T/R
chip. [9] FIG 6 illustrates an exenplary enbodi nent of a chip attached to a
circuit with an underfill. [10] FIG 7 illustrates an exenplary enbodi nent
of a chip attached to a circuit. (.111 FIG 8 illustrates an exenplary
enbodi nent wfo modsbgoattached to a circuit. [12] FIG 9 S an
exenpl ary enbodi nrent of a nethod of assenbling an array %H/#%&};ﬁ}%)ﬁqogs to an
antenna panel. [13] FIG 10 illustrates an expl oded perspective view of an
exenpl ary enbodi rent of a panel of a flexible antenna circuit board.
DETAI LED DESCRI PTI ON OF THE DI SCLOSURE [14] In the followi ng detail ed
description and in the several figures,of the drawing, like elenents are
identified with |ike reference nunerals. [15] Fig. 1 illustrates an
exenpl ary enbodi ment of a chip 1 connected to a circuit board 2. In the
exenpl ary [énboBiGranitludtates ad exepdarg binpodiméns ofia tirauitHohid/ widcai seay(of/chlp devi ce
chip 1 connected .a Ci it board 2., In.the enbodinent illustrated in
FIG: 1; H%caE?rfs@H‘??&BBétfaﬂﬁ%%? b"eﬁ“ﬂm OFIdIaéil‘g?ploéaﬁ’f’Enna panel circuit .
assenbly. The nulti-layer antenna panel circuit assenbly may be flexible or
rigid. In te i . ul or any
ot her chi pﬁlsui Fgﬁlhglug%%% ﬁ?(ﬂ%gﬁlt?%ﬁgmgﬁa@uﬂ qargglaﬁo %1?%€é&élgjmgboard
could be any circuit board SUI table for attaching SUBSTITUTE SHEET (RULE
26) VO 205} 060438 RCTLESPARRIARLRAR digdaf R Poondli of i boArd 2 i s @
medi um for distributing power, RF, digit Sl gna signal s
maybe distributed to an antenna array V\/m ch coul d be on the Ci rcuit board or
attached t[g) thgs. G fliGiHates AR @kéhnplir} BinbIdiRent/dR aChipPatiadhed to fal diui€ Wi 'anWi t h
connecti ng portlons or "bunps" 3 arranged on the underside of the chip 1
for conned®i®fllt o correspondi ng contact pads 4 on the upper surface of the
circuit board 2. The chip 1 has been connected to the circuit board 2 by a

(L0288 S5 Ao GBS PR, B oot o o (e

[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

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

elements are identified with like reference numerals.

[15] Fig. 1illustrates 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 circuit board. The circuit board could be any circuit board suitable for attaching
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connections may conprise mcrowave, RF, analog, digital and/or DC power

i nterconnections between the chip | and the circuit board 2. In an

exenpl ary enbodi nent, the chip 1 may operate at microwave or RF frequencies
up to at least 11 Ghz. The chip may conprise an RF T/Rchip or T/R nodul e
and may conpYQ ¥BY0PHY exanple, an SiGe T/R chip 1. [17] ForubMIDS 10 MRY
conpri se solder or solder alloys, for exanple tin |lead or indium]lead

al l oys. The contact pads nay conprise a conductive material, for exanple
metal which nay be plated copper. In an alternate enbodi nent, bunps could
be on the circuitboard and contactpads could be on chips. The bunps 3 and
RF traces on the board (not shown) may be placed over a dielectric |ayer,
for exanpl e bi sbenzo-cycl o-butene (BCB). In an exenplary enbodi nent, the

dielectric er. can .be, for ex I one of the CLOTENE 4000 erles
el ectronic L’@ i e Crephbpapt 23@:8}“‘33\5\% tg‘nd‘?tgb%%lp‘?%ilgz PRGBS fien f&Ybe spun

ont o the cRjgRalk fhapbd distibudedsb &t Siekha artHVLMB L&A bEYBhe SRdit 6ok @& artddEd BuUNpPs 3
and RF traces on the chip are placed on top of the dielectric layer to
reduce RF Itesdwsuitbesd.r educe mechani cal stress at the bunped interconnect
when the devices are attached. [18] In the exenplary enbodi nent of FIG 1,

t he conduct | diym 5 may,..conprjse solder or elegtrically co ductlve
adhesi ve (P_Egi) E%V@%P f g&‘foﬂn%%ﬁj%‘ﬁ“‘?/ﬂstoﬁ Wmn§ep a‘ﬁ%{‘rg‘? I n
ot her exenphadr¥destaedhipe %r%onﬂeﬂ%xﬁ@m%hdflﬂg CBRAL AN TEY, (PR hutfce ofthe

