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process utilizes successive formations on a major surface of a silicon wafer
(substrate), prior to its being cut into a plurality of dies, the following successive
15 layers: (1) an adhesion layer of titanium; (2) a barrier layer, preferably of tungsten;
(3) a bonding layer, preferably of gold. Also, a stress-relieving layer, preferably of
gold, can be formed earlier between the adhesion layer of titanium and the major
surface of the wafer. Thereafter, the substrate is cut into the plurality of dies, each of
which is bonded, for example, to a ceramic header ("submount"). Prior to the die’s
. 20 thus being bonded to the header, a major surface of the header is coated with a layer
- of gold that, in turn, is coated with a "binding" layer of solder, preferably a gold-tin
eutectic in order to supply a desirable bonding material for the ultimate bonds (joint)
between the substrate and the header.
The purpose of the aforementioned adhesion layer is to promote
25 adhesion of the tungsten barrier layer to the substrate. The stated purpose of the
barrier layer is to suppress migration of silicon from the substrate into the originally
eutectic binding layer of solder: such migration would cause an undesirable increase
in the melting temperature of the layer of solder and hence a required undesirably
high temperature rise in the wafer during the thennél-compression bonding process
30 (during which the binding layer of solder must be melted to wet the surface to be
bonded). The stated purpose of the bonding layer of gold is to protect the barrier
layer from oxidation that would weaken the resulting bond. _
In the aforementioned patent, the thickness of the layer of solder was
reported to be 0.5 mil to 1.0 mil--i.e., approximately 13 um to 25 pm. Sucha
35 relatively large thickness, regardless of relatively small thicknesses of the other
layers, is not desirable in the context of bondigig arelatwely high power (ovei‘ :
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co nd uct ance- - i . eprematureifreézing isccapisadrjynmigration of tin away from the exposed surface of

'  the solder layer (initially having a eutectic or even a tin-rich nearly eutectic
composition), whereby (because the solder’s surface regions no longer have the
eutectic or nearly eutectic compositions) the melting point of the solder’s surface

15 regions dramatically increases. More specifically, as the tin component decreases in
the neighborhood of the eutectic composition on its tin-poor side, the melting
temperature initiaily increases by about 30°C per centum (by weight) decrease in the
tin component. Consequently, surface regions of the solder undesirably solidify -
("freeze") during bonding, because the bonding process cannot be performed ata

20 temperature that is high enough to prevent this freezing and at the same time that is
low enough so as not to injure the device during this bondiﬂg procedure. The thinner
the solder layer, the more readily it prematurely freezes: the relative composition of
a thinner layer is more sensitive to absolute changes of a component than is a thicker
layer.

25 The aforementioned premature freezing of the solder is undesirable
because it causes poor "wetting" of the surface of the gold bonding laYer by the
solder and consequently poor bonding of the device to the submount. Thus, during
subsequent device operation, the resulting poor thermal conductance of the resulting
bond (caused by the poor "wetting") tends to cause injurious overheating of the

30 device, and the resulting poor mechanical adhesion property of the bond tends to
allow the device to detach from the submount. - :

On the other hand, other solders--such as indium, lead-tin, lead-mdlum,
tin-indium, lead-indium-silver--have lower melting temperatures than that of a gold-
tin eutectic, and hence their use would not injure the device during bonding. But,

35 they have undesirably much lower Young’s moduli of elasticity as compared with
that of gold-tin solder (by a factor of 10 or more), and hence these other solders tend
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hondi ng. BUtZO sufficient to cause the wetting layer to form a sufficiently stable intermetallic nickel-
tin compound at least during the bonding process--so as to prevent a change in the
ratio of gold to tin contained in the layer of solder, when the solder is melted during
the bonding, that would be so great as to increase the melting temperature of the
solder significantly. Preferably the melting temperature of the solder then increases
25 during the bonding process by no more than approximately 20 C degrees. In this
way, premature freezing of the solder during the bonding process is avoided.
Brief Description of the Drawing
FIG. 1 is a cross-section view of first and second bodies being bonded
together in accordance with a specific embodiment of the invention.
30 Detailed Description _
A laser device 100 (FIG. 1) is to be bonded to a submount body 20.
Typically, this submount 20 is essentially silicon or diamond, with CVD (chemically
vapor deposited) diamond being preferred. The laser device 100 typically
comprises, as known in the art, a III-V semiconductor laser chip 10, such as gallium
35 arsenide, having a bottom ohmic contact layer 10.5 of germanium, with metallization
ona portion thereof ("metallization pad") typically consisting essentially ofa




