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In order to overcome the power dissipation problems and allow more complex

20 circuits, attempts have been made to reduce the thickness of the GaAs die to less than 3
mils. However, the die handling processes associated with packaging are incompatible

with thin, i.e. less than 3 mils, GaAs die. The use of a thick, about 18 pm, gold back
metal layer has been proposed in an attempt to strengthen GaAs die thinned for power
dissipation purposes. Unfortunately, the thick gold back-metal layer is incompatible with

25 plastic packaging processes for at least two reasons: 1) the thick gold causes
embrittlement of the soft-solder used in plastic packaging processes to attach the
semiconductor die to the lead-frame; and 2) gold tends to de-laminate from a plastic

package.
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for use in a plastic package, in accordance with the present disclosure. In certain

embodiments, various anti-stress and oxidation resistant layers are shown in addition to
the copper back-metal layer. FIG. 2 illustrates a completed semiconductor die
encapsulated in a plastic package. By providing a copper back-metal structure, a thin,
high power, GaAs semiconductor die can be used in a plastic package. In general, the
GaAs substrate is less than 2 mils (about 50 microns) thick, and particular embodiments
of the GaAs substrate of the semiconductor die have thicknesses of approximately 1-2
mils (about 25-50 microns), less than approximately 1.5 mils (about 38 microns), or less
than or equal to approximately 1 mil (about 25 microns). Approximately (and about), as
used herein, generally refers to process limitations. For example, if a particular process
for polishing a semiconductor substrate is conventionally performed to within 10 percent

of the desired process parameter, then a substrate having a nominal thickness of
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to those skilled in the art. Referring nowto FIG
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methods known to those skilled in the art. While not shown in FIG. 1, GaAs Substrate
20 310 may also include various interconnection terminals on top of GaAs Substrate 310 for
connecting Die 300 to leads during the packaging process. A Diffusion Barrier 320 is
formed over the bottom of GaAs Substrate 310, such that any subsequent layers formed
over Diffusion Barrier 320 will not adversely impact the semiconductor circuits within
GaAs Substrate 310. In at least one embodiment, Diffusion Barrier 320 includes an
25 adhesion metal such as tantalum deposited in the form of tantalum nitride, or another

suitable diffusion barrier known to those skilled in the art.

It will be appreciated that the term “over” or “overlying” is used to describe a

layer formed completely or partially over another layer or surface. For purposes of



over Diffusion Barrier 320 will not adversely i npact
the sem conductor circuits within GiAs Substrate 310.
w0 pooans17enst one enbodi nent, Diffusion Barri erPGR0S2003/030861
i ncl udes an 25 adhesion netal such as tantal um
deposited in the formof tantafumnitride, or another
suitable diffusion barrier known to those skilled in
the art. It will be appreciated that the term"over"
ordiscosséen Kereig the terny $acbrlymet éawed beespectivapithe fafave df the substrate

F oty bikeling e Jorsle b b oS el bR oR B badig de surfuce

diog g Yossuar ehedyRr fotfed ?121 | ac@i\(/@ E ARG a LibshE Gre bo%clogﬁdered to

i rrespective of "the sur e substrate
o\berdvyilyigg tleysmbstiae.f or med. For exanple, a layer forned
on the backside surface of a substrate and a | ayer
formed on an active surface of a substrate are both

5 consi dex SdedsoRellet Layeri3piinerineg ovebbiffdica Bariéy 0 B8 least one
Rel i ef Layer 330 is formed over Diffusion Barrier 320
i sEhodjneeidt Sters Relipflasupisttrroatesaateminn forf Gaéysubsg’a@ 310 and or

d?f;fﬁsqgrﬁa r%b@ ?11 é‘g\gm 391{ ex%%ﬁégioé UBRELALE oF of Sorferd é)gl}[] i ] movements of a