ani sot ropi cal |, conductive, fil 4) and may .be connected

using pres §HP‘é‘y Roprdi 2, dirgrfiry h s b&wawted wq:vr@"syoar%@mﬂm@mp qdireed phip

el ectri cal Iy QRAEG! THUIBES AL SHne B the EQtacE PRVE 6L 4 ARARHIARedRim OFrn@ chip 1
to a circuit board 2 could alternatively be used. SUBSTI TUTE SHEET ( RULE 26)
WO 2005/ 0634TBCIROY M35 2008150 01 80w2ve4RT, Pojlog, digitplandipr D& Hower terdpuiealiosi s

pl aced aro L35 arfd tRQSGHPS e d a
portion of bb’? gg%%r?ﬁﬁe?ytof 1t?11% 3 hi plﬁl . %ﬁlﬁgéﬁ}é@&?ﬁ%ﬁé@& m%ro e
circuit boatwiogwavher Riffrdqhenciehumig atieast ddigr TbeechmmmmdwtanRETMm hi gh

vi scesity Iy exanpl e silica-| oaded
epoxy MAthaQﬁ$?§%%sﬂ¥§&§%"§g¥ ?gg%%%ﬁéen §%§%§8&8+he bond 6 may conprise
mat eri al which has a high flexure nodul us, for exanple about 42 gi ga-pascals

(17} The bumps 3 may comprise solder or solder alloys, for example tin lead or indium lead

r—r*

alloys. The contact pads may comprise a conductive material, for example metal which may be
plated copper. Inan alternate embodiment, bumps could be on the circuitboard 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-cfclo—butene (BCB). In an exemplary embodiment, the
dielectric layer can be, for example, one of the CYCLOTENE.4000 Series electronic resins
(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 ising 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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(Gpa), for holding the chip 1 substantially rigidly to the circuit board 2.
In the exenplary. enbodinent of FIG 1, the fillet bond 6 is attached at

| east to a portion of the sidewall 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. | nvammbherivat e enbodi nent, the bond 6 coul d extremdisk@ssomsiwan 50% of
the thickness 62 of the chip sidewall 61. In an exenplary enbodi nent, the
fillet bond 6 extends up the sidewall 61 to about at |east 2/3 of the

t hi ckness 62 of the chip 1. [20] The bond 6 may extend at |east partially
into the space between the chip 1 and the circuit board 2. For exanple, in
the exenplary enbodinent of FIG 1, thg bond 6 extends between the chip 1
and the circuit board 2 and touches at |east the outer edges of the bunps 3,
wi t hout extendi ng beyond the bunps 3. The material used for the fillet bond
6 may be {¥lleciddGt b, a fitebbinde is phreedronind of lewst 4 partion ofabe duiret f foréxempleof

thermal e ans oul..d ak he de The
bond et oA ¢ Gt el BRI e e ot Pa l BRE TR Grshb ) B . The
fillet borfilleritmhe linaalcorl’r]ﬁtySe lhen-sa@ldecive dnd/@ hﬁmw&c«ﬁﬁw hdll&hkrearmlld’remgtchmpnse
sufficientl dul us. nd to b tched.w the chip. In
some enbo&?%%’n{ gexaﬂ? ang%xy 'Y %‘f‘fﬁcoﬁfydﬁ ARPYF ﬂ@éﬁ'ﬁt?ﬂoése bo(’j‘sﬁper i met er
of the chinpy cdmphif rﬁehd:rm Ivhish bk ablugrpﬂexarefmdurm,ktbﬂ@(amgmwﬁwz%ﬁga -fagalgont act
pads 4 of an antggﬁ §$rcu|t board 2 ¢an be connected to the circuit board

2 wi t hout (HPPaltk e AR d s taaaea s ie e et 2 T the| Eeppli )

connect i ORmbedmeROFRHQ, thé ANQUERY Maeuaféﬁaac&urémmpm@wmhegaae&ﬁdmth%he bunps
3 to the pads 4 and the’ chip canbe secured to the circuit board by the

conduct i véhipdd Thepong 6exterdsup ks sidewutl] of the phirasiinas 50%\1%1&8%01’ ﬁﬁ)ﬂ“@‘lﬂﬁér
connecti nQr@fe GGFYr ign %Mrhlﬁé E’rﬁﬁ&hm&glt]le ﬁ!m@e; ..?ouid L)Hﬁ]fd J@Js‘%ﬁana{ib/f lary

enbodi nent of a circuit board 'a chip ond 6
ext ends arﬂmiwdssaﬁﬂ of tha ship aldmﬁlltﬁlo ﬁl @fextlméam: bmlpodlmenlt,rthetﬂibt @Odl@}@k@ﬂ@ﬁ upnbodi ment

of  SUBSTI], ﬁ@%% &gglaglegﬁf@m\é;@ﬂ%%% k98948, BT US2005/01) 1800 5 FI G 2

t he f|IIet Is not ap are e circuit board 2 where
m cr owave or signal traces 7 extend out fromunder the chip 1. The bond

