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Technical Fleld
The present invention relates to 2 process for producing
solid, surface bonding between two wafer plates of which
at least cne is composed of a semlconducting material,

{2; e.g. silicon.

gState of the Art

In microstructure technology it is advantageocus in the fa-
brication of complex microsystems, as by way of illustra-
tion sensors, actuators including microelectronic cir-
cuits, to join, for production reasons, separately fabri-
cated and processed wafer plates of the same or different
material permanently via the surface to a complex micro-
system. -

The fabrication of a sequence of layers, by way of illusz=-
. tration, with an epitactic process has noteably the draw-
'53 back that the partly very complex and expensive epitaxy -
facilities require high investment costs. In comparisen,
the fabrication of semiconductor layver sequences using
-joining techniques is a less expensive alternative.

The state of the art joining techniques for wafer plates
. have, however, to some degree a number of dlfferent dis-
advantages: '

Sheet Has Been Reﬁaced
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fabrication of a sequence of layers, by way of illus- tration, with an
epltactlc process has not eably the dram% back that the partly very conpl ex
and expensive epitaxy facilities require high investnent costs. In
conmparison, the fabrication of sem conductor |ayer sequences using joining
techniques is a |l ess expensive alternative. The state of the art joining

t echni ques in)rth{@fﬁaﬁé FEemart TR subdtzatR BEAALRg prYSREL Of
di fferent d| s- %vant aagc o) o
gesg, temperatures ranging between 700YC and 1100° aze
required for the tempering procedure. Only these high _
temperatures, namely, yield permanently adhering wafer
plates which possess sufficient adhesive power for further

processing procedures.

' In this connection, reference iz made, by way of illustra-
tion, to EP-A-0 136 050 in which it ig explicitly said
that the "adhering” silicon wafers do not attain the ne-
cesgary adhesive force until temperatures higher than
600™C.

« 7
=9 .—i"

Furthermore, from US Patent 4 883 215 a joining technique
is known which functions similar to the so-called "burst;
ing"” of glass elements. With this joining techniques, not
only silicon wafer plates but alsc wafer plates of silicon
and insulation material, such as e.g. glass or semicon-
ducting oxides can be joined.

Although no tempering procedures at high temperatures are
required in this bonding technique, the adhesive force be-
tween the plates is, however, not sufficient for a number
of individual cases. '

Furthermore, from US Patent 4 $62 062, a process for join-
ing two semiconductor wafer plates by means of an interme-
diate layer is known. In this state of the art process it
is, however, necessary to introduce in at least one sur-
face a special recess through which the adhesion is only ' ‘ i
then imparted. Moreover, this process also requires tem- |
pering procedures at temperatures between approximetely
500°¢ and 1200%.

This Sheet Has Been Replaced
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. tenmperatures ranging between [err] and [err] are required for the tenpering

procedure. Only these high tenperatures,_nanely, yield pernmanently adhering
waf er pl ates which possess sufficient adfesive power for further processing
procedures. In this connection, reference is made, by way of illustra-
tion, to EP-A-O 136 050.-in which it is explicitly said that the "adhering"
silicon waf eg 0 tyed B t ; Si NEb Lo
SLILCOn el ShRed> G046 URdh [Hifodkus WatAErANEE KA EBREZat bkL

paration ¢of the wafer surfaces, this state of the art

process permits joining wafer plates already posses-

sing microelectronic surface structures, so-called pro-

cessed wafer plates only with difficulty, for usually the

' maximum temperature with which the processed standard sil-

icon substrate can be processed further ig 420%¢.

These low temperatures as tempering temperatures are ac-
- cording to the state of the art only then sufficient if
_ the bonding processes are applied which use glass as the
?g substrate material or as an intermediate layer:

In the so—-called anodic bonding process, pyrex glass is
bonded as the substrate material at 300°C to a silicon
wafer by means of the application ¢of a strong electric
field. The drawback here is the necessary confinement to
the pyrex glass as the substrate material due to which
many processes are prohibited (e.g. anistropic etching,
electro~chemical etching stops) compared to the use of
silicon.

Furthermore, it is known that in order to join two silicon
| substrates, a glass layer can be utilized ag the interme-
3) diate layer, which may be composed of, by way of illustra-
tion pyrex or lead glass layers (thickness, approx. 0.5 to .
5 um) which are applied to one of the two wafers by means
of sputtering.

Oon the other hand, borosilicate glasses, either fabricated
by means of CVD processes or by doping, are also applied

in bonding technoclogy by pressing onto the uncoated wafer
- at abeut 460°¢. '

e
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FurthernDre fromUS Patent 4 883 215 a JOInIng techni que i s known which
functions similar to the so-called "butgl - ing" of glass elenments. Wth
this joining techniques. not only silicon wafer plates but al so wafer

pl ates of silicon and insulation material, such as e.g. glass or sem con-
ducting oxides can be joined. Al though no terpering procedures at high

t enper at ur meilm‘dbarani meicth rehtilsi gz‘oced'sngst'mnhmgh processimg i tem$ or ce be-

tween the e [ r vi dual
taces. | por Mkt ad Wiclas Ve aifiicell Eahabliby ol KREnEiog LY (U3
sem conductﬁtmléfsqmsétr@c@y ﬁ@eﬂﬁcéi’i§ﬁtﬁnbe¥'% agidtehreygh ‘Flsi%lnom I'n
this state jQ:firIi*lﬁ Wefd¥ FIATRsy ofren becomes impossible.

All state of the art bonding-techniques based on joining
techniques, therefore, have the drawbacks that only spe-
cial combinations of wafer materials can be utilized in
each individual processes, that the adhesive force between
the wafer plate only partly meets the demands of subge-
quent processing procedures and that the partly very high
temperatures of more than 420°C in the tempering proce-
dures make joining “"pre-processed" wafer plates impossible.

