WD 2004/ 051733 PCT/ US2003/ 030861 THIN GaAs DIE W TH
COPPER BACK- METAL STRUCTURE FI ELD OF THE DI SCLOSURE 5
This invention relates generally to sem -conduct or
devices, and nore particularly to Gallium Arsenide
W& e M conduct or devi ces. BACKGROUND E«".‘P/U%os'}og&sl
nost common types of sem conductor die packages
currently used are 10 pl astdle packages and ceramc
packages. Cerami c packages are preferred over plastic
packages in sone instances (e.g. when heneticity

and/ or THHN Gars PIEWITH €O0PPHR BAGK-METAL $TRECTTRE
packages are generally preferred over ceranic packages
because pl astic packages are |ess expensive. Plastic

pagFREIIE OFTEE DISCL.OSUREUSed t o package silicon die,

owever, _atterrgts to 15 package gha:As sem conduct or,

die i n THHBYPEON RIS BoealL s Gy raseapd more particularly
Pr RlAMR Afsenidd@aAS)SRRbAIuCRE §dvRe@h rel atively thick
GaAs die (i.e. those die having a thickness greater
than about ,3 mls) can be packaged in plastic, power

di sgi ation characteristics of thick GaAs die |limt
;@MO\AH capabilities that can be

| mpl enemdor the ibsiofdon E)?eéﬁf S BRI BRI PRMRIzes currently used are
di ssi pation problens and all ow nore conplex 20

10¢ plasp Packages taadperamis poekagrse (Ceptie Packages digomefetrsl over plastic
t LKDESE e ihilnctAES. e hirferd | i
I—kl;&!‘v\a}ev r, tsﬂlféc The cﬁ%ﬁ%] vﬁlr?g prcogggélgys&g%g éﬁgclldél'}tnéés r\%ﬁ‘ﬁ?d)’ but
p adstigbarlages @e gencoillp piefelybdovenderdmit packages bagausk plasicphdmges
3 mls. the. The use of a thick, about 18 gm
go%%ie AC éﬁ’%‘t al | ayer has been proposed in an attenpt
to strengthen GaAs die thinned for power dissipation
pur pos U0t . t N ack-
ayer - i ReRlekd 1Bl BBl bty 30 BB aTE! Bomps o

15 prmclegs 68Af smiandicaadit intplasticpacksiges aveprovehsntevhatiprofleinetic.

© PHEERamih 2l £ Do Bk a%s R 11, S5 i paRE S clness grater
S ehAnCHoE Bahil) cali b2 phckajdden pladid; fodrissiiion hargrtisict 6Nk

to.de-|lamnate froma plastic. package.. WO 2004/ 051733
P %} e gragymum power capabilities that can be implemented.

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 um, 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 Iayer 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.



-2 What is needed, therefore, is a way to allow

hi gh- power ed GaAs sem conductor die to be used in
pl asti c packages. By allowiiig a high-powered

sem' conductor die to be wused in a plastic package,

al cost savings could be achieved,w
per Jé‘jr%%!?u:e | 0ss. 5 BRI EF DESCRI PTI ON OF "rﬁéﬁ%@i{ﬁ"ﬁﬁs
Vari ous advant ages, features2and characteristics of

the present disclosure, as well as nethods, operation
and functions of related el enents of structure, and

the. cONhatiateeddd, thetfopis b Sraprchllo®AiiodsredGaAs semiconductor . -

manuf ctu [ I par ent. .upon consj derati gn

of G e ueeq IPBWFW&&@& nﬁ}@f oo ietisPort s SRicpRductor dieto be

r ehs2l BNGRastiOpdchie A6BLMRA B AYindd @MY Schicttd w191fout pdiormance

which forma part of this specification. FIG is a
1&@% amof a thin GaAs sem conductor die havi ng a

copper back-netal structure according to an

seTBRAMPESCRIPTIVN DresebrlieN@sure; and FIG 2 1s a
hin GaAs di e having a Copper Dac