6 may be appl i ?ﬁ'e Wna YRy bhignd apléﬁdt Pﬁam& i thE Eiﬁc@mvpeeh tHeQhiBr@ASmUARRLE there

are no m %Lg\ggv IeTéril):(arEq;r)lg,Clrel tshe exemplary gn?éor&lment of FIGI 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 with a 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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bond 6 over RF traces 7 may be particularly suitable for applications with
frequenci es above 6Ghz and/or in applications in which degradation in RF
signals in RF traces 7 covered by dielectric material is not desirable. The
degradation of signals can be caused by the difference in the dielectric
const ant of MOR80¥§¥RY as conpared to the enpty space or BET/USPME008M0
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

| ocations 10. A fillet bond 6 extends around at |east a portion of the <chip
| where there are no mcrowave/ RF traces 7. At each chip location 10,

contact pads 4 are arranged on the cirguit board 2 in a pattern
corresponding to the pattern of bunps 3 (FIG 1) on a surface of the chip
1. The bunps and the contact pads '4 are arranged to nake appropriate

mi crowave, TH, 2, hedilleibondif i5inpkAppbaddp Be apropbaeicuithoud & vhnemitowsvoatieen t he
chip I and I n the
board 2 50 e “Fhe chries o Farmd By 2O b e b IRl SRR an R
signal 71 ipsriinpteuef terchip lain azgpy elerdtberarieop misrgwans{Ridrakes. atiplacing the ﬁllet
recei-ver/e %FRE t.h

traces 7 rr)é)%# i Vér divi degfbg a%uLang5&&%@%{}ag9g%é&sﬁxgtrh§9§%n%nc& s abg “of FIG
2, the RF sﬁ(ij-fzadndfbi iri sppticanbukeitt whichodegtadationiin &RF[mgmls ud RFltd!edSS hedmerdkby?Z

conpri sing The 2 may
conprise a dé%?fﬁéfr‘ﬁ g%?a ? "‘%%%Fsé?@%rﬁé??’?% daf‘ﬂ'b‘f %%ﬁ’}‘ge TS g\lﬁ\’@gfgﬁﬁrﬁrfcfi‘

enbodi r nentthe didlectricdonasnt 6{1hd ehokpasadmpaédye tiRemptingice tSirdiversfiuatrerlRa S. RF
signal traces 7 connect to RF contact pads 41. Signal traces 7 fromthe

di vi der net'®%k 72 connect to at |east one of the RF contact pads 41 at
each chip location 10 which corresponds to a bunp (not shown) on the chip 1
for conne ng n port). 11.of th hip . RF
traces 7 rrgb‘] I I;%(?g @t@;ﬁé@an%ﬁeﬁp g% fnge%ygfam %:bg?rr%%swﬁ%lﬁ g a%ttg)c%ﬂr%s (not
shown) on tolne ofhplpralityfof chig toatens il(thlﬁﬁettbbmd ¢ estends aiosel all'qaktiafﬂoﬂfoddﬂ‘%:) port

SUBSTI TUTE BT HUTE S8} P SURT OB 30 A5EH CRB 08y B PhsD P 4F¥ n an

exenpl ary embegdd otk cirdult®oakR2 & fattém %neE;bdﬁdm@tdeé’paﬁﬁﬁ bEtuenps B (KIR 1y @cei ve
node at a frequ ang a gain of 9.0 dB,

7-11
att enuat i orfug?"%§?6}?et°§£}’ hn%h$£ﬂ%t Wg?}g) contact pads 4 are a(‘r:]ranged to 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 recetver/exciter to RF traces 7 on the circuit board 2. Some of the RF traces 7 may form a
divider network 72. Inthe exemplary embodiment of FIG. 2, the RF signal 71 is divided through
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 REF¥ 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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bits. In the transmt node, it may operate in a frequency range of 7-11 Ghz,
with a gain of 17.0 dB, power out of 20.0 dBm (power in=3dBn), an
attenuation of 5 bits and phase of 6 bits. Sone of the contact pads 4 nmay
conprise pads 4 for connecting bunps on the chip | corresponding to ground
or to variows MBdgefspnctions performed by the controller, In the
exenpl ary enbodinent of FIG 2, for exanple, a group of ééygez’rﬁfﬁg?m"{%nt act
pads 43 correspond to bunps on a T/R chip for connecting the TIR chip to
ground. Ot her contact pads 4 may al so connect the T/R chip to ground. [24]
The chip 1 may conprise a "conmmon |leg" circuit. In the exenplary enbodi nent
of FIG 4, for exanple, the chip 1 comgrises three RF signal ports, nanely
a BMF port 11, an LNA port 12 and an A port 13. The LNA port is

