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A NEW PROCESS FOR LOW TEMPERATURE SI LI CON WAFER- TO- WAFER BONDI N
~USI NG LOW PRESSURE CHEM CAL 5 VAPOR DEPGCSI TI ON OF TRI METHYLBORATE FOR
BORON OXI DE GLASS Field of the Invention The present

i nvention relates generally to wafer-to-wafer bonding. Mre 10
particularly, the invention relates to waf ér - t o- waf er bondi ng usi ng Low
Pressure Chem cal Vapor Deposition of Trinmethylborate to deposit
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BACKGROUND OF THE INVENTION
Field of the invention

The present invention relates to hairstyling
5 devices in which a first jaw is hinged to a second jaw by
hinge means including a return spring.

Description of the prior art

Hairstyling devices in the form of clips for use in

women's hair are known in the art. Clips of this kind

10 have been used for many years, and are described

especially in documents FR-A-770 805, FR-A-755 662 or
Us-A-2 201 719.

Prior art hairclips generally have a first jaw and

a second 3jaw,” hinged together by hinge means allowing

15 them to pivot '‘about a hinge axis between a spread apart

position and a close together position. Spring means

bias pivoting relative movement of the first and second

jaws toward their close together position. The hinge

means comprise two first parallel perforated lugs on the

20 first jaw spaced apart for stability, and, two parallel

perforated lugs on the second jaw appropriately spaced

apart to engage with respective opposite sides of the

first perforated lugs. A connecting spindle, oriented
along the hinge axis, passes through the four perforated
25 lugs to connect the jaws.

In these prior art hairclips, the spring means
comprise an elastically flexible metal wire spring wound
helically around the hinge axis. A first end of the
elastically flexible wire extends radially away from the

30 axis and bears on the inside face of the first jaw. The
second end of the elastically flexible wire extends
radially away from the axis and bears against the second
jaw. The spring is prestressed rotationally about the
axis, so that its two projecting ends bias the jaws

35 toward their close together position.



15 Typically, electronic circuits are fabricated as an integrated

circuit ("IC") formed on a wafer. After formng the IC, the ICis
usual | y encapsul ated for protection and ease of handling. Typically,
encapsul ation is produced by a waf er -t o- waf er bondi ng process.
Several nethods of achieving a wafer-to- 2 waf er bond are known in the
prior art. 20 FIG 1 and 2 illustrate a first wafer 10 and a
second wafer 12, as may be positioned prior to and just after

bondi ng, respectivel yA Ifirnskny disadvaappgecavfonsheonkovae pkivhe waaters
10 and 12 have elgGlidiqnisc .."E‘Qd/t@i resultTEGRAN LA pgﬂfiaﬁsaé a'ag-lecaé@dt%

them In those appllcatlons t he wafer that does not have a device
fabricated on i thaisrSfyddngr i SRFI985 +f of %‘F'Fct%bbsﬁp%tﬂ oR€aF| @arss Wfll%ﬂ‘ sés
shows a first intles meditateonsdpeing3odndha Bengacaied efmediad & laaytdicaldy
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goal of the bonding process 1's to strong el i A
they are placed in the hair. This produces a

particularly unesthetic effect, because the structure of
the elastically flexible metal wire spring is clearly
visible and gives the appearance of a mechanical device

10 to a hairstyling device that in theory should constitute
an ornamental item.

Another important disadvantage of the above prior
art structure is the difficulty of fitting the
prestressed spring. The four components, namely the two

15 jaws, the spring and the connecting spindle, have to be
assembled at one and the same time, while applying an
appropriate force to the spring to overcome the
prestressing force exerted by its radially projecting
ends.

20 The document EP-A-0 901 759 proposes to conceal the
helical spring behind a wall attached to one of the jaws.
This solutiéﬁ does not solve the problem of the
difficulty of fitting the prestressed spring, and in fact
tends to accentuate this difficulty by restricting access

25 to the area occupied by the spring.

The document EP-A-0 847 710 proposes to incorporate
the helical return spring in a casing attached between
the first perforated lugs. The casing is obtained by
assembling a main casing body with a U-shaped cross

30 section, and an end hoop attached to the casing body to
extend its second end, 1leaving an arcuate external
peripheral slot for one projecting end of the spring to
pass through. The two ends of the resulting casing
overlap on the outside edge of the first 1lugs of the

35 hinge. The hinge lugs of the jaws are therefore, in this



adversely affecting the device that is being encapsul at ed.

