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PACKAG NG OF ELECTRONI C DEVI CES [01] This invention arises in the field of
el ectroniwopaohsges t hat encase and protect sem conduct oPCaiusouidsotdevi ces
(dies) and provide the electrical connections that join the die 5
circuitry to external conponents such as those of a printed circuit board.
This invention is particularly concerned with air-cavity packages, i.e.,
those in which the die resides in an air- filled cavity where the
performance of the die benefits fromthe |low dielectric constant of air.
In particular, this invention addresses the difficulty of sealing the
package around the die and the air-filled cavity in a manner that w |

dur g (g QR DIVERSE MAFERTAPS N AR CAVIFX"
the package PAGK ACINRGOF PEECTRONIC PEVICES: package

consists of a die sealed inside a protective enclosure ose walls are

penetrated by | eads by which the die circuitry is electrically connected to
external 15 circuitry such as that on a printed wiring board. The packages
of inteld$t Thisimientipmemsesimthedield efrlentrontvanackagss kb wncaseandprotdcect r oni cs

i ndustry, as_ "air-cayi. ac s" ,sing he, die resides in a.hallow

 nt or nateriondibior ERUE I RGS A o B e Bl GhatSins Uy i ¥’

el ecs ri ¢igduitry RSdthalicothpdnérds biich ab @éselofh pfihtel Cir66iNBoAA! Thikhhwentibs W ati ng
ability is particularly useful when the el ectronic device is a mcrowave
power chariculanhpcenceted Withpiteamityparkagss. 46> thase in whislrihe die reqdegiie an girgne

t hat regyl oL i q [ knce the
i pr onied By loke e BBRGRRIO0RE 1B e o WiBe AL GGy SRR

achi evelngmnséuddrethiis inmehtioaladdivssees pler diffioultp of salinp thdyeackxde @omidythé diecandi r cui t
l i nes nd, hi current densities that are cyrrently used in djes, the
package fﬁlgegi cauuy My mganeidhat Wil énalmwsgaaﬂm@m@f@rseeld}%mga%h@hher

at nRp Phehie RS esncofthteldd ARt faBBeatiod £ RRAKR ihgpabl e of
digg?pat?igrthe égt fﬁat“?ﬁgﬂﬁ%é gg%%rates ur|egéﬁggs&ﬁgggﬁ'issipation IS
conmonl gncauiterddy thépankgpe inhesef | oor of the package, and for this reason a
heat conductive material, generally a nmetal plate, is used as the floor,
wi th a high-tenperature heat-conductive 1 WD 03/007362 PCT/ US02/ 19501

sol der, often a eutecti CBAGKIGROUNDIORTHEENVENTIONhe fl oor. Packages are
generally formed by

[02] An electronic package consists of a die sealed inside a protective enclosure whose
walls are penetrated by leads by which the die circuitry is electrically connected to external

15  circuitry such as that on a printed wiring board. The packages of interest in this invention are
those that are known in the electronics industry as “air-cavity packages” since the die resides
in a hollow internal air-filled cavity inside the enclosure, the air serving as an electrical
insulator due to its low dielectric constant. This insulating ability is particularly useful when
the electronic device is a microwave power chip. The air-filled cavity is also useful when the

20  die is one that requires light transmission, such as CCDs and CMOS devices, since the. air
provides full optical access to the surface of the die.
[03] To achieve consistent and reliable performance with the extremely fine circuit lines
and high current densities that are currently used in dies, the package must be sealed against
the intrusion of water vapor and other atmospheric gases. At the same time, the package

-25  must be capable of dissipating the heat that the die generates during use. Heat dissipation is

commonly achieved through the floor of the package, and for this reason a heat conductive

material, generally a metal plate, is used as the floor, with a high-temperature heat-conductive



first bonding sidewalls to the netallic plate to formthe body of the
package, the sidewalls having electric |eads passing through them Once
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piece being the lid. If ceramic is used as the material of construction for the unitary base and
sidewalls, the cost is high, and if plastic is used, the product yield in mass production will be
low due to deterioration or distortion of the plastic and the formation of leakage sites in a

25  significant portion of the units.
[06] A separate problem is presented by optical packages, i.e., those containing CCDs or
CMOS devices that require transparent lids to allow transmission of light. Since these
packages do not generate heat in use, they do not require a rapidly heat-dispersing metal base;
metal, plastic, or ceramic bases can be used. In addition, the lack of a need for fast heat