%

35 they have undesirably rmuch | ower Young's noduli of elasticity as
corrpareé wth that of gold-tin solder (by a factor of 10 or nore), and

énce t hese ot her solders tend

- 3- to produce bonds that are mechanically |less stable (rigid). Also

bonds nade from t hese other solders tend-to have undesi

rably higher

creep, such higher creep being associated with the relatively | ow

mel ting tenperajf ye“i?sfpﬁi:l%nl 2! 3n fgoldlaye%qualrh%d Wt e e the
nor eg ol =t & CEORSSREHo!

(280[err] C or

short com ng wi t Bad ﬁéYPléé“Yl ﬁERIQXm%QiM%q.un xrdQ . In any afentcivisprefened tiaitent

' ld-tin
stens from poor finsllggdran i@boldre tungsten barrier |ayer to the go
sol der. ThePefore |'§§dvmu d%be desirable to have a bondi ng nethod, .

preferably using gol d-t | N 3POREAN of;the tophsurfage pf thetdiamend subnmami 20 e
short com ngs 5of successively wcaﬁﬁta tuﬁﬁbtexﬁﬂiﬁl’ér)( 1"?&’ Qp% (}cﬂdﬁibkft&ﬁ au%uhaﬁy %glygr )

This invention i ne
given in the de%fswg@h gsten, akaelf tin (W ttmg) lmaﬁtaag@@gmey layen24.f Thet

and second met atrossseetion o€ this portioiontte fop'sitface of the Alatkrd su

Bﬁﬁ?@?ﬁ?‘h' A%

Poant winen i ne. Oy SpoRinRlly AFuR RIS Baviischiol Be ke laps 24

conpound phase eansisiscesaentially ufsat lelastsﬁxfemllenwtihg layeresf $oi0 %ﬁﬂ
y=2 or y=4 , 10 gol& ‘corttabing teSGof burticd of'thd nitkd ' fy¥rss, The

of y is'y=4 In order to fabricate the metallization on the surface

tih, thritiag>Xwith and

preferr d val ue

of the submount 20,

the tungsten layer 21 is deposited by sputtering from a tungsten target to a thickness
of typically approximately 0.05 um. In order to promote adhesion of this tungsten
layer 21 to the submount 20, an adhesion layer (not shown), typically of titanium

15 having a thickness of approximately 0.1 um can be deposited directly on the top
surface of the submount 20, and then the tungsten layer 21 can be deposited on the

20

25

30

35

top surface of the titanium layer. Next, the auxiliary layer 22 is depos1ted typically
to a thickness in the approximate range of 0.3 pm to 2.0 pwm, as by means of )
cosputtering nickel-tin from a nickel-tin intermetallic alloy target (or simultaneously
from separate nickel and tin targets) and tungsten from a tungsten target. The
cosputtering is arranged so that the auxiliary layer 22 has an atomic ratio of tungsten
to nickel-tin that is in the approximate range of 1/5 to 5/1, preferably approximately
1/1. The stoichiometry of the nickel-tin in the auxiliary layer 22 is preferably at least
approximately Ni3 Sn,. Instead of the tungsten target, other targets can be used
such as molybdenum, chromium, or ruthenium,

Next, the nickel-tin wetting layer 23 is deposited, typically by means of
sputtering from a nickel-tin intermetallic alloy target, 10 a thickness of typically
appronmately 0.1 um. Alternatively, cosputtering from separate nickel and tin
targets can be used for this purpose. _

