GOLD- TI N- I NDI UM SOLDER FOR PROCESSI NG COVPATI BI LI TY W TH LEAD FREE
TI N- BASED SOLDER FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
to a new |waadeforesrszol der for hernetically sealing sempaondoawos77¢and
specialty devices. The sealing solder has a nelting tenperature

bet ween 290 C and 340 C and nore preferably between 300 C and 340 C.
Advant ageously, such a seal ed device may be subsequently sol dered

Seal . BAGKGRAND DT RINATBIUM RSP RIFRAOR PRACESSIN:: or
3ol o concent LB T RN TS YPERHL BRI SYSEl T\ MASED SURPRH s

ranging from19%to 22% This sol der has been in use in sem conductor
devices for nore than 40 years and has a nelting tenperature of 280
C. See United States Patent No. 4,492,842 to Koopnman. Sem conduct or

devi ces dAEIP FrTRE IFVENHON el ect roni ¢ devices are subsequently
sol dered onto a printed circuit board using tin-lead solders as a

post - seal PAYLlsol derfhigiintentien relais to a ppe desdres solder foglprpetically emgling  The
process tenperature of these post-sealing solders is typically 35 C
to 50 C atsoneendiptorrand speaiplly depessaflie ecaling eolde hgs Omelbng 1B@prat@eper heat
is required to flow solder onto the | eads of the sem conductor device
and the deppen 260 FCand 340 & abdhmopriraketlydictveash 800 Y@ ra 34r°6cessi ng t he
sem conductor devices at tenperatures up to 245 C poses no problem

si nce t heAdyahtigédublysiah b Bealaioledize matylbk stitabqueat yreilderedrith hi2l thelfing

[ 0003] The prior art lead-free solders that are replacing the tin-I|ead

sol ders r@ldersabithout disrupting the integrity of the seal.

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 1o 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-mielt until 280 °C.

[0003] The prior art lead-free solders that are replacing the tin-lead solders melt at
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217C and require processing tenperatures approaching 270 C. These
processi ng tenperatures are dangerously close to the 280 C nelting

t enper at ur WO 19875AU- Sn sol der used to seal the devi ceCIR2OWIHTTaMN
is to abandon the tin-based sol ders and use | ead-based sol ders that
contain about 85% | ead. Such | ead solders have a nelting point of
about 300 C. The use of |ead-based solders is, however, generally
avoi ded b | ectronics.industry. [0004] As ntinues.to be
Cemoved 11OmCcRatHar e SRl MR PR g r 3Pk PRERue
tenperature sol der to be devel oped for sem conductor die attach and
hermeti c SBRFAREFSGFe EHESEULE RPELA A CBY e ETPFRWFEO TS AVNEed to
repl ace conventional Au-Sn and | ead-based solders with a | ead-free,
hi gh t enp@idst used (@ gralibe dewps. SOpreation & trebangyn thedinthagrd seldses A PSRy s of
the present invention, whose nelting tenperature and hernetic sealing
capabi | i tleebsbarekeolddneipieanstae dqomy85§giqaé-b echilepd sqlders hgvesemctiBaaoiat or
die attach solder and as a hernetic sealing solder for sem conductor
devi ces. SUMIRY0 CE. ThiFudeNRNTHENORIRB)iIT hewEven.aendrally vomsdibsds gol d
sol ders that are conpatible with sem conductor die attach and
her et i ¢ deabhivgindiistgem conduct or packages with nelting tenperatures
greater than 290 C and nore preferably greater than 300 C. In one

embodi menood|he soladeéadi BninudsltcS-based fBevh daisuhbiadectidnidgpiachead t h
indiumto increase the nelting tenperature of Au-Sn solders. [0006]In

anot her agp@€tor Qﬁli%[hgﬁ‘tei:n YRt lder {18 dRelopdd APenTitRdudaed de hitdeh has ed
sol der is conpatible with known sem conductor die attach nethods as