I e having a coppe ack-netal structure
encaps o aﬁ*f)%%ﬁdl"ﬁltaécs’ ?ﬂa Paraterirticyef hsmarseny disdosyys, as well
e
DE%CRI PTI’ &F&’%d R’Eﬁa%ﬁ)p&écé‘gﬁéﬁlaﬁ%%ffﬁtﬁﬁ@{tﬂg %g'ﬂfl gtion

Gagfpaxty and wpaniemées obpefactyas kilhsrethe aipmcttuppreccguddramn@f the
f ofoll&@?g 8 ﬁ?tponaai& %n%%ﬁﬂigﬁrenbg]toﬁg %)cc aﬁat%gmg\ﬁd}aamg&saﬂ of

resen osure. n cer varl

10anw1iuelsfonaaspamnﬂthrs>sp@£ﬁicatmn. resi stant |ayers are shown

in addition to the copper back-netal layer. FIG 2
illustrates a conpl eted sem conductor die 20
encaps Ul@tldsla dingram pf #biniGeAp @uktagduct@;dlqdiramg g¢opper baCk—metal

co ck- nef al ower
sesr%g‘%grﬁ% 1g di‘e eglg?fﬂ%%n ﬁgtgapfeﬁenéglﬁflgé’feg Emgackage I n
general , the GaAs substrate is less than 2 mls

(about t ' .
(0O 50 A8 NGk g RSy i SURSHL R
t mlsknpskes aocforchpg)uo(_;m embddixhsnt &f (Re pmsetmdl(sczidmxet 25-50

m crons), less than approximately 1.5 mls (about 3 8

ely (and about), as

15 "SRl Bk SIPGN DiFHlnPin@ik {0 approximately 1

20

25

used hEIGH.A;2 iustrateal thip Gadsf die witha Cpppm bask-rhetalstmtirosable
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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 2 nominal thickness of



for polishing a sem conductor substrate is
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methods known to those skilled in the art. While not shown in FIG. 1, GaAs Substraie
20 310may also include various interconnection terminals on top of GaAs Substrate 310 for
conn_ecting 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 diffosion 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
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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



An appropriate thickness for Copper Back-netal Layer

340 can be selected enpirically. For exanple, if it
is known that 18-19 microns of gold are needed to
provi de adequate nechanical strength for a 25 mcron

\ﬁ@iﬂ%ﬂ g;‘,ggs di e, then using the known physi, szo 3030861
sile

properties of gold and copper, for exanple

strength, nmalleability, etc.s5-the 25 thlckness of

copper needed to provide an equival ent nechani ca
stability can be calculated. In addition to

me Shikatrie 310 sanbp oratly thibapad stN{HhﬁipaBaﬁéugh by thrdedl the use of the

pr ved at dIS atlon as, co red to a
Sk e BRCHER 1Pttt i o R (X 3ying tasthin
PCGaNSBﬂQ&At@@@(B BThose Ekillidls tHeakt@ad reh@ilyCARuRR HRERount of heat
thinner, and stjll dissipate enough heat through the

us 8153PatiPR &auiEghethe FERS. asg@;@owav@rm%mowﬂ% Ph@eir decision

i faRBRKe tHickdesd T obk Bagk- ﬁ&afuty{ Laggthe thin GahAs

Substrate 310. Those skilled 1n e art can readily
cal cul ate the ampunt of heat dissipation required by

t he ci rigstilySan @Kibation FREB@AAL ?ertﬁ@tm foph&f SRt Ce%gi' Back—metal
their decision 5 regarding hi ckness of

Bak®ehed0dp Prexspe PXIQ%@H ofConppy Back-anetablivgnddlo ro:mmsefaivpper
Lapgic-mafl 1lager’ RU0NE dndeQiHie, CREP g%dﬁ%ﬁ lf:a%":ai{i‘% se%yléaﬁ%gg }6)%1 e

to prevent Oxidation of Copper
Q(q:l@;mqabwd@pat@@mﬁ@mmpmskof@pmr BeekymetalI4Peri3d0. In addition, the