On the other hand, the known "low-temperature processes"
usually are limited to a specilal substrate material and,
furthermore, are complicated and therefore expensive to
carry out.

Description of the Tavention
The object of the present invention is to provide a pro-
cess for producing solid, surface bonding between two, in
particular, highly polished wafer plates of which at least
one is composed of a,SemiEonducting material, such as e.g.
é? silicon, ensuring an:as great as possible adhesive force .
between the wafer plates and permitting combinations of
different wafer plate materials.
Moreover, the individual process steps should be simple
and easy toc apply with the means of state of the art pro-
cessing principles so that the invented process can be
carried out at low cost

This Sheet Has Been Reﬂlaced .

||I||I|| l ik




¢ in
is, Zh(f\%v]@ﬁﬁ Agb@ssar quﬁgIQH'{M%éIWéTEmeN | east one sur- f%ezga%spéci%ﬁ
recess through which the adhesion is only then inparted. Mreover, this
process al so requires tem pering procefkires at tenperatures between
approximately [err] and [err]. -3- Thus, due to high process
tenperatures and special pre- paration of the wafer surfaces, this state of
the art process pernits joining wafer plates already posses- sin

m croel ect rdfmj dRvantiice aqlurdan & thiscsblegtpis- sét forth in claim
1 hereto. Further improvements of the present invention

are the subject of the sub-claims hereto.

An element of the present lavention is to provide a pro-
cess for producing solid, surface bonding between two, in
particular, highly polished (¢laim 2) wafer plates of
which at least one.is composed of a semiconducting materi-
al, such, e.g. silicon, having the following process
steps: '

- a film having residual moisture of solvents and contain-
ing silcates or phosphates is applied on the cleaned
surface of at least ocne wafer plate,

- both the wafer surfaces on at least one of which said
_Eilnm is applied are joined,

- both said wafers are tempered in the joined state at tem-
peratures less than approx. 420°.

.
¢ 2p

The bond created in this manner is distinguished both by a
high mechanical strength and great mechanical and chemcial
durability. Measurements have shown that the mechanical
adhesive force ranges from 250 to 300 kg/cm These high
.adhesive forces thus permit trouble-free further process-
23 ing of the wafer plates for the fabrication of, e.g.,
highly complex microstructures or sensorsg, or the like.

When utilizing silicates, tempering can take place even at
temperatures between 150°C and 300°C, whereas in the uti-

- lization of phosphates the tempering procedure occurs at
temperatures between 300°C and 400%, by way of illustra-
tion in an oven (claim 5).

Sheet Has Been Replaced
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tenperature with which the processed standard sil- icon substrate can be
processed further is [err]. These | ow $gaperatures as tenpering
tenperatures are ac- cording to the state of the art only then sufficient
I f the bonding processes are applied which use glass as the substrate
material or as an internediate layer: In the so-called anodi ¢c bondi ng

process, ~pyFR& terpering [pracedure mrowides: sstsing: ofi theaintermddio a
silicon Wafé’ée bﬂa:f%?’é‘srﬁé FreadEd 'vfa%é:o'&a?xf Et rsagashefséacbg eiﬁd- The

Substrate MFEISO SR TLLAAR QX FUFEAGe: ods thecBLIiRR Vader cand

ani stropi c eteiicglly bonded. This procedure, however, only functions
reliably on thin layers (s 100 nm - c£. claim 4) as other-
wise a too great a water content, resp. solvent content
" can lead to the formation of bubbles.

To store the wafers at room temperature , in particular
for approx. 24 hours, after fixing and then temper them
has proven to be especlally useful (claim 7).

The formation of a vey thin intermediate layer causes,
moreover, no mechanical tensions worth mentioning (claim
17). In this case it 1s particularly advantageous that the
adhesive forces caused by the film immediate%ﬁy after
joining the wafer plates compensate any wafer warping.

The solvent from which the f£ilm has at least a certain
residual moisture may in principle be any solvent for
materials to be applied;.in particular it is preferable,
however, from an environmental aspect but also from a
process aspect, ‘the utilization of water described in
claim 3 hereto. h

At any rate, it is advantageous for the adhesive force if
the wafer surfaces to be joined as set forth in claim 6
hereto are.cleaned and dried prior to applying the £ilm.

The invented process is for the most part independent of
the wafer plate material:

By way of illuStration.-acccrding to claim 8, the wafer
plates may have maetalized areas.

Thisllslliifltlflliilrm RT
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electrg chemi cal etching stops) conpared to the use of silicon. Furthernore
it is known that in order to join tw sildcon substrates, a glass | ayer can
be utilized as the interme- diate |ayer, which may be conposed of , by way
of illustra- tion pyrex or |ead glass |ayers (thickness, approx. 0 5to 5"
[err]) which are applied to one of the two wafers by neans of sputtering.
On the other hand, borosilicate glasses, either fabricated by neans of CvD

provesses eyRipdBRal, Gh6. Ghifr ARy 5¢ 4 s EIKb d SRS BhSY P oSSI NG
other wafer a quarz glass wafer (claim 9), a GaAs wafer
(claim 10) or an InP wafer (claim 11), with the list of
the wafer materials given in the ¢laims not being
complete.

The applicability of the invented process for different
materials is, in particular, the result of the fact that
‘the bonding already attained at temperatures from approx.
200° to 300% aze unusually strong, thereby opening the
possibility of joining substrates of different materlals,
in particular, such having different temperature behavior.

K

wWith the invented proceas, therefore, bonding between
silicon and quarz glass can be produced. Just as, bonding
with other semiconducting materials or optically active
materials such as, e.g. lithium niobate, is possible
(Claim 12).