vel | “as herasld atdeborsifal shgcddueser d8Ydes et isatkd t%irgﬂlﬁdeko}?%ﬂhonal
melting tenperaturés to prevent reflowng of this solder during

subsequent, b ath b £6aS@LAREL WM AREL 1B ORi%h HmpeRARESAEYT &8s noed is mot

by the lead-free alloys 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 al temperatures
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exceeding 270 C. The invention is further directed to the use of

gol d- based solders with nelting tenperatures between 290 C and 340 C,
and nore pWef8rEIBRIF2bet ween 300 C and 340 C, and even mMSGITAIINWE04T7ab| y
bet ween 300 C and 320 C, for nanufacturing sem conductor devices and
sem conduct or devices incorporating these sol ders. DETAI LED

DESCRI PTI ON OF A PREFERRED EMBCODI MENT [ 00071The | ead-free sol dering
mat eri al Qéf&ﬁﬂ%?ffg °cn ﬁh@meﬁ@ﬁ% iRt a@e@téaqaﬁfe%tséofeg%q;@msb@édlafer%u@n

all oy of gold and indium wherein the nelting point of the alloy

|s great eﬂhel‘hﬂ@&ﬁ@%%t&e%@%&?%86*’@'%!13 %@%ﬁ& (rjntoh:ageé%l o 36@E(§y -

preferably in°t range o Cto e prefera

the r ange@@f%égﬁp l}1dée(\)zen?4ﬁlgrecre agpqzle eeh 6) B Tau?c{ fﬁ)d’(lt ?%@Dﬁmﬁhl}é’ y be

at | east r e Brenel |one inclades Trom 5% to

20.5% t f ZO‘VI 6.0%ind dth b bei
o o e ey e SF?#°<r9'H%ucwﬁgﬂfwﬁﬁomaﬁﬁlﬁ%ﬁsaaqﬁii%a Traterial

has a tin concentration of about 19.3% and an indi um concentration of
about 4.5% O her suitable concentrations are also contenplated. For
exanpl e, in another enbodinent, the tin concentration is in a range

from 18. BETALEDIESGRIFHON O A4 KREFERRED EMBODIMINE 506t 0 5.5%

Such a soldering material is useful in a variety of fjelds, but is
par ti cul a®PY7lusef ulThe feadiiee selderangyarieds descriapdin ﬂ[”@ BRFSIIGRIANCHRREIE t or
devices are often hernetically seal ed using gold-tin solders which
have a nedseiniigllyel antalloy obgd.dini avg indiym 2glgeran thegpeiting peig o derllpyis
applied to the unseal ed package. The resulting assenbly is heated to
a t enper agreater tsarf 390 Camtl praferebly gecaten hag G018, and nroad preferablpiariheogd ng
t he package is hernetically sealed by such solder. The nelting point
of the sodfded °Gsed4dd TC aikdl evers emle ptfembinisthdrengeuff B¢ P@nt 330 Wow so as
to not damage the sem conductor device itself Post-sealing operations
may be us@dogjo att &GBpreferred that the alloy be at least 99.95% pure. The aforementioned

alloy includes from 17.5% to 20.5% tin, from 2.0% to 6.0% indium 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 {o attach

-3



addi tional conponents to the seal ed device and such operations
typically include subsequent soldering steps. Care nust be taken to
ensur e t haWoupW/088752 - seal i ng sol ders have a nelting poiR¢T/GSRAS/ 047548
conpatible with the sealing solder. Thus, there is a critical range
of desirable nelting points. The nelting point of the sealing solder
must be (I) sufficiently low so as to hernetically seal the device

wi t hout dﬁgggjhmoinhoﬁg}.g tﬁ%)e SE%E& Bi»!ic%%h)éuéhi PPrafbhsAPpilMyREd L

post -seal i ng heating w thout breaking seal integrity.