swi tchably connected through transfer switch 21 to a forward gain anplifier

14, a firstp gt t m@mhpla@cmao@haﬁehmdm@rofm} 3%a@ey@5@mga'tejaelaémbdefater 17
and a second attenuatoyr 18. Thegggln amplifiers 14 an % conpri se
two- st age Hdfedrgicyrasar abetveen ddil Shpa geinst P.0¢%: ?ﬁea\ﬁslpppf é.b§8 apd phase ok @cei ve

node, a si @& b trdnthit E6AETRY ayfoh @R B R uent PRhALIFNY 1 RLBIRI a ghi§ of NRAML
t hrough the LNA portfzgrocessed throngh the gain anplifier 14, attenuator

15, phase < Pt outof 2,8 Bmapasier nriiB maaweetmmf%b spgdphassafhbits. Soie ch 22

and swi tch rdg3 cbRadi PSasBYRyRON nscbihsﬁf&rc@tﬂﬁmngbmg%ﬂmt @rh ﬂ@érreZﬂon'dﬁl kpput
fromthe beam steering nefwor t he BMF connect 8ot rough

t he swi tch@o@goatndaws@ts&ﬁmsmnsmri%dnqd@ypimpmmdins?l(Wﬁéh fythe wmp@truom) to
th t 17,
e 0o Sl ki S BT ol oRHARE S S o SRR AL I 7 17,

driver arrplli/Ricleip far@onrentihghRAI /R ohip tolgBound. ®t1ner doatdct@hdsmgnej a:}mauahn@f thaTtRadar
array. The rlve a lifier 19 may conprise a single-stage drive anplifier

out si de of PR & nleg" circuit. The chip 1 nay also conprise a
di gi tal /anal og controller 31. The controller 31 may perform application

compr i se pith T afeonpEefotipekfLim B S a3 B BSOS
20051069430, RCTHanpB2005hp0 to®@pdses threp REFigl @)r%nameﬂman@tpeg lé.mné)bé"rrpﬂl’ar y
embodi ment lafanélart H’pfﬁ) ngll TltljeI L%A(po(y @%lﬁmb(?y co%n&%ﬁttﬁr&géhq{'ansfer switch 21 to a
forward gain amplifier 14, a first attenuator 15, a phase shifter 16, areverse gain amiplifier 17 and
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
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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31 of a T/R chip and exenplary ASIC functions perfornmed by the controller
31. The ASIC functions may conprise digital control |ogic 32, RAM 33,
additional circuitry 34 or digital-to- anal og converter (DAC) 35. The
digital control logic 32 may support word recognition, reception broadcast
and nodul e wpewsMésssocont rol words, current and next beamCTage®seee data for
RF control, detection of faults to asynchronous communi cation, whirly gig
and RAM based nmulti-beamregistering, driving two different types of phase
shifters and/or may provide negligible power dissipation in a standby node.
The RAM 33 may conprise storage of volatile nultiple beamdata for beam
steering. The additional circuitry 34 may conprise, for exanple, a 0.3 mW
line receiver, a 0.5 mWVvariable voltage switch control for LNA bias, base
controlled anpllfler bias circuits, pin diode drivers. The DAC may

conprise, fBP) exdp)iusitass ansyemplary emhedimentgfa fpgiignal Plyclﬁii@swaﬁg)facw%\%t or

phase shifteyof EV\'T/IRhcluJ 4 K&H %%SI@ ﬁk}icﬁ&lsq;erf&?rﬁa b9 khetcBn&BlI&CH . A0 ASI@' tage
states. Connections between functions and corresponding functions of

the circui t fungfivas maneppraisadigiéal sontiol jogic 3Ri RAM33 ddisienal eikgwitry B4 axdigitahto-of t he
chip or rmdﬁﬁaﬁ)gtégn@er@ﬂ (I%('C)t boarg, dlgﬁtgl g)lngsol 127g10f39r aagxﬁggéng’wﬁggéc% hgﬁ e bunps

3 on the chip are connected to correspondi ng cont e Circuit
board 2 by wospioebroadsastrandimodsle speéic cmtrOtterpxtdawwr@t@dpbxabvarerdg(squnmlataﬁ;r t he

chi p 1 nmy chﬂ%ﬁrdele!i& dc%f ffLLQéO ?sgnéh?onogs c?or;rx?u icatlcal yﬂlr%r al esgw)ﬁ ”Bl ary

enbodi nent 0 aclrc boar chip 1
may be att ambBicbeho regmmatgt dpam:lg to differdne typea o pBasb)shlﬁa’sdafd/@‘rrmECﬁroSldeA
fillet bond 6. att to at ast . a of the .of the

