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sol der for hernetically sealing sem conductor and

specialty devices. The sealing solder has a nelting

t enper ature between 290 0C and 340 0OC and nore
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Currently, sem conductor devices are hernetically

seal ed using gold-tin (Au-Sn) solder with gold
concentrations ranging from78%to 81% and tin

FIELONOETHBHNMENTHDNI ng from 19% to 22% This sol der
has been in use in sem conductor devices for nore than
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United States Patent No. 4,492,842 to Koopnan.
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Vi ces are subsequently sol onto a pri

cirguit bo ysing tin-lead | ders o -sealin
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The process tenperature of these post-sealing solders,
Advprlagspyplyasuch azsalobdedespmapbe sHsoeicnte soiaered wgth high melting

tenperature (i.e. 2 18 0C to 245C). Superheat is
soldeuthoatdismpfihg thesolegety dithioscehe | eads of the

sem conduct or device and the copper circuitry of the

printed circuit board.

BACKGROUND OF THE INVENTION

[0002] Currently, semiconductor devices are hermetically sealed using gold-tin
(Au-Sn) solder with gold concentrations ranging from 78% to 81% and tin concentrations
ranging from 19% to 22%. This solder has been in use in semiconductor devices for
more than 40 years and has a melting temperature of 280 °C. See United States Patent
No. 4,492,842 to Koopman. Semiconductor devices and a myriad of other electronic
devices are subsequently soldered onto a printed circuit board using tin-lead solders as a
post-sealing solder with melting temperatures of 183 °C to 195 °C. The process
temperature of these post-sealing solders is typically 35 °C to 50 °C above the melting
temperature (i.e. 218 °C to 245°C). Superheat is required to flow solder onto the leads of
the semiconductor device and the copper circuitry of the printed circuit board.

Processing the semiconductor devices at temperatures up to 245 °C poses no problem
since the gold-tin sealing solder will not re-melt until 280 °C.

[0003] The prior art lead-free solders that are replacing the tin-lead solders melt at
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Processi ng the sem conductor devices at tenperatures
up to 245 0C poses no problemsince the gold-tin
waeabioogyssol der will not re-nmelt until 280 OC. P¢DOSB)PI/047748
The prior art lead-free solders that are replacing the
tin-lead solders nelt at 1217 OC and require
processing tenperatures approaching 270 0C. These
§§00e55|ng tenperatures are dangerously close to the
217 X8 ond CaHEF PTIsgSERisBPSales quaﬁ@n&@@n sOPEREPTREEH"S o
seal the device. One option is to abandon the
tempiaratulzasedlaggérdesly clndtoube 28@ &d nipdisdemptrdars of thatAu-Sn
contai n about 85% | ead. Such | ead sol ders have a

soldemlstd fgseppihBidenite.abaebpt3iilis @Cabahtien theeindfast eadddaselse
sol ders is, however, generally avoided by the
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renoved fron1consuner el ectronics, the need grows fo
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sem co ductor deV|ces There is a need to replace
clectyHeeMENSNal Au- Sn and | ead- based sol ders with a
| ead-free, high tenperature solder. This need is
[0004) t he Asdendiqostinss|toPe rimoveH drogh eishney ﬂWéWPiCénthe heed
whose nelting tenperature and hernetic sealing
grovesafpabihlghet esperkec sbidm tedpelevabped fsusanabdralufior digs@lagsand
sem conductor die attach solder and as a hernetic
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THE | NVENTI ON [ 0005] The invention conprises gold

Au-Sf Lﬂﬁﬁs% BQS%B s@lﬁ@rs%@?fe‘a@ﬁ%e Wibh (S A0RAURERT TS Beed is met
ac and hernetic sealing of “sem conduct or packages
by the lead g%e all )% of the present invention, whose melting temperature and hermetic

sealing capabilities make them especially suitable for use as semiconductor die attach

solder and as a hermetic sealing solder for semiconductor devices.

SUMMARY OF THE INVENTION

[0005] The invention comprises gold solders that are compatible with
semiconductor die attach and hermetic sealing of semiconductor packages with melting
temperatures greater than 290 °C and more preferably greater than 300 °C. In one
embodiment, the solder is a Au-Sn-based solder that is doped with indium to increase the
melting temperature of Au-Sn solders.