The solder layer 24 is then deposited by alternating evaporation of gold
and tin layers, advantageously such that the overall composition of the solder
layer 24 is a tin-rich eutectic--such as 25 weight percent tin, 75 weight percent gold
(a gold-tin eutectic containing only 20 weight percent tin). More specifically, for
example, first a gold layer is evaporated on the top surface of the wetting layer 23 to
a thickness of approximately 0.9 pm, followed by evaporating a tin layer to a
thickness of approximately 0.5 um on the top surface of this gold layer, and then
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pzd ) typically v%&ﬁﬁ{ Sf ﬁgvut:é fll)d th%h Slplcally produces a pressure of approximately
109 Pascal. Because of the relatively low viscosity of the tin-rich eutectic
composition of the solder layer 24, lateral self-alignment of the bonding of the
device 100 to the submount 20 is enhanced. Typically the solder in heated above its
15 melting temperatures only after the laser device has been pre-heated to a temperature
of approximately 250°C and after the compressive forces F have been applied.
Although the invention has been described in detail with respectto a
specific embodiment, various modifications can be made without departing from the _
~ scope of the invention. For example, instead of laser devices, other devices or
20 bodies such as semiconductor integrated circuit devices, can similarly be bonded to
other or the same kinds of submounts as those described above. Instead of using
. tungsten for the barrier layer 21, any barrier metal can be used--to wit, a metal that
chemically reacts with every component of the solder (or of the surface of the first
body) only very slowly: that is to say, the barrier layer prevents any component of
25 the solder (or of the substrate) from penetrating through it for at least 5 minutes at
the elevated temperatures that are used for melting the solder during a subsequent
bonding process. |
~The solder layer 24 as described above is a tin-rich gold-tin eutectic--
i.e., an alloy composition of gold and tin in which the ratio of tin to gold by weight is
30 in the approximate range of 21 to 23 percentum, the ratio for a (precise) eutectic
being 20 percentum, and the ratio for an approximate eutectic being in the
approximate range of 19 to 21 percentum, preferably greater than 20 percentum. If
self-alignment is not needed or desired, then the solder can be a more nearly precise
gold-tin eutectic, whereby somewhat lower temperatures can be used for melting the
35 solder during the bonding process. It is yet further advantageous that the layer of
solder originally have a structure formed by multiple alternating layers of tin and



-

titaniumlayer 11, a platinumlayer 12, and a gold |layer 13. The cross
section of the pad is typically approximately 40 [err]mXx 40 [err]m
it any event, it is preferred that the ~ final layer 13 is gold.

On a portion of the top surface of the dianond subnmount 20 are 5
successively located a tungsten (barrier)-lafer 21, a (codeposited)

auxiliary layer 22 of nickel-tin and tungsten, a nickel-tin (wetting)
| ayer 23 and a diprefe stading Tdid endj ' ' .1i op of
sgolld|prefeeatdy gldnd ending with g@ﬁ E@fiﬁé 9!?09({1'?/]% Pf%rgp{i’@fugn ofa

the top surface gf . di.a submount 20 18 al

approxi mately 4 °e;l??%g§uczgﬁ[%}sr‘]'ar¥' Nt Ry daghe daypr of spldercivais premptirely 4
consi sts essent ifederingdfy revsdneafsits drigireal sirb@Radnidt@npeyRion, gld |oﬁ1y’3{gqh% liR:
starting with . i top surface of the njckel-tinTayer
) b 908U CBCRE 1yt of iadr Sthed el acvanthecomslyolassorisaave Gor
surface of thé $awnefussli-alignment) than & goldetimeutestid, byt a3 cars bslHAGE kd REvedy
sputtering fromgat Byt of typicall

approxi mately 0.05 ﬂig%r% %ﬁbﬁlﬁ%ﬁé‘ééﬁhﬂé o}%éingg Zﬁg(&’ﬁgg{hﬂﬂs B‘fent‘fﬁl@ Qrdzﬁjsff@dhe
| ayer 21 to the@m@@?n%ﬁomw | ayer (not shown), typically of
titanium 15 having a tij d}p%dgl?% rlm.can
deposited directly on the Oﬁigﬁﬁﬂﬂfthggﬂdgfé% 0 %Q%%ng%n%m%!méﬂﬁm?%ﬁ
the tungsten | af{ Yothe et Y el eAd hecamigturernf metals z and)y, theramailiarylayehean be
titani um | ayHr . aiedeépositbdlagerof tha birried Yiital 24d botARE Aitiisy %y&gﬁﬁ{n{lﬁa t
to a thickness | i mat e range of 0.3[err?‘%to§?l [erT tngy
neans of '([:l% sﬁp)agﬁ?rgggﬁg(){?ﬁs SFIEP@met (sxehaage plages) with anytofithe ¢