30  dissipation eliminates the need for high-temperature metallic soldering allows. Instead, low-
temperature soldering can be done using soldering materials such as epoxy. The response to
high temperatures is nevertheless a c'oncem, since before the package can be used, it is
subjected to further processing subsequent to the assembly of the package itself. This

subsequent processing includes soldering of the leads outside the package to external
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components of the enclosure are assembled, i.e., before either the sidewalls are bonded to the

20  base or the lid to the sidewalls. Plastic sidewalls can then be bonded to the base with no risk
of exposing the plastic to the high temperatures needed for soldering the die to the base.
Also, the high cost of ceramics can be eliminated or reduced either by avoiding ceramics
entirely or using ceramics only for the base. For vision packages with transparent lids, the
three-component construction of the package enclosure permits the use of plastic sidewalls

25  with a non-plastic base and a non-plastic lid. The base and lid can then be formed of
materials whose CTEs are close in value while the sidewall is formed of a material with a
CTE that differs substantially from those of both the base and lid. The use of plastics having
a relatively high CTE as the sidewalls will not place undue stress on the package seals since
even though the sidewalls may thicken (i.e., bulge both inwardly and outwardly) at the high

30  temperatures encountered in assembly processing and testing, the base and lid will expand

substantially equally, thereby preventing the package from bowing.



a relatively high CTE as the sidewalls will not place undue stress on the
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listed below, together with their symbols as indicated by the Electronic Materials Handbook,
Vol. 1, Minges, M.L., et al., eds., ASM International, Materials Park, Ohio, 1989:
copper
copper-tungsten alloys
20 copper-iron alloys: C19400, C19500, C19700, C19210
copper-chromium alloys: CCZ, EFTEC647
copper-nickel-silicon alloys: C7025, KLF 125, C19010
copper-tin alloys: C50715, C50710
copper-zirconium alloys: C15100
25 copper-magnesium alloys: C15500
iron-nickel alloys: ASTM F30 (Alloy 42)
iron-nickel-cobalt alloys: ASTM F15 (Kovar)
mild steel
aluminum
30 Preferred among these are copper, copper-containing alloys in which copper constitutes at
least 95% by weight, iron-nickel alloys in which iron constitutes from about 50% to about
75% by weight, and iron-nickel-cobalt alloys in which iron constitutes from about 50% to
about 75% by weight. The iron-nickel alloy Alloy 42 (58% Fe, 42% Ni) and the iron-nickel-
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ability to maintain the proportions of their components during melting and solidification.

20  Examples are copper-iron alloys, copper-chromium alloys, copper-tin alloys, iron-nickel
alloys, iron-nickel-cobalt alloys, tin-silver alloys, and gold-tin alloys. An 80:20 gold-tin
eutectic solder is particularly preferred due to its high thermal conductivity.

[14] The temperature at which the die is soldered or bonded to the base will vary
depending on the solder or bonding agent used. For high-temperature soldering as needed for

25  high heat transmissivity, a soldering temperature above 250°C is generally used. In most
cases, the soldering temperature will fall within the range of 250°C to 500°C, and preferably,
particularly with a gold-tin eutectic solder, within the range of 300°C to 400°C. For low-
temperature soldering or bonding, the temperature will generally fall within the range of
125°C to 175°C. When epoxy is used, for example, the typical bonding temperature is about

30 150°C. |
[15]  After the die is soldered or bonded to the base and cooled, the sidewalls are applied as
a frame over the base. Either thermosetting or thermoplastic materials, examples of which

are listed above, can be used for the sidewalls. Thermosetting materials are typically molded
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20  where the leads will contact the plastic. The adhesive will cure at the plastic moldmg
temperature, forming a seal around the leads that will prevent intrusion of moisture and other
atmospheric gases. The number of leads may vary widely depending on the die and the
application for which it is intended. Thus, as few as two leads or as many as 100 or more
may be present, and the leads may be on one side of the frame or on all four.