In the latter case, it 1s however advantageous if an oxide
intermediate layer, resp. a wafer layer is provided which,
e.g.. may be composed of a spin-on glass (Claim 13, resp.
14). e

Claims 15 and 16 name as f£ilm material, noteably sodium
silicate and aluminium phosphate without the intention of
limiting overall appllcability -

The film provided in accordance with the present invention
may be applied as a fluid film (claim 18). Particularly
advantageous 1s, however, 1f the film material with the
residual moisture is applied with a spin dry process
(Claim 19).
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as the marked tendency of the borosili-, cate glass surface to precipitate
boric acid t hr ough whi ch j oi ni ng mafer_@lates of t en becones inpossible. Al
state of the art bondi ng techni qgues based on joining techniques, therefore,
have the drawbacks t hat only spe- cial conbinations of wafer materials can
be utilized in each individual processes, that the adhesive force between
the wafer plate only partly neets the demands, of subse- quent processing

pr ocedur es ﬁ%ié‘é‘tnéé&:&ﬂféﬁo‘?% mﬂﬁgperatures of nore than [err] in

the tenpering proce-
The present ‘invention is made moré apparent in the follow-~

ing section using a preferred embodiment with reference to
the accompanying drawing by way of example. In it is shown
in: o '

Pig. 1 the wafer conditioning
Fig. 2 the application of a film, and -
Pig. 3 the wafer plates in a joined state.

Description of a Preferred Embodiment

Flg. 1 shows the conditioning of both wafers 1 and 2 to be
joined. The wafers are first highly polished so that the
surfaces 1l and 21 with which they are t¢ be joined are ..
"mirror surfaces" with very little particle density. For a
durable and solid bond between the wafer plates is, note-
ably, a highly polished surface of the opposite wafer
plates is particularly advantageous.

9

In a subsequent cleaning step, the surfaces 11 and 21 are
Ereed of surface particles of soil by means of a cleansing
solvent, such as e.g., nitric acid, pirania caustic, ammo-
nium hydrogen peroxide, RCA cleansing.

The wafers are then rinsed and dried. For this essentially
known spin techniques are utilized.

Fig. 2 shows that in another step a film 3 essentially com-
posed of gilicates or phogphates, such as e.g., sodium
silicate or aluminium phosphate is applied under clean
room conditions and, in particular, spun onto one of the

~ two wafers, namely on the surface 11 of wafer 1.

nliiiin‘iiimil‘i‘ ||ﬂi””°°“
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hand, the known "l owtenperature processes" usually are limted to a 1
speci al substrate material and, furthejgwre, are conplicated and therefore
expensive to carry out. Description of the Invention The object of ‘the
present invention is to provide a pro- cess for producing solid, surface
bondi ng between two, in particular, highly polished wafer plates of which
at | east omhelfiamnnayeﬂeoapplieaiasndUdilugedB(&qﬁedusknsdiutiangpr

ol at o andoBopniainpavifls R.eBERECH;  BPERERUREY bl A el "
ture of a solvent, by way of illustration of water by
means of a so-called spin drier, like those used in semi-
conductor industry for spinning on_lacquer coats.

i{
|
i

'In tae shown preferred embodiment, the film is composed of
a homogéneous gsodium silicate layer having & thickness of
less than 100 nm. Due to the homogeneity and the little
thickness, the adhesive forces beween the two wafer plates
are raised. '

&

Naturally, it is also pbssible to apply & film 3 onto each
surface 11 and 21 respectively. '

Fig. 3 shows that the two wafers 1 and 2 with the film 3
located between them are placed on top of each other at
room temperauture. The strong adhesion of the two hydro-
phile surfaces provides for very close contact of the
two wafers, resp. substrates 1 and 2 over the entire
surface. The adhesion forces between the two wafers
already suffice completely as fixing means of both wafers
1 and 2 and make shifting of the two surfaces 11 and 21
impossible. -~ '

Thereupon follows a tempering procedure conducted out at

temperatures upte 420%. Preferably, however, the temper-

ing procedure is conducted at temperatures lying

- when using silicate solutions between 150°C and 300°¢
and in particular 200%%, resp.

- when using phosphate solutions between 300°C and 420°.

The thus ylelded bond is distingished both by high mechan-
ical strength as by great mechanical and chemical durabil-

s Sheet Has Been epllaced
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Nbreover e 1 ndi vi dual process steps should be sinple and easy to apply

with the neans of state of the art pro- cessing principles so that the

i nvent ed process can be carried out atl@ew cost. An inventive solution
to this -object is set forth in claim1 hereto. Further inprovenents of the
present invention are the subject of the sub-.clains hereto. An el enent of

the present invention is to provide a - cess for produci ng sQlid;
surface bodd¥ngMBBAREERSRRS, gﬁ'ﬁepﬁ?\’?i rEhaT JFhS ﬁ)ﬁh@ﬁ&f & 2) waf er

pl ates of give force ranges between (at 1east) 250 and 300 kg/cm .
This very high adhesive force permits trouble-free further
processing of the wafer plates for the fabricatiom of,
e.g. highly complex microstructures or sensors or the

. like. The further handling of the two joined wafers is
simple as the two wafers are joined by high bonding
forces. '

/ )
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. whi ch a n 2y ting materi - g.

. Sili.con; g§@ﬁ@8€ ﬁg @%I mﬂﬁ@qggﬁgg%gﬁgpgg@gmf a filmhaving rgﬁlgﬁgl Sl
npi sture of solvents and contain- ing silcates or phosphates is applied on
t he cl ean st one wafer <1lia e, - both the wafer surfaces
on at | east one of mhlch said filmis applied are joined. - both said

waf ers ar e Thi anF 3340|ned state at tem peratures |ess than approx.
[err]. The b ‘this manner is distinguished both by a high
mechani cal eat mechani cal and chential durability.