Underfi 11 aroeeBls ol R Binan M tmeBiRbe TRORANER S ebprigbuase ERERHR dor 111
8 may conpr ingRipRBePOXYfor beam semrg)trﬁe &naawhémuémrwﬁdn@mh@ad@eoréxunwk asilica)
or revvorkabl e e ox% .Ln an ?g‘ El}é enbodi epoxy can be Ioaded by

as much as®80%% IPrreatiysdadd RkARE sW nﬁ%é“&ff?&l@f £NPy Pidgnpasesapirglie

silicon r Ubb{ﬁ Iffier BisRADARGSin diodd ddv@@”ﬁ&Dﬁf‘ﬂéWon@ﬁke){ﬁ?éx%mﬁl@ v@ﬁ‘ag@%&ﬁﬂﬁsar y
enbodi nent , e circuit board 2 is first warmed. A bead of

di spensed t FPF(B‘H‘@“HY Riapipg @ [varagipi RhasesRIfET. Mt for peaple. 8 bidy Qﬁl?fﬁ“ﬁoh Sﬁé?*lzr?ét er of

an att ached01 ?é @atés Chtetilifs Gét&/@éﬂ'tﬁes@ﬁﬁ&%ngarﬂ(lgﬁe%porfdﬂ% FRRRRNY of e QAN _under
the chip 1, o the Eaces bet ween the chi e circuit board 2, by

capillary ab@ar«brnayt!emaéﬁ efifie iy Pafr@feﬂéhlﬁemch@mt of th¢ehin pgnrduia tp a eipi pesrd. at es
the bunps 3. Inm. ?,%Qﬁ}%é%gprgg‘%elﬁ%gQ?éxptﬁ)xéé'%?are connected to corresponding contact

pads 4 on the circuit board 2 by conductive media 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
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 8 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 cani be loaded by as much
as 60%. In alternate embodiments, the underfill may comprise silicon rubbers, urethanes,
silicones, and/or polymer'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.



|
8 [27] Underfill 8 may be used, for exanple, in applications in which the RF
signals do not experience undesirable degradation fromcontact with the
underfill material. Epoxy, for exanple, my degrade RF signals at
frequenci es hi gher than about 6GHz. Were signal degradation is not an
i ssue, the wwamniededsocan be applied w thout avoiding RF Ih
underfill 6 may fill up or nearly fill up the entire spgég%gﬁ?ﬁggﬁmthe chip
1 and the circuit board 2. [281 In other exenplary enbodi nents, parti al

underfill may be used. The underfill may be applied such that it does not
fill the entire space between the chip and the circuit board. For exanple,
in applications in which it is desiraple not to cover the RF traces with
underfill, the wunderfill may be selectively placed in a |ocation and in an

anount such that it does not cover RF traces when the chip is attached to

t he circuRrrj bmhzﬂefﬁlll%ahiy el used) derekarhyle, imypticationd in Whﬁbm}hei REtigmiksdo hdl Whi ch it
is desirable.to a ver| the RF trace n a cati.ons in which the
RF traces XPWC%@ d@Fg 8'3“)?7"‘}“% %%Hﬂlff‘at%‘% %’r‘?ﬁ AP SNt rol t he
needl e t ongelegatd Meilg‘namaaﬁﬁlueﬁch@higm&faﬁ bdolit EGHA EWRere bighd] dbgravatiotion®r RF
traces. Underfill ﬂ%%Bbe us ﬂﬁg e the. conductive nedlun1co ri ses ECA,

sol der, AlasEg e ug Fan4q@p %‘té‘@ﬁf’d’&:}ﬁgﬁ‘?s derfilt 6 may il yporr at es an
exenpl ar yne@ﬂr})ﬁﬂiumeten&fa s;ﬁc@tﬁhpee;l titchPq s i Qirdifit s&fr@@na array circuit board
2 by ACF 51." Afillet bond is provided around at |east a portion of the

chip 1. FIG 8 |IIustrates an exenpl ary enbodi nent of a chip 1 with sol der

bumps 3 akspc Illledthh(bxarﬁpla@réhﬁﬂdiﬁlelﬁf @&galﬁinﬂﬁﬁiltmd@%h@ecﬂ ThEhed& i aer bbunps 3
y €l ther_ a pre

are connected to he, cont ac ad ure qQr. a t hernosonic
cont act | Ppligd-sugh i Aors gt 1! g ep GRUIE BPacq PREvesmRE chip apd R et bpapd- Fox  hel d
agai nst t&empeihagslicRashs uflwmah it edegitabRlUiot tolkR@ECkhe RENACSURIEGIIBET Ge