25 [17] Application of the sidewall frame to the base is likewise achieved by the use of an
adhesive, notably a heat-curable polymeric adhesive. Adhesives for use in both locations
include both thermosetting and thermoplastic materials, such as epoxy adhesives,
polyamides, silicones, phenolic resins, polysulfones, or phenoxy adhesives. Examples of
thermosetting adhesives are:

30 D.E.R. 332: an epoxy resin with bisphenol A (Dow Chemical Company,

Midland, Michigan, USA)
ARALDITE® ECN 1273: an epoxy cresol novolac (Ciba-Geigy Corporation,
Ardsley, New York, USA)
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15  complexes of boron trifluoride with amines or ethers. Examples of antifoaming agents are
hydrophobic silicas such as silicone resins and silanes, fluorocarbons such as
polytetrafluoroethylene, fatty acid amides such as ethylene diamine stearamide,
sulfonamides, hydrocarbon waxes, and solid fatty acids and esters. Examples of moisture
getters are activated alumina and activated carbon. Specific products that serve as moisture

20  getters are those identified by the supplier (Alpha Metals of Jersey City, New Jersey, USA)
as GA2000-2, SD1000, and SD800. Examples of fillers are alumina, titanium dioxide,
carbon black, calcium carbonate, kaolin clay, mica, silicas, talc, and wood flour.
[19] In preferred bonding methods of the base, the lid, or both, the adhesive is first applied
to the surface to be bonded, then heated to a moderate temperature to bring the adhesive to a

25  B-stage in which the adhesive is tack-free and semi-solid at room temperature. The parts to
be bonded, one or both of which having thus been coated with the B-stage adhesive, are then
joined and heated further to cause the B-stage adhesive to liquefy and wet the surfaces and to
cure fully to form a gas-impermeable seal.
[20] The temperature used in curing the adhesive joining the sidewall frame to the base

30  will vary with the particular adhesive used, but will generally be below 200°C. In most
cases, the temperature range will be from 100°C to 200°C, and preferably from 125°C to

185¢C.
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[21] OnDifférbrces calebatdmpensaced for ibh ande dades by eclidisga themoplasgic componentbonded

to the leads, and a lid is fixed to the sidewal|l frane to enc|ose the
die. Seb\iheadhpsivsicoppasifipp, eﬂ@e&qﬁé hgsle ehesive AngipEeRtas apa m&é@é‘?ﬁ?ﬂt{‘éhed by

adheS| v&l%n.ggs[ %Q‘? a}ﬂgﬁvm REEen®S the securenent of the sidewall frane to
e

t he base. par anet er of the materials used as the base and the |id,
t helpl ap3]c Ubeprocesstdfehis mwtetmi dffdrdaabightdegresef abrsatdey to thetmmterdiadsaared and

t he adhesi ve used [ n bondi | eads ,t d [, f h id [
frame 1 B SRk oty Fot RS, GeldTichRntie ppeaen BTEbatY Bicoi ont - of

t her mal sigxpANELAB) ditEEh lea@&hea{lﬁ"sﬁfe'cﬁh bPased h% &W&r g&agm Which $he
expressed in units of parts per mllion (by weight) per grees Cel si us,

and t hebSEismaial and theilidfis oeraméc. t The semginzid-tordy ian be u@ﬂdsna oTGMQYEs of

any t V\DVISl(}n pac nz}ge(ir? Whic etﬂe Dat'ls ceor];mxc and the lid is clear glass. The same mid-body

20  can also be used with a metal base and a metal lid to shield the die from RF or
electromagnetic radiation. The invention also allows one to accommodate otherwise
incompatible materials for the package components. For example, the glass used as the lid in
a typical vision package has a CTE of approximately 7 ppm/deg C, while the base,
particularly when the package is to be applied to a printed circuit board, has a CTE within the

25 range of 15 to 25 ppm/deg C. The difference can be mitigated by using a mid-body made of
a plastic with a CTE of intermediate value, such as an average of the CTEs of the base and
lid, plus or minus 30%. This will reduce the tendency of the package to bow in the direction
of the low CTE glass lid or in extreme cases to cause the lid to crack or to create leaks at the
bond lines, either during fabrication of the package or during the temperature cycles