_ Nbasurenents have shomn that the ”Wﬁﬁﬁ”tgatlg;med Ig:

1. A process for producing a solid, surface bonding
between two wafer plates, of which at least one is

'_cqmposed of a semiconducting material, such ag e.g.
gilicon,

having the following steps:

- on the cleaned surface (11) of at least one said wafer
plate (1) a £ilm (3) having a residual moisture from
solvents containing silicates or phosphates is applied,

~ sald two wafer surfaces (11, 21) on at least one of
which said film (3) is applied are Joined,

= said two wafers i1,2) are tempered in the joined state
at temperatures lower than approx. 420°C.

f -
a2
£ 's1.>

2. A process according to ¢laim 1,
characterized by said two jcined wafer surfaces being
highly polished. .

3. A process according to claim 1 or 2,
- characterized by said solvent being water.

e

-

égi 4.:3 process according to one of the claims 1 to 3,
characterized by the thickness of the layer of gaid film
being 2 maximum of 100 nm. |

S. A process according to cne of the claims 1 to 4.,
characterized by said tempering procedure being conducted
at temperatures lying

- when using silicate solutions between 150°¢ and 300°¢

- when using phosphate solutions between 300°¢ ana 420°c.

A L U _—
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2.adhesive force ranges from 250 to 300 [err]. These hi gh adhesive forces
'thug permt trouble-free further procegs. ing of the wafer plates for’the
fabrication of, e.g., highly conplex mcrostructures or sensors, or the
| i ke. Wien ut|I|2|ng silicates, tenpering can take place even at
tenperatures between [err] and [err], whereas in the uti- |ization of

phosphat es § he tFgedd) aaeewdahy coote vfhfthecepalasudlesobdi ween [err] and
[err]. by vay, olddlidd By 4N fbeEéNQQEe&pﬁﬁighéés to be joined

being cleaned and dried prior to the applicaiton of said

£ilm.

7. A process according to one of the claime 1 to 6,
characterized by sald wafer plates placed on top of each
other being stored for approx. 24 hours at room tempera-
ture prior to said tempering proceduze. o

8. A procegs according to one of the claims 1 to 7,

?3 characterized by sald wafer plates having metalized areas.
8. A process according to one of the claims 1 to 8,
characterized by one wafer being a silicon wafer and the
‘other wafer being a quarz glass wafer.

10. A process according to one of the claims 1 to 8,
characterized by said one wafer being a silicon wafer and
gaid other wafer being a GaAs wafer.

. 11. A process according to one of the claims 1 to 8,
characterized by sald one wafer being a silicon wafer and
said other wafer being.a InP wafer.

12. A process according to one of the claims 1 to 8,
characterized by sald one wafer being a wafer made of a
semiconducting material and saild other wafer being made of
an optically active material, such as e.g. lithium niobate.

13. A process according to one of the claims i to 8,
characterized by at least one said wafer having an oxide
layer on the surface to be joined. :

Sheet Has Been Reﬂlaced :
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rel eased water can, e.g. be absorbed by the silicon or silicon oxide
surface of the silicon wafer and chem_gal |y bonded. This procedure,
however, only functions reliably on thi'f | ayers ([err] 100 nm- of. claim
4) as other- wise a too great a water content, resp. solvent content can
lead to the formati on of bubbles. To store the wafers at roomtenperature .

in partlculﬂ_ f20 rp oy < - actbrd8ligs toacladnf 13, ng and then tenper them has
proven to sef | t thin
it or mod at AR AR B i el Leved Be 80T, 6ffnSon REfs:
mentioning (claim17). In this case it is particularly advantageous that
the 15. A process according to one of the claims 1 to 14,
characterized by said applied film being composed Of so-
,dium silicate.

16. A process according to one of the claims 1 to 14,
characterized by said applied f£ilm being composed of
aluminium phosphate. '

7) 17. A process according to one of the claims 1 to 16,
characterized by the adhesive forces caused by said film
- immediately following the joining of said wafer plates
compensating for any wafer warping.

18. A process according to one of the claims 1 to 17,
characterized by said film being applied as a liquid film.

19. A process according to one of the claims 1 to 17,
characterized by the film material having a residual
moisture being applied by means of a spin-dry process.
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plates conpensate any wafer warping. The solvent fromwhich the film has at
| east .a certain residual noisture Mmay=14% principle be any. solvent for
naterlaLs to be applied; in particular it is preferable, however, from an
envi ronment al aspect but also froma process aspect, the utilization of

wat er described in claim3 hereto. At any rate, it is advant ageous for the
adhesive force if the wafer surfaces to be joined as set forth in claim®6

hereto are cleaned and dried pri appl ¥i goethe film The invented
process. is for the nost part |ﬂd§b§ﬂ§€ﬁf‘6¥'fﬁ€ wafer plate material:

Disclosed is a process for producing a solid, surface
bending between two wafar plates, of which at least cone is
'composed of a semiconducting material, such as e.¢.
. silicon.