[0006] In another aspect of the invention, the indium modified gold-tin-based
solder is compatible with known semiconductor die attach methods as well as
hermetically sealing these devices at sufficiently high melting temperatures to prevent

reflowing of this solder during subsequent lead-free soldering operations at temperatures
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tenperatures greater than 290 0C and nore preferably
greater than 300 OC. In one enbodi nent, the solder is
wW@2a00@1sbased sol der that is doped with indi uPCT/US2009/047748
increase the nelting tenperature of Au-Sn sol ders.
[ 0006] In another aspect of the invention, the indium
nodi fi ed gol d-tin-based solder is conpatible W th
nduct
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gh rreltl tenmperatures to prevent ref L ng of this
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operations at tenperaturesexceeding 270 0C. The

and By entandvesmpra prarabdy beveew3e® ¢ m,d 1’ Gforgopdirages
solders with nelting tenperatures between 290 0C and
semizdfdiREQr dandeimrdesepti@henabl gevies weerpodihglhizsandldds0 0C,
and even nore preferably between 300 0C and 320 0C,
for manufacturing sem conductor devices and
sem conduct or devices incorporating these sol ders.
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ering material described in this
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0C to 340 OC and even nore preferably in the ran
greagnhanE 906 Capd rocferapboggyter than S04 efagH e Pt (2 range

all oy be at | east 99.95% pure. The aforenentioned
of 300 POYo 34ctWambevienomort prférably i@ theSengd of 30D o 22096t o
6. 0% i ndi um and t he bal ance of the mass being gold and

[oods] ace i M bidfrest thhithe Ao ebdadedsedd.95% hares oftaerforogentioned
material has a tin concentration of about 19.3% and an

allo} HLABY GBRCENS, 8L hORoPfin, 3RAVD.0% £%9.09%4AETM and the balance of

the mass being gold and trace impurities. In one embodiment, the soldering material has
a tin concentration of about 19.3% and an indium concentration of about 4.5%. Other
suitable concentrations are also contemplated. For example, in another embodiment, the
tin concentration is in a range from 18.3% to 20.3% and the indium is in a range from
3.5% to 5.5%. Such a soldering material is useful in a variety of fields, but is particularly
useful in the semiconductor field.

[0009] Semiconductor devices are often hermetically sealed using gold-tin solders
which have a melting point of approximately 280 °C. Gold-tin solder is applied to the
unsealed package. The resulting assembly is heated to a temperature sufficient to cause
the solder to reflow. Upon cooling the package is hermetically sealed by such solder.
The melting point of the solder used in this seal step must be sufficiently low so as to not

damage the semiconductor device itself. Post-sealing operations may be used to attach
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sui tabl e concentrations are al so contenpl ated. For
exanpl e, in another enbodi nent, the tin concentration
WO 20104008752 ange from 18. 3% to 20. 3% and t he i ndPCIFUB209/047748
a range from3.5%to 5.5% Such a soldering materia
is useful in a variety of fields, but is particularly
useful in the sem conductor field. [0009] '
.Sem.conduct or. devi c re often hernetically. seal ed
oG GO LY 1 (Serdor SCHRP B FRDSTS HRT DRGSO ALSG
approximately 280 0C. &old-tin solder is applied to
subsegieent; prId IS gPa c katremustivg tRkea b9 ensuee BaBaBPy-spadingsaldse
to a tenperature sufficient to cause the solder to
have efleliing pop that sodongtibleevigaibk aeping solder. nBtuscthkteys a critical
seal ed by such solder. The nelting point of the sol der
rangd 9 dedinbleth8tisepbindt e mustindsoisibfthescanigd sold@wnsobasl)
to not damage the sem conductor device itself.

sufficRatly 38abd ROIRFhAIAP ST REiddSBFholiPdamaging it and (2)
attachaddi ti onal conponents to the seal ed devi ce and
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st-sealing solders have.a ne] t.i [ t hat i
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critical range of desirable nelting points. The
paragstars. n"@he@glql,—@mgﬂdmﬁgso@pg ﬁ@'ﬂt@‘tﬂl gaymi t—s'[giélqugperatlons at
sufficiently low so as to hernetically seal the device
tempirdthies 2raisematginrity 0i °C artitbut Bflosuiid oLthe nollyrig mhtesal aad t o
permt post-sealing heating w thout breaking sea

subseic@@dsé Y¥f s DRl ity \dN anriag @@uskase of iR sbjeddol d¥ing material is
materi al described herein satisfies these paraneters.
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post -s I ng operations at tenperatures greater an
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of the subject soldering material is
such deVEce. J g

[0011] In one process of the invention, the gold-tin-indium solder is applied to a
surface of a semiconductor package. The resulting assembly is heated to a temperature
sufficient to cause the soldering solder to reflow such that the package is hermetically
sealed. Subsequently, the sealed device may be subjected to post-sealing operations that
include heating (e.g. post-sealing soldering and the like). Since the sealing solder has a
melting point greater than 290 °C and more preferably greater than 300 °C, post-seal
heating at high temperatures (for example 270 °C) does not cause the sealing solder to
reflow, and thus does not break the integrity of the seal.