00107 ARl AISR S ingA15s SELAGHI0: AREE Al 8RS RRORR e

sati sfies ara ol d-tin-indi um solderin teri al

permts post-sealing.operations.at t eratur r.eater than 270 C
B thout Tarr aaedpid RE Bsp@BRe B MErrarafRe S Bl S P AL o
seal integrity. A further advantage of the subject so|derin terial
S har e e tiag A e RS TR Br B Py SRy et ke Dand

nore preferably less than 320 C) so as to permt the hernetic sealing
of a sem WHHITEY W s te dermatryin scaldhadiving YalieHt Geneng it pd¢21] 1 n one
process of the invention, the gold-tin-indiumsolder is applied to a
surface obuffisiendiihighred g toarerpi eRegealimghsatingsvithopiyedkingssl ijtegrityheat ed
to a tenperature sufficient to cause the soldering solder to reflow
such t hat[00H8 packdglearitacehesidhd swdderipg aterieltlesSibod bergiasatisfies thisee

seal ed device nay be subjected to post-sealing operations that

i ncl ude heamiangs.( Bhageolpusindienkolderimpohalenial pgrars gostisealinglopdrati@isace t he
sealing solder has a nelting point greater than 290 C and nore

pr ef er ablympéra@ics brdatta thad Q00 & wibsitrefi@vinfefhé fddeing hiagdrial @niper at ur es
(for exanple 270 C) does not cause the sealing solder to reflow, and

thus doesypRbudi @AKo RE! ihiek@g! Al KirtBér ddbatHRAY the[sO8)dt kMBér g thdierial is

i nvention has been described with reference to preferred enbodi nents,

Pt wi T QR R deifieqReh AYsuthl9s Ry 36 (e &dnd B 40e Al tnokd i ety RéShan
changes may

320 °C) so as to permit the hermetic sealing of a semiconductor device without damaging
such device.

[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



be nmade and equi val ents may be substituted for elenents thereof to
adapt to particular situations wthout departing fromthe scope of

t he i nventwonoemmyszefore, it is intended that the invePdTras209041568
limted to the particul ar enbodi nents discl osed as the best node
contenplated for carrying out this invention, but that the invention

wi Il include all embodinments falling within the scope and spirit of
the appe ! ' - 58 SO R PRR B
con5|st|ﬂ%sgégaﬁggéfrﬁg%gﬁﬁﬁbe%Pgéuog gé%é&%t|nlan ?ﬁéﬁwﬁe52|n

the tin i Stugtg]oengenlth utndeaarﬁ ngrﬁ {1@‘% g‘g'})fqle élgggé%;gh% fo Qt 1§ ﬁlx?enhé}fj' um

IS presen cent Bal'ance i s gol d

and the a has a neltln h I
mmter i al e HettP Gufinith b RS WarBr Gl b PR ] ey - IR RG] 1F

in the range of 290C to,340 . . oy
co%templated for carrying out t (fﬁs invention, but that the invention will inclnde all

embodiments falling within the scope and spirit of the appended claims.



3. The soldering material as recited in claim1, wherein the alloy
has a nmelting point in the range of 290C to 320 C. 4. The sol dering
material as recited in claim1l, wherein the alloy has a nelting point
in the range of 305 Cto 315C. 5. The soldering nmaterial as recited
in claim3, 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%

6. The soldering material as recited in claim3, wherein the tinis
present in a concentration of about 19.3% and the indiumis present
in a conc€idimai i on of about 4.5% 7. A nmethod of hernetically sealing
a sem conductor package wth a |ead-free soldering material including

the steps of: | yi.n soldering material t.q, a surface.of..a,
seni conduct-or S”Q@ﬁ%&%g Saﬂ%ﬂn@i rﬁat?q?g CUSISE ?Sﬁe@'%%{ﬁ %tf"’}”a?n%g Sh§pidy tin and
essential ly of it@ﬁhn@lwlﬁyei@ﬁheg?h G pebddt and cofdhuowhar 1315% 1205940 thes
present in a concentration of 17.5%to 5%, the jndiuymis sent
in a concentr at“?d&?’ Effprfeﬁto}i}’taCPOB‘?eé%t’QﬁGf%ﬁﬁé’ tﬁgtoﬁiﬂé{ tgglbé%qc& lsa%ifir’r‘?e
al l oy has a nelyeingy R@idtheliitk fone ofeaRBBa0Po@80C to 320 C

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

in the range of 290°C to 340 °C.