The process has the following steps:
- on the cleaned surface of at least one wafer plate a
i} £ilm having a residual moigture from solvents contain-

ing silicates or phosphates is applied, '

- the two wafer surfaces on at least one of which a film
1s applied are joined,

-~ the two wafers are tempered in the joined state at tem-
peratures lower than approx. 420°c.
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By, wely.of illustration, according to claim8, the wafer plates may
netalized areas. -7- Furthernore; one wafer may be a silicon mafer and
the other wafer a quarz glass wafer (claim9), a GaAs wafer (claim 10) or
an InP wafer (claim1l), with the list of the wafer materials given in the
clainms not being conplete. The applicabitity .of the invented process for
different materials is, in particular, the result of the fact that
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' t'he bondi ng al ready attained at tenperatures frpm qngngxﬂﬂﬂENTjSHﬁﬁiﬁerrFG‘
-3agé$unusually strong, thereby opening the possi imﬂmgxﬁgﬁdﬁﬂmmm@ubdﬁﬁﬁﬁﬁﬁ'
fof different materials, in particular, such having/gcifhey en:tpatgedmé.rtatﬁﬁgéd =
tbehavior. Wth the invented process, therefore, LRGAISt Weend sLl tocpagednd:
quarz glass can be produced. Just as, bonding witg/ gt tsenyggaqﬁnmipgmd":
materials or optically active materials such as)} €.g. lithiumniobate, is
possible (Claim12). In the latter caser-1+t is O\&ﬁ%ﬁ(@ ’ﬁﬁg@gg_@_gg@_‘m

oxide internedi ate | ayer, resp. a wafer |ayer

. may be conposed of a spin-on ghgsect Eahitddee AL -

Descri tion

Technical Field _

The present invention relates to a process for producing
solid, surface bonding between two wafer plates of which
at least one is composed of a semiconducting material,
e.g. silicon.

Etats of the aArt

In microstructure technology it is advantageous in the fa-
brication of complex microsystems, as by way of illustra-:
tion sensors, actuators including microelectronic cir-
cuits, to join, for production reasons, separately fabri-'
cated and processed wafer plates of the same or different
material permanently via the surface to a complex micro-
systemn,

The fabrication of a sequence of layers, by way of illus-
tration, with an epitactié process has noteably the draw-
back that the partly very complex and expensive epitaxy
facilities require high investment costs. In comparison,
- the fabrication of semiconductor layer sequences using
joining techniques is a less expensive alternative.

The state of the art jolning techniques for wafer plates
have, however, to some degree a number of different dis-
advantages:
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€ ains 15 and 16 nanme as filmmaterial, noteably sodiumsilicate and

al-urg ni um phosphate without the intention of limting overal

applicability. The film provided in accordance with the present invention
fay be applied as a fluid film(claim18). Particularly advantageous is,
however, if the filmmaterial with the residual noisture is applied with a
spin dry process (claim19). A Brief Description of the Drawi ng The
present invention is made nore apparent <i4T the fol | ow

In the state of the art direct substrate bonding proces-
ses, temperatures ranging between 700°%¢ and 1100° are
required for the tempering procedure. Only these high
temperatures, namely, yvield permanently adhering wafer
plates which possess sufficient adhesive power for further
processing procedures. B

In this connection, reference is made, by way of illustra-
tion, to EP-A-0 136 050 in which it is explicitly said
that the "adhering" silicon wafers do not attain the ne-
céssary adhesive force until temperatures higher than
600°¢.

Furthermore, from US Patent 4 883 215 a joining technique
is known which functions similar to the so-called "burst-
iné" of glass elements. With this joining techniques, not
only silicon wafer plates but also wafer plates of silicon
and insulation material, such as e.¢. glass or semicon-
ducting oxlides can be joined.

Although no tempering procedures at high temperatures are
required in this bonding technlqQue, the adhesive force be-
tweerr the plates is, however, not sufficient for a number
of individual cases. -

Furthermors, from US Patent 4 962 062, a process for join-

- ing two semiconductor wafer plates by means of an interme-~
diate laver is known. In this state of the art process it
is, however, necessary to introduce in at least ocne sur-
face a special recess through which the adhesion is only
then imparted. Moreover, this process alsc requires tem-
pering procedures at temperatures between approximately
500° and 1200°¢.
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i'ng section using a preferred enbodinment with reference to the acconpanyi ng
drawt ng by way of exanple. Init is shown in: Fig. 1 the wafer conditioning
Fig. 2 the application of a film and Fig. 3 the wafer plates in a joined
State. Description of a Preferred Enbodi ment Fig. 1 shows the conditioning
of both wafers 1 and 2 to be joined. The wafers are first highly polished
so that the surfaces 11 and 21 with which they are to be joined are "mrror
surfaces”" with very little particle density. For a durable and solid bond
between the wafer plates is, note- ably, a highly polished surface of the
opposi te wafer '

Thus, due to high process temperatures and special pre-

paration of the wafer surfaces, this state of the art

process permits joining wafer plates already posses-—

sing microelectronic surface structurgs, so-called pro-

cessed wafer plates only with difficulty, for usually the

maximun temperature with which the processed standard sil-
" icon substrate can be processed further is 420 ©c.

These lcw temperatures as tempering temperatures are ac-
cording to the state of the art only then sufficient if
the bonding processes are applied which use glass as the
substrate material or as an intermediate layer: - -

In the so—called anodic¢ bonding process, pyrex glass is
bonded as the substrate material at 300°C to a silicon
wafer by means of the application ¢of a strong electric
field. The drawback here is the necessary confinement to
the pyrex glass as the substrate materlial due to which
many processes are prohibited (e.g. anistropic etching,
electro-chemical etching stops) compared to the use of
silicon.,

Furthermore, it is known that in order to join two silicon
substrates, a glass layer can be utilized as the interme-
diate layer. which may be composed of, by way of illustra-
tion pyrex or lead glass layers (thickness, approx. 0.5 to
5 um) which are applied to one of the two wafers by means
of sputtering.