ul trasoni c vibrations whic ¢can cause the bunps to forma bond with the

cont act pHdefiy maxbe Fqlqce‘(e%re}mdawilgcab?wpa@&aa?oenmch that if doggRot o¥sRY | on of

the chip dacedv¥h ﬂie'%hﬁsi?srdtt@é!éd%ﬁémhﬁ{%aﬁnpﬁﬁhlr{ﬁxﬁ&ﬁu nla)Be Géa@%sﬁucxﬁonged' um
maybe applied by a variety of nethods. 9, for éxanple, illustrates a

bl ock f| owwdichdirisdassabletn aesideryransyhafit W@EF a@rm applisetiftsl imwhieintheRF frgcesf T/ R
hi
chips on g%ﬁ%&%ﬂ% H:'d&/ %%érgedlt J«ﬂ]ﬁggﬁttcgﬂ?oﬂ&oll #=h e%Ee‘% selddtivet y?l%:oar d 202

i ncl udes ying a conductive me aci ng t e chip on
and bondi thguadedill € where itovill met dovaRE (ROS, ngpﬁMumgbehEdodmdubtbmﬂUMHﬂlun1nay

conpri se r"raiédi\!lrg "élgr;[npr%re]se E@L, S%%ell, }Qe&gre 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
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 medium may comprise at least one of applying
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conductive nediumto contact pads of a circuit board or applying a
conductive mediumto a chip, for exanple to the bunps of a T/R chip.

Appl ying a conductive nmedium may conprise, for exanple, screen printing
201a a nedi wo2odsoeoexanpl e ECA, directly onto a flexi bl epEifiGWsioogard or
di ppi ng 201b the bunps of a chip into a paste. Dipping 201b the bunps of a
chip-into paste my be perfornmed using a pick and place machi ne. Any ot her
sui tabl e means for applying the conductive nmedium nmay be used wi thout
departing fromthe scope of this invention. [31] The method illustrated in
FIG 9 also conprises placing the chip 02 on the circuit board. The chips
may be placed onto a circuit board automatically by a pick and pl ace
machine. In an exenplary enbodi nent, the pick and place nachi ne may be used
to dip 20 It otoh@ctiumlpgiim toggontadt padsiofie eirqyétbpadan@plmdemtiaemedihe tehi p 202

ont o the cl el SRRt oSS BEY TR ACIL NGl B IRANES R0 L BKLOL S

circuit arra ow ow profri rowel e to other
assenbl y mﬁiﬂnﬂd.‘?)credntpnnﬂl;g wﬂxmmm;fd&xahpieﬁém dxrdcﬂycmnaﬂexlblpaﬂrdas beardl permt

aut omat ed assenbl ctive rra usi n cl.a avai | abl e pick and
pl ace equi [ WngéPlg)lfheZW&’pﬁf’%% ’pe'(ﬁ‘éap%étﬁtgfpé" n;;@itlﬂhﬁh?}’ép chipin ® from
Uni ver sal  ldstoe perestingd Gidiigs pnaa‘anBIpmmmm m\mh\éeslksabllerﬂnaaﬂs fol X Hhthy -
enbodi ment, placing the chip 202

na¥ npri.se &ﬂ?the chip 202a with
the cir chf’“‘j(%'é‘fedm’lj’é‘I"hﬁ‘ay ?ed’rsede‘if @epa%fng/iﬁ@l”d %‘39%"{ igARyepticduci al s | ocat ed
at least on the chip and the circuit board. [32] After pIaC|ng the chip 202
in the desifed cat | ol ive nmed 203 .to the

boar d. Bonci?ﬁg Tﬁt lg‘és%rf‘:it g my%lﬂég Sl i S e ?i%llacdgﬁ%éé P @go THRSSHEDEE, or
refl ow ng sDhedhips 22Bbe plnbcamtovamuﬁtrbohéhmtoxhuﬂidangabyapielpanrblm n@bhihd)€n an
conductive nedlunlb In alter atlve | nts

bondi ng ¢ hemEHR Y PBOEenl i ] PR Co ey Bt 03k R DEmBRE ol yi ng

pressure 2Ggo PRy 408 tHef arhladd tHeBBip 20T tHt@the Bidcudt bohr@l Dﬂ&@%lttﬁehnagmhﬁ)dhia@
conductive medi um conpri ses an an| sotropci ally conductive adhesive or

pressur e/ t Hep A<YR FECUE AR, Providesiow peil, J9WeT wsishialisaiative 190HET #rge8e chi p
to the boarghumy 1t RhPAsopVRIcisERicARR dofufted faths 8fd Rrrhit ddtSHhatPRENARAf ANl OF
underfill zagrgys 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.