30 encountered during post-fabrication assembly and testing procedures.
[24]  All of the package fabrication steps can be performed in an array format in which

multiple units are processed simultaneously in a two-dimensional array. With appropriately

positioned location holes, the two-dimensional arrays of adjacent components can be
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vi sion package has a CTE qof approximately 7 ppmideg C, while the base,
particuB%WF@gﬁkgﬁ%ngmﬂﬁgﬁége is to be applied to a printed circuit board,
has a CTE within the 25 range of 15 to 25 ppnmideg C. The difference can be
mtigated by using a m d-body nade of a plastic with a CTE of internedi ate
val ue, such as an average of the CTEs of the base and 1id, plus or mnus
30% This will reduce the tendency of the package to bow in the direction
of the low CTE glass lid or in extrene cases to cause the lid to crack or
to create |l eaks at the bond lines, either during fabrication of the
package or during the tenperature cycles 30 encountered during
post-fabrication assenbly and testing procedures. [24] Al of the package
fabrication steps can be perfornmed in an array format in which nmultiple
units are processed sinultaneously in a two-dinensional array. Wth
appropriately positioned |ocation holes, the two-di nensional arrays of

adj acent conponents can be 8 WO 03/007362 PCT/ US02/ 19501 accurately

al igned for sinultaneous assenbly. Alternatively, any of the conponents can
be fabricated and bonded individually. 125] The foregoi ng description
enphasi zes particul ar enbodi mrents and exanples of the invention. As those
skilled in the art wll recognize, however, the invention extends as well
5 to variations and nodifications of the above, in terns of materials,
operating conditions, operating procedures, and other paraneters of the
construction of these packages and of



procedures for their assenbly. 9 WO 03/007362 PCT/ US02/ 19501 WHAT IS
CLAIMED I'S: 1 1. A process for encasing a sem conductor circuit device to
form a sewload/ooBeai r-cavity package, said process conpri siPeg/US82/(epl

sol dering said sem conductor circuit device to a heat-conductive base at a
4 tenpeVWHIATIS OLAIMEB I8f 250C, 5 (b) affixing a plastic frane of
sidewal | s over said netallic base after the 6 conpletion of step (a) by

fo:nr;}eng a seal between said side walls and sajd netallic.7 base at a

tenperature | ower 1t hanAXRjgeess fﬂ&né‘lﬂng pIsRIRepducion iyt devine tadormba sealethd 8

sai & segt-eONELSAcRAge 54 PrdceliSnfRisigal d plastic frame or said
heat - conducti've bagse 91 #avcieng beeﬁlrf)g?ef ormed with electrically conductive

| eads such that séd)dsoldsaing sailGemeqoatinctioecigaitdlepize to aheatirohdistive basklt Ac)
elecirically, connecti.ng the ﬁ'iggﬁi_t of said sem conductor circuit device to
12 shid | ead§™Pg urfén?’ﬁ“)es%l? itg alid to said partial enclosure thereby

encasing sai d seni)osnaiaQ! plastit fFANESH idSRNTs ©9erl AiPmBANRIHaGe 43 tthd S ,
substantially inperneable to gases. 1 2. A process in accordance with claim
1 i rP whi ch seqraplebompefr denie byforsinga seal pawees ssid siderwallsand azigenetdlli®00C t o

400 1 3. rocess in accordance.w claiml1 in which said tenperature
of Step 2 (BireRCE RmHORIENPERGE 200y ey omind o P At £EBRA
accqg dance Wididiséthidbiuktdritindi 88visdised peatic GapkWr khidheatdcod@dQivebase Met al
base selected fromthe %ro;f consi sting of copper, alloys of copper in

whi ¢h 3 cophasing keenipse wishefsoirisatly comdyative lekds sugh ithey said dgads
i r o ni ckel - lt alloys., and said lid 4 is of plastic material. 1 5. A
pro{(;bess in a %%ﬁa%ﬁggmﬁﬂegﬁgqu in which said heat-conductive 2 base is

a neinber sel ect ed(d) redeattidudlyWoakdttiag fisd citdu®fedid AdmBR3ndReS? cirddildevitdho and
A1203 3 nodified with a nmenber selected fromthe group consisting of BaO
Sio and cutdidleadsi#ald 4 1id is glass. 1 6. A process in accordance with

cl a{3m 1 in which ?d”}' zﬁ'ﬁgln Sglgftofsﬁﬁi%ia?l enclosure thereby encasing said semiconductor

14 circuit device in a housing that is substantially impermeable to gases.

1 2. A process in accordance with claim 1 in which said temperature of step

2 (a) is within the range of 300°C to 400°C.

1 3. A process in accordance with claim 1 in which said temperature of step

2 (b) is within the range of 125°C to 185°C.