usi on uneven expansi on,

Qmbacit-hetal ph msleﬂayermwﬁﬁg beeRRedief D@@k%ﬂ’:‘tlﬁ It 184ist 8hd@hbodiment
Iayer overlying Stress Relief Layer 330. In at |east

orgeldistised arenstresy eligh Jayery s‘éfaﬂaEI %ﬂh’é@@eﬁ‘ ebingle stragperphef layer,
10 WSJ g n"il.)r thén (!)1{6}1 R 2l ersdo i t%la Igglglt ﬁB‘{ scope of the

nore an one S ess r

dep@@eﬁtlhf;@mohhe spirit and scope of the pr esent
invention. On top of Stress Relief Layer 330, a Copper
Back-netal Layer 340 is fornmed. Copper Back-net al

Layer 3FDidpast Sire%f‘R@KéTisa%eﬁm QT RDePBadUfblab L 7t 3t49 i formed.

provide thé necessary support for GaAs Substrate 31
dérapper Bhek-patk égymrg’ﬁ%rlm estbjckiners| ahdseamgtot Heesufficipmtdo qxewde the

oAy SOREL toh BB e 7Y, e D Byoheitehuocess, including the
15 anYocedsish sokt0ddfder ARCIMAEN. C &by %ﬁ&ﬁ’é ta.3- ﬁﬂ&ﬁfﬁﬁ%%k 76 nficrons) GaAs

3-ml-thick (about 76 microns) di e may
| rﬁlm wés Coppigtie, E&?@krﬁd@ﬂ@lﬂa]uamnﬁmuppm(ﬁTS@q@nﬂg, afi-nil-thick

a8t B St adaat o bk ot T iy fowever, a

ahofﬁﬂ thikk %@)dﬁl 05 HMSroh® GIAY Hl@%fw‘i%cﬁgg bidPPB&l Back-metal layer 340
nechani cal
having a thickness of between about 11-15 microns to provide the additional mechanical

20 support.

An appropriate thickness for Copper Back-metal Layer 340 can be selected
empirically. For example, if it is known that 18-19 microns of gold are needed to provide
adequate mechanical strength for a 25 micron thick GaAs die, then using the known
physical properties of gold and copper, for example tensile strength, malleability, etc., the

25 thickness of copper needed to provide an equivalent mechanical stability can be

calculated.

In addition to mechanical support, Copper Metal Back layer 340 provides

improved heat dissipation as compared to a thick GaAs substrate. As a result, GaAs
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processes that are commonly used during packaging operations. In at least one
embodiment, the GaAs Substrate 310 is less than 2 mils thick, thereby allowing a
20  relatively high power circuit to be formed in GaAs Substrate 310. In other embodiments,
GaAs Substrate 310 is less than 1 mil thick, and in at least one embodiment, GaAs
Substrate 410 is nominally 1 mil (about 25 microns). The use of Copper Back-metal
Layer 340 also permits Die 300 to be packaged in a plastic package, because

Semiconductor Die 300 is compatible with soft-solder die attach methods.
\ :

25 Referring next to FIG. 2 a semiconductor die having a thin GaAs substrate and a
copper back-metal layer are illustrated inside of a plastic package according to an
embodiment of the present invention. The packaged die will be referred to as Packaged

Die 500. The semiconductor die illustrated in FIG. 2 includes a thin GaAs Substrate 510
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20  Usually a plurality of such assemblies, e.g. as exist in a lead frame, is placed in a mold
die. A thermoset plastic compound is transferred into a cavity of the mold die to
encapsulate the semiconductor die, thus forming a completed semiconductor package
such as Plastic Package 500. The thermoset plastic may be cured, and further processing

(e.g. lead trim and form, package marking, and test) occur in a conventional manner.