al Idoy t ar get ]gomesﬁlsm,l y,andauail(ypﬁWideﬂ_r?MMthmne fietal Qi@b@hoﬁf@iﬁ&ﬁ@%ggﬁh
and tungsten fr I : osputteri, s arranged 'so
that the auxili Q*Fy'ﬂ?%%%ﬁ@“%‘%gﬁgﬁmﬁ’@% Fg}ei‘ﬁ"q &%&j&g‘gﬂﬂﬂy react't i§ used

ni ckel - tin t hat bers to describe arpaction thatevould ghangt te MmeltingWérhperafued 6f Me'shlder
appr oxi mat elps i ) | £l : jckel-tin in the
“auxiliary | ayerd%rmgjl'{sh‘1= bro gﬁgmﬁ%ﬁﬁ%ﬁ&h%ﬂ&@f 138‘&9" WO“ﬁ

Ni [ err]Sn[err].udesitably pssmatheely fraegetduning theybonding. hAtso; nigsdvantigeoldthaisthé
25 such as nol pmkidf e afibimsb t i : . Next .. t he
ni ckel -tin wet th | a ermgf | sﬂg% rﬁ%?l?zgﬂﬁ? megftllg l%eywﬁtggggaygf--are stich that
sputtering fro ﬁgﬁ?rgi%f"- eri“?"’ﬁ‘f‘@&ﬁ’é‘t%ﬂ‘lﬂﬂ 4 atdeast during the bonding Iprodesess of
typically approximately 0.1 [err]m Alternatively, cosputtering from
separate nickel and tin targets can be used for this purpose.




30 The solder layer 24 is then deposited by alternating
evaporation of gold and tin |ayers, advantageausly—such—that the

okeral | conposition of the sol der | ayer 24 is a tin-rich _
eutectic--such as 25 weight percent tin, 75 weight p 1“;“\1\%&!‘““‘\‘“\““
gold-tin eutectic containing only 20 wei ght-f@ercent tlilkwis mos *
specifically, for exanple, first a gold layer is evaporated on the top
surface of the t | ayer 23 to 35 a thickness of approximately 0.9

[err]m followe Vaporating a tin |layer to a t hi ckness of
approxi mately 0.5 [ err] h-ohprasess efpondingadirsdrody28) Yt wcond/bedy €9 t hen

- 5 - evap ' .gol d layer to a thickness of approximately
.0.8 [err]mon tﬁéaélg%%tﬂ@%gf?gce of this tin |ayer, follomegf@éﬁgg t ﬁare‘?
t

‘tin layer to a thi ckness (®foapingoqyestying 3t least a gotionf a syrfagg,
gol d (cappi ng} |may8ér lhgerd2| JEonkpREs oPh bamies metdrat el y 0.1 [errjm -
Further alternating.layers of tin. and |.d referabl y endi ng w.th q?@d
optionally can 5 be suM@W*@%V&%M%WVﬁ@Y oﬁ“@lﬁ?ﬁggéa%qf e
ghe_n exligged |a%¢bﬁnp2fge@@f ﬂrstgndsegondmetalstogethbnw&thdheb&rﬁebmeﬂﬂ;t he | aser

evi ce to the subnount . 1 exXpOos - A

13 and the sol der | ayer g@tﬁfr@mﬁr §%§§3“%§‘§@Pﬁ%ﬂﬁ?’ﬂ{?§'§‘€§§%‘%‘?é ﬁ?elg@é?rﬁé@éggle\(}e
forces F at el evfithelfitst aned sevond axetalsyaudcal | y approxi mately in the

appr oxi mat & Ange 10 of (@ EHC IR dsolidbveryhERE HeAbE ey | 1

appr oxi mat e nge 10 of e“conpresSive forces F

can be produced sinply by the wei ght of the |aser device 100, which

typically produces a pr%%ﬁrﬁée()s?%?ﬁﬁﬁhﬂ%%&mﬂhﬁmwﬁcbﬁd RRefleformBeaiabiee
y

of the relatively |ow viscosi etin-ric euteci.,tlc(‘ii
intermetallic compound at least during the process of bonding.