FIG 2 shows the first wafer 10 and the second wafer 12 after the

bondi ng process. ldeally, during the bonding process, the first o

i nternedi ate layer 13 and the second internediate layer 14 join
together to forma bond 15. The bond 15 should be strong, reliable,
and hold the first wafer 10 and the 5 second wafer 12 together.

One prior art nethod of fusing silicon wafers with Iow nelting

t enper at ur e bor embodiinent} asd 1( Biler r f&her rslizevasandepoli¢ ed iy tFilelgd ange
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vafers with Lom%%é tkggical return spring 1is inserted. The casing

therefore provides wvisual continuity between the first

5 two lugs, concealing the spring to confer on the product

an esthetic appearance that is pleasing to the eye.

A first disadvantage is the relatively high cost of
manufacturing the two-part casing; another disadvantage
is that it is relatively complicated to assemble onto the

10 jaws of the hairstyling device. The casing must be
molded from a plastics material, and mass production
implies the molding of a series of bodies and hoops on
opposite sides of a main sprue to which the bodies and
the hoops are joined by secondary sprue. It is possible

15 to separate the bodies from the main sprue by breaking
the secondary sprues. However, this is not possible for
the end hoops, because they are too small, thinner than
the diameter of the main sprue. As a result, after
injection molding, the hoops and the bodies remain

20 attached to the main sprue. An additional operation of
removing them from the sprue by cutting through the bases
of the secondary sprues is therefore required. _

Also, a complex mold is required to form the lugs
and the holes for assembling the hoop onto the main

25 casing body. Given the very small dimensions of the
components of the assembly, there are high risks of the
parts of the mold that produce them breaking, and the
mold parts must have specific and complex movements.

The components are therefore costly to manufacture.

30 However, they are also complex and costly to assemble
the spring must be inserted into the main casing body,
then the hoop fitted to the end of the casing body, and
finally the spring tensioned and the casing placed on the
first jaw of the hairstyling device. The operation is

35 difficult to automate, and calls for a careful and



Tenperature d ass,"” Sensors and Actuators, A21-A23, pp. 935-938 (1990)).
10 In their nmethod, Field and Miull er use solid-source boron wafers (type

GS-1 39, manuf actured by Omens-Illinois, Inc.) to deposit
Blerr]Jerr] on silicon wafers. The silicon wafers are | oaded onto a
quartz boat alternating with the solid-sourge boron wafers while
keeping a distance of 2.5 mm between them The quartz boat is then

pushed into a furnace at a very high tenperature (typically nore 15 than
1000[err] Q). If expeiaddd-=seeneay GokRsbatd £d, a tedious pretreat nent
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has numer ous manufacturing the component parts of the hairstyling
device, and reducing the cost of assembling the
hairstyling device.
The basic idea of the invention is to accommodate

10 the return spring in a casing, which facilitates
subsequent assembly of the spring onto the jaws of the
hairstyling device, and to use a one-piece casing, with
no end hoop, which reduces the difficulty of assembling
and the cost of manufacturing the components.

15 To achieve the above and other objects, a shorter
casing is used, only one end of which covers the outside
edge of one of the first lugs of the first jaw, while the
other end of the casing merely bears against the other
first lug of the first jaw without covering it and the

20 other first lug of the first jaw is oversized so that it
is continuous with the peripheral face of the casing,
which achieves visual continuity and conceals the spring.
SUMMARY OF THE INVENTION

Accordingly, in a hairstyling device according to

25 the invention

- a first jaw and a second jaw are hinged together by
hinge means enabling them to pivot about a transverse
hinge axis between a spread apart position and a close
together position,

30 - an elastically flexible wire spring is wound helically
around the transverse hinge axis and has two radially
projecting ends respectively adapted to bias the first
jaw and the second jaw relative to each other toward the
spread apart or the close together position,

35 - the hinge means include two parallel first perforated



di sadvantages. First, this method requires at I|east 60 hours of high
tenperature heat treatment. Second, there is high energy consunption due to
t he hi gh deposition tenperature (1075[err] C. Finally, the silicon wafers
nmust be 2 _