25 In summary, then, a thin GaAs Substrate can be provided with a copper back-
metal layer to allow the GaAs Substrate to be packaged using conventional plastic
packaging technologies. By providing the GaAs Substrate with a copper metal back

layer, the GaAs substrate can be made thinner than 2 mils (about 50 microns), thereby
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that incorporate the teachings of the disclosure may
be easily constructed by those skilled in the art.
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scope FRel) The cedi ng detail ed
dégcrlﬁ%l%ﬂﬁpé&xﬁﬂerngfgmpngﬁg to be taken in a

Li mi ti ngGsgasdstabdadinga Seepessf lésB €haRrS8:8Blons, said GaAs substrate
di scl osure is defined onI%@ dt e appended claims. WD
6an

2004/ 051733 IPCmS2303¢ 08 aBaCWQA'EUIfslfJCLAI MED I S:

1. A se nduct or devi ce As substrate

havi ng alﬁﬁlgﬂ 3§§rngV€§§y ngh éﬁﬁ%ﬁgﬁgﬁae sai d GaAs

subst r af ack hasthNgyekRompkisiMe copiek Qﬁ@o%}@u?% tlﬁégifﬁisﬂﬁ barrier; and
surface; 5 a diffusion barrier |ayer overlying t

back5|ddﬂsﬂﬁﬂh@EWﬂ@g®aEhPﬁﬁﬂmgtha@eAs@dmpa%5|ng copper

and overlying the diffusion barrier; and a plastic

di e package encapsul ati ng the GaAs substrate. 2. The

sém conldhectenricaslicoe dasice as @ Glaiml], wheeiai saidahds Galfisrate has a

supstrate_has a thickness of between approxi mtely 15
m%ﬁ]rcg?@s Qﬂgetg’ﬁewl?ﬂr%?at%() gmlelfﬁ’és EBidRRSt or devi ce
as in Caim1, wherein said GaAs substrate has a

thi ckness of apprOX|nater 25 mcrons. 4. The

condifcieBHCRiirior dgeice as m Glaimg 1, \hespia; seids Grds cabmtrate has a
gﬂ&k&gggfgﬁg_g?ﬁﬁggggﬂg S | ess than approxi mately
m Crons

em con uctor device as in Caima1l,
wherein said copper back-netal |ayer 15 has a

ek SULLL GOSN, dbARPLEM CopaE PR BRRE e s

prtbieksss obless ﬂﬁniﬁ;ﬁ[’oﬁﬂm&?tlgﬁmgl%ﬁk ce as in daiml,
wherei n said sem conduct or devi ce

5. The semiconductor device as in Claim 1, wherein said copper back-metal layer
has a thickness sufficient to provide mechanical support for the GaAs substrate during a

soft-solder die attach process.

6. The semiconductor device as in Claim 1, wherein said semiconductor device
further includes a stress relief layer formed between said diffusion barrier and said copper

back-metal layer.

7. The semiconductor device as in Claim 1, wherein said diffusion barrier comprises
tantalum.
8. The semiconductor device as in Claim 1, wherein said semiconductor device

further comprises an anti-oxidation layer overlying the copper back-metal layer.



further includes a stress relief |ayer fornmed between
said diffusion barrier and said copper back-netal

WO 20010517290 7. The sem conductor device as in QPEI/ISP3/030861
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wherein said diffusion barrier conprises tantalum 8.

The sem conductor device as in Caim1l, wherein said

sem conduct or device further '%'orrpri ses an

anti-oxi dation |ayer overlying the copper back-netal

| &yer. The 2004sEBLDEIeHCT/ak)S2 (0BT B0 8@ itrein $ald. arFhexidation layer
sem condggg{l r device as in Claim8, wherein said

arft EPERTS ‘'on | ayer conprises gold. 10. The

sem conductor device as in Caima8, wherein the back

m=1 al lagyer has a thickness in the range of 11
milOr ons Hegemicapdpgtghdevies as1in Glaim e yhermel the Backgestplclayer has a

aSiibfydeL 81k SansL U § DRLCRIY 5figod, SOl der attachi ng

the GAs su ate ' to a ane, wherein the
sol der is adjacent to the back netal layer. 12. The