On the other hand, borosilicate glasses, either fabricated
by means ¢of CVD processes or by doping, are also applied
in bonding technology by pressing onto the uncoated wafer
at about 4560°C.
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plates is particul arly advantageous. In a subsequent cleaning step,
the.surfaces 11 and 21 are freed of surface particles of soil by neans of a
“cl eansing solvent, such 'as e.g., nitric acid, pirania caustic, amb- nium
hydr ogen peroxi de, RCA cl eansing. The wafers are then rinsed and dried. For
this essentially known spin techniques are utilized. Fig. 2 shows that in
another step a film3 essentially com poSed of silicat'es or phosphates,
such as e.g., sodiumsilicate or alum nium phosphate is applied under clean
room conditions -and, in particular, spun onto one of the two wafers, nanely

on the surfacernbl grloptaheiwith this process is the high processing tem-
perature as well as the marked tendency of the borosili-
cate glass surface to precipitate boric acid through which
joining wafer plates often beacomes impossible.

All state of the art bonding techniques based on joining
techniques, therefore, have the drawbacks that only spe-
cial combinationg of wafer materials can be utilized in

. @ach ihdividual processes, that the adhesive force between
the wafer plate only partly meets the demands of subse-
quent processing procedures and that the partly very high
temperatures of more than 420°¢ in the tempering proce-
dures make joining “"pre-processed" wafer plates impossible.

On the other hand, the known "low-temperature processes®
usually are limited to a special substrate material and,
furthermora, are complicated and therefore expensive to
carry out, :
Description of the Iavention l

The object of the present invention is to provide a pro-
cess for producing solid, surface bonding between two, in
particular, highly polished wafer plates of which at least
one s composed of a semiconducting material, such as e.g.
silicon, ensuring an as great as possible adhesive force
between the wafer plates and permitting combinations of
different wafer plate materials.

Moreover, the individual process steps should be simple
and easy to apply with the means of state of the art pro-
cesaing principles so that the invented process can be
carried ocut at low cost.
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The filmmay be applied as a diluted (aqueous) solution or as a film having
a:certain, relatively small residual npis- ture of a solvent, by way of
illustration of water by nmeans of a so-called spin drier, |like those used
fn sem - conductor industry for spinning on |acquer coats. In the shown
preferred enbodi nent, the filmis conposed of a honogeneous sodiumsilicate
| ayer having a thickness of |less than 188~nm Due to the honpbgeneity and
the little thickness, the adhesive forces beween the two wafer plates are
raised. Naturally, it is also possible to apply a film3 onto- each

An inventive solution to thig object is set—forth in ¢laim
1 hereto. Further improvements of the present invention
are the subject of the sub-claims hereto.

An element of the present lnvention is to provide a pre-
cess for producing solid, surface bonding between twe, in
particular, highly polished (claim 2) wafer plates of
which at least one is composed of a semiconducting materi-
al, such, e.g. silicon, having the followlng process
steps: '

- & film having residual moisture of sclvents and contain-
ing. silcates .or phosphates is applied on the cleahed’
surface of at least one wafer plate,

- both the wafer surfaces on at least one of which said
film is applied are joined,

- both said wafers are tempered in the joined state at tem-
peratures less than approx. 420°.

The bond created in this manner is distinguished both by a -

high mechanical strength and great mechanical and chemcial

durability. Measurements have shown that the mechanical
adhesive -force ranges from 250 to 300 kg/cmz. These high
adhesive forces thus permit trouble-free further process-

ing of the wafer plates for the fabrication of, e.g.,

highly complex microstructures or sensors, or the like.

When utilizing silicates, tempering can take place even at
temperatures between 150°C and 300°C, whereas in the uti-
liZation of phosphates the tempering procedure occurs at
temperatures between 300°C and 400°C. by way of illustra-
tion in an oven (claim §5).
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surface 11 and 21 respectively. Fig. 3 shows that the two wafers 1 and 2
withthe film3 |ocated between them are placed on top of each other at
roomtenperauture. The strong adhesion of the two hydro- phile surfaces
provi des for very close contact of the two wafers, resp. substrates 1 and 2
over the entire surface. The adhesion forces between the two wafers al ready
suffice conpletely as fixing neans of both wafers 1 and 2 and make shjfting
of the two surfaces 11 and 21 inpossibl @6=Thereupon follows a tenpering
procedure conducted out at tenperatures upto [err]. Preferably, however,

the tenper- ing procedure is conducted at tenperatures |ying

The tempering procedure provides setting of the intermedi-

ate layers.The released water can, e.g. be absorbed by the

silicon or silicon oxide surface of the silicon wafer and

chemically bonded. This procedura, however, only functionsg

reliably on thin layers (s 100 nm -~ cf. claim 4) as other-

wlse a too great a water content, resp. solvent content
" can lsad to the formation of bubbles.

To store the wafers at room temperature , in particular
for zpprox. 24 hours, after £ixing and then temper them
has proven to be especially useful (claim 7).

The formation of a vey thin intermediate layer déusas,f
moreover, no mechanical tensions worth mentioning (claim
17). In this case it is particularly advantageous that the
adhesive forces caused by the film immediate;ﬁy after
joining the wafer plates compensate any wafer warping.

The solvent from which the film has at least a certain
residual moisture may in pfinciple be any solvent for
materials to be applied; in particular it is preferable,
however, from an environmental aspect but also from a
process aspect, the utilization of water described in
¢laim 3 hereto. ~ '

AL any rate, it is advantageous for the adhesive force if
the wafer surfaces to be joined as set forth in claim §

hereto are cleaned and dried prior to applying the f£ilm.