[32] Afterplacing 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 anisofropcially 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

SUBSTITUTE SHEET (RULE 26)



[ 33] The assenblies and assenbly nethods described herein may be applied to
| arge-scale flexible antenna circuit panels. Large-scale flexible antenna
circuits maybe fabricated using reel SUBSTI TUTE SHEET (RULE 26) WO

2005/ 069430 PCT/ US2005/ 001800 10 to rcel flexible manufacturing processes,
whi ch may . aMGYMe43franuf act ure of large flexible panel scwitihoSicaes of
several square feet. Antenna arrays may be as large as 10 square neters or
nore. I ndividual flexible panels nay have a width of up to about a neter

wi de. The maxi mum w dth of the individual panels form ng an assenbly may be
limted by the size of the pick and place machines available for use in

pl acing chips on circuit boards. [341 FoG 10 illustrates an expl oded
perspective view of an exenplary enbodi ment of a panel of a flexible
antenna circuit board 2. The circuit board 2 conprises circuit -filmlayer
201 with 19 reekflppible MagpRoingPracesstsh &viich menliawy err&ngfaaw qigEEe fedblecui t

filmlayer fpg% with Q%%@@v&hl@@uar&ﬂ%&ulqgt&hﬁﬂﬁ L 346 be gsq;‘kge moashﬁa ShiteleR drl N€

secondary feed |layer 204, a cicrul ator nDuntlng board a strip line
circuit boane. 2@@%@”&&%@!&5@@@% & wilthefiupdo Soarrneter »@der %umxguuron t he

t op-si de. Mdﬁlakﬁquméa%%el@mmgqg%sem% A a)J t%-ylﬁﬁltéd Weﬁf dlf { ayer

adj oi ning layers by a |ayer hesi ve he 'secd

conpri ses mlaaxmclgmhmllablaﬁemse i2 PB¢ing opipaomicilufttboaryds. wit h kapton circuit
film 210. The circul ator nounting board 205 conprises pockets 211 which

encl ose three-port circulators 212. [35] The assenblies and assenbly nethods
descri bed H&lei AlGrd{) ilpstaidsdecpindedrersipsetivgeiesi afyn exemplannembadimgns ofgpakel | | ght er

wei ght i nt eo?ﬁﬁ%ﬂﬁ@ grh{ aYfr %@ﬁdz"‘ﬂ%&ﬁ%l ﬁ‘ﬁ@a‘%&‘?cén‘?p %skhe&rce ngﬁ?ggér‘r%gl%%

assenbly me ensity an Ighter wei ass y be used,
f or exanpl &/Richips épa@@edmstbfdbqﬂamdea@tsenmoandcwcmﬁﬂm lasket 202, abottern-gisle

appl i cat i Oﬁ?uﬁh B]Oa\ﬁ‘@ia%‘r 2bs G bk p;fih«!e &%F%@gg{e%]ﬁa%er‘%r284 %Qpcjrl%lgtgr x‘nBuriﬁ g%Q{ gr mal

manner ove dy”’or skin o anly o I ons.
The assenbl20& sncbaﬂn;ahmmbthybomluh@dkh dékapérineciradieting denmays 207 mounlted on the

i nt erconnect tru tures .for us mnm cr oway, di.gita ower
i nter conneg‘fﬁ %lﬁ g’ 3 e\’A‘E’f‘Wlarégm ‘ij’gf? ﬁ?e}h yeéfsts%ﬁﬁ\er%rﬁdé? adﬁ)‘gf’\ﬂé Her gﬁﬁ[ﬁb ul es
and/ or f | exifiesieé 208UiThe pbamﬁlhrydéeﬂ&yemmmma&, axi¥ dakicetilayers 209, toplakd béttonei ght
associ ated vm}{[kgpggl cgcrultaﬁm%n& %Scmgx atgrsnslc?urrrlttlllng b(ggrsé ?O%dc%r'nprises 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 interconmnect 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
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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[36] It is understood that the above-described enbodi nents are nerely
illustrative of the possible specific enbodinents which may represent
principles of the present invention. her arrangenents may readily be
devi sed in accordance with these princiiples by those skilled in the art

wi t hout departing fromthe scope and spirit of the invention. SUBSTI TUTE
SHEET ( RULgh£6d cidilnedibat is clainmed is: 1. An assenbly conprising: a chip;
a flip chip connection connecting the chip to a circuit board, wherein the
circuit board conprises RF traces, wherein the flip chip connection

conprises @t | eagts@dhbil comBpiRGLi on, a DC power connection and a digital
connection; a fillet bond connected to the circuit board and the chip around

at least @@wition of the chip, and wherein the fillet bond does not cover

any porti : ; i ; 2o Thes | &% erein
the chip ioésqﬂlgfctlU %xﬂgécdl})ggoﬁfec‘}lh%ﬁg{?ép I%/agt? It%?g%wﬂére\%hg}%e@lﬁmtt %%ar}é}?r cui t
board conmonypeiseaRmitaces,|whesein thd #iRichipeconneatinngomprieas at I¢ashpd RF4.  The