3. The process of claim 1 in which the first and second metals
respectively are nickel and tin.

15 4. The proceSs of claim 3 in which the layer of solder is at least
approximately a gold-tin eutectic or is a tin-rich gold-tin eutectic.

5. The process of claim 4 in which the barrier metal is essentially
tungsten. layer of solder above its melting point for a predetermined time, while
mechanically pressing the layer of solder against a metallic coating located on at

20 least a portion of a surface of the second body.

6. The process of claim 1, 2, 3 4, or 5 further including heating the layer
of solder above its melting point for a predetermined time, while mechanically
pressing the layer of solder against a metallic coating located on at least a portion of
a surface of the second body.
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conposition of the solder |ayer 24, lateral self-alignnent of the bonding
o’rZ,the device 100 to the subm)unt 20 is enhanced. Typically the sol der
in heated above its 15 nelting tenperatures only after the | aser device
has been pre-heated to a tenperature of approxinmately 250[err]C and
after the conpressive forces F have been appli ed. Al t hough
the invention has been described in detail wth respect to a specific
embodi ment, various nodi HERMANENEMEFALLIE BONDING MEFHODY from t he
scope of the i nNAdstraen. For exanpl e, instead of |aser devi ces, other
devices or 20 bodies su 51 as,sem conductor integrated circuit devices, can
similarly be bonded to ase5g¢]vége isrbonded Wardiampnd submiownt (20) byt heas dflgose
descri bed aboveproceditre inthadin S(ilmaode ositih ri;er |ayer, 21,
any barrier @Etfi’kta?fﬂ ?ﬁtlﬁé—%g @ p g'Eﬂ§ﬁ)ﬁﬂa@qg|yétr(§2)b§{\8%)@5pf§%5ctS
with every conmponen 3y ¥ erpoéﬁ‘?d%‘feﬂtyﬁ@ the, submeunt; foilowed byst -

body) only ver y(23depasiting hwetting laver2s) or V.

_coﬂ%z)nent yof 2y( ;’éz)g 0{'6;;13?'?3&? %u%gtﬁg:m?¥%ﬁ1%%32t ? C@B{’éu gough
it for at | easteg ug@ﬁm%rt dérm at mllgt tng m £5; Rrefierablytofgoldamd tised
for nelting th g0 o¥e lnmadp]egmd- e

The sol dler gI ay gk tyjficaly weg,ﬁ?? th euté%ﬁ@@bﬁgoﬂﬁﬁf n'%g%P axptef fetal

atin-ric
i.e., an all ﬁyf i on Of ggﬁgg ﬁgo{i%rpqnﬂ'“ﬁhFEH“‘fq‘iEOF%ltm@auﬂaMmmhas
gol d by weid ‘2‘%’8" (thrperlavershisdeposited on thepseralevidd s totidmh &ﬁﬁﬁ%}:&%& the
i appr oxi mat oyt act o haunt Ge. Then iri telaRg, i RoloB 156E e prougptinsor:
percentum pr ef@%{giﬁ;@"&a& étﬂ f’t‘%ﬁ%elz@vwrmmmmm under enswghf heat aghnent i s
t ded geessuredfolioned i
B0l c T Ut echigs e . samowial Lo e pefindhefifof BeRlceh BEEC TRE o

| d-t t what |
mel 41 ng 't ho. 36 HEkneSESF BsoRTER s Adabaeconelydess than apsoyimmiely Suylrar The
advant ageou® t Mettinghlayers erefefably the nﬂ@hﬁ’éﬁlh@ &bﬂg@ﬁ’dd Mi JOVE afta S auu%ﬁ'r e
formed by mul tigepistohRéd' B bBBgoRiiEhSh

he metahlc components of this intermetallic
together with the barrier metal.
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-% - gold, preferably startihg and endihg wi th gold, having an

oferal | conposition of a tin-rich eutectic. In this way, not only does
the | ayer of solder avoid prematurely frﬁ7 ing by reason of its
original structure and conposition, and not o é is the tin- rich