The invented process is for the most part independent of
the wafer plate material:

By way of illustration, according to claim 8, the wafer
plates may have metalized areas.
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- when using silicate solutions between [err] and [err] and in particular

200 [err], resp. - when using phosphate solutions between [err] and [err].
The thus yielded bond is distingished both by high nmechan- ical strength as
by great nechani cal and chem cal durabil - ity. Measurenents have

reveal ed that the nechanical adhe- 2 sive force ranges between (at |east)
250 and 300 [err]. This very high adhesivE-force pernmits trouble-free
further processing of the wafer plates for the fabrication of,

Furthermore, one wafer may be a silicon wafer and the
other wafer a quarz glass wafer (¢laim 9), a GaAs wafer
(¢claim 10) or an InP wafer (claim 11), with the list of
the wafer materlals given in the claims not being
complete. |

The applicability of the invented process for different
materials is, in particular, the result of the fact that
the bonding already attained at temperatures from approx.
200° to 300°C are unusually strong, thereby opening the
possibility of joining substrates ¢f different materials,
in particular, such having different temperature behavior.

wWith the invented process, therefore, bonding between
silicon and quarz glass can be produced. Just as, bonding
with other semiconducting materials or optically active
materials such as, e.g. lithium nicbate, is possible
(Claim 12).

In the latter case, it is however advantageous if an oxide
intermediate layer, resp. a wafer layer is provided which,
e.g., may be composed of a spin—-on glass (Claim 13, resp.
14). .o

Claims 15 and 16 name as f£ilm material, noteably sodium
silicate and aluminium phosphate without the intention of
limiting overall applicability.

The £ilm provided in accordance with the present invention
may be applied as a fluid £ilm (claim 18). Particularly
advantageous 1s, however, 1f the film material with the
residual moisture is applied with a spin dry process
(Claim 19).
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e.g. highly conmplex mcrostructures or sensors or the like. The further
handling of the two joined wafers is sinple as the two wafers are joi ned by
hi gh bondi ng forces. What Is Clainmed Is: 1. A process for producing a
Solid, surface bonding between two wafer plates, of which at |east one is
conposed of a sem conducting material, -such as e.g. silicon, having the
foll ow ng steps: ; .

A Brief Description of the Drawing

The present invention is made more apbarent in the follow-~
ing section using a preferred embodiment with reference to.
the accompanying drawing by way of example. In it is shown
in:

FPig. 1 the wafer conditioning
Fig. 2 the application of a £ilm, and -
Fig. 3 the wafer plates in & joined state.

Description of a Preferred Embodiment _

Flg. 1 shows the conditioning of both wafers 1 and 2.tdo be
joined. The wafers are first highly polished so that the
surfaces 11 and 21 with which they are to be Joined are
"mirror surfaces” with very little particle density. For a
durable and solid bond between the wafer plates is, note-
ably, a highly polished surface of the opposite wafer
plates is particularly advantageous..

In a subsequent cleaning step, the surfaces 11 and 21 are
freed of surface particles of soil by means of a cleansing
sélbént,asuch as e.g., nitric acid, pirania caustic, ammo-
nium hydrogen peroxida, RCA cleansing.

The wafers are then rinsed and dried. Por this essentially
known spin techniques are utilized.

Fig. 2 shows that in another step a film 3 essentially com-
posed of silicates or phosphates, such as e.g., sodium
silicate or aluminium phosphate is applied under clean
room conditions and, in particular, spun onto one of the
two wafers, namely on the surface 11 of wafer 1.
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-~ on the cleaned surface (11) of at |east one said wafer plate (1) a film
(3) .having a residual noisture fromsolvents containing silicates or
phosphates is applied, - said two wafer surfaces (11, 21) on at |east one
of which said film(3) is applied are joined, - said two wafers (1,2) are
tenpered in the joined state at tenperatures |ower than approx. [err]. 2. A
process according to claiml1, characterLégd by said two joi ned wafer
surfaces being highly polished.. 3. A prbcess according to claim1l or 2,
characterized by said solvent being water. 4. A process according to one of
the clains 1 to 3, ‘

The film may be applied as a diluted (aqueous) sclution or
as a f£ilm having a certain, relatively small residual moig-~
ture of a solvent, by way of lllustration of water by

means of a so-called spin drier., like those used in semi-
conductor industry for spinning on lacquer coats.

IIn the shown preferred embodiment, the film is composed of
2 homogeneous sodium silicate layer having & thickness of
less than 100 nm. Due to the homogeneity and the little
thickness, the adhesive forces beween the two wafer plates
are raised.

Naturally, it is also pbssible to apply a £ilm 3_on€5-eéch
surface 11 and 21 respectively.

Fig. 3 shows that the two wafers 1 and 2 with the film 3
located between them are placed on top of each other at
room temperauture. The strong adhesion of 'the two hydro-
phile surfaces provides for very close contact of the

two wafers, resp. substrates 1 and 2 over the entire
surface. The adhesion forces between the two wafers
already suffice completely as fixing means of both wafers
1 &nd~2 and make shifting of the two surfaces 11 and 21
impossible. ~

Thereupon follows a tempering procedure conducted out at

temperatures upto 420°C. Preferably, however, the temper-

ing procedure is conducted at temperatures lying

- when using silicate solutions between 150°C and 300°¢
and in particularlzoooc. resp.

- when using phosphate solutions between 300°C and 420°c.