10 PGSR B Bl e B b R bRl e eaf

Bapdck%gmgaé g ltathe sol@A0 In dt magddedmmﬂm}emtégmaﬁm léleﬁiﬁﬂt myerl 340
can_adverse ondi ng Q p ack- nmet'a
o8 8 SRS Bt o S o i oy AR iode sk phgold
at Il i vk a ﬁ%Jin A8 ficknbs iof @iﬂd&ﬁo&éﬁ%?ﬂ&y&l‘-@ﬁﬁoﬁé @e
is.a thin_ |layer ol d about 1500 Angstrons th

whiirifed; Rarticufagly Wé‘éﬂ s@d idisodd, bacausp seier g@guttlemmt DWWIOFCUD due to

154 %ﬁ%@fdé}taﬁgchﬁﬂéﬁitof U\%Ob% £K Qf th%kﬁ%dn%& %’L%%G? 350 is

20

25

La er 350 should be limte partlcu ar
opeddoo thiskause sol der enbrittl ement may occur due to
15 soft-sol der attachnent of Die 300 to a |ead frane
if the Oxidation Resistant Layer 350 is formed too
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ConRatsb it Whet &nﬁ&fntiy §§Edd(ﬁfrmg' p%clﬁbﬁngcotﬂeratmns. In at least one
embodiment, the GaAs Substrate 310 is less than 2 mils thick, thereby allowing a
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 micrens). 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.
l .

Referring next to FIG. 2 a semiconductor die baving 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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bonded to the die and Bonding Fingers 580, and then the assembly is in a mold die.
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 babk
layer, the GaAs substrate can be made thinner than 2 mils (about 50 microns), thereby
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in the art. For exanple, additional diffusion |ayers
and/ or stress relief layers can be used in addition
to those described. Accordingly, the present
di sclosure is not intended to be limted to the -

1 fd . formset forth herein, but on the rar
‘ﬁ)?ﬂﬁg‘gﬂﬁgended to cover 15 such alter nativléé'f,;}'[}éz0(%"0}40861
nodi fications, and equival ents, as can be reasonably
included within the spirit eéhd scope of the
i nvention. The preceding detail ed descri-ption is,
t hGVHADTIS CRAOIMED @S he taken in a limting sense, and
the scope of the present disclosure is defined only by

t he app i ms. . WO 20041051733 PCTI US2003/ 030861
Va%T ISgg%§%W&B%P§&WFeﬂgggﬁF¥bnductor devi ce

conpr i saGgAs subanhagupshicRieds SFds (@n 80 fttdhk RE8 GaA substrate
| ess than 5Q microns, sajd As supstrate having an
active surf JCEREHHH HEEkE B 2 Dereide eurfage; i f f usi on

parri era figniGon Bk Breliify MabkRiidesSHES ace; a
back-netal |ayer conprising copper and overlying the

di f f usi dbrclaictal bayer camprising qoppes phdovgilping the Kiffysion barrier; and

enca MaloTA g?éé em conduct or
devi g:u%]gaéiuggﬁﬁg?m 1, ﬁgﬁ%@%&%%éabst r at euhas

a thickness of between approxinmately 15 m crons and
502m crea : i C Vi ' j
L e B O UF QAL i o0 APy
apprdnessraf ketyeen 3pproximetaly. 15 microheand Sfimioomhuct or  devi ce
as in Caiml, wherein said GaAs substrate has a
thickness of |ess than approximately 25 microns. 5.
0rhé semiecormtiserdsictoy demicensds Claimd, aibaiein saigh@aAs subssepieghas a
CORR&hesd BEM PRI ely 8 ffcrontd has a thickness sufficient
to provide nechanical support for the GaAs substrate
during a soft-solder die attach process. 6. The
seqi ConthdGlcoftRMioE Bovik® s in G, hihe SRR Gaidhubstrate has a
sem conductor device further includes a stress relie
| alpiskngsypliies tyeeprrermatsly@Saitonsi on barrier and said
copper back-netal |ayer.

5. The semiconductor device as in Claim 1, wherein said copper back-metal layer
15 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.

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

tantalum.