gold-tin eutectic |ayer of solder when nelted advantageously |ess viscous
(for 5 ease of self-alignnment) than a gold-tin eutectic, but it also can

be nmade to have a total thickness of |ess than approximately 5 [err]m
or perhaps even 4 [err]mor less (for the desired good therm

conduct ance) . More generally the sol der can

advant ageously be a m xture of. netals x and y, the wetting |ayer can

be a m xture of netals z and y, the auxiliary |layer can be 10 a
codeposited | ayer of the barrier metal and both the netals z and

y--provi ded t hat the barrier netal does not significantly react
(exchange places) with any of the netals x, y, and z; and provi ded
also that the nmetal z does not significantly react with the netal x,-

al t hough x and y may interﬁcL__Ihe_Le signqficantly react” is used

here to describe a reactiop that woul ange*tthe nelting tenperatw e of
‘the solder 15 during the ponding tinme interval by such an anount that the
sol der woul d undesirably prematurely freeze during the bonding. Al so,
it is advantageous that the ratio of the anounts of the netals z and
y--at least in the wetting | ayer--are su#h t hat £ t he PORCESt abl e
internmetallic conpound, at||east during ¥he bpndi n§j progess.

100 | |




Ve« cl ai m 1. A process of bonding a first body to a second boWy724

I ncl udi.ng the steps of: (a) formng, overlying at |east a port™h of a
sur.face of the first body, a barrier |ayer conposed of a barrier

nmet al ; (b) codepositing, overlying the barrier layer, an auxil -

lary | ayer conposed of first and second et al s together with the
barrier netal; (c) forgji i a wetting

| ayer conposed of the fi rg%%tmﬁ Wﬁmﬁﬁé@ﬁw ng a |l ayer
of sol der overl )A_Ejﬁsﬁe wetting | ayer. 2. The pr ocess of claim1

in which first d d at
cast. during t he. process e sekie Acb0HcRa 1) il sBhiEGh b oy ek of i i

the first and sd¥ BWdﬂﬁleﬂmgs (lr)é%)ﬁmsimlayl ayxiliany labret (22)\@ntd layer of bArriekhe
process of cl&i @@ﬂ'@lmﬂﬁhstﬁéﬁnldéyﬁsﬁﬁﬂfov@lﬂgn eu?@@ﬁv{?ﬁfoweg I‘OXI mat el y

o] e oo e LrmBAg A P HOER 2D B e o s 3 g s s
process of cl ai wofder ye{2ahcompRsing altemiiig ReRilic layers, preferably of gold and tin
sufficient to form an overall tin-rich gold-tin eutectic composition. The barrier metal
~ is typically W, Mo, Cr, or Ru. Prior to bonding, a conventional metallization such as
10 Ti-Pt-Au (three layers) is deposited on the laser device’s bottom ohmic contact,
typically comprising Ge. Then, during bonding, the solder layer is brought iﬁto
physical contact with the laser device’s metallization under enough heat and
pressure, followed by cooling, to form a permanent joint between them. The
thickness of the solder layer is advantageously less than approximately 5 pm. The
15 wetting layer is preferably the intermetallic compound Ni3 Sny, and the auxiliary
layer is formed by codepositing the metallic components of this intermetallic
together with the barrier metal.

FIGURE 1, R
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(2) depos.malg”

(1) depositing.a. first gold |ayer onthewet _t"i ng layer; 0 n

first tin MENTe gol d lLayer;....: .(3) deposi-ti.ng.a.second gol

| ayer .Et')n' EEP.E[}.C% t “SHEE? layer; ' (4) depositing a S&tomd:viEn: ayetrdOn G

t he secon olfl | ayef: | and (5) depositing altHifrdogpli i J“._A.(?.rlot;ﬁb‘f‘ged .....
second ti 8I/§§@r199 f. | The process -of claim6 |n“whisehst he overdy le paged .
thick- negslof the layer bffsolder is lLegs-than approXihatelys5 J.eLd ]--mto P
8. The process of claim5 fprther including the step ofsiheat:d ng }agéad ]--%er'abed .....
of sol der ' ' tenpera- ture, and in \Aﬁlchthe vvettrl_gh';]l%rpg -----
contains tin in an amgynt .that is sufficient to prevegi-a change in t

ratio of gold to tin JOACAHAEd in the |ayer of sol 'eF;ivWé.r?’hg%fg IFhe Z’-’mt..s...