1 4, A process in accordance with claim 1 in which said heat-conductive

2 base is a metal base selected from the group consisting of copper, alloys of copper in which

3 copper is the major component, iron-nickel alloys, and iron-nickel-cobalt alloys, and said lid
4  is of plastic material.

1 S. A process in accordance with claim 1 in which said heat-conductive

2  base is a member selected from the group consisting of Al;03, BeO, AIN, SiN, and Al,O;

3 modified with a member selected from the group consisting of BaO, SiO,, and CuO, and said
4  lid is glass.

1 6. A process in accordance with claim 1 in which said plastic frame is

2 formed of either an aromatic polyester or a liquid crystal polymer.

10



2 fornmed of either an aromatic polyester or a liquid crystal polyner. 10 WO
03/ 007362 PCT/US02/ 19501 1 7. A process in accordance with claim1l1 in

whi ch saiwopBastssz frame and 2 said |lid are both fornmed ecTiUsee/mespl astic
polynmer. 1 8. A process in accordance with claim1l in which step (b)
conprises 2 sealing said plastic frane to said base with a heat-curable

pol yimeri ¢ adhesi ve, sel Agiresksé mBcrdhit® itIPHIRINE 2178 WhidhgidY . SR Famesiiesi ves,
pol yam des, silicones, phenolic resins, polysulfones, 4 and phenoxy

adhdsi vead lid ag both frmed o thermeplassich@i®etwi th claim 1 in which steps (b) and
(d) 2 conprise sealing said plastic frane to said base and said lid to

said plastic frang, 3 Y Ay = I ¢ adhesive
at a tenperat ureng\ﬁ t hi %ﬁ?ﬁ%%% glnagcggrg?ﬂeﬁlilg%%%?g lﬁg@gﬂ siep%# é((gﬁé)llrlséecszess for
encdsi nggabing syid plaalic framk tosuidibaserwith a beat<curkble pdyrherid athesive sdesabiresh

air-cavjty package, said process conprising:. .3 (a) securing said
semiZcondGErBP ©nFiging gfloeé’\‘?gﬁ é }feélvﬁs’li’gg@“})sﬁi‘ish&&c%ét phepoligyresins. pobysulfaags; ¢
adhesi vghdgthefoteamRsigtdire in within the range of 125C to 175C 5 (b)
affixing a plastic frane of sidewalls over said base after the conpletion
of 6 step (a) by formng a seal between said side walls and said base at a

tenderature 7 | owdr thArPro@sTin acherdaisg Widh elaing 1an phichistdps émcanddd} e ar ound

sai d, sem r 8. €l [ evi ca, ' jcf .or_said base havin
bee(rjlz prgeqngé}%gg%{n hsgle Igelgésﬁl{réiﬂéaé“% t;é Sg@ b@%%%’gdcﬁd@“ié }Oesél sglrsgﬁlc "4t said I eads )
penet r afespertivéely pRith b dkatevedtds polemedd adlsivelaes tevhseatline vithin €&l range dhe

circuit of said sem conductor circuit device to 11 said |leads; and 12 (d)
af f i%i n2RCItPd8%% .sai d partial enclosure thereby encasing said

sem conductor 13 circuit device in a housing that is substantially

[ rmeabl e to gagges, . 1] i . tficient .of . thermal

eTS:lnsi on t hat igs 'essatadﬁgcﬁ3 S%)ﬁoggﬁ%/arsr@g a?r?é’%‘g*ggsg e glrlfﬁoro%n%tu htélre ﬁ%g??o&)gm
expansi preatdd adwealitypackage,lsaid process comprising:

3 (a) securing said semiconductor circuit device to a base with a heat-curable

4 polymeric adhesive at a temperature in within the range of 125°C to 175°C;
5 (b) affixing a plastic frame of sidewalls over said base after the completion of
6 step (a) by forming a seal between said side walls and said base at a temperature
7 lower than 200°C, thereby forming a partial enclosure around said semiconductor
8 circuit device, said plastic frame or said base having been preformed with electrically
9 conductive leads such that said leads penetrate said partial enclosure;
10 (c) electrically connecting the circuit of said semiconductor circuit device to
11 said leads; and
12 (d) affixing a lid to said partial enclosure thereby encasing said semiconductor
13 circuit device in a housing that is substantially impermeable to gases, said lid having a
14 coefficient of thermal expansion that is less than 0.5 times the coefficient of thermal

15 expansion of said base.
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