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-Description

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

gystem.

The fabrication of a sequence of layers, by way of illusz=-
tration, with an epitactié process has noteably the draw-
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. 4

The state of the art joining techniques for wafer plates
. have, however, to some degree a number of dlfferent dis-
advantages:
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In the state of the art direct substrate bonding proces=-
ses, temperatures ranging between 700°¢ 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 is 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-
cessary 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-
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
then imparted. Moreover, this process also requires tem-
pering procedures at temperatures between approximetely
500°¢ and 1200%.
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Thus, due to high process temperaturaes 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 ig 420%¢.

These low tamperatures as tempering temperatures zre ac-

- ¢Qrding 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 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-
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 about 460°.

e
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The problem with thig 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 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

34

particular, highly polished wafer plates of which at least

one is composed of a,SemiEonducting 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 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
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An inveﬁtive solution to thiz cbject is set 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°.

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/cm2 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 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 4oo°c. by way of illustra-
tion in an oven (claim 5).
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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 vonded. 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.
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Furthermore, one-wafer may be a silicen wafer and the
other wafer a quarz glass wafer (é;aim 8), a Gais 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 rasult 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.

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 prééess
(Claim 19).
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A Brief Deacription of the Drawing

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

~dn:

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 advantagesous.

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 suriace 11 of wafer 1.
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'In thae shown preferred embodiment, the film is composed of

The £ilm may be applied as & diluted (aqueocus) solution or
as a film having a certain, relatively small residual mois-
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.

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 & 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-
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ity. Measurements have revealed that the mechanical adhe-
sive force ranges between (at least) 250 and 300 kg/cm2.
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.

/ ’ i
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What Ig Claimed Is:

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 cone said wafer
plate (I)Ia £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.

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

-

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.
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6. A process according to one of The claims 1 to 5,
characterized by said jolned wafer surfaces 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,
characterized by said wafer plates having metalized 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.

10. A process according to one of the claims 1 to 8, -"

characterized by said one wafer being a silicon wafer and
said 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. '
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14. A procese according to 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 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. '

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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