mel ting tenperature_t hafs REQCE

rdigg

tenperature by noreineladingphostepafl y 20 C. degr ees.
claim5 further conpr(®ifegming cierhdnght prasss pogtidh oflaayefacefofsol der
against a netal lic coatihrgitsobadeda barrér lagas tompesed iofa tfrrieke surface of

t he second

metal;

dafirsh body tetmesegondtbodml ti ng

9. The process of

(b) codepositing, overlying the barrier layer, an auxil-
iary layer composed of first and second metals
together with the barrier metal;

(c) forming, overlying the auxiliary layer, a wetting
layer composed of the first and second metals; and

(d)laforming a layer of solder overlying the wetting

yer.

2. The process of claim 1 in which first and second

metals form a stable intermetallic compound at least
during the process of bonding.

3. The process of claim 1 in which the first and sec-

ond metals respectively are nickel and tin.
4. The process of claim 3 in which the layer of solder

is at least approximately a gold-tin eutectic or is a tin-

rich gold-tin eutectic.

S. The process of claim 4 in which the barrier metal is
essentially tungsten.
6. The process of claim 5 in which step (d) comprises:
(1) depositing a first gold layer on the wetting layer;
(2) depositing a first tin layer on the first gold layer;

(3) depositing a second gold layer on the first tin.

layer;

(4) depositing a second tin layer on the second gold

lIayer; and

(5) depositing a third gold layer on the second tin
layer.

7. The process of claim 6 in which the overall thick-
ness of the layer of solder is less than approximately 5

pm.

8. The process of claim 5 further including the step of
heating the layer of solder above its melting tempera-
ture, and in which the wetting layer contains tin in an
amount that is sufficient to prevent a change in the ratio
of gold to tin contained in the layer of solder when
heated above its melting temperature that would be so
great as to change its melting temperature by more than
approximately 20 C. degrees. _

9. The process of claim § further comprising the steps
of pressing the layer of solder against a metallic coating
located on at least a portion of the surface of the second

* [ L M S *



body, and heating the |ayer of solder above its nelting tenperature.
10. A process—of hnndlnﬂ a. first body to a second body in accordance with

claim3 in m@’f netal is essentially tungsten. 11. The
process of dl grm J_U Ty he | ayer of solder conprises gold and tin.

12. The prodes whi ch thickness of the Ilayer of solder is
| ess than a prox?hagééﬂ%%[er ] m 13- ghe process of claim 11l further
i ncluding thetstep—of heatfng the | ayer of solder above its nelting

tenpera- tyre, and in which fhe wetting |ayer contains tin in an anount
that is suffiTl a change in the ratio of gold to tin

contained in the | | ng tenperature
that woul d be so gred ?Atﬁ%ange |¥r&%€igl n§8¥$ﬁ%§ at gby nore than
approximately 20 C % 8]J. The pr es claim10 further
conprising the ste PROSSSS R Ahqfé;]mﬁy%%gﬁ D’dE‘P aa%%ﬁ"ﬁgt a metallic
coating | ocated orPQg#Y Fé&§§°¥'§i et With elaimn3 in whicheths baméer second body,

and heating the | a;zetal@ essentisllydpbogstent s nel ting tenperature. 15. A
process of bonding &1f Ti pbodgsstmf alaanndbdubo.d;&chnthaclxyedaastte with claim3
in which the barriselder comprises gold and tin.
12. The process of claim 11 in which thickness of the
layer of solder is less than approximately 5 um.
13. The process of claim 11 further including the step
of heating the layer of solder above its melting tempera-

ture, and in which the wetting layer contains tin in an
amount that is sufficient to prevent a change in the ratio
of gold to tin contained in the layer of solder when
heated above its melting temperature that would be so
great as to change its melting temperature by more than
approximately 20 C. degrees.

14. The process of claim 10 further comprising the
steps of pressing the layer of solder against a metallic
coating located on at least a portion of the surface of the
second body, and heating the layer of solder above its
melting temperature.