sl co vice as in Clai 1.. wherein gold is )
ot o dloop s RefRe blaryRer i LErnEHhuftrefpt faching e
baissmabatatd &Yelkad kdme AvREERRE CARIE 8diAGnt HAhObAK A&l 1ayer.
a GaAs die having a thickness of |ess than

approximately 50 microns on a lead franme having a die
atipach T9dLEREBnERIR deich 8s i@ AT 1 8 WG o 0% prP&AT 47

the soft solder to attlaclch the die’to %{%%g?eadpxgr arret.%;ilnterface
1 betwrier theetohded and therback aietal k@er.f urt her i ncl udi ng

encapsul ating the GaAs die in a plastic di e package.

15 15. The nethod as in Claim 13, wherein the GaAs die

cdfpri demettwdicdmPadiagsubst rat e havi ng an active
surface. and a_backsjde surface; a diffusion barrier

| ayer &AEMEA G\t He harkaihiknessof lsathan Appraxisiphe 0 microns on a
back- | ] i i i i o
o o SRR 00 LA B sl o

has a thbatolgribs sofofolder to attach the die to the lead frame.

14. The method as in Claim 13, further including encapsulating the GaAs die in a
plastic die package.

15.  The method as in Claim 13, wherein the GaAs die comprises:
said GaAs substrate having an active surface and a backside surface;
a diffusion barrier layer overlying the backside surface; and

a copper back-metal layer overlying the diffusion barrier.

16. The method as in Claim 15, wherein the GaAs substrate has a thickness of

between approximately 15 microns and 50 microns.

17. The method as in Claim 15, wherein the GaAs substrate has a thickness in the

range of approximately 15-35 microns.



20 between approximately 15 mcrons and 50 m crons.

17. The method as in Caim15, wherein the GAs
wGeaiwensasE has a thickness in the range of PCT/US2003/030861

approxi mately 15-35 m crons. WO 2004/ 051733

PCT/ US2003/ 030861 -10 18. The, method as in O aim 15,

wherein the GaAs substrate haélcgethi ckness of |ess

than approximately 25 mcrons. 19. The nethod as in

A &-m Tbhe mpidoénin Gleir dfpwherbincke Gatalsubsaperhaashiakness of less

hti;lckness etsl %él ent to provide nmechani cal support

oP Y ARPIEXIRQIEY B FHGIPRS quring a soft-sol der die 5

attach process. 20. The nethod as in Caim15, wherein

after the soft solder is heated, gold is_ intermngled
wi ¥ t nkhegBethod g ig&laimphs, whersimihe GRpRes bark-metal lager has a thickness

C %?ﬁél@dt 9pr o@1d@%’$§chﬁtﬂp%§[1ﬁéo%t ﬁ?mer@%@%%]mti%g ?ﬁ&lir}%angqft-%older die

bet ween ap roxi mat crons an

5 didifacls pacedsar ri er Iayer overlying the GaAs substrate;
and a back-netal |ayer conprising copper overlying the
di ffusion barrier, the copper back-netal |ayer having

a 200ni Netle MBIGKNLSE Chin@RUKhAAIThEEOMRS bR S%Mé&»'tls hdated, gold is
15 22. The seniconductor device as in Claim 2

f dnteraingledripith S ngftsoldemast i c die package. 23 " The
sem conductor device as in Caim2l, further
conprising an oxidation resistant |ayer overlying
sdld coppenichedictareitaice bapprising:

a GaAs substrate having a thickness of between approximately 15 microns and 50
10 microns;

a diffusion barrier layer overlying the GaAs substrate; and

a back-metal layer comprising copper overlying the diffusion barrier, the copper

back-metal layer having a nominal thickness of about 11 microns to about
15.

15 22. The semiconductor device as in Claim 21, further comprising a plastic die

package.

23.  The semiconductor device as in Claim 21, further comprising an oxidation

resistant layer overlying said copper-back metal layer.