3 | oaded alternately with the solid sourcé boron wafers, which, in turn,
reduces productivity. It is an object of the present invention to

overcone the disadvantages of the prior art.
lugs on the first jaw spaced apart by a distance for

stability, and two parallel second perforated lugs on the
second jaw spaced apart by a distance appropriate for
them to engage with respective opposite sides of the
5 first perforated lugs, and a connecting spindle oriented
along the transverse hinge axis and passing through the
four perforated lugs to connect the jaws,
- a casing is attached between the first perforated lugs,
retained in a fixed position on the first jaw and forming
10 an axial internal housing containing at 1least the
helically wound portion of the spring, the first radially
projecting end of the spring being in fixed bearing
engagement with the casing or with the first jaw, the
second radially projecting end of the spring exiting the
15 casing to bear functionally against the second jaw and to
bias it toward the close together position, the casing
having ends with axial openings through which the
connecting spindle can pass,
- the <casing has a peripheral lateral wall with a
20 generally cylindrical outside surface and its first end
is extended by a rim on three of its sides to enclose at
least in part the outside edge of the corresponding first
perforated 1lug,
- the second end of the casing has no rim, and includes
25 an end notch through which the second radially projecting
end of the spring passes and in which it can move,
- the other first perforated lug of the first jaw is
oversized so that its outside edge 1is substantially
continuous with the outside surface of the lateral wall
30 of the casing. '

The casing is preferably made in one piece.

In one advantageous embodiment, the second
perforated lugs carried by the second jaw are oversized
so that their respective outside edges are substantially

35 continuous with the outside surface of the lateral wall



It is a further object of the present invention to provide an inproved

met hod for wafer-to-wafer bonding. Summary of the Invention The
present invention provides an inproved nmethod for wafer-to-wafer bonding.
The bondi ng process of the present invention uses boron oxide glass
(B[err]) as an internedi ate | ayer for wafereto-wafer bonding. In the
present invention, Low Pressure Chem cal Vapor Deposition (LPCVD) of
Trimethyl borate (TMB) is used to formB[err]Jerr] on the bonding surface
of one of the twaf wafeercasihbat are bei ng bonded together. The wafer on

whi ch the Bler ] O[er rhnbs SO | Sythgeo engapsyLant, vafar. a0 NBd

because its function is to encapsul at second ‘wa I'S”second Wwaf er
i s the device wefdTiNTCoRTALATAPLE| eb2kDNi Fhendferm ne€hani cetctavi ods. a
Preferably, a | ayefcuifart hedyminded.de of TRisl eaghid00sA tikbekved visual

5 continuity with the perforated lugs in all relative
angular positions of the jaws.

Other objects, features and advantages of the
present invention will emerge from the following
description of particular embodiments of the invention,

10 which description is given with reference to the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front view of a hairstyling device in

the form of a hairclip constituting one embodiment of the

15 present invention, shown in a closed position.

Figure 2 1is a right-hand side view of the
hairstyling device from Figure 1, shown in the closed
position.

Figure 3 is a right-hand side view of the

20 hairstyling device from Figure 1, shown in an open
position. _

Figure 4 is a perspective view of a casing housing
a return spring of one embodiment of the present
invention.

25 Figure 5 is a view of a first end of the casing
from Figure 4.

Figure 6 is a view of a second end of the casing
from Figure 4.

Figure 7 is a front view of the casing from Figure

30 4, with the spring inside it. '
Figure 8 is a top view of the casing from Figure 4.

Figure 9 is a bottom view of the casing from Figure

Figure 10 is a front wview in longitudinal section

35 of the casing containing the spring and assembled onto



Is formed the second wafer. This wafer can be cleaned with DI water (highly
distilled water where nost of the conducting ions have been renoved and the
resi stance is 20 nmegaohns) or it can be treated hydrophilically by sulfuric
acid or nitric acid, depending on the device process requirenents. The
encapsul ant and device wafers are then placed into contact and anneal ed at
450[err] C for 30 mnutes, thereby bonding the wafers. This process has the
advant ages of low tenperature and | ow bonding tine, while

bei ng conpati bl gni 4w ELME the hairk@Pris@tddfice.