3. The soldering materia] as recited in claim 1, wherein the alloy has a melting point

in the range of 290°C to 320 °C.

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 290 °C to 320 °C;
heating the soldering material fo a temperature sufficient to cause the soldering

materizal to reflow such that the semjconductor package is hermetically sealed.



heating the soldering material to a tenperature sufficient to cause
the soldering material to reflow such that the sem conductor package
Is hernetically sealed. 8.The nethod as recited in claim?7, further
conprising the step of heating a portion of the herneti.cal.ly seal ed
sem conduct or package to a tenperature greater than 270 C during a
post-sealing operation without reflowing the soldering material. 9.A
nmet hod of nounting a sem conductor device to a surface with a

| ead-free soldering material including the steps of applying a

sol deri ng #at erfhgimethpdas seirdoripiot/o irgendomprisigghibe sep ot ratingy pRstemg
mat eri al consi ess a0t f + tolnl Welell
wherein the ti %tfi%hs13 pr egidﬁ% %énﬁleg Sggl%ggé%c%{] %?\ébgﬁbdalt%lgg%tta%d%%@%‘% he
i ndi umis preséif °C duEngameseserlingtopenatiof withodtisflovieg thyseldeinglreatdsial. ance
is gold and the alloy has a nelting point in the range of 290 Cto
320 C, di sposi wn{eﬁﬁd SRThORANL Gt QmidERichs R s HIhARE wHED Edieteet he

sol dering material contacts both the sem conductor device and the
surface; heati nejdering madtrabinclsgingthestepsdl: t o a tenperature sufficient

to cause the S%pﬁﬁﬁé Q%oﬁ@xth?gr f.na'éeriélcb F&eh®8hductor device, 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 0f290 °C to 320 °C;
disposing the semiconductor device on a surface such that the soldering material
contacts both the semiconductor device and the surface;
heating the soldering material to a temperature sufficient to cause the soldering

material to reflow;

cooling the soldering material thus mounting the semiconductor device to the

surface.

10.  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.

11. A hemmetically 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

290 °C to 320 °C.

12. 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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cooling the soldering material thus nounting the sem conductor device
to the surface. 10. The nethod as recited in claim9, further
conprising the step of heating a portion of the sem conductor device
to a tenperature greater than 270 C during a post-nounting operation
wi thout reflowi ng the soldering material. 11. A hernetically seal ed
sem conductor assenbly that includes a sem conductor device
hernetically sealed wwth a soldering material wherein the sol dering
mat erial consists essentially of an alloy of gold, tin and indium
the tin havbng Bhecotideging madtérch aofreclféd 5¥cleim 28. hdreit Hiee timds presdndin ag a

concentration of 2.0%to 6..0% n e is gold and the y
has a nmelting p‘@?ﬁ?‘gﬁﬁﬁoﬁ egr%zﬁgbe &'f@@ﬁ;@: BB SPrEeats 2 RopeRd %fmflrg
sol dering mat eri.s% tcHB8%i sti ng essentially of an al I oy of gold, tin
and indium the tin having a concentration of 17.5%to 20.5% the

i ndi um havi pg o 6.t 0 ' old
and the ol (By FES Arng Aol o Rl b Qe £ oAl U5 BPUCHESH! B @
13. The sol der Icngcenmmllczﬂabast I%E%tﬂd thevindluad i i&entwines eonvetitation ioh i S
present in a coE Lgﬁtl;,/atlon of 18.3%to 20.3% and the indiumis
present in a c8ATEntr4tion of 3.5%to 5.5% 14. The sol dering
material as recited in claim12, wherein the tinis present in a
concentration of about 19.3%and the indiumis present in a
concentration of about 4.5%