The thus yvielded bond is distingished both by high mechan-
ical strength as by great mechanical and chemical durabil-
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characterized by the thickness of the layer of said film- being a nmaxi num
of 100 nm 5. A process according to one of the clains 1 to 4.,
characterized by said tenpering procedure being conducted at tenperatures
[ying - when using silicate solutions between 150 C and 300 [err] - when

usi ng phosphate sol uti ons between 3000C and [err]. --12- 6. A process
according to one of the clains 1 to 5, characterized by said joined wafer

surfaces to be joined -10-

ity. Measurements have revealed that the mechanical adhe-
sive force ranges between {(at least) 250 and 300 kg/cmz.
This very high adhesive force permits trouble-free further
processing of the wafer plates for the fabrication of,
e.g. highly complex microstructures Or sensors or the
 like. The further handling of the two joined wafers is
simple as the two wafers are Jjoined by high bonding
forces.
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" being cleaned and dried prior to the applicaiton of said film 7. A process
according to one of the clains 1 to 6, characterized by said wafer plates
pl aced on top of each other being stored for approx. 24 hours at room
tenpera- ture prior to said tenpering procedure. 8. A process according to
one of the clains 1 to 7, characterized by said wafer plates having
metal i zed areas. 9. A process according toone of the clainms 1 to 8,
characterized by one wafer being a silicon wafer and the other wafer being
a quarz glass wafer. 10. A process according to one of the clains 1 to 8,
characterized by said one wafer being a silicon wafer and

What Is Claimed Is:

1. A process for producing a solid, surface bonding
between two wafer plates, of which at least one is
' compcéed of a gsemiconducting material, such as e.g.

silicon,

having the following steps:

~ on the cleaned surface (11) of at least one said wafer
plate (1) a £ilm (3) having a residual moisture from
solvents containing silicates or phosphates is applied,

- sald two wafer surfaces (11, 21) on at least one of
which said f£ilm (3) is applied are joined,

- said two wafers (1,2) are tempered in the joined state
at temperatures lower than approxX. 420%.

i 2. A process according to claim 1,
characterized by said two joined wafer surfaces being
highly polished. .

3. A process acccrding to claim 1 or 2,

characterized by zaid solvent being water.

. ~ . \.

4. A process according to one of the claims 1 to 3,
characterized by the thickness of the layer of said film -
being a maximum of 100 nm.

S. A process according to one of the claims 1 to 4.,
characterized'by said tempering procedure being conducted
at temperatures lying

~ when using silicate solutions between 150°¢ and 300°c

- when using phosphate solutions between 300°%¢ and 420°c.
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said other wafer being a GaAs wafer. 11. A process according to one of the
clains 1 to 8, characterized by said one wafer being a silicon wafer and
said other wafer being a InP wafer. 12. A process according to one of the
‘clainms 1 to 8, characterized by said one wafer being a wafer nade of a
sem conducting material and said other wafer being nmade of an optically
‘active material, such as e.g. lithiumnighate. 13. A process according-to
one of the clainms 1 to 8, characterized at | east one said wafer having
an oxide layer on the surface to be joined. This is the replacenent sheet

" 8. A process according to one of the claims 1 to 5[
characterized by said joined wafer surfaces to be joined
being cleaned and é&ried prior to the applicaiton of said
£ilm.

7. A process according to ocne of the claims 1 to 6,
characterized by said wafer plates placed on top of each
other being stored for approx. 24 hours at room tempera-
ture prior to said tempering procedure.

8. A process according to one of the claims 1 to 7,
characterized by said wafer plates having metal;zed areas.
9. A process according to one of the claims 1 to 8,
characterized by one wafer being a silicon wafer and the
other wafer being a quarz glass wafer.- -

i 10. A process according to one of the claims 1 to 8,
characterlized by said one wafer being a silicon wafer and ;
said other wafer being a GaAs wafer.

- 11, A process according to one ¢of the ¢laims 1 to 8,
;haracterized by said one wafer being a silicon wafer and
said other wafer being.a InP wafer.

12. A process according to one of the claims 1 to 8,
characterized by said one wafer being a wafer made of a
semiconducting material and sald other wafer being made of
an optically active material, such as e.g. lithium niobate.

13. A process according to one of the claims 1 to 8,

characterized by at least one said wafer having an oxide
layer on the surface to be joined.
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-13- 14. A process according to claim 13, characterized by said oxide |ayer
being a spin-on glass. 15. A process according to one of the clains 1 to
14, characterized by said applied filmbeing conposed of so- diumsilicate.
6. A process according to one of the clainms 1 to 14, characterized by said
applied filmbeing conposed of alum nium phosphate. 17. A process accordi ng
to one of the clains 1 to 16, characterized by the adhesive forces caused

by sai.d film -13-

l14. A process according te claim 13,
characterized by said oxide layer being a spin-on glass.

15. A process according to one of the claims 1 to 14,
characterized by said applied £ilm being composed of so-
_dium silicate.

16. A process according to one of the claims 1 to 14,
characterized by said applied film being composed of
aluminium phosphate. '

17. A process according to one of the claims 1 to 16,
characterized by the adhesive forces caused by said fiim
immediately follbwing the joining of said wafer plates
compensating for any wafer warping.

_18. A process accdrding to one of the claims 1 to 17,
characterized by said film being applied as a liquid film.

18. A proceas according to one of the claims 1 to 17,
characterized by the film material having a residual
moisture being applied by means of a spin-dry process.

e
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i mredi ately follow ng the joining of said wafer plates conpensating for any
waf er- war pi ng. 18. A process according to one of the clains 1 to 17,
characterized by said filmbeing applied as a liquid film 19. A process
according to one of the claims 1 to 17, characterized by the filmmateri al
having a residual noisture being applied by neans of a spin-dry process.

-14-

DIRECT SUBSTRATE BONDING

ABSTRACT

Disclosed is a process for producing a solid, surface
bonding between two wafer plates, of which at least one is

'composed of a semiconducting material, such as e.g.
silicon. |

The process has the following steps: P
- on the cleaned surface of at least one wafer plate a
film having a residual moisture from solvents contain-
ing silicates or phosphates is applied, - -
- the two wafer surfaces on at least one of which a film
is applied are joined, '
~ the two wafers are tempered in the joined state at tem- f
peratures lower than approx. 4209%.

Fig. 3
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