Figure 11 1is a partial side view showing the
movement whereby a casing according to the invention is
assembled onto the jaws of a hairstyling device.

5 Figure 12 is a partial front view showing the
structure of the perforated lug hinge means and the
assembly movement of the casing according to the
invention toward the jaws.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 In the embodiments shown in the figures, a

hairstyling device in accordance with the invention is a
hairclip having a first jaw 1 which can be actuated by a
first opening lever 2 to which it is fastened in a first
intermediate connecting area 3, and a second jaw 4 which
15 can be actuated by a second opening lever 5 to which it
is fastened in a second intermediate connecting area 6.
Hinge means 7 connect the first intermediate
connecting area 3 and the second intermediate connecting
area 6, to enable the first jaw 1 and the second jaw 4 to
20 pivot relative to each other about a transverse hinge
axis 8 between a spread apart position shown in Figure 3
and a close together position shown in Figure 2. Spring
means bias relative pivoting of the first jaw 1 and the
second jaw 4 toward their close together position, in
25 which their respective teeth 35, 36 cross over.
The hinge means used in accordance with the
invention can be seen more clearly in Figures 11 and 12,
in which the spring means are not yet fitted to the jaws
1l and 4. These hinge means 7 include two parallel first
30 perforated lugs 9 and 10 on the first jaw 1 spaced apart
by a distance E for stability. The hinge means 7 further
include two parallel second perforated lugs 11 and 12 on
the second jaw 4 spaced apart by a distance appropriate
for them to engage with respective opposite sides of the
35 first perforated lugs 9 and 10. A connecting spindle 13,



Brief Description of the Draw ngs 5 FIG1 is a cross sectiona

'view of a pair of wafers prior to bonding. FIG2 is a cross
sectional view of a pair of wafers after a wafer-to-wafer bondi ng
.process. FIG 3a is a cross sectional view of an encapsul ant
waf er prepared in accordance with an &nbodi nent of the present

I nvention. 10 FIG 3b is a cross sectional view of a device wafer
prepared i n accordance wi th an enbodi nent of the present invention.
FIG 4 is a scheoaticotefl t héongparhe ustxanayense t idndepogikison8ef basseas

oxide glass.  th3oubll aiHeLdrdWSChLPEI UL 1hies | B¥ERbhABCt the jaws 1The
pr esent |nvent|%%dpQOV|des a new process for low tenperature silicon

As can be seen in Figure 1, the hinge means 7
5 further include an elastically flexible wire spring 14
wound in a helix around the transverse hinge axis 8 and
having two radially projecting ends, for example the
second end 15. The radially projecting ends of the
spring 14 bias relative pivoting of the first jaw 1 and

10 the second jaw 4 about the transverse hinge axis 8.

In accordance with the invention, the spring 14 is
housed in a casing 16 fitting between the first
perforated lugs 9 and 10 and fastened to the first jaw 1.

The casing 16 has a peripheral wall having a

15 cylindrical external part 26 and a plane bearing face 27
shaped to bear against a corresponding plane face 28 of
the first jaw when the casing 16 is assembled onto the
first jaw 1. The first radially projecting end 17 of the
spring 14 is fastened to the casing 16, and therefore

20 fastened to the first jaw 1. The second radially
projecting end 15 of the spring 14 exits the casing 16 in
the radial direction and is engaged in a notch 18 at the
end of the casing 16 to bear functionally against the
second jaw 4, as shown in Figures 1 and 2.

25 The notch 18 at the end of the casing 16 allows
angular movement of the second radially projecting end 15
of the spring 14 about the transverse hinge axis 8.

The casing 16 has a first end 19 and a second end
20 each of which has a respective transverse face 119 or

30 120 shaped to bear against the corresponding facing
inside faces 21 and 22 (Figure 12) of the corresponding
first perforated lugs 9 and 10. In the first end 19, the
first transverse face 119 is associated with a rim 23 on
three sides, surrounding at 1least in part the outside

35 edge 109 of the first perforated lug 9. There is no rim



waf er -t o- waf er bondi ng.