[0012] While the invention has been described with reference to preferred

embodiments, it will be understood by those skilled in the art that various changes may



that its nmelting point is sufficiently Iow (less than

340 0C and nore preferably less than 320 0C) so as to
w@erinies7she hermetic sealing of a sem conduct oPCTHES1008047748

wi t hout damagi ng such device. [0011] In one process of

the invention, the gold-tin-indiumsolder is applied

to a surface of a seniconductor package. The resul ting

asse eat e uf f i nt .to

be raaae poniY Dttaaky v Satinbrd BE Rarrhf S efiy Hi
package is hernetically sealed Subsequent

mtu@@aﬁ sathgetdepartingyropeths seyrecider inyeost . zker&fqrﬁ’gt 18 ntended
operations that include heating (e.g. post-sealing

that $hol idegritiog nahbk timged ickiby parslcml@eemh@h@eeﬂs idregloses] abethe higss mode
a nmelting point greater than 290 OC and nore

contpin@fdsiail yargfieaberthishaven860) Chapdstinweaddn waatrchge atl
hi gh tenperatures (for exanple 270 0C) does not cause
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the integrity of the seal. [0012] ile the invention
has been described with reference to preferred
enbodi ments, it will be understood by those skilled in

the art that various changes maybe nade and
equi val ents may be substituted for elenents thereof to
adapt to particular situations wthout departing from
the scope of the invention. Therefore, it is intended
that the invention not be |limted to the particul ar
enbodi nents di scl osed as the best node contenpl at ed
for carrying out this invention, but that the
invention will include all enbodinents falling within
the scope and spirit of the appended clains. ~Wat is
claimed is: 1. A lead-free soldering materia
consisting essentially of an alloy of gold, tin and



i ndiumwherein the tin is present in a concentration
of 17.5%to 20.5% the indiumis present in a
W@ eses7sat i on of 2.0%to 6.0% and t he bal ancePCBHUSINY047748
and the alloy has a nelting point greater than 300 OC.
2. The soldering material as recited in claim1,
wherein the alloy has a nelting point in the range of
Wh300 0C to 340 0C. 3. The soldering nmaterial as recited
o i HEEHISE, wherein the alloy has a melting point in
the range of 300 OC to 320 OC. 4. The sol dering

1. mahelch@lre@Soliefhd afhtdrial 6bikidting esNQEIR} Bf hhellay bpgomaﬁn and
a melting point in the range of 305 O0C to 315

Thendswh delrdreiy thattiy isapreaent racd tc@epemﬁat@ma@wé?’/m@@ér{o, the

t he 'rrq 1sI gregern?%eg oﬁ&néat?o%n&fef{)%qglmﬁ %Ild s W8 is gold and
Yo and rumi's iR 2 éoncent rati on of

3. ﬁﬁédllayiaﬁﬁ/meﬁ1ng'ﬁmlt%@émwmg3moer| al as recited in

claim3, wherein the tinis present in a concentration

2. Coﬁﬁg g&hg%qgggz%%glgaﬁ%gﬁtegqgl aimy. il ﬂ%%]%fqit g ag?y Blas a meltin g point

ﬁﬁﬁ%25%]by3§@a¢&@gmﬁq§en1conductor package with a
| ead-free soldering material including the steps of:

applying a soldering material to a surface of a
3. sefhe ewid@rmg)matpaélk@gemte@h@ ekim 1t waerss) e plloyghapes @eftige point

Consﬁ§$£%§%,§865€| Xz&&;an all oy of gold, tin and

4. The soldering material as recited in claim 1, wherein the alloy has a melting point

in the range of 305 °C to 315 °C.

5. The soldering material as recited in claim 3, wherein the tin is present in a
concentration of 18.3% to 20.3% and the indium is present in a concentration of

3.5% to 5.5%.

6. The soldering material as recited in claim 3, wherein the tin is present in a
concentration of about 19.3% and the indium is present in a concentration of

about 4.5%.

7. A method of hermetically sealing a semiconductor package with a lead-free
soldering material including the steps of:
applying a soldering material to a surface of a semiconductor package, wherein
the soldering material consists essentially of an alloy of gold, tin and indium
wherein the tin is present in a concentration of 17.5% to 20.5%, the indium is
present in a concentration of 2.0% to 6.0% and the balance is gold and the
alloy has a melting point in the range of 300 °C to 320 °C;
heating the soldering material to a temperature sufficient to cause the soldering

material to reflow such that the semiconductor package is hermetically sealed.



wherein the tin is present in a concentration of 17.5%
to 20.5% the indiumis present in a concentration of

WQ209008555. 0% and the bal ance is gold and t he BCT/O§200647748

10.