3. The semiconductor device as in Claim 1, wherein said semiconductor device

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



20 7. The sem conductor device as in Caim1l, wherein
said diffusion barrier conprises tantalum 8. The
sem conductor device as in Caim1, wherein said

sem conductor device further conprises an

ation | ayer overlying the copper <

a%dg‘%% 2004/ 051733 PCTI US2003/ 030861 g‘?"ghszg?‘:’}e‘ﬁ‘ls“‘
sem conductor device as in Claim8, wherein said
anti-oxidation |layer conpri®es gold. 10. The
sem conductor device as in Caima8, wherein the back
nedal | Eyeseniaditor tdsviek ae &S Clain 18) @heRAGRiOntildkidation layer
mcrons to 5 mcrons. 5 11. The sem conductor device
as “TAPEPYE98, further conprising a sol der attaching
the GaAs substrate to a lead frane, wherein the
sokder 0.t he.back tal |ayer.. 12. The
se lf[nﬁI co nrl(‘jhﬁ ¢t 164’ {OE dovice a8 in %ﬁ%‘?:g T’%?re Ak Tt dpvpihas a
pr eéukndss & thefingddran ha&ens th s We@shst he sol der and the
back nmetal l|ayer. 13. A nmethod conprising: 10 pl acing
a GaAs die having a thickness of |ess than
Sappr oxnrtas@myoxaacm deviodis iD0ladin 8, fieter dofnABnd WAVIdAGR L the

é&ngg%? %ggpr|5|n% a soft solder; and heatlng

dare Ve e sles isyadiapen tol thexknck mgteblayer.
14. The nmet hod as in d a|n113 further including
As di.e astic.di e package.

540 rg e fersRnts Sef Gty B RedRsoli eR ebpamaitee
C Oigpwées @i soldlad 8 ErAacksu@sitisyet.e havi ng an active
surface and a backsi de surface; di ffusion barrier

| ayer overlying the backside surface; and copper
bali- et methddgoeprisiugr | yi ng the diffusion barrier. 16.

The nmet in the GaAs substrate
10705 2" P e AGe ur bRy SRR Rt R oran Ry 28 micronsn s
m crons andiesDfriPheHa0ME a dikhttachBriAER hasids: 4 s%ft‘é.l')1@:«':r”ém1ﬂ5

mherelg the GaAs substrate has a thickness in
eating the soft solder to attach the die to the lead frame.

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

15 '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

20 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.



range of approxi mately 15-35 m crons. WO 2004/ 051733
PCTI US2003/ 030861 18. The nethod as in Caim 15,
wherein the GaAs substrate has a thickness of |ess
than approximately 25 microns. 19. The nmethod as in

wherei n the copper back-netal I|a géﬂ%
vﬁ% ﬁéé% sufficient to provide nechanlca¥ @%@@Bﬂ
for the GaAs substrate during a soft-solder die 5
attach process. 20. The neth®@d as in C ai m15, wherein

after the soft solder is heated, gold is interm ngled
tlE t hEhesioéthodslifl €Taim 23, witreR £t CRRHHBE RN IS Y | 'tlﬁﬁmess of less

|S|n As substrate having a thickness of
@W”ﬁ%ﬁ?@%gﬁﬁF@PV315 m crons and 50 10 microns; a
dlffu3|on barrier |ayer overlylng the GaAs substrate
t.al er. co copper overl t he
di ? fusi E;gli']eciﬂl agjn 4 o ‘3? aleﬁgﬂﬂ? bagk-getef ]&lj"-’é%a“’rﬁg@ﬂﬁ@ss

a eaffitieglo Hoviekmeshaniedl si@peM for khelGaNs ‘éﬁ@ﬂﬁe El&hl%k%%l%ft-sol&é die
5 22. The sem conductor device as in Caim

uP?%%P“%%ﬁpr|S|ng a plastic die package 23. The
seniconductor device as in Caim?21, further

ap oxidation  resistant |ayer overly
gtﬂ?g? LE%% lajm Sa))'g}erem after the s%ft solder is heateg gold is

mter:mx_lgled with the soft solder.

21. A semiconductor device comprising:
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 comprisfng copper overlying the diffusion barrier, the copper
back-meta] layer having a nominal thickness of about 11 microns to about
15.

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

package.

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

resistant layer overlying said copper-back metal layer.