I's used to deposit the B203 | ayer 22 on the bondi ng

bondi ng surface 21 nmay be the bare silicon wafer (p- or n-type
substrate),
t hi cknesses

4

10

15

20

25

30

35

a thermal oxide, and the |ike, having a w de range of

on tbegbotbofl fdge]|dy.of the first transverse face 119 at
the first end 19. Accordingly, as can be seen in Figures
11 and 12, the casing 16 can be forcibly slid between the
first perforated lugs 9 and 10 so that the transverse
faces 119 and 120 of its ends 19 and 20 slide on the
inside faces 21 and 22 of the first perforated lugs 9 and
10, while the rim 23 slides on the lateral edge of the
first perforated lug 8. 1In the assembled position, shown
in Figures 1 and 2, the casing 16 is therefore secured to
the first jaw 1 in translation and in rotation, and is
retained by the spring 14 around the connecting spindle
13.

The casing 16 has a tubular axial internal housing
161, open at both ends to provide a passage for the
connecting spindle 13, and shaped to receive and retain
the spring 14 and to prevent rotation of its first
radially projecting end 17, which 1is housed in 1its
bottom.

As can be seen more clearly in Figures 5 to 8, the
casing 16 includes a longitudinal groove 164 allowing
engagement of the first radially projecting end 17 of the
spring 14. Accordingly, the spring 14 can be engaged in
the axial internal housing 161 by sliding it axially from
the second end. The second end of the casing 16
incorporates an oblique shoulder 167 extending from the
bottom and on which the second radially projecting end 15

of the spring 14 bears. The shoulder 167 forms the first

end of the end notch 18.

It may be useful to adapt, on the spring 14, a
first radially projecting end 17 to be bent, with an
axial portion, as shown in Figures 5 to 9. The force
with which the spring bears on the casing is then
distributed over a larger surface area, which reduces
wear of the casing and the risk of play appearing.

According to the invention, there is no rim at the

FI G 3a shows an encapsul ant wafer 20

"and an internediate | ayer 22 of boron oxide glass (B[err]derr])
formed on a bonding surface 21. According to the 20 present invention, Low
.Pressure Chem cal Vapor Deposition (LPCVD) of Trimet hyl borate (TMB)

surface 21. The



FIG 4 shows an illustrative enbodi nent of the apparatus 30 used for the
‘deposi tion of the boron oxide glass |ayer by means of LPCVD of
Trimet hyl borate. The apparatus 30 is capable of depositing Blerr]derr] on,

-e.g., Six inch silicon wafers. The injector 32 is used to introduce
a liquid source of TMB 5 wunifornly overibhe quartz boat |oaded wth
silicon wafers. This is an advant age over the prior art process
previ ously described. In the prior art, solid source waf ers of boron

are placed al t erseaioaldy emd h20 hefsitiHeCO@ayﬁfglelr%ﬂ QRgchha nddakks tan b%ré%l ‘o
0 ire quartz
poat.” Since e bkesetl LAY G BLRceRe All o LI AT Lo St (20 0ERL

be ers
i ncreased. 10 15 of thﬁlﬁ@ﬁﬁagl%él@aS§¢ﬁaaQﬁuﬁnuyhanh theoading5ohosési con

wafers is performed fdcond endt08p ehihfly ThR a%k! 45N n4Rf &he aéﬁméloagggsgnt o

a quartz bqat which can ca to 50 wafers over a |length of
I nches. Thggmaféfgggfgtﬁg é&g #@o the quartz furnace tubes at a

constant rate of 200 Amrrpedimd nute udieng imvemrttioheveto achieve visual
continuity of the hinge system between the lugs, the
other first perforated lug 10 of the first jaw 1 is
oversized so that its outside edge 110 is substantially

10 continuous with the outside surface of the lateral wall
of the casing 16.

In a first embodiment of the invention, only the
other first perforated lug 10 of the first jaw 1 is
oversized. As a result the second perforated lugs 11 and

15 12 are smaller than the casing 16, and remain set back.

In another embodiment, the second perforated 1lugs
11 and 12 carried by the second jaw 4 can also be
oversized, so that their respective outside edges 111 and
112 are substantially continuocus with the outside surface

20 of the lateral wall of the casing 16. ,

In other words, the jaws 1 and 4 can be considered
to include three perforated lugs 10, 11 and 12 of normal
size, and one perforated lug 9 of reduced size so that it
can be inserted into the end housing delimited by the

25  rim 23.