Frequenti eenfrdbfid OqRieE oyl Bl o Sl o R P 1T i ther -
conpri si naa fillehdend ¢drinebtet we e @rtcuit baat aad pro d:ﬁip)arcmrhdtalheashé powind of he circuit

70 i vt CaBra Whargh S e USRSt BeHiy R e R R Doara on

whi ch the tdcesal ity of contact pads are disposed, the circuit board
conprising RF traces; a transmt/receive chip conprising a plurality of
connection portions for connecting

2. The assembly of claim 1, wherein the chip is a T/R module.

3. The assembly of claim 1, wherein the circuit board comprises a multi-layer

flexible antenna circuit board.

4. The assembly of claim 1, wherein the chip is a T/R module which operates at
frequencies greater than 6 Ghz.

5. The assembly of claim 1, further comprising:

underfill between at least a portion of the chip and the circuit board.
6. The assembly of claim 5, wherein the underfill comprises epoxy.

7. Acircuit comprising:
a plurality of contact pads;
a circuit board on which the plurality of contact pads are disposed, the circuit board
comprising RF traces;
a transmit/receive chip comprising a plurality of connection portions for connecting
with corresponding contact pads of the plurality of contact pads;
a fillet bond between the circuit board and the chip around at least a portion of the
chip, wherein the fillet bond is not applied over RF traces on the board;
a conductive medium making RF, digital and DC power connections between at least
some of the plurality of connection portions and respective, corresponding contact

pads.



Wi th correspondi ng contact pads of the plurality of contact pads; a fillet
bond between the circuit board and the chip around at | east a portion of the
chip, wherein the fillet bond is not applied over RF traces on the board; a
conductive medi um making RF, digital amd DC power connections between at

| east sone of the plurality of connection portions and respective,
correspondi ng contact pads. 12 8. The circuit according to claim?7,
wherein the conductive nedi um conpri ses one of electrically conductive
adhesi ve or 8sol Heg cirayit apperdiigrte glaim £c wberginrte conducdvernediugh eerepiseshe
conductivqxgqﬁggﬁhﬁgmp(ﬁﬁgawe%mh@gbégggag%palIy conductive film 10. The
circuit according to'claim?7, wherein at |least one of the plurality of
connection portions is connected to a corresponding at | east one of the
plurality ob Cont andRds g B8RIfY AnBlefiRliBn ol HMAPBIRoRARL act. 11,
The circuit according to clarm7, further conprising an epoxy Bnder fi |

bet ween t en atiggiroaiediit tendectivedfiim. board. 12. The circuit according to claim
7, wherein the chip is a high frequency nodule. 13. The circuit according
to claim7, wherein the fillet bond conprises non- conductive adhesive. 14.
The ci rcui t 18ccohel cingittazcaldangrio TRimwheheriein dtHeastone obiheupddraltg oadhesi ve has a

hi gh vi scosi . 15. The.circuit rdi to claim?7 eln.the fillet

bond has acoﬂbéﬁ'oﬂp@gl%g 1S ?%@Sﬂﬁg?8%%f)ﬁﬁ"%ngin?&a%tagg%%eomﬁ%slu{%ﬁycefai m 7,

wher ei n t hmnfact pads hyosrek &Hd medsure pr tierreckpaic avhtdche chi p bet ween 50% and 100%
of a thickness of the edge of the chip. 17. The circuit according to claim
7, wherein the fillet bond extends around a portion of the perineter of the
chip. 18. The. ciThedirduitaaccondthgng ctaim @ Airtied dom prisiighet egaxypindsifing an epoxy

underfill "between the chip and the circuit board.

12.  The circuit according to claim 7, wherein the chip is a high frequency module.

13. The circuit according to claim 7, wherein the fillet bond comprises non-
conductive adhesive.

14. The circuit according to claim 13, wherein the non-conductive adhesive has a

high viscosity.

15.  The circuit according to claim 7, wherein the fillet bond has a high flexure

modulus.

16. The circuit according to claim 7, wherein the fillet bond extends up an edge

of the chip between 50% and 100% of a thickness of the edge of the chip.

17. The circuit according to claim 7, wherein the fillet bond extends around a

portion of the perimeter of the chip.

18. The circuit according to claim 17, further comprising an epoxy underfill.