23, A process of bonding a first body to a second
body in accordance with claim 3 in which the barrier
metal is molybdenum, chromium, or ruthenium.

16. The process of claim 15 in which the layer of
solder is at least approximately a gold-tin eutectic or is
a8 tin-rich gold-tin eutectic.

17. The process of claim 16 in which step (d) com-
prises

(1) depositing a first gold layer on the wetting layer;

(2) depositing a first tin layer on the first gold layer;

(3) depositing a second gold layer on the first tin

layer; '

(4) depositing second tin layer on the second gold

layer; and

(5) depositing a third gold layer on the second tin

layer.

18. 'I}:hc process of claim 17 further including the step
of heating the layer of solder above its melting tempera-
ture, and in which the wetting layer contains tin in an
amount that is sufficient to prevent a change in the ratio

[T




metal is nol ybdenum chrom um or ruthenium 16. The process of claim15
in whi‘'ch the layer of solder is at |east approxinmately a gold-tin eutectic

a1 com ori 2o L) Shepobt {ing a'firat gnl ScﬂmﬂfﬂlllﬂlllHHlﬂﬁlllf‘nS“' o

| ayer; (2) depositing a first tin layer on the first golid I[Mayér;*
depositing a second gold layer on the fiyg _tin | ayer; (4) dep03|t ng
second tin layer on the second gold | ayer; and (5) depositing a third
gold layer on the second tin | ayer. 18. The process of claim17

further including the step of heating the |ayer of solder above its nelting
tenpera- ture, and in which the wetting Iayer conta qﬁ I n an anount
that is sufficientof @ojst doetin containeskin Fh‘@YFétqfoSQ ¢r when
-9- heated above its melting temperature that would be so
' great as to change its melting temperature by more than
approximately 20 C. degrees.
19. The process of claim 16 further including the step
of heating the layer of solder above its mcltmg tempera-
ture, and in which the wetting layer contains tin in an
amount that is sufficient to prevent a change in the ratio
of gold to tin contained in the layer of solder when
heated above its melting temperature that would be so
great as to change its melting temperature by more than
approximately 20 C. degrees.
20. The process of claim 1 further compnsmg the
steps of pressing the layer of solder against a metallic
coating located on at least a portion of the surface of the
second body, and heating the layer of solder above its
melting temperature,

———ny
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of gold to tin contained in the layer of solder when heated ab_ove,__i’f’é
melting tenperature that woul d be so*great“as..to change its REPLACEMENT SHEEY
tenperature by nore than approxinmately 20 C. degrees. 19. The process of
claim16 further including the step of heating the layer of solder above
its melting tenpera- ture, and in which tde wetting |ayer contains tin in
an anount that is sufficient to prevermt—aThange in the ratio of gold to

tin contained in the | ayepERMANENT METALITe SONBINGE

' tin
tenperature that, woul d be so great as to change | ts maMiFgg err_pe?at ure by
nore 't han appr oﬁhﬁiﬁﬂy 20 C. degrees. 20. The process of claim1 further
Coati ng | ocated on gt eaot s pars Lerranelo liahehq St 20 3 MRy oY
O g, | oat o B 034 A s wh iy Grczet g e o bl

5 metal (21) that has been deposited overlying the submount, followed by

(2) depositing a wetting layer (23) on the auxiliary layer, and (3) by depositing a
solder layer (24) comprising alternating metallic layers, preferably of gold and tin
sufficient to form an overall tin-rich gold-tin eutectic composition. The barrier metal
is typically W, Mo, Cr; or Ru. Priorto bonding, a conventional metallization such as

10 Ti-Pt-Au (three layers) is deposited on the laser device’s bottom ohmic contact,
typically comprising Ge. Then, during bonding, the solder layer is brought into

o/ physical contact with the laser device’s metallization under enough heat and

pressure, followed by cooling, to form a permanent joint between them. The
thickness of the solder layer is advantageously less than approximately 5 um. The

15 wetting layer is preferably the intermetallic compound Ni3 Sn4, and the auxiliary
layer is formed by codepositing the metallic components of this intermetallic
together with the barrier metal. '

FIGURE 1.