The outside surface of the 1lateral wall of the
casing 16 preferably takes the form of a sector of a
circular cylinder concentric with the transverse hinge
axis 8, as shown in the figures.

30 The ends 19 and 20 of the casing 16 have respective
transverse faces 119 and 120 bearing against the facing
inside faces 21 and 22 of the corresponding first
perforated lugs 9 and 10.

The casing 16 is advantageously injection molded in

35 one piece from a plastics material.



system The quartz reactor is then punped down to a base pressure of about
15 5 mllitorr (ntorr) using an Edwards booster punp in series with an

Edwar ds rotary punp. The tenperature is then raised to 690[err]C in
_preparation for deposi tion. Since TMB has a hi gh vapor
pressure, this liquid source is held at a 11 constant reservoir

tenperature of 25[err]C. TMB is introduced into the apparatus 20 at a
rate of 20 sccm Oxygen is also introduced into the apparatus at a rate of
100 sccm The anbi entTe efgertharaasing dé thethppdiastisies hai hhai pesing

690[err] C and the Frse&%%af 1% Fanbahpesh ain3ﬁ9e M§orEct B30 f Schlepestded
o Sceqr ey ne7d bhCBRGUEECLE BEESTAIDLG S EAUDION, che £xome ana
5 with the jaws held with the holes in the perforated lugs
5 9-12 in alignment. In this orientation, the casing 16
slides between the first perforated lugs 9 and 10, and
the second radially projecting end 15 of the spring 14
comes té bear on the inside face 30 of the second jaw 4.
Accordingly, the second radially projecting end 15 of the

10 spring is pushed back and pivots, as shown in Figure 11
by the dashed lines 31. On completion of engagement of
the casing 16 over the first perforated lugs 9 and 10,
because the spring 14 is prestressed, the second radially
projecting end 15 of the spring 14 can engage in a

15 housing 32 formed on the inside face 30 of the second
Jjaw 4.

The casing 16 is preferably made from an opaque
material to conceal the spring 14 that it contains. In
this way, as shown in Figure 1, the hinge means 7 have a

20 relatively continuous appearance which is much more
esthetic than an exposed helical spring. |

In the embodiments of the invention previously
described, the casing 16 both conceals the spring 14 and
facilitates assembly of the hairstyling device.

25 Because it 1s cheap to make and assemble, and
because of the absence of excessively small components or
parts of components, the device according to the
invention can be used economically on all types of
hairstyling devices, including cheap miniature

30 hairstyling devices. '

The present invention is not 1limited to the
embodiments explicitly described, but includes variants
and generalizations thereof contained within the scope of
the following claims.



6 The deposition process is continued for 2 hours. After the

Nerr] with a pressure of 100 niTorr for at | east 4

deposition process Is conplete, the tenperature is ough
400[err] C. The wafers remain at this tenperature Q Ef"ﬁﬁm'mmaof
n ing

used. To unload the wafers, the reactor is backfilled wt

L

t down to

h fli t¥ogen,

after which the cantil ever noves out the bpatload of wafers. The wafers

are then unl oaded fromthe quartz boat and are ready for

bondi ng. The

resulting product is the encapsulant wafer as illustrated in FIG 3a.
Once the boron oxi de doped wafers are unl oaded, they should preferably

10

15

20

25

30

35

CLAIMS

1. A hairstyling device including:
- a first jaw (1) and a second jaw (4), hinged together
by hinge means (7) enabling them to pivot about a
transverse hinge axis (8) between a spread apart position
and a close together position,
~ an elastically flexible wire spring (14) wound
helically around the transverse hinge axis (B8) and having
two radially projecting ends (15, 17) respectively
adapted to bias the first jaw (1) and the second jaw t4)
relative to each other towards the spread apart or the
close together position,
- the hinge means (7) including two parallel first
perforated lugs (9, 10) on the first jaw (1) spaced apart
by a distance (E) for stability, and two parallel second
perforated lugs (11, 12} on the second jaw (4) spaced
apart by a distance appropriate for them to engage with
respective opposite sides of the first perforated lugs
(9, 10), with a connecting spindle (13) oriented along
the transverse hinge axis (8) and passing through the
four perforated lugs (9-12) to connect the jaws (1, 4),
- a casing (l16) attached between the first perforated
lugs (9, 10), retained in a fixed position on the first
jaw (1) and forming an axial internal housing (161)
containing at least the helically wound portion of the
spring (14}, the first radially projecting end (17) of
the spring (14) being in fixed bearing engagement with
the casing (16) or with the first jaw (1), the second
radially projecting end (15) of the spring (14) exiting
the casing (16) to bear functionally against the second
jaw (4) and to bias it towards the close together
position, the casing having ends with axial openings
through which the connecting spindle (13) can pass,

characterized in that:

- the casing (16) has a peripheral lateral wall with a



be used within 1 hour for good wafer-to-wafer bonding. This is due to
possi bl e boric acid formation on the Blerr]derr] layer 22. Therefore,

t he device wafers, onto whi ch t he encapsul ant wafers
are preferably prepared in advance. _ The_
illustrated in FIG 3b. A dry or wet thermal oxide

are ded
kﬂn&i r 42 I S

deposited to a thickness of, e.g., at |eastl3300 [err] to 2[err]n1 on the
bondi ng surface 41 of the device wafer 40. The device wafer 40 is then

cl eaned by one of the follow ng nethods: a) a DI water rinse and dunp if

t he surface does not go through a subsequent netalization process; b)

H err] SO err] ( 3)9aHenad]l@] eavljintrigals@uEsfide 2@rifiapat end drtsc)first end

HNO err] (3): H er gl qrsr ]éﬁ@erﬁecﬁ%ﬁ d0fim (20 MAUtRSe

is | ow enough for f|C|en dro hilic treat nent W

ot e

certain post- rreteaﬂcl i Gt pi Sstd BAth &BeTioNtsAde edag | By of th
fabrication. Thedmespendahgr §iase pércfomhteedlhy 495 andard spin and

5 - the second end (20) of the casing (16)

has no rim and

includes an end notch (18) through which the second

radially projecting end (15) of the spring (l14) passes

and in which it can move, and

- the other first perforated lug (10) of the first Jjaw

10 (1) 1is oversized so that its outside

edge (110) is

substantially continuous with the outside surface of the

lateral wall of the casing (16).

2. A hairstyling device according to claim 1,

characterized in that the casing (16)
15 piece.
3. A hairstyling device according
claim 2, characterized in that the second

is made in one

to claim 1 or
perforated lugs

(11, 12) carried by the second jaw (4) are oversized so

that their respective outside edges

({111, 112) are

20 substantially continuous with the outside surface of the

lateral wall of the casing (16).

4. A hairstyling device according to any of claims
1 to 3, characterized in that the outside surface of the

lateral wall of the casing (16) takes
25 sector of a circular cylinder.

the form of a

5. A hairstyling device according to any of claims

1 to 4, characterized in that the casing

(16) includes a

tubular axial inside housing (161) shaped to receive and
retain the spring-(14) and to prevent rotation of its
30 first radially projecting end (17), which is housed in
its bottom, with a plane bearing face (27) bearing

against a corresponding plane face (28) of the first jaw
(1) when the casing (16) is assembled onto the first jaw

(1).

35 - 6. A hairstyling device according to any of claims



dry techni que. ' The boron oxi de doped wafer 20. and the
device wafer 40 are aligned and pr ebonded by e.g., an

AL6- 2- back-side aligner. The prebonded wafers are dinto
. the AB1-PV bonder at room tenperature. The anbi ent ml“!lﬁllmmjg bonder
may be N err], Jerr], air or vacuum The tenperatufre d st ht up to
5 450[err]C (in about 1 hour) and the wafg4s are annealed at 450[err] C
for about 30 m nutes. Thereafter, the tenperature is brought down to

50[err] C (in about 1 hour) . The waf er-to-wafer bonding
process of the present invention has many

1 to 5, characterized in that the ends (19, 20) of the
casing (16) each have a transverse face (118, 120)
bearing against the facing inside faces (21, 22) of .the
corresponding first perforated lugs (9, 10}.