11.

12.

a nelting point in the range of 300 OC to 320 0C
heating the soldering material to a tenperature
sufficient to cause the soldering material to reflow

su t he se du r .package .i s herneticall )
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C0BP'Eﬂeslhé?f&eh@amysieﬁlédos%mﬂ%ﬁh&@r BadR@gd 0R t@hpdrdiBre greater than

hernetically seal ed sem conductor package to a

t eAper@duries gpedtserlingrpsraripg voboduieflaying thoseldeaw mﬁ@ﬂal
operation wthout reflowing the soldering material.

g\ugfm%d%ﬁgﬁpe hhd éenﬁ%ndlﬁs?{amm tgeavlggfac_%%ﬁu g lea lead free

ace w free soldering mater i nc
t heolgtepsmeafetialapplylingghesigsldering material to a
sen conduct or devi ce,. wherei n. th sol deri ng. mater.i a
CoABPEE BIURHTEMF{FBF toah SHRicGPS g‘fﬂkae e Sodering

i ndi umwherghisdk I%?sehLzﬂl)J St RrLBEY cb1l, n Q&P%HM &hERM the tin

of 17.5%to 20.5% e‘indiumis present in a
concentpreseniom oftoeddatian 6f 096U ThEFobticaindiani & 1gfs$€dlt in a

and the all h rrel'g olnt in the ran

o0 oo dilin 42 Be R bR B balics S BaOR BE g6 nes o
sur f ageltisl ehint hathe kiR c99Bd@PC RO3TEIEr i al contacts both

t he sem conduct or device and the surface heati ng. t he

soldifepsing theaseati¢adugier deviempep suifpee Sigh thag ﬂ@nﬂtold%mg material
cause_t he r|n oling the
sol de?olnmctssbOth °al gﬁgﬁgg%rﬁdﬁetv |C(r81§5§frt1ﬂéeos\se[{efr%&gonduct or
devegngt t(hetsbli‘lermg material to a temperature sufficient to cause the soldering
material to reflow;
cooling the soldering material thus mounting the semiconductor device to the

surface.

The method as recited in claim 9, further comprising the step of heating a portion
of the semiconductor device to a temperature greater than 270 °C during a post-

mounting operation without reflowing the soldering material.

A hermetically sealed semiconductor assembly that includes a semiconductor
device hermetically sealed with a soldering material wherein the soldering
material consists essentially of an alloy of gold, tin and indium, the tin having a
concentration of 17.5% to 20.5%, the indium having a concentration of 2.0% to
6.0% and the balance is gold and the alloy has a melting point in the range of
300 °C to 320 °C.

A lead-free soldering material consisting essentially of an alloy of gold, tin and
indium, the tin having a concentration of 17.5% to 20.5%, the indium having a
concentration of 2.0% to 6.0% and the balance is gold and the alloy has a melting

point in the range of 290 °C to 320 °C.
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surface. 10. The nethod as recited in claim9, further
conprising the step of heating a portion of the

wa@emmpesTsuct or device to a tenperature greaterPCTTES20BY047748

13.

14.

OC during a postnounting operation w thout reflow ng
the soldering material. 11. A hernetically sealed
sem conductor assenbly that includes a seniconductor
devi ce hernetlcally seal e ih a sol dering materi

whehh§i $914oBE SBHEER 1y STHER R 412 ol i SheEeiB dHR A1 ) Erﬁseaf in a
an ghlAa@dn 901 €3 %ttlorﬁ()‘e‘ﬁ’)%j ahBhIiD R Srb@nDAVE BShRntration of
concentration of 17.5%to 20.5% the indiumhaving a
condcenta avlon of 2.0%to 6.0% and the bal ance is gold
and the aIon has a nelting point in t he range of 300

goCnTt C S%O?Cg ém% Ssgétﬁlil?.lailﬁ recg?({ 111 cl Ipegel{lrghg tm 15 a%rasent ina

I NdbbidBntrbfiéh bf AbS@VI mg%aarfdon@emmmai isopre@efnt id. aS%ﬁcemratmn of
20.5% the indiumhaving a concentration of 2.0%to

6. @beE O ohe bal ance is gold and the alloy has a
nmelting point in the range of 290 0C to 320 0C. 13. The
soldering naterial as recited in claim12, wherein the
tinis present in a concentration of 18.3%to 20.3%
and the indiumis present in a concentration of 3.5%
to 5.5% 14. The soldering material as recited in
claim12, wherein the tin is present in a
concentration of about 19.3% and the indiumis present
in a concentration of about 4.5%