5 7. A hairstyling device according to any of claims
1 to 6, characterized in that the casing is injection
moulded from a plastics material.



distinct advantages over the bonding processes of the prior art. Since the
10 tenperature during the step of boron oxide deposition is only 690[err]

C, energy costs are reduced. The process of the present invention
.also results in high productivity. For exanple, during the deposition
step, the entire quartz boat may be %oaded with silicon wafers.
However, in the prior art nethod, the qua} boat nust be | oaded

alternately with silicon wafers and solid-source boron 15 wafers.
Further, if a new source is installed in the prior art nethod, a
pretreatnment in excess of 60 hours is required I n conparison, the process

of the presenioydy, ﬁﬁbgé‘p HAYcR PGP Ia RSty CAlEEREvPERSeSS 1T a
new source i s I nst or exanple, the Tnventive process only
requires two "dunmy" runs, each having a duration of less than 6
hours. 20 Finally, the above discussion is intended to be nerely
illustrative of the i nvention. Nunerous alternative enbodi nents may

be devi sed byAQ%%%%C%aving

A hairstyling device includes two Jjaws (1, 4)
hinged together by hinge means (7) about a transverse
hinge axis -(8) around which a helical spring (14) 1is
helically wound. The spring (14) is contained in an
opaque casing (16) attached to the first jaw (1) and
which has an end notch (i8) through which one second
radially projecting end (15) of the spring (14) passes to
bear against the second jaw (4). The casing (16) is in
one piece, with a rim at one end covering the outside
edge of a first perforated lug to prevent rotation. Its
other end has no rim but is associated with another first
perforated lug (10) which is oversized and has an outside
edge substantially continuous with the outside lateral
surface of the_casing (16) .

Fig. 1



ordinary skill in the art w thout departing fromthe spirit and scope of
the foll ow ng cl ai ns.

C L M S CLAI V5 1.
A nmethod of form ng a wafer-to-wafer bond conprising the steps of:
providing first and second wafers, depositing a boron
oxi de glass internediate | ayer on sald fjéqg waf er by Low Pressure
Chem cal Vapor Deposition of Trimethylbo deposi ting

a thermal oxide internediate | ayer on said second wafer,
prebondi ng said boron oxide glass internediate |layer to said
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thermal oxide internediate |ayer, and 10 anneal ing said

prebonded internedi ate |layers to formsaid wafer-to- waf er bond.

2. The met hod of claim 1, wherein said first and second wafers are
“silicon wafer. 15 3. The nethod of claim11, wherein said
step of depositing a boron oxide | ass internediate | ayer, conprises
the steps of: | oadi ng‘Ad/dgartz boat with a plurality of
said first wafers, positioning the | oaded quartz boat in
a deposition apparatus, 20 mai nt ai ni ng an anbi ent
tenperature and pressure in said deposition appar at us,




introducing a liquid source of said Trinethylborate into said

deposi ti on apparatus, and i ntroduci ng oxygen into said
-deposi tion appar at us. 8 4, The net hod of claim 3,
wherein said anbient tenperature is 690[err]C. 5. The net hod of
claim 3, wherein said anbient pressure is 300 ntorr. 5 6. The net hod

of claim3, wherein said |liquid source @/Bimethyl borate is

119




-mai ntained at a tenperature of 25[err]C 7. The nethod of claim
3, wherein said |iquid source of Trinmethylborate is I ntroduced into
"sai d deposition apparatus at a rate of 20 sccm 10 8. The net hod
of claim3, wherein said oxygen is introduced at a rate of 1 00
sccm 9. The nethod of claim 3, whereby said boron oxide glass
intermediate 15 |ayer is deposited on ;d first wafer based on the
equation, 2B(CCH err])3 + 9d err] -> Blerr]Jerr] + 6CJerr] +

9H err] & 10. The hod ofz'ocl a\i*m 3, wherein said step of

depositing said boron oxide * - - &
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glass internediate |ayer on said first wafer is maintained for 2 hours. 20
11. The nmethod of claim 3, wherein said boron oxide glass internediate

| ayer is deposited directly on said silicon wafer. 12. The

met hod of claim 3, wherein said boron oxide glass internediate |ayer

I s deposited on a thermal oxide. 13. The nethod of claima1,
wherein said step of annealing is perforl;r_w/csby a bonder having an

at nrosphere conprising one of Nerr], (err], air and a vacuum
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14, The nethod of claim 13, wherein the anbient tenperature inside said 5

bonder is 450[err] C 15. The nethod of claim 13, whereby said step
~ -of annealing is maintained for 30 m nutes.
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